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MEDICAL SURVEY OF RONGELAP PEOPLE
EIGHT YEARS AFTER EXPOSURE TO FALLOUT

—

Introduction

The results of a medicai survey of the people of
Rongelap in the Marshail Islands, carried out in
March 1962 at 8 years after the accident, are pre-
sented in this report. These peopie had been acci-
dentrdly exposed to fallout radiation following a
detonation of a high yield thermonuclear device
during experiments at Bikini in the Padc Proving
Grounds in March 1954. An unpredicted shift in
winds caused a deposition of significant amounts
of faIlout 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 rniIes away from the det-
onation, 64 >eceived the largest fallout exposure:
an estimated dose of 175 r of whole-body gamma
radiation, contamination of the skin sticient 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 (Ailingnae ), where less fallout
occurred, received only an external gamma dose of
about 69 r. There were 28 American servicemen
on the island of Rongenk further to the east who
received about the same amount of radiation as
did the Rongelap people on Ailingnae. 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 people were evacuated from these
islands by plane and ship about two days after the
accident and taken to Kwajzdein 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 tlmiings on the
American servicemen, they were later returned to
their duty stations. The Utirik people were also
allowed to return to their home island, where
radioactive contamination was slight enough to
allow safe habitation. Because Rongelap Atoll was
considered to be too highly contaminated, a tem-

porary village was constructed for the Rongelap
people on Majuro Atoll several hundred miles to
the south, where they lived for the following 3%
years and were examined at yearly intervals by a
special medical team. In July 1957, after careful
evacuation of the radioactive contamination situ-
ation, Rongelap Island was considered safe for
habitation. A new village was constructed, and the
Rongelap people were moved there by Navy ship.
The annual medical surveys have since been
carried out on Rongelap Island.

A gxoup of more than 100 Rongelap people,
who were reiatives 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 people on Kwa-
jafein 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
Kwajaiein and Majuro Atolls for examination of a
number of Rongelap people, now residing at these
atolls, and also groups of children who represent
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Figure 1. Map of kallout mea (March 1,1954),Mar-
shall Isiands.
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part of the controi group used for the growth and
&velopmertt 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 analyses or use of electronic
cmmputing procedures to store and manipulate the

* the SMUal survey reporta published by this
Laboratory are made as complete as possible. This
report, therefore, includes a considerable amount
of raw da@ 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 tidings of
sunfeys made at the following times after e-
sure: initial examimtm“ ~’ 6 montha,z 1 year,s 2
years,’ 3 yeam,s 4 years,c S and 6 years,’ and 7
years.” T&following is a brief summary of the 6nd-
i~ previously repted.

Duringthefirst24 @48hrafterexposum, about
% of the Ron@ap people experienced anorexia
d nausea. A few VOmitd and had diarrhea.

Many also experienced itching and burning of the
skin, andafewcO@aind of laebrymadon and
burning of b e= Foi&wing this, the people

ympmadc until about 2wecks after
when CuMneOu ksions and h3SS of

hair deVCIO~ due kK@y to beta imdiatiorl of

theskin. Itwasapparentwhen thepmplewerefirst

~afewh~—eqosure,that the
-Y= were considerably depressed d tbt
significant doses of radiation had pobably been
rwxived. Inaddidon tothe whole-body doseof
radiation and the beta irradiation of the skizL radio-
ckniCaiandysesoftheurineshOucd that meas-
urabk amounts of radiowxive materiid had also
beta absorbed internally. The et?ects of b radia-
tioncan best besummarid under three headings
axordiog to the mode of exposure: penemdng ir-
radiation, skin irradiation, and intsmxsl inadiation.

PENHRATING RADIAmON

One of the earliest findings indicative of signi&
cant exposure in these people was lowering of levels
of kukocytes and plutekts of the peripheral blood.
This was most marked in the 64 people on Ronge-

lap 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 slight platelet depres-
sion in the group as a whole. The smaller ~up on
Ailingnae and Rongerik showed peripheral bkmd
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 evi&nt when
the Rongelap people were tit examined on their
arrival at Kwajalein 3 days after exposure. This
depssed 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.

Neutropld levels fluctuated considerably during
the firstmonth; possibly this was related to the
prevalence of beta bums 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
&grce of neutropenia was insticient to result in
any apparent increased infectious processes, and
indeed it was noted that neutrophilic Ieukocytosis
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, particularity in younger and older

w PW”
Plute&t counts showed less fluctuation than other

blood counts and fairly consistently showed in-
creasing depression, reaching levels of about 3090
that of the comparison population by the 4th week.
A spurt of recovery to about 75% of comparison
Ieveis 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 d-@g the 7
years post exposure.

E@vopoi”etic depression has not been a con-
sistent finding as with the leukocytes and thrombo-
cytes. Slight dep~ion 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 repxted 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 Ailingnae
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” anenu”c tendency has been evi&nt in
both exposed and unexposed Marshallese. Price-
Jones curves, on the average, showed a slight
micrcqlic tendency. Serum iron levels have gen-
erally been normal, and the cause of this anemic
tendency has been undetermined.

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

Except for radiation-induced lesions of the skin,
patchy epilatio~ 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 spedc therapy of radiation effm was ever con-
sidered necessary or given. Epidemics of chicken
pox and measles ‘that occuned showed m 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 wa”ghr of
several pounds. This may possibly have been re-
lated to their radhtion exposure, aithough it is
ditlicuh 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-oid man who died, 3 yeara after ex-
posure, of coronary heart disease complicating
diabetes; (3) a 35-year+id man who died of acute
varicell~ 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+id woman who died
of a cancer of the ovary at 5 years *r 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 modify rute 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 (heighL weight, anthropometric measure-
ments, radiographic studies for bone age) have
revealed that slight retardation in growth and *
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. Ordy slight immaturity was noted in the
eqmsed female children. It was also noted that
children born of exposed parents were slightly
retarded and that they had slightly lower !evels of
neutrophik, lymphocytes, and platelets, compared
with male children of unexposed parents.

It was cWicult to evaluate the effects on fertility.
However, a review of the birth rate 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 a4-year period for the
comparison population represent a rate of 72 per
1000 population. A somewhat greater incidence of
miscarriages and stillbirths 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 Marshalkse and the small number of
~ple involved, the data are not readily amenable
to statistical analysis.

A cardiovasczdur survey of the adults (1959)’
showed no outstanding differences between the ex-
posed and unexposed groups. The peqde appeared
to have less hypertension on the whole than is noted
in peopie in the continental United states.

karthritissurvey (1959 )’showedno great dif-
ferences between the exposed and the unexposed
people, and about the same inckkw as is seen in
American populations.

Ophthufmdogicai WUVeySshowed no remarkable
differences between the exposed and unexposed
groups except possibly a slightly greater numk
of cases of pterygia, pingueculae, and comeal scars
in the exposed group. It is not known whether this
finding is of any significance in relation to their
radiation exposure. Slit-lamp observations showed
no opacities of the lens characteristic of radiation
expure. As a whole, visual and accommodation
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levels in the Marshidlese appeared to be above the
average in the U.S. population.

Dentof surveys’ showed no significant dMere-
in caries rate between exposed and unexposed
groups. However, the incidence and severity of
peridontid ciiseaae was slightly greater in the ex-
posed group. It is not known whelher or not this
finding is related to radiation effects. The poor oral
hygiene generally obsmwd in the Marshalleae had
its usual results; namely, high caries rate in teen-
age children, severe periodontal leaiona in adults
(heavy calculus and 10ss of alveolar bone), and
edentuious mouths in the a@. Radiation exposure
did not appear to have affected developing denti-
tion in the exposed children.

Loze e@c?s of mdiorion. various parameters
usually associated with a~”ng were measured or
estimated on a O to 4+ scale (skin Iooaenesa, eiaa-
ticity, and senile changes; greying of the hair and
baiding; accommodation, visuai acuity, and arcua
seniiis; hearing; cardiovascular chmgea 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 age score was calculated for individuals
and groups by use of an average percentage score.
Life shortening effects of radiation have not been
apparent. As noted, the mortality rate was about
the same in the exposed as in the unexposed peopie.

The one case of cancer that developed in the ex-
posed group occurred at 5 yeara after exposure,
toosoon, it is believed, to bear any particular rela-
tion to radiation exposure. Leukemia surveys in-
cluding physical findings, studies of white ceil
counts and types, alkaline phosphatase staining,
and basophil counts of 4000 white cells showed no
evidence of leukemia or leukemic ten&ncy. One
child in the irradiated group has had slightly ele-
vated basophils but no other positive findings. The
cardiovosctdar and anhritis surveys, as well as the
general results of the physical examinations, have
not shown any apparent increased incidence of
degenerative disco.res in the exposed people. No
radiation-induced caturacts have been observed in
any of the exposed people.

Genetic effects have not been specifically studied
because of the small number of people involved.
No apparent radiation-induced genetic changes
have been detected on routine physical examination
in the first-generation children of exposed parents,

with the possible exception of suggestive evidence
of increased miscarriages and stillb~ in the ex-
posed women and the slight retardation of growth
noted in the male children of exposed parents.

B~A IRRADIATION 0? THS SKIN

It was impossible to get an accurate estimate of
the radiation dose to the skin. Beta bums of the
skin and epilation appeared about 2 weeks after
exposure, largely on parts of the body not covered
by clothing. About 90% of the people had these
bums, and a smaller number developed spotty
epiiation of the scalp. Most of the lesions were
superficial; they exhibited pigmentation and dry,
scaly desquamation, and were associated with little
pain. Rapid healing and repigmentation followed.
Some lesions were deeper, showed wet desrpmtna-
tion, and were more painful. A few bums became
secondarilyy infected and had to be treated with
antibiotics. Repigmentation of the Ieaiona gradually
took place in moat instances, and the skin appeared
normal within a few weeks. However, in about
15Vo of the people, deeper lesions, particularly
noted on the dorsum of the feet, continued to show
lack of repigmentation with varying degrees of
waning 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 burns. 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. - =Y

Numerous histopathologicai studies have been
made, ‘“.5 and the changes found have been con-
sistent with radiation damage. At no tiine 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 fum.her evidence of epila-
tion has been seen.

An interesting obsemation noted during the first
few months after exposure was the development
of bluish-brown pigmentation of the semilunar
areas of the fingemaik 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

Radiochemicai analyses of numerous urine sam-
ples of the exposed population showed internal
absorption of radioactive materials, probably
brought about largely through eating and drinking
contaminated food =d water and to a lesser ex-
tent through inhalation. During the first few days
when the body levels were at their highest, the
maximum permissible concentrations were ap
preached 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 leveis fell rapidly, so that
by 2 and 3 years post exposure, they were far below
the accepted maximum permissible ievel; by 6
months activity in the urine was bareiy detectable.

In 1958 analyses of bone samp[es 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 radiochemicai analysis. The
return of the Rongelapese” to their home island
(which after careful sumey was considered safe for
habitation, despite a persisting low levei 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 the area have contributed to the fission
products in the environment. Since the diet includes
a variety of imported foods, the peopie are not
living in a “closed” environment, and therefore
may not be rapidly approaching equilibrium with
the environmental lission products, as might be
expected under other circumstances.

Body burdens of gamma-mitting fission prod-
ucts (such as CSI*7and Zn88) were measured in a
whole-body counter and checked by radiochemical
analysis of urine specimens. The levels of internal
contamination per unit weight appeared to be
about the same for juveniles as for adults, male
and female. Wide variations in leveis of contamina-
tion in any group were found, apparently due to
differences in diet and metabolism.

Body burdens of Srw were estimated from ur-
inary excretion as determined by radiochemicai
analyses. Both the external dose measurements on
Rongeiap Isiand and the leveis of radioactive iso-
topes in the food on the isiand indicated that some
increase in Cs1a7,Zn”, and SrgObody burdens was
to be expected when the peopie returned there in

1957. The Cs’a’ body burden in 1958 was about
0.68 ~C, about 60 times as great as in 1957, and
the urinary Cs’” levei rose by a factor of 140; the
mean body burden for 1959 was 0.57 AC. The
mean body burden of ZneS estimated from whole-
body counting data was, in 1958, after the return
to Rongeiap, 0.36 pC, 8 times as high as in 1957,
and 0.44 NC in 1959. In 1961 the mean CS’3Tbody
burden in adult males was 14.7 mPC/kg, which is
not si@cantiy different from the mean value of
a similar group obtained in 1959; it was 300 times
that of the medical team, who were measured at
the same time for comparison. The Zn” level in
adult males ( 1.51 mPC/kg) dropped to 17% of
the mean value measured in 1959. Wkh 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 Com was about 1170 of the Zn’a 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 uMary excretion of SrW was 7.2 ~~C/ 1 or 14’%0
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 little difference between the levels
of the exposed and unexposed populations living
on Rongeiap Isiand. The body burdens are of small
si@cance in terms of radiation hazard.

Studies of genetically inherited characteristics.
Blood grouping studies in the Marshailese showed
a relatively high B gene frequency, a high N gene
frequency, ‘an extremely high R’ gene frequency,
and total absence of Ken 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 distribut-
ion of haptogiobin types showed the population
to be relatively homogeneous. Transferring in ail
sera were type CC, the common Euro~an type.
~-Amino-iso-hutyric 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 wnsidered nor-
mal. Sickling tests showed no sickling tendency in
any of the people. Glucose-6-phosphate dehydro-
genase of @e red cells appeared to be deficient in
the Marshailese. Studies of Gm phenotypes showed

the Marshallese to have 100% Gm” +‘ and near-
ly 100% Gm’b + 1. There was a wtnplete absence
of Gmx and a high frequency of Gin-like (Gmc).
Considerable caution must be exercised in evalu-
ating the results of these studks 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 protein levels were generally on
the high side of n6rma1; electrophoretic patterns
showed the increase in proteins was largely due
to an increase in the gamma globulii fraction. The
reason for this is not apparent. Numerous chronic
infections may be an explanation.

Sodium feve& 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 dlct 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 levefs ( 1957, 1959) were
somewhat lower in the exposed population than in
the wmparison or Utirik populations, but were in
the low normal range. No abnormally low readhigs
were noted.

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

Serum vitanu”nB,, concentrations (1958, 1959)
were generally significantly higher than American
levels. The possibility of contamination of the sam-
ples with bacteria prbchwing vitamin B,, must be
considered, since myeloprcdifcrative 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.

Ghtcosuria and eievared blood sugar were found

in 4 unexposed individuals, which indicated a rather
high incidence of diabetes.

A survey for intestinal parasites (1958) showed
75% of the people to be infected with various
types. For the three major pathogens found, the
over-all infection rates were, for Entamoeba hi.rro-
Iytica, 18.2%; for hookworm, 5.5%; and for
Tnchuris trichiura, 34.3%.

Eosinophilia >5 % has consistently been noted
in about half the people. The fact that half the cases
with eosinophilia showed no hehninthic 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.

Compfemenl &a”on studies for parainfluenza 1,
2, and 3, respiratory syncitial, psittacosis, and Q fe-
ver showed antibodies to ail groups of viruses
except that for Asian inllue~ 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.

DlfflCULTIW 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 Marsimllese imposed a serious difficulty
in interpretation and evaluation of the medical
data. Records of births, deaths, etc., have been
made by the health aides or magistrates of the vil-
lages and supposedly forwarded to the district
administrator; however, such records have been
incomplete or lostin 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.
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COMPARISON POPUUTIONS

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

each of comparable size to the exposed Rongdap
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-
satishetory. At the time of the 3-year survey, it
was found that during the preeeding 12 months
the Rongelap population at Majuro Atoll had
doubled beeause of the influx of relatives who had
come back from other ishtnds 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 SiItCC 1957.

1962 Suwaty -

Organization and Procedures

The medieal 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 (F@re 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 offieiais 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. Adamilc, L. Meyer, W. Moloney, R. Conard,
A. Lowrey, A. Hicking, D. Clarcus: standing: K. Mhutoni, W. Scott, I. Jones, S. Shoniber, E. Riklon.
K. Kittien, A. Obten. (W. W. Sutow is not in &e picture. )
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Before the survey at Rongelap, the team visited
Kwajakin and Majuro for several days to carry out
examinations on a number of Rongeiap 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 ~ple began the following
day.

The examinations were carried out ashore at
Rongelap VNage. 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 pltyaical examinations on the peopk. The coun-
cil house next door was used for special examina-
tions of the skin, urine collections and analyses,
and x-ray examinations.

HISTORY ANO PHYSICAL EXAMINATIONS

Histories were takea by a Marshalkse 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 aacatain 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); special exam-
inations of the skin with color photography of
selected ksions; a special cancer detection sutwey;
and an ophthalmological survey.

CANCER DETECTION SURVEY

In the cancer detection survey, procedures in-
cluded an evacuation of the history, special phys-

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

ical examination, and certain laboratory tests. The
family history did not yield satisfactory informa-
tion, since the incidence of fantilhl diseases inciud-
ing cancer was generally unknown by the. people.
The history yieided 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 genitalia. 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 a~. This included, in
the case of men, palpation of the prostate gland.
Cheat plates were not taken routinely but were
obtained on about 30 adults >40 years of age (and
on certain other cases where indicated).** Hema-
tologicai data were obtained and were available
for evaluation.

In detection of possible leukemia (or preciinicaI
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.

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

**We UC ~atefuj to Dr. Paul Lichtblau of Rockville
Centre, LX., N.Y., for interpretation of the chest rocnt-
genogrants.
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GROWTH AND DEVELOPMENT

STUDIES IN CHILDREN

In addition to the routine pediatric examinations,
certain speciaf anthropornernc measurements on
the children were recorded. Such data included
age, weight, stature, Fitting height, head cirwm-
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 Mood 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 Coulter, which
has proved to be a very satisfactory instrument for
examinations of this type in the iield. 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 Lumitron colonmeter. Hematocrits were ob-
tained by the microhematocrit method. Serum
proteins were determined with the Hitachi refrac-
tometer. Blood and serum samples for certain
studies to be described below were collected and
kept under refrigeration and finaily shipped back
for study.

Wood smears were obtained for differential
study, alkahne 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 prepased for
differential counts and morphological studies. In
addition, chromosome preparations were made on
the aspirated material.

Blood volume determinations were carried out
on 8 unexposed Rongelap people and 7 Americans
during the 1962 survey. During the 1961 survey
such studies had been ma& on 5 Marshallese and 5
Americans. The analyses were done by the radio-
active sodium chromate (Cd’ ) technique. ~

*We are grateful to Miss Lila Fliegelmanof the Boston
City Hospital for carrying out the alkaline phospha~
analysis of blood smears.

Blood samples were returned to the U.S. for
efectrophoretic studies for glucose -6- phosphate
dehydrogenase and hemoglobin types. * Electro-
phoretic studies or 171 sera for immune gIobulins
were kindly carried out by Dr. R. Butler and Dr.
A. Hassig at the Swiss Red Cross Laboratory,
Beme, 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 $fudies, 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 Mooreheadil was used.
The leukocytes were separated by centrifugation
and placed in culture bottles with growth medium
(Difco- 199 ) and phytohemagglutinin (red kidney
bean extract prepared by Dr. L. Schiffer of BNL ).
Dextran ( 3‘Yo) was used in the initiaf sepmation

in some cases but was discontinued later since it
was found to be unnecessary in view of the rapid
settling of the red ceiIs in the MarshaIlese. 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, treated with hypotonic solution
(distilled water plus Hanks’ solution) for 8 to 10
min. and fixed in methyl alcohol—glaciaf 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 earned out
at the Holy Ghost Hospitai in Boston . f

Fasting blood sugar leve!s” were obtained on
8 individuals who had shown positive urine sug-
ars. t t Blood collected routineiy for hematologi-

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

**WCare grateful to Dr. D. D. Vart SIYh and Miss
Doroth5’Rippergerof BNL for performing these analyses.

t Under the direction of one of us (W. C. ~.). We are
grateful to Miss Geraldine Dowd and Miss Catherine
Dunn at che Holy Ghost Hospital, Boston. for their
asaiatanc8with these analyses.

t t 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

unexposed
Chii&en

AduIt Children of expcsed parents Adult Children Total

Ma)uro 3 1 4 8 7 23
Kwajalein 6 3 9 2s 24 67
Rongeiap 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 Groupa

Rongelap
expoaed(l16
people, 1961;

Rongelap includes
unexposed children of Marshall

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

<15 45.4% 50.070 43.1% 28.7%
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
W* n 19.5 14.5 18.0 29.5

Radionuciido Body Burden Evaiuaiion

Since results of the last survey indicated that
Cs’a’ levels in the Rongelap people had about
reached equilibrium and that Z@ levels were drop
ping, it was wnsidered that gamma spectroscopy
with the 2 l-ton whole-body counter would not be
necessary again for severai years. Therefore, no
gamma spectrographic anaIyses were done during
this survey. However, thirty-five 24-hr urine samp-
les and one pool sample (12 liters) were col-
lected for radiochemical analysis for Srw. In addi-
tion, samples of rib and vertebrae taken at autopsy
from the 78-yr-old woman who had died were
brought back for Sr’Oanalysis; also 4 coconut crabs
collected at Rongelap. *●

cal analyses was also examined for sugar in the
case of 199 Rongeiapese. L3*

Results and Discussion

Urine Anaiyses

Urine total iodides and creatinine levels were
obtained on 10 casual urine samples of Ron@a-
pese who had previously shown slight elevation of
their protein bound iodine (PBI ) levels. Totai
iodine and creatinine were determined.

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

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

*•Combistix,Ames Company, Inc., Elkht, Indiana.

The census of Rongeiap 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 dkribution in
various age groups and compared with that of the
lMarshail IsIands as a whole for 1961 and of the
U.S. for 1960. T%e table also shows the median
age. The lower medkn age of the Marshallese

*● we ~ ~Wf~ to Dr. E. P. Hardy, Jr. and Dr.

J. Harley of the Health and Safety Laboratory of the New
York Operations Oflfceof 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 Rongela~ people, 308 were examined
during the sumey 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-oid 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 fimt included in the study in 1957.
However, the death rate in this gxoup, which has
fewer older people, appears to be only slightly less
than that in the exposed Rongelap group.

Births

The birth 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 births 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 normal 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
hypopiasia 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 hemorr-
hage, athe.~lerosis of the heart and aorta, bilat-
eral pulmonary 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 findinga
are reported in Appendix 6. ●

Illnoseos

Oniy 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 Rongeiap 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 SXAMJNATIONS

In Table 3 are listed the various physical abnor-
malities in th~ 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 grew autopsy findingsare reported by one of us
(L. M.). We are grateful to Drs. Ham Cottier, W. Calve,
and V. Alcober of BNL for reporting the histological
findings.

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
20% of the adults were >65 years of age, com-
pared with 790 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 muk”ed intltmdties of ‘old

*
,and pre-

sented such _ ~ ~lerottc hgart dis-
ease, I@tosc@Hs, &eoa&itis, catara~nd
~-. -

%

had to be assisted’k the
exatnistatiori mtn. Y - cases ~$he unex-
posed group were in?tis category (No. 862-M,
agetJ8, and N.u.946-M, ag68 . ~

%

In T&-4 tkincidence of various ophthalmo-
logical “’-gs in the Rongelap people is pre-
sented. Pterygia and pingueculae were the most
common, occurring in 4370 ~ the exposed adults
and 36.990 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

es$r=~ev or congeni-
~ t& $xpbad;@dts and

“l~,f$% cd the cosstrot - @t Mid tinile cata-
rac& Lenticular o@tka (in@#ing prcsenile and
“a} ~ in &.9#70f ‘the exposed

group ad 2.I.7% of’* -ucmtnol group; th@Ewere
moatWmsnsm in tlsoaa >4$ years of age. Yo opac-
it& wera noted &rae@ic of those induced by
radi~ . :

;3&+:&fg:

group that had cmgenitd “ pi
not unlike that seen in ail dark-skinned races in
any part of the world. Three cases (6.270 ) in the
exposed group had a noncongenital pigmentation,
consisting of a dark linear streak of pigment ex-
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Table 3

Physical Findings in Rongelap Adults, 1962

Exposed (48 examined) Control (86 examined)

Suby?ct Nos. y. Subject Nos. ?0
—

Anemia, anemic tendency 30,45, 46, 55, 70 10.4 860, 865 2.3
Arterloscierosis, peripheral, mild il,52 4,1 851, 852, 955, 859, 878, 884, i7.4

894, 898, 917, 956,915,
957, 969, 970, 982

Arteriosclerosis, peripheral, moderate to 13.28, 29, 30, 4i, 46, 1S.7 353, 860, 862, 908, 935, 947, S.1
severe 55,43, 57, 60 964

.Asthma 19, 45 4,2
Auricular fibrillation with myocardiaf damage 80 2.8
Biadycardia 27 2.1
Bronchitis 894 1.2

Cardiac enlargement 1.30.60, 80 8.3’ S58, 859, S62, 942 4.6
Cervtca/ erosion 1~$18, 34, 63, 64.74 14.2 !325,826, 846, 851, 895, 898, 15.1

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

829, 851, 945, 991 4.6

\ .2

8.3
2.1

Cervical lacerations
Cervicai prolapse
Coiloid goiter
Congenital defects

Dislocation of hip
Prominent head ulna
Bilaterai shortening of 5th finger
Polydaccylism
Shortened left thumb
Flexion deformity, fingers

Constipation
Cyst. ovarian
Cyst. pdonidai
Cystoceie
Deafness
Diabetes meiIitus
Dupuvtren’s contracture
Emphysema
Fungus infection, skin
Furuncuiosis
Gynecomastia
Hailux valgus
Heberden’s nodes
Hemlplegia. partial
Hemorrhoids
Hydrocele
Hvper[ension (> 140/90)
Hvpotension
Kyphosis, scoliosis
Leprosy, arrested
Liver paipabie

45.58, 71, 78
12

353

?.1
4,2
4.2

41
14.28
75, 7s

3.5
3.5
12

858, S82, 9i5
~3~. 836, 910
938

2.157
1.2
.*
1.-
1,2

1.2

826
835
832
958

2.174

4.2
2.1

1,14
1 -t.6

5.8
1.2
1.2
1,2
1.2

853, 884, 9i6, 964
S53. 893, 932.936, 991
S84
853
395
942

2.130

2.1
2.1
2.1
2.1
2.1

55
50
57
46
27

1.2

3.5
1,2
4.6
3.5
3.5

849.884, 893
961
858, 908,947.982
914, 932, 969
859, 860, 864

8.31,11,28.30

13.43.52, 57.77
77
14

8.3
2.1
2.1 S25, 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,

9.1

4.2.Myocardiai damage or insufficiency (EKG) 46, 60

-.0[, 49.50.60, 71, 74.
78

13, 29, 46, 52, 55, 57
60

14.6Obesitv

16.314.6

936.961, 964



Table 3 (continued)

Physical Findings in Rongelap Adults, 1962

Exposed (48 examined) Control (S6 examined)

Subject Nos. % Subject Nos. w,0

Paralysis, facial 82 2.1
Pleural thickening or adhesions 58 2.1 823,826,875,969 4.6
Prolapse of vaginal wail 63, 64 4.2
Prostatic hypertrophy 11,29,82 6.2 855,864, 910,915,947,964 7.0
Rheumatic Keart disease 76 ~.1
Rheumatoid arthritis
Senility

878 2<Z
29, 55, 57, 46, 28 i 0.4 862,946 2.3

Sinusitis 63 ~.1
Syphilis (?) arrested 11,55 4.2 846,860 2.3
Tach ycardia 28 2.1
Tonsilar hypertrophy 27, 76 4.2 826, 831, 833, 864, 867, 898, 9.3

934,958
Trichomonas 9, 12, 58 6.2 942 1.2
Tumor, benign 4, 7, 9, 10, 13, 57, 14.6 853, 864,875, 885,964,969, 9.3

64 970, 1007
L’lceration, lower colon 30 ~.1
Varicose veins 13 2.1
Vitiligo 853, 971 2.3

Table 4

Eye Findings in Adult Marshallese People, 1962

Exposed Controls
(48 (92

examined ) examined )

Number !% Number ’70

Pterygium and pinguecula -
Cataracts
Lenticular opacities (pre-

seniIe and congenital)
Corneal scars
Corneai pigmentation

Congenital
Acquired

Heaied choroiditis
Retinal scars
Strabismus
Nystagmus
Phthisis bulbi
Anterior staphyiomata
Argyil Robertson pupil
Seventh nerve weakness
Heaied uveitis
Corneai foreign body

(coral)
Retinal arteriosclerosis
Diabetic retinopathy
Arcus seniiis
Vitreous opacities
Macuiar degeneration
Drusen
Congenital abnormalities

Retinal vesseis
Large corneas
Remnant of hyaioid

11
9

10
3
3
2
3
1
1
1
1
2
1

43.0
14.5

22.9
19.0

20.8
6.2
6.2
4.16
6.2
~.o
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

20
9

22

3

1

1
11

23
10
3

5
4

36.9
13.0

21.7
9.8
1

23.9

3.2

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 epitheliaf
layers of the cornea. Skce this is not the usual con-
genital type of comeaI pigmentation, it seems pos-
sibie 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 incidencd of myopia and strabismus.
Visual acuity was higher in both groups than that
seen in America. No cases of retinitis pigmentosa,
glaucoma, or eye ftndings characteristic of hyper-
thyroidism were noted.

Two unusual congenital defects were found
among the 140 peopie J:<amined. Six peopie exhib-
ited large corneas, and 8 had abnormally large
punctate retinai vesseis. The latter were not typi-
cal of hemangiomata. It is pianned to document
these findings by pictures in a future survey.

As has been noted before, arcus seniiis occurs in
the ,Marshallese with a higher incidence and at an
earlier age than generally seen in Americans. The
incidence in both exposed and controi 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 simiiar cases were encountered, possibly be-
cause of the increased growth and consumption of
papaya and squash. Leprosy and yaws are endemic
in the Marshail Isiands. 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 bums possibly
caused by obsetwation 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) movement, generally temporary, to other
atolls, (b ) graduation from the pediatric to the
adult study, and (c) addition of newborn babies.
Attrition due to mavailability 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. ,4s in previous years, no consistent rela-
tionship was noted between the occurrence of these
abnormalities and exposure to radiation.

Growth end 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 tp radiation, includlng the 4 children in
utero 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 failout 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 0 51

88 75 51 75 71
— 13 25 0 10

— 3230

— 3 3 27 .7

—— —. 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” 81961 1962

Exposed parents*
Number seen 13 20 10 24 37
New babies
added — 7 0 5 12
Not availabie
from previous
year — o 10 1 0

Old subject
not seen
previous year — O 0 10 1

Unexposed parents:
Number seen 7 0 14 25
New babies added 7 0 8 10
Not available from
previous year 001 1

Old subject not seen
previous year 000 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
WItb the regular control children.

*“Limited sutvey.
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Table 7

Summary of Physical Findings in Children, 1962

Control ● ●

Exposed Born before—
(30) “ Born after

1954 (39) Nonexposed of

Active skin lesions
1954 (57) exposed parents (37)

Adenopathy
8 5
3

4
Palpable liver 5

0
9 :

Rhinitis o
0

4
2

0

Blood pressure taken
8 3

Hypertension
Acute otitis media
Chronic otitis media
.MOhcutn

Tinea vergicolor
Tinea cnr15
Vitiligo
.Miliaria
Seborrhea--w~p
warts
Papilloma
CheiIosis
Sore on lip
Black spot~tonWe
Denuded areas-ton~e
pi~entation—lips
Rheumatic heart disease
Systolic cardiac murmur (grade II)

25
0
1
0
0

~
o
1
0
0
4
1
0
0
~
o

1
5

33
0
0
0
0

2
1
1
0
0
~
o
0
0
1
0

1
1

1

1

3
0
4
2
3

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

1
1

2
0
2
1
2

0
0
0
2
1
3
0.
1
0
0
0

Swelling, preauricuiar soft tissues
Umbilical hernia
HVdrocele
Trombocytopenia
Tracheotomy scar
Thoracotomy scu
Obesity
Pigeon breast
Contracture—fingem

‘Number examined.

1
1
1

“*A part of the group bom after 1954was used as the group “children of unexpo~d paren~” to serve as a control for
“ChiIcirenof cxpoaedparents.” Cf. footnote tO Tabje &

growth spurt Occurnng 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 alI 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 expsed 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 pz.rallel to those of their statures
(Fkyre 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 (F@ures 6 and 7).

Among the children born after the fallout, the
maies with exposed parents were smaller in stature

a~ alf 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 ‘h unexposed parents), The median differ-
ence .~i 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 did
not justify a conclusion that there was a difference
in stature associated with the exposure of the par-
ent-s. The girls of exposed parents did not differ in
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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 giris.
Also. the exposed children were significantly less
mature skeletally than the controls. The median
skeletaf retardation of the exposed chiIdren 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
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13 months retarded skeietally 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-
tively 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 is 5 ~f~ 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 G;. yr behind the standards of Greulich and

— FEMALE
----- MALE

i

...-
------- ..””---- -- “ -’..- 1

I
,

YEARSW SIRTM
(Y~S AFTERFALLCUT)

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% lb
lighter than his controls, corresponding to children
=2 yr younger, and his stature is comparable to
tiat of children almost 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 skeletal 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

Skeletal age minus
Age at

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 !3 Age 9

2 16 _ ~~ -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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parents. It was interesting that the boys born soon
after the fallout had more retarded skeletal ages
than those born more recently, and that the skele-
taf ages of ail boys were slightly more retarded in
1962 than in 1961 (15 months as compared with
13 months). However, the differences were not
statistically significant, and the data available at
this time would not support any conclusion con-
cerning factors reiated to the retardation of skele-

taJ maturity in these boys.

showed no excessive leukocytosis or increased
numbers of immature leukocytes. Basophil counts
on 4000 leukocytes on each individual showed no
elevation except in one 9-yr-old exposed boy who
has shown about a 3% basophil count over the past
few years. However, in this case no other evidence
of incipient leukemia has been apparent. Alkaline
phosphatase studies on the blood smears show that
although some people had low levels, this finding
was not associated with any other findings sug-
gestive of leukemia (see Appendix 4).

CANCER DETECTION, LEUKEMIA SURVEY

RESIDUAL BETA BURNS

Examinations as thorough as possible under
field conditions were carried out for the detection
of malignancy. All tumors were recorded. Most of
the tumors seen were of the benign type of the skin
and subcutaneous tissues. One exposed woman
(No. 64) had a tumor of the fourth left phalanx;
this was surgically removed, and histological ex-
aminations showed it to be a benign giant cell type.
No malignant lesions were detected in either the
exposed or unexposed groups. Pelvic examinations
were carried out on the sexually mature females
(except when pregnant ). Cervical erosions, lacer-
ations, and prolapse were noted with great fre-
quency. Papanicolaou’s staining was carried out

on vaginal and cervical smears in those women
that had not had the procedure done during the
past survey. None was positive for malignant
ceils. As noted last year, the secretions were scanty
in most of the women, and the smears were
consequently somewhat dry, Inflammatory reac-
tion with the presence of blood in the smears was
common. A number of cases of endocervical atypia
and trichomonas infection were noted. The results
of the indlvidu~ examinations are reported in Ap-
pendix 5.

Rectal examinations were carried out on ail
adults, and proctoscopic examinations were done
when indicated. Several cases of prostatic enlarge-
ment were noted but no evidence of malignancy
was apparent.

In view of the increased incidence of leukemia
reported in the Japanese and others exposed to
radiation, careful examinations for this blood dys-
crasia are carried out annually on the Marshallese.
On physical examination, no evidence of lym-
phadenopathy, splenomegaiy, or other signs of leu-
kemia were detected. Hematological examinations

Table 9 lists those cases that showed residual
skin changes in areas previously exhibiting beta
bums. Variation in pigmentation, hyperkeratosis,
atrophy, and scarring in varying degrees were
noted in these cases. The development of pig-
mented macular and papular (nevus-like ) lesions
in areas of the skin that had sustained beta bums
was first observed several years ago. These lesions
appear to be increasing slightly in number. Similar
lesions are also occasionally seen in the unexposed
group. Figure 16 shows the appearance of acute
beta bums in an exposed woman several weeks
after exposure and F@re 17 shows development
of pigmented nevus-like lesions at 8 yrs post expo-
sure in the skin area previously involved with beta
bums. A nevus was removed in one case because
of a complaint of irritation by clothing. The histo-
logical report on this lesion was as follows: “Frag-
ment of skin with abundant pigment in the epi-
theliums. In a small area, there is a superficial
infiltration of dermis composed of nevus type cells
and pigrnentary cells. No evidence of malignancy.
Diagnosis: nevus pigrnentosus.”

None of the residual changes noted in the skin
showed any tendency to chronic radiation derma-
titis or ulceration and none showed any gross evi-
dence of malignant change. During the next survey
it is planned to carry out an extensive biopsy pro-
gram with histological study of skin lesions.

STUDIES OF AGING CRITERIA,
DENTAL SURVEY

Studies of aging criteria and a dental sumey were
not carried out during this annual examination.
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Table 9

Residual Beta Burns

Subject Subject
No. Sex Age Description No. &X Age Description

2

11

14

17

24

26

34

39

49

54

59

63

65

67

M-9

M 58

F 33

F 11

F 21

M 20

F 53

F 22

F 23

M9

F 42

F44

F9

F 22

Pigment variation with roughening
of skin of front of neck. Severai
pigmented macules right antecubi-
tal fosaa.

Slight hyperpigmentation and
hyperkeratosis of left antecubitai
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 maculea.

Dorsum of feet-mottled areas of
pigmentation and depigmentation.

Dorsum right foot+onsiderable
scarring and thickening with bind-
ing to subcutaneous tissue in area
between 1st and 2nd toes. Slight
scarring and hyperkeratosis with a
few pigmented spots in right ante-
cubital fossa.

Back of neck — slight hyperkera-
tosis with several nevus-like lesions
on back and sides of neck.

Back of neck-pigment variation
with slight hyperkeratosis; also to
lesser extent on dorsum of feet.

Sides of neck — pigmented mac-
UIU, particuhaxiy on right side:
few also in left antecubital fosaa.

Anterior neck — mottied 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.
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Laboratory Examinations

HEMATOLOGICAL

Summary tables of hematological data are pre-

sented in the tables and graphs in the text, 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 cemain 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 hematologicaI data are summarized in
Tables 10 and i 1 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.

Leukoeytos

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 &ficits in the neutrophif and lym-
phocyte levels.

Noutraphils

The mean neutrophil level in the Rongelap
exposed group was 13.6‘% below that in the unex-
posed group (see Table 10 and F@e 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 (F@re 21) also shows the lower counts
(displacement of the curve to the left) in the ex-
posed group. T%ese tidings conform generafly
with previous data except that the younger females
tend to show more depression.

Lymphacytu

The mean absolute lymphocyte level in the ex-
posed is 2490 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 cume (Figure 25) also confirm these
observations.

Eosinophils, Monocytas, 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.

Platoiots

Mean platelet counts in both exposed and unex-
posed groups were higher this year than previ-
ously (Figure 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, F@re 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 With Those of Unexposed Groups by Age and Sex

Plate. Neut. Lymph.— Mono. Eoain. Baao.
(xlO-’) ( TO:) (xlO’) (xlO’) (Xlty) (xlO’) (xlO-’)

Males, 8-15 y
Rongelap exposed” ●

Alingnae expoaedt
Rongelap unexposed

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

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

Femalea, >1$40 yr
Rongelap exposed
Ailingnae exposed
Rongdap unexposed

Males, >40 yr
Rongelap exposed
Ailingnae exposed
Rongeiap unexposed

Fernal~ >40 yr
Rongelap exposed
Ailingnae exposed
Rongelap unexposed

393=120(:;” :9$1.9 (9) 3.98= 1.4 (9) 2.88~().6 (9) (3.16 (9) ().~ (9) (3.46 (9)
430 (3) 3.64 (3) 2.50 (3) 0.08 (3) 0.77 (3) O (3)
415= 8q16) 8.12~1.9 (16) 4.31= 2.1 (16) 3.15=( 3.9(IQ (3.17(16) ().49(16) 0.1(3(16)

324= 77 :; ;8$ 1.03 (9) 3.5S3 1.37 (9) 2.69=0.8 (9) ().18 (9) ().42 (9) 0.20 (9)
315 (2) 4.06 (2) 2.59 (2) 0.21 (2) 0.32 (2) 0.30 (2)
390= 80(20) 9.08A2.41(20) 4.71= 1.97(20) 3,4550.88(20) ().2q20) ().62(20) 0.30(20)

320=120(12) 6.65= 1.2q12) 3.48~1.35(11) 2.60=(3.78(1 I) 0.15(1 I) 0.35(1 I) 0,20(1 I)

327= 87(29) 6.99= 1.43(29) 3.49* 1.os(zg) 2.92~o.70(29) o.18(29 o.34(29) o.zqlg)

350~ 78(13) 6.86=2.15(12) 3.81=1.31(12) 2.263 f3.48(12) 0.14(13 0,63(12) o.1o(I2)
350= 121 (4) 5.70~1.39 (4) 3,01~ 1.27 (4) 2.32=0.90 (4) 0.09 (4) ().25 (4) 0.40 (4)
340a 140(27) 7.80=2. 11(27) 4.41 = 1.90(26) z.a~o.gs(zrj) o.zz(z(j) o.~(z(j) O.10(26)

266= 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)
286= 43 (4) 6.01Y 1.27 (4) 2.89=0.62 (4) 2.73=0.87 (4) 0.13 (4) 0.24 (4) 0.20 (4)
326* 95(20) 7.14=2.28(20) 4. 13=2. 13(20) 2.49~0.79(20) O.13(20) 0.38(20) 0.20(20)

276= 99 (9) 6.37= 1.89 (9) 3,50~ 1.28 (9) 2.45=0.60 (9) ().18 (9) 0.3 I (9) 0.50 (9)
309= 122 (4) 7.26A0.99 (4) 4.02* 1.24 (4) 2.69=0.85 (4) 0.19 (4) 0.34 (4) 0.20 (4)
306= 85(19) 7.70=2.04(19) 4.4(3=1.44(19) 2082=0.~19) o-14(19) 0.34(19) o.1o(19)

Hct., % RBc (x 10-’) Hgb., g Serum protein, g

Malea, 8-15 yr
Rongelap exposed”*
Ai@rtae expoaedt
Rongdap unexposed

Femalea, 8-15 yr
Rongelap expoaedt
Ailingnae expoeed
Rongelap unexposed

Male% >15-40Y
Rongelap exposed
Ailingnae expoeed
Rongdap wexpoad

Femal~ >15-40 yr
Rongelap exposed
Ailingnae exposed
Rongekp unexposd

Mala, >40 T
Rongelap exposed
Ailingnae exposed
Rongelap unexpaed

Femak >40 yr
Rongelap exposed
Ailingnae exposed
Rongelap unexposed

38.5=3.3(10) 468&5q10)
37.0 (3) 451 (3)
38.3= 2.8f: 6) 46(3*35(14)

39.3= 2.0 {9) 478=32 (5)
40.0 (2) 455 (2)
39.0= 1.q20) 455=24(19)

#.&3.3(12) 488*75 (9)

45.2=2.8(29) 508=39(27)

40.3*4.q13) 449*32(1 1)
3S.0*3.7 (4) 434 (3)
38.8=2.8(27) 451=33(26)

406~6.2 (9) 444=81 (8)
42.5ti2.7 (4) 512=49 (4)
42.423 .q20) 467= 38(20)

37.9* 3.7 (9) 413=22 (7)
39.S=1.8 (4) 426232 (4)
39.3=2.7(19) 432=30(17)

12.831.4(10)
12.3 (3)
12.9*0.7(16)

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

15.1=1.2(12)

15.0=0.9(29)

13.5=1.2(13)
11.4=2.4 (4)
12.9= 1.q2~

13.7= 1.9 (9)
14.6=0,8 (4)
14.1=1.1(20)

12.4= 1,0 (9)
13.5=0.8 (4)
13.1*0.9(19)

8.050.4 (8)
7.7 (2)
7.8=0.3(1 1)

7.9=(3.3 (9)
7.7 (2)
7.850.3(12)

7.6=0.5(12)

7.6=0.5(28)

8.()=0.6(13)
8<~53.3 (4)
7.8=0.4(27)

7.3A0.7 (9)
7.4~(3.4 (4)
7.8=0.5(20)

7.7*(3.9 (9)
8.0=0.3 (4)
7.753.5(19)

● Standard deviationand number of people in group.
● ●IncIu&g 2 children exposed in Utero.
thwhdas 1 child exposed in urero.
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Figure 18. Mean neutrophil and white blood counts
of exposed Rongelap peoPle from time of ‘Xposure
[hrough 8 yr post exposure. Stars represent nwn
values of comparison population.
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Figure 20. Neutrophii counts of exposed Rongelap
females plotted against age. Solid Ii% represens
mean level of unexposed female population.
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Figure 22. Mean lymphocyte counts of exposed Ron-
gelap people from time of exposme through 8 y post
exposure. Stars represent mean values of comparison
population.

Figure 19. Neutrophil counts of exposed Ron8elap
males plotted against age. Solid line represents mean
level of unexpOSed male population.
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Figure 21. Neutrophil cumulative percent distribution
curves.
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Figure 23. Lymphocyte counts of exposed Rongelap
males piotted 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 oniy 11.3 ‘ZO of the exposed group and 5.3 Vo
of the unexposed show counts beiow 200,000, as
compared with 18% and 9.770 last year.

E@ropoietic Elements

Erythrocyte, hemoglobin, and hematocrit leveis
showed no marked differences between the ex-
posed and unexposed groups (see Tabie 10 and
Figures 31 through 36). In the eider 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. Soiid line represents mean level
of unexposed male population.

values were siightly lower in the exposed than in
the unexposed groups.

Ailingnae Blood Counts

Hematological examinations were carried out
on aii 17 Aiiingnae peopie. The leveis of peripheral
biood elements in this group were generaiiy 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 Rongeiap 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 cellular 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 maies plotted
against age. Solid line represents mean level of unex-
posed male population.

Children of Exposed Parents

Peripheral blood elements of 24 children with
parents 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 Ieukocytic 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 1. Hemat~rit values of exposed females
plotted against age. Solid line repr~nts mean level
of unexposed female population.
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Figure 34. Hemoglobin values of exposed females
plotted against age. Solid line represents mean level of
unexposed female population.
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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.
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Figure 35. RBC values of exposed males plotted
against age. Solid line represents mean level of un-
exposed male population.
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Figure 36. RBC values of exposed females plotted
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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 hyperpiasia 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 myeloid elements.

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

53 13.2 38 7,900 normal Normai.

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 10-’) (x 10-’) (x lo-~) (xlo-~) (x 10-2)

Males. <8 yr
Of exposed parents 511=123(15)* 8.745 1.34(15) 4.17=0.87(15) 3.9251.00(15) 0.15(15) 0.49(15) 0.07(15)
of unexposed parents 45 I~ 80(29) 10.37=2.55(29) 4.89=1.68(29) 4.42= 1.50(29) 0.3q29) 0.73(29) 0.40(29)

Females, <8 yr
Of exposed parents 473= 149(19) 10.98=2.41(19) 4.72= 1.47(19) 5.01~ 1.36(I9) 0.30(19) (3.84(19) 0.3q19)
Of unexposed parents 4 19= 97(21) I L63A2.50(21) 5.35=2.16(21) 5.28=1.92(21) 0.26(21) 0.7q21) 0.40(2 1)

Hct., % RBc (x 10-’) Hgb., g Serum protein, g

Males, <8 yr
Of exposed parents 38.4=3.0(15) 456=35(13) 12.0=0.9(1 5)
Of unexposed parents 36.7=2.5(29) 457=39(28) 11.8= 1.0(29)

Females, <8 yr
Of exposed parents 36.7=2.8(19) 454=37(17) 11.7=1.2(19) 7.ql)
Of unexposed parents 37.8=2.7(21) 458=31(16) 12.250.9(21)

*Standard deviation and number of people in group.

Comments on Hemat&gicoi Data Iation 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 hematoiogical exam- ropoietic elements in all groups were elevated as
inations were carried out on the unexposed popu- compared with last year, the platelets having
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Table 13

Peripheral Blood Cultures

Diploid numbers

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

10 59 22 273 4 33(56%) 5 1
11 24 1 ~ 20(80%) 1
14 26 1 22(84%) 1 1 1
27 30 114 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%) I

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 hits 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 Ieukocyte 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 diflkulty in obtaining good
smears is bdieved to have been related to the high
temperature and hutidity 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. Similar 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 along 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 invoived with beta bums. It is
believed that the dit%cukies 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 Studi~

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



Table 14

Abnormal Chromosomes in Peripheral Blood Cultures

Subjeet Total
No. counts Dicentrics Other

64 2- — —
10 59 — —
11 24 — —
14 26 1 —
27. 30 1 1 minute
41 27 — —
50 69 — —
S8 32 — —
69 19 — —
79 19 — —
80 16 — —

*Bonemarrow smeam showed 3 dicentrics on scanning.

small amounts, however, and gfycosuria 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 dld
not reveal abnormalities which
ated with proteinuria.

Blood Sugar Determinations

Fasting blood sugar QiySeS

might be associ-

were carried out
on 8 people (all in the unexposed group) who had
shown urine positive for sugar on the previous sur-
vey, 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 Marshailese people has
been commented on in previous repros.

Protain.8ound Idino

Since previous survey results had shown pro-
tein-bound iodne 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 70 with a mean of 8.6; these
are again generally on the high side of normal.
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Table 15

Blood Volume StudtU ( 1961, 1962)

1~ cc Decrease, cc

Subject Race* Wt.. lb RBC PIasma RBC P!asma

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

c
c
c
c
c
c
c
M
lM
M
M
M
M
M
M
M
M
M
M
M
c
c
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
—
—
—
—
—

100 750
100 —
400 600
550 1000
350 600
250 100
250 500
250 500
— 100
——

~50 100
550 600
400 —
300 200
300 —
200 150
600 500
——

200 700
800 770
450 400
400 700
200 200

*c = Caucasian, ,Nt= Micronesi~.

Totai Urino Iodino and Creatinirsa

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 ievek in the diet. Total iodine and cre-
atinine analyses were carried out on 10 urine sam-
ples obtained from subjects who had previously
shown relatively high protein-bound iodine levels.
The Ieveis for total iodine varied between 5,2 and
66.0 ~g 70 (av, 18.6), and & creatinine levels
varied between 0.025 and 0.80 g,ll (av; 0.52).
These levels were considered to, be in the normal
range, although the creatinirm revels were some-
what h@h beeause of alkalinity of the urine sam-
ples. Therefore it did not appewr that the iodine in

the diet cotdd account for tk generally higher
protein-bound iodine levels dserved. The cause
of this slight elevation remains to lx clarified.
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Tabk 16

Immunoeketrophoretie Anaiysss

Fe Subjsct N-

Norma/ -

SIightJy increased Ygiobulin precipitarioAi.ns

Markedly irwressai Y @miii precipitadoa+ne

slightly increased precipdadmdinss for PM, Pm, and Y

Markedly increased pm5pitatiodinu for @m,pm, and Y

Markediy ineressed precipitation-tines for J9Nand Y

SlightIy imxeased precipdation-lina for &ad Y

Markedly increased Pmci@don-iines f= B= ~ y

Sligbtiy dscreassd ~AiM for p=

Siightly increasd pmc#Aon- Iine for S-

&creass of #m and slight increass of Y giobuiin

prseipitation-lirtes

Decrease of 8= and Y globulin precipitatiodincs

15, 30, 20, 78, 8, 76, 9~ 77, 9, 14, 33, 16, 2, 21,
57,47,4,37, 10, 73, 12, 914, 835, 838, 875, 844,
865, 8%, 98Z 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

53,71, Se S~ 63:22,32,87, 59, 54, 79, 6, 66, 1,
45,928, 856883,940, 1036,944,992, 858, 813,
864,853, 887, 94& 829, 820, 828, 924, 961, 969,
89S, 855, 884

862, 891

34,75,27,817, 99& 888,814

64, 958, 1035

829, 892, 1001

3,41

897

5, m

29,852

866

60,68,824

Glucoso+pitosphato Dohydrogenass Activity

and Hemoglobin Typos

Dr. Boyer at Johns Hopkins Hospitai reported

that afl subjects examined had normal glucoae-6-
phosphate dehydrogenase activity. On the starch
gei electrophoresis all were of a uniform giwxe-6-
phosphate dehydrogenase electrophoretic type
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
AA~ .

Blood Volumo Studios

During the 1961 and 1962 surveys, blood vol-
ume determinations, with use of CPi-labeIed 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 sumey, it is planned
to repat 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.

Immuno.loctrophorctic Studios

Immunoelectrophoretic analyses were carried
out on a number of Marshallese sera. These results
are shown in Table 16. Dr. R. Butler, who carried
out these amdyses, reported that “in summary we
have found neither a paraproteinemia nor a typical
picture of antibody-deficiency-syndrome. The high
frequency of increases of some of the immunoglob-

Iins is ~rhaps a typical siW of the investigated
~pulation.”
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Estimation of Body 6urdon of Srm

Gamma spectrographic analyses on the Ronge-
lap people in 1961 by whole-body counting in a
21-ton steel room indicated that the mean body
burden of Cs’3’ had not shown any significant fur-
ther increase over the 1959 level and that the mean
Zn’S 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 mom
was not taken to Rongelap on this survey and no
whole-body gamma counting was done. However,
urine and other samples were collected and
brought back for radiochemical analyses. .

Sr’” and caicium analyses were carried out on
24-hr urine samples from 27 Rongdap 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 SrOOare somewhat
higher than last year.

The fluctuations in calcium level in the samples
cause variations in the SreOlevel expressed per g
Ca. The pooled urine samples contained 7.2 pC~l
SraOin 1961 and 7.9 in 1962 (1 PC = lwC), but
the calcium levels differed so marke~y (141 m@
in 1961 and 18 in 1962) that they were not used
in calculating the body burdens of SrW. In 1962
the mean Srw values from the individual adult 24-
hr samples were 12.45A 1.30 pC/1 or 114A14
pC/g Ca. From these values, on the basis of pre-
vious calculations,” the bdY bu~n w= esti-

mated as 12.0 m~C. This is about 6.0% of the
maximum permissible concentration (MPC) of
Sr90 (200 mWC) for nonindusrnal populations, and
represents about 4970 of the previously 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 Srw based on urinary
excretion values. The estimates, in mPC, have in-
creased as foilows: 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.

In view of the uncertainties associated with ex-
trapolation from urinary excretion data to body
burden of SrW, other corroborating evidence has
been derived from analyses of bone samples. f3e-
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-oid woman who died
this year, and the SrOOanalysis of ribs and vertebral
specimens showed an average of 15 pC/g Ca, rep-
resenting a body burden of 11.4 mpC or about
5.7% of the MPC (see Table 19). ~is comPares
favorably with the estimate of 12.0 m~C based on
the ~4-hr urine samples. Bone samples from the

autopsy of a 35-yr-old man in 1958 showed a SrpO
body burden of 2 m~C. The estimated body burden
derived from the 1962 bone samples therefore
shows about a sixfold increase over that from the
1958 samples.

The Sri”’ levels in the coconut crabs in 1962
(Table 19) are close to those previously reported
by Held.’s 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 Isiands. Examina-
tions were carried out principally at Rongeiap
Isiand, but some Rongeiapese who had moved
away were examined at Kwajaiein and Majuro
Islands. A total of 308 peopie were examined, 80
in the exposed group, 37 children of exposed par-
ents, and 191 unexposed Rongelap people who
seine as a comparison population. The Trust Ter-
ritory ship, Ran A nim, was used to trans~rt the
medicai team and equipment from Kwajaiein to
Rongelap and return. The team lived in a tent at
Rongeiap VNage during the survey.

The examinations were earned out with com-
piete cooperation of the Rongelap peopie, and it
was believed that the presence of the team living
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Tabk 17

W Anaiysa of Rongelap Urine Samples

w,
other dis/min

Subject - Idend- Sarn@e per total c& Srw,
No. Age Sex flcarion vd., mi sample ;!i g/1 X/g Ca

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

896

44
33
15
47
29
13
15
2s

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

----- -4 --..,. - --.--

24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
24-hr
2nd 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
2Mr
24-hr
2nd 24-hr
24-hr

12#Ju

1,280
1,400
1,760
1,000
1,060
!,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
1,660
2,000
1,500
1,860

740
640
4s0

1,730
1,580

260
1,240
1,000

21 b. L%4.Y’
24.721.6
51.0* 1.9
28.6= 1.6
23.7=0.8
30.8= 2.0
20.7= 1.6
47.4= 2.1
15.8= 1.7
21.9= 1.7
30.321.9
46.7= 1.2
17.4= 1.5
21.4= 1.8
46.0= 1.8
34.8= 1.0
32.9= 1.7
43.3* 1.8
26.3= 1.2
23.9= 2.0
91.1= 2.9
15.6* 1.3
54.oti 1.9

105.4= 2.5
18.0= 1.5
52.4ti2.O
31.2=2.5
46.0=2.5
14.3*0.8
8.421.2

31.7= 1.6
20.922.0

4.8~0.9
9.3A 1.2

16.6= 1.5

I .Y=u.i?
8.7ti0.6

16.4=0.6
7.34.9

10.7S3.4
13.1=0.8
643=Q.5

10.420.4
10.5* 1.1
10.1*O.8
11.6= 0.7
23.6z0.6

5,8~Q.5
4.8=0.4

16,6= 0.6
26.1=0.8
20.9= 1.1
10.020.4
10.O*O.4
13.4= 1.1
46.6A 1.5

6.4=0.5
11.9*0.4
28.6~0,7
4.()= 0.3

15.7=0.6
7.6=(3.6

28.0= 1.5
10.1= 0.6
8.4=1.2
8.2--.4
6.020.6
8.3= 1.6
3.4*(3.4
7.520.7

0.018
0.178
0.060
0.014
0.209
0.131
0.028
0.0s2
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
521=64
51= 2

I(XM 6
214=18
20(33 8
128=13
148*I2
1535 9
193* 5
48* 4
382 3

216= 8
.199= 6
232=12

81= 3
642 3
43* 4

174= 6
432 3

330511
204= 5

382 3
103= 4
54* 4
72ti 4

198=12
271=39

692 3
90= 9

108321
92211

[67=16

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

ashore in Rongelap Village enhanced the rapport
with the people, possibly by allaying arty 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 exP-
sure to such findings in a woman of this age. Four
normal births had occured in the exposed group
and four in the comparison group. No miscar-
riages or stillbirths were reported during the past
year.



Table 18

Srw in Marshallese 24-hr Urine samples, April 1962

No. Of

Age, sub- Sr’ul,
Group yr jects . pC/I ~g~l pi!~~a

Exposed
,Maie 1-15 3 9.3331.70” 52=14 189=18

>15 7 9.06= 1.11 175=26 532 5
Female 1-1S 2 9.6032.3(J 25=1 1 426~96

>15 8 lS.89*2.SO 104=12 165=26
Total 1-15 5 9A4~l ,18 41=11 2~~66

>15 ’15 12.70Y1.66 137&16 113*2O

Nonexposed
Male 1-15 1 28.60=0 140= o 2043 0

>15 4 8.8822.46 129al 1 66214
Female 1-15 — — — —

>15 7 10.24=3.07 100A49 143=28
Total 1-15 1 28.60=0 140A () 204& ()

>15 11 9.75*2.07 110=31 115~21

Total
All 1-15 6 12.6323.34 42= 9 27t3~55
‘MI >!5 26 11.45&l.30 126=16 l14a14

*Standard error of estimate.

Routine physical examinations of adults re-
vealed that the siight differences in incidence of
various dise&s in the expo~d 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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ousiy, this may be related to fallout exposure of the
eyes. There were also several cases of comeal pig-
mentation which may have been related to failout
exposure. There was no evidence in the exposed
people of retinal bums which might have resuited
from observation of the fireball at the time of the
accident in 1954,

A cancer detection survey was done which in-
chxied, in addition to thorough r-aysical examina-
tions. pelvic examinations in mature women with

Papanicoktou staining of smears, rectal examina-
tions in adults, and hematological studies for leu-
kemia detection, which inciuded the determina-
tion of alkaline phosphatase levels of leukocytes
and bamphil counts of 4000 white cells. No cases
of malign m-icyor 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 c: :ren of comparable age. No such dHer-
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. MaIe chil-
dren (but not female ) born of exposed parents
(after the fallout ) tended to be smaller in stature
at ail ages than children of unexposed parents.

Table 19

Sr~ Analyses of Bone and Crab Samples

Ash &OO,dis/min
original
net wt., g g % Per total sample Per g ash % ?n&ti ~~ba

Bone
Rib 1.48 16.4~0.6* 11.1=0.4 36.6 13.7=0.5
Vertebra 2.60 33.8e0.O 13.050.3 36.0 16.3543.4

Crab 878 111 12.7 1462 *5 50.0 1317 *4
902 136 1s.1 964 24 40.0 1086 *4

1165 209 x7.9 8S0 ti4 34.4 1113 *5
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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However, since the latter children were on the 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 smalI 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 neutrophil 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 siightiy lower leveis. 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%rythroid 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 chmosome

studies were carried out on samples from a number
of people. Successful cultures were obtained in
some 40 of 7CIbloods; however, difficulties were
encountered under tield conditions of high tem-
perature and humidity in obtaining satisfactory
chromosome smears. Nevertheless small numbers
of dicentrics along with abnormal diploid numbers
were noted in a few smears. These data suggest
that resistant darnage 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 Q -na
emitting isotopes (Csl~l and Znas) had not n
significant further increase at the time of the ~1
survey. However, urinary excretion of SrW 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
[evels of SP. The mean level of Srw was 114 &14

pC/g Ca. Gn the basis of previous calculations, the
estimated body burden of SP was 12.0 mPC,
which is about 670 of the MPC (200 MpC for non-
industrial populations ). Severid bone ijamples ob-
tained from autopsy on the 78-yr-o~d exposed
woman showed an average of 15 pC/g Ca, repre-
senting a body burden of 11.4 mPC or about 5.7 ‘ZO

of the MPC, which compares favorably with the
estimate based on urinary excretion. These levels
represent about a sixfold increase in SrO”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 MarshaI1ese 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 abnorrrmiities 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



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 o: 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 sumeys of the Marshailese people
exposed to fallout in 1954 should continue indefi-
nitely.
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APPENDIX 1

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

WBC N-is Lymphocytes Platelets Hematocrits
(X1(3-’) (xl&’) (xlV’) (x IO-’) (%) ( XY; )

Male MaIe Female Total Male Male Female ,Maie MaleFemale
Postexposum day <5 >5 <5 >5 <5 >5 <10 >10 alJ 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
1-yr survey
2-yr survey
3-yr survey
4-yr survey
5-yYsurvey
6-yr survey
7-yr survey
8-yr survey
Majuro controls
Rita cont. 6 sno
Rita cont. 1 yr
Rita cont. 2 yr
Rong. cont. 3 yr
Rong. cont. 4 yr
Rong. cont. 5 yr
Rong. cont. 7 yr
Rong. cont. 8 yr

9.0 8.2- 6.4 4.7
4.9 6.2 — —
6.6 7.1 3.5 4.5
5.9 6.3 3.5 3.9
5.9 6.5 3.2 4.1
6.7 7.2 3.4 4.7
7.0 7.4 4.3 5.0
5.7 6.1 3.0 3 :
7.6 7.8 4.0 5.-
6.5 6.2 3.1 3.8
5.7 5.5 3.0 3.3
5.2 5.2 2.0 2.6
5.9 5.8 2.6 3.3
6.7 5.6 2.6 3.5
7.0 6.0 3.S 3.5
7.7 6.0 3.9 3.6
7.6 6.5 3.8 4.0
—— —.
8.5 6.6 4.6 4.2

10.1 8.1 4.7 4.8
11.8 8.6 5.9 4.8
8.6 6.9 4.1 3.7
8.9 7.5 3.3 3.4

13.5 9.5 6.9 4.8
— 6.5 — 3.5
— 7.4 — 3.9
— 6.9 — 3.6

13.2 9.7 4.8 4.8
10.7 7.6 5.4 5.2
—— ——

14.0 8.9 7.0 4.4
9.8 6.9 4.0 3.4

I 142 8.(3 443 3.6
13.7 10.1 6.2 5.2
— 7.8 — 4.2
— 7,7 — 4.2

1.8 2.2 —
—— —
2.6 2.1 28.2
2.1 1.7 —
2.4 1.9 27.1
2.4 2.1 21.8
2.6 2.1 16.8
2.3 1.8 13.2
3.2 2.1 14.1
3.2 2.0 17.9
2.6 2.0 25.5
2.9 2.3 26.8
3.1 2.4 24.6
3.4 2.1 22.1
3.7 2.4 —
3.7 2.3 23.1
3.3 2.2 —
—— 26.2
3.6 2.2 24.4
4.6 2.8 26.6
4.7 3.1 30<0
3.7 2.7 32.0
4.6 3.6 32.5
6.0 4.0 32.3
— 2.7 —
— 2.9 —
— 2.6 —
7.4 4.1 41.2
4.7 3.7 35.0
—— 37.5
5.6 3.6 35.5
4.7 2.9 32.6
6.2 3.7 38.8
6.2 4.1 35.8
— 3.1 —
— 2.9 —

—— —
—— —

22.7 24.9 24.8
—— —

21.3 21.7 22.5
19.1 21.8 21.0
14.6 15.2 15.3
12.9 10.9 11.9
12.3 11.8 12.3
16.6 15.1 16.0
22.0 22.4 22.8
20.9 23.2 23.2
20.6 23.9 23.1
17.5 21.2 20.3
—— —

18.2 20.2 20.1
—— —

21.7 24.7 24.1
20.3 23.2 22.6
19.5 27.6 24.9
21.4 25.5 24.7
22.1 28.1 —
27.1 30.8 —
24.4 27.6 —

—— —
24.6” 27.3 —
32.8*” 32.1 —
25.8 36.5 33.4
27.3 30.9 30.4
24.5 29.4 27,6
24.2 31.2 29.5
26.9 30.0 —
30.7 34.0 —
28.0 33.6 —
28.5* 31.4 —
34.8** 34.S —

—
—
—
—
—
—

37.5
36,3
37.9
37.4
37.8
37.3
39.0
—
—
—
—
—

38.0
37.5
38.7
35.6
35.6
—
—

37.6
38.5
39.6
—
—

38.9
35.6
35.5
—

37.2
38.3

——
——
——
——
——
——

43.9 39.0
41.6 37.5
42.2 37.1
422 36.8
42.4 37.4
41.8 37.6
43.4 38.3

——
——
——
——
——

41.7 38.2
41.1 36.9
41.2 38.1
38.7 35.4
41.0 35.8
——
——

41.7 37.0
43.0 39.3
46.0 39.9
——
——

42.1 39.8
41.0 35.9
42.8 35.1

——
44.4 37.0
44.1 39.0

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

4.45
—

4.54
4.68
—
—
—
—
—
—

4.60
4.52
4.60

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

4.71
—

4.45
4,67
—
—
—
—
—
—

4.80
4.68
4,90

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
4.21

—
4.11
4.44
—
—
—
—
—
—
4.4.2
4.12
4.47

* Includes all males >7.
● * lwIuti d males >8.
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APPENDIX 2

Ailingnae Group and Control Mean Blood Counts at Various Times After Expmure

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

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

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 swey
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.S
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

11.1 7.8 4.2 4.7
11.0 9.1 4.9 5.1
l~cl 7.(3 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

1lo~ 8.0 4,() 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
3.1 2.2
4.2 2.2
3.5 2.4
2.7 2.9
3.2 2.2
3.7 2.0
3.5 2.2
4.7 1.9
3.9 2.7
3.4 2,7
4.0 2.2
3.2 2.5
2.7 2.2
6.5 5.6
4.8 3.2
5.6 2.6
7.0 3.3
— 3.7
— 3.0
— 3.1
— 2.6
7.4 4.1
5.6 3.6
4.7 2.9
6.2 3.7
6.2 4.1
— 3.1
— 2.9

—
—

22.5
—

29.0
27.5
23.S
20.0
19.5
24.0
26.5
~8<0
27.0
32.0
37.0
25.2
38.7
51.2
40.8
33.2
40.9

—
—
—

41.?
35.5
32.6
38.8
35.8
—
—

——
——

22.6 20.9
——

20.2 24.6
21.7 24.9
17.0 22.9
13.8 17.4
12.8 18.2
15.8 22.7
20.8 27.0
19.6 25.3
20.0 26.1
18.2 25.0
19.8 23.8
19.2 23.9
21.4 28.3
17.4 26.4
22.4 31.2
24.7 33.6
26.3 ~(58

—
25.6* 2=1
33.4** 32.7
25.8 36.5
24.2 31.2
26.9 30.0
30.7 34.0
~8.13 33.6
28.5* 31.4
34.8”* 34.5

— —
—
—
—
—
—

37.5
36.5
36.0
35.5
35.0
36.0
—
—
—

37.5
33.0
35.7
37.5
36.1
—
—

36.0
37.0
39.6
38.9
35.6
35.5
—

37.2
38.3

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

4.46
—

4.56
4.51
—
—
—
—

4.60
4,52
4.60

—
—
—

—
21.5 —
—

23.9
24.3
21.3
16.7
16.8
17.6
25.2
24.0
24.5
23.9
24.2
~2m7
27.5
26.7

— —
—

43.7
43.2
44.6
43.8
45.6
45.2
46.5

—

39.2
36.8
36.7
37.3
37.4
36.8
~o.~

—
—
—

—
—
— —
— —
— —
— —
— —

—
—

40.1
44.6
44.4
40.6
43.1
—

—
37.3
36.2
37.5
35.6
35.7

— —
— —
— —
—
——

— —
5.15 4—

— —
44.2
42.5
46.0
42.1
41.0
42.8

—
44.4
44.1

—

37.0
37.8
39.9
398
35.9
35.1

—
5.11
5.12

4
4

—
—

33.4
29.5

— —
4.80
4,68
4.90

4
4
4

— —
37.0
39.0

—
—

* Includesall males >7.
** Inciud~ ail males >8.
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APPENDIX 3

Individual Hematological Findin~ 1962

Subject Plate. WBC NeuL Lymph. Mono. Eoain. Base. Hct., RBC Hgb., Serum
No. (XIW) (X IO-’) (X IO-’) (X IO-’) fXl(Y’) (X ICFs)(X1(P) % ( x 10-’) g protein, g

2 310
3 405
5 455

19 595
20 250
23 410
32 440
54 175
83* 3s5
85* 535

-5.39
9.01
8.83
9.08
9.23

10.10
7.96
5.24
5.56

10.89

2.53
4.87
5.12
6.08
5.08

2.22
2.31
3.06
4.57

Mean 393 8.12 3.98
(=120) **(=1.93) (A1.37)

6 430 7.36
44 430 5.75
g4* 7.83

Mean 430 6.98

1s 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
(51.03)

Exposed Mak Age 8-15
2.37 0.11 0.32 0.50 38 432
2.88 0.18 0.99 0,90 34 388
3.27 0.18 0.26 0 37 403
2.90 0 0.90 0 41 563
3.13 0.18 0.83 0 46 561

36 448
3.98 0.16 1.43 0.16 39 470
1.99 0.21 0.73 0 40 497
2.11 0.11 0.28 0 35 440
3.27 0.33 2.61 0.11 39 480

2.88 0.16 0.84 0.19 38.5 468
(=0.60) (A3.3) (=56)

Ailingnae Expaud Males, Age 8-1 S

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.s0 0.08 0.77 0

Exoosed Femalea. Am 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.S7 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
(A1.37) (=0.88)

8 430 7.49 4.72
48 200 7.00 3.40

Mean 315 7.25 4.06

9 160 7.25
10 160 5.95 3.87
26 305 7.62 3.28
27 420 6.15 2.34
35 280 9.87 7430
36 30s 5.00 2.20
37 325 7.74 2.94
40 445 6.65 3.92
47 520 6.33 3.54

Ailingnae Exposed Femai~ Age 8-15

2.32 0.07 0.37 0
2.87 0.35 0.28 0.07

2.59 0.21 0.32 0.03

Exposed Males, Age >1540

1.55 0.36 0.18 0
4.27 0 0.08 0
3.14 0.18 0.43 0.06
2.07 0.39 0 0.10
2.60 0.10 0.10 0
3.17 0.15 1.47 0
2.53 0.13 0.07 0
2.41 0.13 0.25 0

13.2 8.0
1i .S 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
(=1.4) ($:)

36 4s0 12.4 7.6
39 498 12.4 7.8
36 406 12.1

37.0 451 12.3 7.7

39 14.0 8.4
42 493 14.0 8.0
43 532 14.0 7.8
39 14.8 8.2
37 449 13.2 7.8
37 12.1 7.6
40 472 14.0 8.0
40 14.0 8.0
37 444 12.1 7.2

39.3 478 13.6 7.9
=2.0) (=32) =1.0) (=0.3)

38 422 12.8 7.4
42 488 14.4 S.o

40 455 13.6 7.7

44 14.5 7.2
51 16.0 8.0
46 523 15.2 8.0
41 18.0 7.4
49 520 16.4 8.4
41 496 13.6 8.0
44 448 14.4 7,2
43 459 13.6 6.8
40 454 14.4 7.4

* Exposed in UWO.
* ● Standard deviation.
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Individual Hematological Findings, 1962

Subject Plate. WBC Neut. Lymph. Mono. Eoain. Baao. Hct., RBC Hgb., Serum
No. (xlo-’) (xlo-’) (xlO-’) (xlO-’) fxlo~) (xlo-3) (x10-2) % (xlO-’) g protein. g

Exposed Males Am >1540 (continued)

509 15.6 7.0
14.8 7.6
14.8 7.8

15.1 7.6
(=1.2) (30.5)

73 165
76 310
77 450

5.46
5.94
5.80

6.65
(=1.26)

3.71
2.44
2.72

3.48
(=1.35)

1.37 0.16 0.22 0
3.15 6 0.30 0
2.32 0 0.70 0.06

49
43
46

(*:::)

466
519

Mean 320
(5120)

2.60 0.15 0.35 0.02
(=0.78)

488
(*75)

Exposed Femal~ Age >1540

12 275
14 420
18 405
22 530
24 350
39 435
49 320
61 290
64 340
66 265
71 370
74 295
75 250

Mean 350
(&7g)

5.80 3.30 42
36
37
37
36
39
40
42
37
40
42
50
46

40.3
(=4.0)

405 12.8 7.8
12.4 7.8
12.1 6.6
12.8 8.0
12.4 7.8
12.8 8.8
13.6 8.0
14.4 8.2
12.4 7.2
13.6 .8.0
15.6 8.2
16.0 9.0
15.2 8.0

13.5
(=1.2) (*I::)

2.15 0.29 0.06 0

5.80
5.25
5.44
4.87
6.41
7.55
5.84
6.39
7.68

13.30
7.93

6.86
(=2.15)

4.18
2.42
3.05
2.04
3.08
4.30
3.39
3.45
4.30
7.32
4.84

1.22
1.73
1.74
2.39
2.88
2.72
2.10
2.68
2.38
2.79
2.38

2.26
(=0.48)

0.06 0.29 0.06
0.05 1.05 0
0.44 0.22 0
0.05 0.34 0.05
0.06 0.38 0
0.15 0.38 0
0.29 0.06 0
0.12 0.06 0.06
0.08 0.92 0
0.13 3.06 0
0 0.71 0

412
472
429
446
459
469
416
446

524
462

3.81
(=1.81)

0.14 0.63 0.01 449
(=32)

Ailingnae Exposed Femalea, Age >1540

45 225
53 550
70 300
81 325

Mean 350
(5121)

4.16
7.97
5.50
5.16

5.70
(*1.39)

1.2s 2,33 0.17 0.33
4.14 3.59 0.08 0.08
3.69 1.49 0.11 0.22
2.94 1.86 0 0.36

3.01 2.32 0.09 0.2s
(51.27) (=0.91)

Exuosed Males. Age >40

3s
38
29
38

35.0

377
450

11.8 7.6
13.2 7.6
7.6 8.4

12.8 8.6

11.4 8.1

0.08
0.08
0
0

0.04

0
0.06
0.09
0
0
0.08
0.09
0
0.07

0.04

>40

476

434
(*3.7) (*2.4) (30.3)

4 195
7 26S

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

Mean 266
(*W)

6.42
6.49
4.47
3.96
4.85
4.16
8.65
9.10
6.85

6.10
(=1.80)

2.12 3.59 0.32 0.38
2.86 2.34 0.26 0.97
2.86 l,~o 0.04 0.26
2.03 1.29 0.11 0.08
2.04 2.67 0.05 0.10
1.83 1.99 0 0.25
5.10 2.85 0.17 0.43
6.19 2.55 0.18 0.18
5,14 1.23 0.14 0.28

3.35 2.19 0.14 0,33
(=1.57) (=0.78)

Ailingxtae Exposed Males, Age

48 563 16.0 7.6
43 466 14.4 8.2
40 428 13.2 7,4
32 314 11.2 6.4
30 323 10.3 6.2
41 461 13.6 6.6
49 510 16.4 8.2
44 486 14.4 8.2
3a 14.0 7.0

40.6 444 13.7 7.3
(=6.2) (=81) (=1.9) (=0.7)

16 33s 5.19 2.39 2.60 0.10 0.10 0
29 235 6.86 2.74 3.43 0.07 0.54 0.07

39 580 13.6 7.2
41 441 14.0 8.0
44 504 15.2 7.6
46 S25 15.6 6.8

42.5 512 14.6
(=2.7) (=49) (=0.8) ( =~i)

41 320 4.41 2.65 1.54 0.04 0.18 0
50 255 .7.58 3.79 3.34 0.30 0.1s o

Mean 286 6.01 2.89 2.73 0.13
(=43) (=1.27) (=0.62) (=0.87)

0.24 0.02
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Individual Hematologicai Findings, 1962

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

Exposed Femalea, Age >40

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

Mean 276
(=99)

6.55
7.10
5<44
9.73
5,12

5.28
8.21
5.08
5.70

6.37
(=1.89)

3,27 2.69 0.07 0.46 0.07 40 405 12.8 7.4
4.62 1,99 o,~l 0.28 0 29 10.0 10.0
2.99 2.12 0 0.33 0 37 379 12.4 7.6
6.03 2.24 0.49 0.78 0.19 42 444 13.6 8.2
1.59 3.38 0 0,10 0.05 40 425 11.8 7.4
3.17 1.90 0.10 0.10 0 36 12.4 7.0
4.27 3.28 0.16 0.41 0.08 36 387 12.1 ~,~
1.93 2.85 0.10 0.20 0 41 440 13.6 7.0
3.65 1.60 0.23 0.17 0.06 40 410 13.2 7.2

3.50 2.45 0,18 0.31 0.05 37.9 413 12.4 7.7
(=1,28) (=0.60) (=3.7) (=22) (=1.0) (=0.9)

Atiingnae Exposed Females. Age >40

1 265 6.75 3.78 2.90 0.07 0 0 42 472 14.4 8.4
43 200 7.39 5.17 1.48 0.30 0.37 0.08 40 436 ~3.~ 80
59 515 8,78 4.74 2.90 026 0.88 0 37 388 12.4 7.6
28 255 6.10 2.38 3.48 012 0.12 0 39 409 14.0 8.0

Mean 309 7,26 4.02 2.69 0.19 0.34 0.02 39.5 426 13.S 8.0
(=122) (50.99) (*1.24) (*0.85) (=1.8) (=32) (=0.8) (=0.3)

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
126 720

Mean 511
(=123)

87 25S
92 260
94 380
95 520

100 52S
101 195
103 540
105 455
106 595
107 645
108 460

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)

9.22
10.94
8.94
8.76
9.10

15.80
11.40
10.57
10.30
12.70
12.70

Male Children of Exposed Parents. Age <8

3.70 2.95 0.07 0.14 0 40
4.54 2.97 0.09 1,14 0 43
3.41 2.62 0 0.52 0 39
4.61 4.51 0 0.69 0 38
4.24 3.11 0.26 1.04 0 40
3.04 3.76 0.14 o.~9 () 36
5.31 4.66 0.22 0.6S O 43
4.70 3.57 0.17 0.26 0 37
4.59 4.31 0.09 0.37 0 38
3.81 3.98 0.08 0.60 0 42
3.52 5.27 0.37 0.09 0 36
2.94 3.14 o-~o ().40 () 39
3.47 6.41 0.42 0.21 0 38
4.30 4.50 0.10 0.88 0 36
6.35 3.08 0 0.1,0 0.10 31

4.17 3.92 0.15 0.49 0.007 38.4
(=0.87) (=1.00) (33.0)

Female Children of Exposed Parenta, Age C 8

3.50 4.70 0.18 0.83 0 39
5.91 3.39 0.33 0.88 0 39
2.68 5.19 0.27 0.80 0 40
3.33 3.94 0.26 1.22 0 38
4.37 3.73 0.55 o.4f o 36
7.42 8.33 0.72 1.63 0 42
5.70 5.02 0.45 0.11 0.11 38
6.24 3.70 0.21 0.42 0 38
5.46 3.91 0.41 0.51 0 39
6.22 4.57 0.89 1.01 0 32
5.s9 5.59 0 1.54 0 34

427
455
432
388
451
433
456
484
455
532

512
450
453

456
(*35)

476
478
470
505
400
480
450
471
472
432
461

11.8
14.4
12.1
11.8
12.4
12.1
12.1
11.8
12.8
l~ol
11.2
12.4
12.1
11.2
10.1

12.0
( *0.9)

13.2 7.6
11.5
13.6
12.4
14.8
12.8
11.5
11.5
12.1
9.7

11.2
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Individual Hematologicrd Findin~ 1962

Subject Plate. WBC Neut. Lymph. Mono. bin. Barn. Hct., RBC Hgb., Serum
No. (X IO-’) (X IIY) (X10-3) (X I03) (X10-3) (X103) (X IO-Z) z (xlO’) g protein, g

Female Children of Exuoscd Parentx Aue <8 (continued)

112 765
117 680
119 310
120 385
122 450
123 405
124 575
12s 58S

Mean 473
(*149)

813 335
814 315
815 295
817 395
818 460
819 415
820 470
863 470
912 470
913 335
919 450
921 650
940 480
981 388

1033 390
1036 325

Mean 415
(*86)

805 470
812 369
816 360
821 39s
879 435
891 48S
911 505
926 220
937 330
946 235
955 370
959 440
960 310
962 325
988 485
990 310
993 420

8.03
9.85

16.70
13.51
10.30
7.54
9.87

12.32

10.98
(52.41)

7.18
8.57
7.26

13.40
9.07
5.29
7.75
7.60
9.63
5.55
6.11
9.11
7.16
9.92
8.70
7.60

8.12
*1.90)

3.21
3.55
5.68
6.76
3.09
3.02
2.86
5.17

4.72
(*1.47)

4.18
5.52
6.85
3.35
6.80
3.85
6.22
6.41

5.01
(=1.36)

0.08 0.40 0
0.59 0.10 0.10
0 4.01 0.17
0.14 0.27 0
0 0.41 0
0 0.68 0
0.20 0.39 0.20
0.49 0.25 0

0.30 0.84 0.03

Unexposed Malea, Age 8-15

3.02 3.73 0 0.43 0
5.14 3.08 0.17 0.17 0
3.19 3.85 0.15 0.07 0
8.44 3.62 0.40 1.07 0
4.81 2.99 0.27 1.00 0
2.27 1.49 0.11 0.42 0
5.19 2.24 0.16 0.16 0
3.34 3.88 0.23 0.1s o
4.72 3.47 0.48 0.96 0
3.89 1.17 0 0.44 0.06
3.24 2.26 0.12 0.49 0
5.10 3.28 0 0.64 0.09
3.08 3.72 0.14 0.21 0
5.06 4.27 0.20 0.40 0
3.48 4.26 0.09 0.87 0
4.94 2.13 0.15 0.38 0

4.31 3.15 0.17 0.49 0.01
(&~.06) ( =o+85)

Unexposed Females, Age 8-15

8.34 4.42 3.42 0.17 0.33 0
9.99 4.80 4.40 0.20 0.50 0
8.98 3.59 4.04 0.09 1.26 0
8.08 5.01 2.26 0.16 0.6S O

14.21 10.37 2.56 0.71 0.57 0
6.42 2.38 3,21 0.13 0.64 0.06

10.74 S.48 3.47 0.48 0.96 0
13.10 7.73 4,06 0.39 0.79 0.13
12.20 6.95 4.51 0.24 0.49 0
8.25 3.63 4.04 0.08 0.41 0.08
6.90 3.04 3.38 0.14 0.35 0
8.32 5.24 2.58 0 0.50 0

13.20 6.86 5.54 0.53 0.26 0
6.14 3.07 2.51 0.31 0.25 0
7.61 3.81 3.04 0.53 0.23 0
8.42 4.38 2.53 0.34 1.01 0.17
8.00 4.24 2.40 0.16 1.12 0.08

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

36.7 454
=2.8) (=37)

37 429
36 450
42 474
36 4641
39 460
35 427
41 491
43 494
33 450
38 508
37 438
41 465
40 508
36 388
40
39

38.3 460
A2.8) (=35)

38 477
37 453
39 471
40 461
38 406
40 450
41 453
41 472
39 440
42 472
40 459
38 440
38 454
37 476
40 412
37 445
41 515

11.5
10.9
10.6
11.2
12.1
10.6
10.0
11.5

11.7
*1.2)

12.8
12.8
14.0
13.2
13.2
11.2
13.2
13.6
12.1
12.8
12.1
12.4
14.0
12.1
14.0
13,2

12.9

8.0
7.6
8.2
8.0

7.2
7.4

7.6

7.8

7,8

8.0
7.8

7.8
30.7) (=0.3)

12.1
12.1
12.1 72

13.2 8.0
12.8

14.0 7.4
12.1
12.8 7.8
12.8
14.8 7.8
13.2 8.0
12.8 7.6
12.1 8.0
12J
13.2
12.4
14.0 7.6
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Individual Hematological Findings, 1962

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

996 43s
998 430

[035 560

Mean 390
---

822
823
824
828
830
833
834
836
838
840
842
864
868
869
881
882
885
887
892
939
943
944
958
963
966
967
971
975

1005

(=1 Ju)

475
260
505
wo

350
~g(j
255
320
245
305
325
380
350
440
275
155
365
325
245
440
355
230
450
280
360
395
365
[55
365

Mean 327
(=87)

825 315
826 520
829 380
832 380
835 270
841 450
843 405
846 28S
865 34s
867 415

+56
7.01
9.30

9.08
(=~.41)

8.03
5.63
6.33
725
6.?4
4.77
8.76
6.60
5.72
7.15
8.79
7.81
4.90

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

Unexoosed Females, Age 8-15 (continued)

L./l

3.58
3.81

4.71
(51.97)

4.82
2.36
2.34
4.06
3-14

1.62
3.33
2.38
2.12
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
(=1.43) (=1.08)

9.05 4.98
7.17 4.73
5.25 2.10
6.55 4.19

10.37 8.09
9.83 5,12
6.68 3,21
6.84 4.92
4.87 zfjg
S.02

4.40 0.07 0.39 0
2.59 g,~ 1 0.63 0
4.09 0.19 1.12 0.09

3.45 o.~6 0.62 0.03
(=0.88)

Unexuosed Males, Age >1540

2.50 0.40 0.30
2.65
3.54
2.68
2.68
2.77
4.73
3.83
2.75
2.15
2.63
3.83
2.01
3.71
3.30
2.96
4.11
2.99
2.81
2.99
3.50
2.08
2,24
2.99
~~g

2.37
3.18
1?9

3.15

z.92
(30.70)

0.28
0.06
0.12
0.12
0.10
0.17
o,~6
o,~3
0.29
0,26
0,39
0.05
()*!
(;
0..5
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

0.34
0,38
o.~9

0.19
0.24
0.53
0.13
0.57
0:9
0.26
0.54
0.39
0.41
0.38
0.22
0,39
0.37
0.07
0.43
0.31
0.34
0.41
0.49
0.56
0.34
0.22
0.10
0.2s

0.34

0
0
0
0
0
0.05
0
0
0.06
0
0.09
0.08
0
0
0
0
0.08
0
0.07
0
0.08
0
0
0
0.06
0.06
0
0.05
0

0.02

Unexposed Females, Age > 15=40

35 424
39 474
42

39 455
(=1.6) (=24)

43
41
43
47
47
45
46
46
49
46
49
48
:-i
-5
43
40

45
41
45
42
46
48
41
45
46
49
46
43
51

45.2

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

11.5
13.6
14.8

12.9
(=0.8)

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
14.0
14.5
13.6
16.0
16.4
12.8
14.4
16.0
16.0
14.8
14.8
16.9

15.0
(32.8) (=39)

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 o~() 0.40 0
1.30 0.14 0.48 0
1.80 0 0.39 0

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

7.4
8,2
8.0

7.8
=0.3)

7,8

8.4
8.0
7.0
7.2
7.2
7.6
7,2
7,4
7.6
7.4
6.8
8.0
7,8
7.8
7,8
7.6
7.s
7.4
8.0
S.6
7?

6.8
7,?

7.6
S.6
6.6
7.6

7.6
(50.9) (=0<5)

12.1 8.0
1[.~ 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 Findin& 1962

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (X1 O’) (X10-3) (x IO-’) (X IO-’) (X10-3) (X IO-’) (X IO-’Z) % ( :0-+) g protein, g

888 380
889 490
895 510
896 450
914 340
916 615
922 35s
932 43s
934 285
938 210
945 340
950 43s
951 185
965 355
977 365

1001 140
1043 240

Mean 340..-.

849
853
855
856
862
875
878
883
886
897
915
91?
935
947
948
961
964
969

1007
1041

(*14U)

465
340
340
410
335
315
125
455
425
210
330
~45
350
160
320
395
355
470
265
215

Mean 326
(59s)

844 235
851 295
852 465
858 235
859 295

5.63
4.51
8.58

11.08
6.51
7.35
5.55
6.90
8.44
7.89

11.36
13.90
8.64
8.63
7.13
6.99
5.08

7.80
(a2.11)

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
(=2.28)

5.52
1~.70
10.10
6.91
6.42

Unexposed Females, Age >15-40 (continued)
2.25 2.65 0.17 0.51 0.06
2.02 2.03 0.90 0.36 0
5.06 2.57 0 0.94 0
5.10 4.54 0.55 0.89 0
2.99 3.26 0.07 0.20 0
4.34 2.06 0.29 0.66 0
2.89 2.39 0.06 0.22 0
2.48 4.07 0.07 0.28 0
3.88 3.80 0.42 0.34 0
5.68 1.81 0.32 0.08 0
7.72 2.95 0.45 0.23 0
9.59 3.75 0.28 0.28 0
3.28 4.92 0.26 0.17 0
6.39 1.64 0.09 0.52 0
3.21 3.28 0.07 0.43 0.14
5.04 I .40 ~,~g 0.28 0
2.59 2.18 0.10 0.20 0

4.41 2.64 0.22 0.44 0.01
51.90) (50.95)

Unexposed Maies, Age >40

5.09 1.48
3.27 3.12
2.63 2.93
5.26 5.04
3.47 2.29
5.27 1.61
2.16 2.41
2.47 2.71
5.44 2.94
4.52 2.83
2.27 2.47
2.48 3.04
4.45 0.87

11.48 2.17
3.54 2.15
2.75 1.87
3.13 2.32
6.10 2.18
3.99 2.63
2.44 2.66

4.13 2.49
(50.79)(=2.13)

3.37
7.11
6.66
5.39
3.21

0.14
0,07
0.06
0.22
0.19
0.29
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
0.25
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

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)

47
43
43
38
40
49
39
43
42
43
42
47
42
41
43
43
37
44
39
44

42A

456
476
439
434
419
529
469
441
474
460
465
577
446
446
478
461
394
470
455
542

467
(33.0) (=38)

41 449
36 394
37
39 421
39 400

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 8,0
14.0 8.0
1~.~ 7.6
13.2 8.2
12.4 7.4
14.0 7.6

12.9 7.8
(=1.0) (=0.4)

16.4
14.8
[4.4
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
12.8
14.4
12.8
15.6

14.1

8.0
8.0
7.6
7.4
72
7.4
7.4
7.8
8.8
8.6
7.8
8.8
7.4
7.6
7.2
7.4
7,2
7.9
7.6
8.8

7.8
(*1.1) (*0.5)

1~.g L(?.O
12.4 7.4
11.8 7.6
12.1 7.6
13.2 7.4
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Individual Hematological Findin~ 1962

Subject Plate. WC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum
No. (xlO-’) (xlO”’) (x IO’) (Xlo-’) (xlO-’) (xlO”’) (Xlo-’l % (xlO-’) g protein, g

Unexmscd Femak Age >40 (caninued)

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
(585)

801
802
803
806
807
809
870
%34
905
924
952
972

1002
1004
1006
1009
1010
1014
1015
1017
1018
1024
1027
1028
1032
1037
1038
1039
1040

Mean 451
(380)

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
5~o

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
( Au)

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

[0.37
( =2.55)

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
(=1.44) (=0.90) (=2.7) (=30)

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
(=1.68)

5.44
2.62
3.78
4.66
3.27
3.41
3.92
3.61
‘.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

4.41
(31.50)

0.74
0
0.32
0.28
0
0.27
0
0.10
0.58
0.24
0.28
0.08
0.30
0.42
0.15
0
0.23
0.11
0.41
0.46
0.59
0.54
o.~3
0.61
0.26
0.07
0.91
().~1
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
(32.5) (=39)

Male Children of Unexposed Parents, Age <8

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 7.7
(50.9) (=0.5)

12.4
13.2
12.8
12.1
12.1
10.9
12.8
12.4
12.1
12.1 7.2
11.8
11.5
11.8
11.5
12.1
13.6
1~.1
10.9
10.0
12.8
10.0
10.9
11.8
11.2
~3~
10.6
10.3
11.8
11.2

11.8
(=1.())



Individual Hematological Fkdings, 1962

Subject Plate, WBC Neut. Lymph. Mono. Eosin. &um. Hct., RBC Hgb., Serum
No. (xlO-f) (xlO-’) (x IO-’) (xlO-’) (xlO-’) (xlO-’) (xlO”’) % (xlO-’) g protein, g

808
810
866
901
902
903
906
923
930
954
979
995

1012
1019
1021
1022
102s
1026
1029
1031
1034

—

620
470
415
465
485
415
285
580
525
355
325
380
355
420
575
400
430
395
300
350
250

Mea 418
(597)

Female Children of Unexposed Parents, Age <8

10.80
8.76
9.99

11.60
12.10
11.25
13.10
15.44
10.94
14.73
5.49

11.10
1s.60
12.54
13.30
9.43

15.95
12.23
9.03
9.70

11.18

11.63
( 52.50)

4.97
4.38
6.29
3.72
3.87
5.96
5.50
6.95
6.56

10.16
2.36
5.44
9.67
5.27
6.25
5.47
3.83
4.89
2.98
2.91
4.92

5.35
(=2.16)

4.10
3.94
3.30
6.29
7.38
4.28
6.81
5.56
3.50
2.95
2.42
4.88
4.84
6.02
6,25
3.39

11.32
6.60
5.42
6.01
5.59

5.28
(*1.92)

o
0.09
0
0
0.61
0
0.52
0.31
0.22
0.30
0.05
0.11
0.78
0.13
0.13
0.38
0.48
0.49
0.36
0
0.45

0.26

1.73
0.35
0.30
1.63
0.24
1.01
0.13
2.47
0.55
1.33
0.60
0.56
0.31
1.00
0.67
0.19
0.32
0.24
0.18
0,68
0.22

0.70

0
0
0.10
0
0
0
0.13
0.16
0.11
0
0.05
0.11
0
0.13
0
0
0
0
0.09
0.10
0

0<04

39
37
40
36
35
37
40
39
39
36
38
40
37
36
36
37
42

37
38
35
40

37.8

42
436
461
410

480
460
450
465
476
449
493
480
402
541
430
454

458
(=2.7) (*31)

11.8
11.5
I2.8
11.2
11.5
11.4
12.8
12.4
12.1
12.4
12.8 7.6
13.2
11.8
12.8
12.4
11.5
12.4
11.2
10.9
12.1
15.2

12.2
(50.9)



APPENDIX 4

Individual WBC, Basophil, and Alkaline Phosphatase Determinations, 1962

Subject WBc A.P. % BasO.14000 Subject WBc A.P, % Base./ 4000
No. x 1O- % Neg. ceti count No. x lo-~ ToNeg. cell count

1
2
3
4
5
6
7
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
4!
4:
43
44
45
46
47
48
49
50
52
53
54
55
57
58
59

6.8 _ 86
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

34
34
75
91
89
71
72
89
as
92
81
91
58
89
93
82
70
8:
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
1.08
0.S8
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.S8
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
17
20
22
—
88
90
98
97
93
98
74
97
71
24
95
98
84
28
29
11
48
80
8S
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
0.53
0.78
0.75
0.83
0.68
1.05
0.90
0.80

49
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Individual WBC, BasophiL and Alkaline Phosplmtase ~fiO~ 1962

Subject WBc A.P. % Baso.14000
No. x 10-a % Neg. cell count

120
122
123
124
12s
126
801
802
803
805
806
807
808
809
810
812
813
814
815
816
817
818
819
820
821
822

823
824
82S
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

I2.7
10.1
7.4
6.0

~~.~
6.9
6.4
—

79
86
76
84
6

66
91
95
64
94
90
77
98
89
71

;:
89
94
81
83
65
90
98
96
66
88
89
75
90
87
73
83
61
86
90
2

70
77
77
80

::
30
89
88
77
86
42
94
30
82

100
93

0.s5
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

Subject WBc A.P. % 13aso.14000
No. xlo-~ % Neg. cell count

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
0.7s
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
0.5s
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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I.ndividuai WBC, Basophil, and Alkaline P!msphatase I)ctcrminations, 1962

Subject A.P. % Baso.14000
No.

Subject WBc
x 1(3-3

A.P.

% Neg.
% Base./ 4000

ceil count No. x 10-s % Neg. cell count

934
935
936
937
938
939
940
942
943
944
945
946
947
948
950
951
952
954
955
956
957
958
959
960
961
962
963
964
965
966
967
969
970
971
972
97s
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

[3.9
8.6
9.4

14.7
6.9
7.0
8.7

10.1
8.3

13.2
5.5
0.1

::
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
99s
996
998

1001
1002
1004
1005’
1006
1007
1009
1010
1011
1012
1014
1015
1017
1018
1019
1020
1021
1022
1024
1025
i026
1027
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
8S
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
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APPENDIX 5

Individual Physical Examination Findings, 1962

T
4 Suostwml pain,
44M 1 W8r: sli@lt

hmrtauim

Er
19 I

I 31 M

I
I alraliclaror

u Kydstifcim Ellc,
26 ? bledi8& 1937

13 Ccugil,Smltm
66 F bukadm, “brcM

back” ‘S4

14
33 F

16
47 x

F-

18
29P

E
24 Calgb
21 P Swtum

H-
26
21 M

2?
34 M

● I

W2i3iT
Pxmm

+

Tmuutic
etat iaz, 154
di#t*i #lalMx,
lt.ZIMfingrr

--L

Surrimg **
to burn, rt. us

Uwuldar,lt. tbil!

:h* t.frwtu w
9tib!aihaul fold i

123

I
I

I
I

scar, i-t.
aat@abitml
Spca L32

I 12s

--L-
1101

I 98

--t--
166

I 13s

I I I

120/70 Pterycium ad
lenticular
wseiti*9
bilatme X

Ptor?gilm

! 10/64 biIAterd

Strsbims Trich-u
d uriJwr7
trnct

Pterygium
lam Irft V*

CvstOccle
Prag. 7 ma.

I [ r

110/6s
Ptarygium ct.
w*. Thin ew-
bran I

BioTJsv
on Spe
inflwne
●czd fa

4----H
90/58

I I

DOrsum
pig a
s1. h.

I I Sls

110/70

BEST AVA!LA!3LE COPY



lisceHm@aW
leurologktl Tumors,
,tc.

Fibr- nid-line

‘b

Smll tu-or
It. buttock

? LLpou

Lipm 5 x S m.
left *ml&r

N Lues <7) Trmt9d
with Pmicillin in 19S7
Rhemberg pa.

6.9

.4

—

.5

.3

.0

.5

.8

2 x 2 m. hsrd -8.,
left Imbia. kraurosia
“aganse
arterioac lerosis

1.6

Wrist aim. wide distal
ep~rhyses

Vib. smae ●bsent,
:wer ●xtremities

? ●arlv 1.3Qc~

Osteomthritis

5.3

—

5.4

?.6

;.2

?.8

36

0

,2

10

IS

!9

3?

37

xterml hem%skoids. 6.:

46

4

I m mm. Urim, P8?.,

X-UT , ●tc.
I

! #

~est X-rtY neg. (’61) RX trisl & ait Cn@YCarina

195

S-11 shin- tit l-r lung
265

m check

160

lea mostX-r8vneg. I
RX sntipar

340 Chest X-C8Y neg.

Pap; gwd estrogen level; Nec. Ca:
27S Tricbau

Gest X-cw neg.

52S Pap: santv smear, Neg. C*
Rx vitamins. Rem. difficulty

Chest X-ray - Scolioais (‘61)
dua to c9te0srthritis
Snuclcstim Ccc-dml

<
Serum Irca 1S7 ~.

420 chest x-raw neg. RX Irm and Calcim

!

335 Chest X-ray n9g. (‘61) Rx Skin check 3-6 m&

1 1
[ I

40s P-p. lmg.for Ca. severn
infl~tim

5S0 Chest X-ray m~. I

{

335 Chest X-my neg.

420 meat X-raV neg.

I

Rx dental conmtltstim

Sxc

BEST AVAILABLE COPY
.



PAST
SUN

SAs3muom
ouoe Gm

4+ tat.●rterim
bil. 1- -C.
Cat. ea. ,9turc
botk ●W# I

28

74–?
13X*61)

3CC. ~tie
●ttwk. Ei-tory
St&. 1956

29
nm

191 110(70

PMAlv8tm*tta7
1934 96/36

---1-
Lmticulu
@ulties Cervixbled
betk we9 ●aailv

Back neck

CaJgbm!Ln
moms It.

34
33P

114

r3s22 M
KS 110/60

- Lx. rcugh:
I Xck mk:dc

109 90/@3 rt.ft. pg.
w/ali@t !.
kemtoslsI39

23?

I Mole rt. :
twck: s1.
v4?8.iCOlO1a

.3TM
110/62oefet7 rt.

fOr*f *?
124

Pterygi= bath
eves.Mtilml
utwri0#c&*e4i 8

1*

Mole upper
back rt.

l--
41
S2 u

scar It.
nguhl Arm 110/70

Irked8rttri-
:ieroeia

La

Ptemgim 6
lentiallar
Opscitiosal112/bO

Pteriesclcrai#I 4-3
?5 ?

I

L-
4s
40P

123/70A8-

1Pig.umc
-art1m
ew Lt.I49

23?
3 previau
wiala

124
Obeu

110/70

Fm42 II

51
33 ?

116/70

94 1Is/&l

32
64 P u3 110/76

rterioaclerosi

Ptery-ium or lent
Opsc. 0; 2+ ret.
●teriosclerosis

, P& rt. shmld

Smile at. OD
Aphakia Q3
PterYgiuaC8

UOd. gynecmu-,
stia.

+

55
83 M

134 (’6 110/64
rteri08cler0sx

I 134/70
rt*riOaclermiI57108 F ViS. L.P.

cataracts m

c’12? AVAILABLE COPY

I



55

AS msx. urilW, Pap., X-R*V,

Q*C.
BIcoD CmPPrs

SC Xu PxAT

Prainalt hoard, d Um
91. fcwr 39 25s

—

41 23s

37 190

49 2s0

39 435

43 445

44 320

1.1

Li$it p,sema VAT &a to
c8tu8eta. Sai b cefibnl
ut9rilmc28?0ais..9

i.4 >ost X-CW Nag.

w. *8. for .!a., dry -

R= 9iOPCY
c*mia

,0. ( awst x-my m:.

1.9

amst X.mr - 5 9

6had.9 It. lamr MC -
kediock

,.7

:m~ital disloutim
)f him

Chest X.rar N*;.
1.4

7.4 ~*st X-my nmg.

6.2

40 32c

46 2s!

42 30(

-92 26i

40 22:

5.4

L3

Pap: nag. inflam.

al-t x-rayMg. Ostamrthritia
scoliooia to right.
Pap: nq. , dry _

‘eberden’snodas

Mteoartlmitis, Pmitive
:O@xrc 7 t8M9 .iors*lis Rx Rswvd of cat.

Pmici Uin
Vltsdns

4.s

Yphoscoli.asisto right.
ever* oat.arthritis. Sub-
Utwam mscs both hips.
ho?t-ed I&t t-.

Light parcaptim only, X-r*v d
hip rnaaes not diagmmt ic (‘61).

5.: ~at x-my n-. (‘61)

BEST AVAILABLE COPY



m. PM’r IK3uEms mm SLmD PEsssuu

ha s= Fs2s’mu
Palnm R’ME2 MD -

Ss
132/70

I

-1
As-

QJ or GWI
Ssr

males Sli
and front

61–?
101

224/s0
H nwrkara
bmck neck
81. itchi:I 59

4a F I I 88
I I

I I 1 1
I

PterTsiu9a
Mllticuku m.=. I

I 1 1 1

I nom

I
63
44P II110 (“61

Oablo vtar?giu Cexwicsl ●ros. Rliaed *

rt. em PrOlaPs*, V*C. back of
94/60

64
226

38 P

lW/bO

64 133
3s?

Ww70

68
127 (’61)

52 M

&n&
104/58

70 114

2s F

-++-
1 ,

I

I I

COrn081 Scar ct. C*rTic*l Jac.llsm

121
S1. *M -r-!-l-I I 1

I
110/64

162

10s/70
Carvical eroa.

167
Obeu

LostM 4 M.
98/6S SYS. M

Cmt=l h-r~
107 Aortic (’61)

Nme hmrd (‘62)

RhcuMti C hOSfi
2,20/70V81VU1S; Tmd 1s en~csed

dig. (’S6) c!mst ht. diSC8S0W1*
dermtiti9 (“56) 137 D*S m

Iwscl Ptervgium Lt.eye

113 (‘61)

103/70 Ptervgiu9 It. 5m. lacerati

L~t. opaCitieS It. ce+x

lsz (’61)
retilul..9rt*r~0=l

nod.obesitv
I

I 73
26 M

74
24 ?

75
19 F

76
20 M

I

77
34 u

r78

I 45 P



57

axammcm 1’LmDammx
MD. MTA,axna, PAP.,

X-MY, Em.

w ? N*s, Tradz~ old ptitie thickbg
Wkad iaf_tiC4! (‘$i) di~r8~tic krta. W. D. snd D.

Tmms, m. I
uT
—

L90

‘?
16

1’.8 !7

‘-no ?Sp: 81* inf-tim

m9st X-SST nag.-(‘61): PSPS W8. C4
blood, infl-tim

Ac. Si.nuitia
r

5.1 ‘5

o

Is

IS

.-: B*9pm3 -r - ‘whatcell -“

I
@ibr~ (?) Rt. fin@r 4tli .8 al-t x-ray neg. P*Pt sec. c%

.mrkad Xifl-tmy chMg98. dry
-r

mastX-luv II*8. P8P: nq. Urlnc
JUW 2* ( 161),fsstiacblind &ga
mar.

6.4

t
Sm.rt axillarv nai. .2 mart x-r8Y. neg. ( ’61)

C&st X-ray neg. Pap: n9g. Ca.,
?TrichmmM

he. Samm irm, baie Mrraw

5.5

1

Ctiest X-rmy-CalcAf. neck, redieck
PW mg. Ca.: mrk~d iaf~tio7.7

mcst X+87 lug.

15.5

chat X-C*Y neg. Pap: nc~. m.
At~s, clusters of bmtgn m~c
rial Ulls

Cmotipstad

113.3

@est X-my n*g. Pap: neg.
~ltiplo skin infecticms,
t’c-? Shmt 5tb fingcrs,

I

.9
bilatcml

I ~mt ~-c.yd.~ct nomal ~i=:

lo few fibrotic mmrkings mtendiag
u-d fr= hilu regim: rechack

Rheimaticheut diseaae-c~sated.

&
soles d feet. leprosy arrest. “

44

40

450
I

I
,15 Pap? neg. Ca, CemIUl cell.a,

atypla, inflaa.
Bilatersl short 5th finger 5.

BEST AVAILABLE COPY



58

m.
A6sn

79
4’?Ii

no
MM

33
San

UaIQsr

mm lnsuxxm Pamm

ifssTuT

M lAt4ml incis.
U9mr8, gsoia

1st 1*. to,
tMf0r9d Ul

I I

FREd==-
.mg. (“ S3)’

T

MloQl
mO?GTn

PrOsta*s 2X
10291: lt.
,e8tis3 X rt.

SUN

SW It. es

!%i%s



59

I

9.

+

6.

axmnaxmm

44

—

38

—

—

X75

4s0

m. mw+uuns,

PAP. , X-BAY, EYC.

ant X-ra7 - n~. (‘61) R= - gluns

BEST AVAILABLE COPY



60

!

N81GHK BLCCO PKESS~ Em ABOCS4EN SKI N

NO. PhST I NJURIS.S
m sTORY

Pou?’ms
AGS SSX NEART LUNGS Gu G yn

gxophorla

823
20 M

125 116/60

—

Liver edge
doum Lc=;S1.

825
20 P

111 82/50 erosion cervix

Large TOnSI Is Mild cervical

St~;::irth ●rosion

826
2s F

92 90/S6

827
22 M

Scars arourxl
Pig. bac
neck

828 he ●s

21 M
106 106/58

—

COrneal Scar, Cerv. Lakerations

lt.
829

P
t09 90/60

23

,

a30
23 M

151 120/80

Tonsx 1s ●n- Gu&ljng ~

831
Larged

121(’611 110/56(161)
Irritated

22 M
intestine?

Mass ~,
Left OVaf ian

cyst ‘ 58
s1. ted er:?

932 9’? 80/AO
cyst

24 P

Tonsxl s en-
Unifom Pig. larged

833 hsraisk feet.

29 M
131 Llo/so

SYS m,aortic area
(6L)not noted(62)

Ptery gium. lt.

834

28 M
120 L20-68

Preg- ‘62: Lt.

Conmti Petion brets- rt; ovarv

100 LOO-48 paLp: th~ckcned

83S
28 P

cervix r

Foreign WY
lc.cornea,coraL?

936
29 M

122 104/64

83a
30 M

137 110/60

Fibronm
Congenital

839 Uterus
Nystagnws( ‘59)

34 F

BEST AVAUJ.?:,.%zuq



BEST AVAILABLE COPY
61

MISCSL.LANEOUS Bx.cm LAS DATA, urine. pap.
?4EUROW.1 CA. Com X-Ray, Stc. CmMSmsTUMORSETc.

ate}la moves lat.,
lex,oa clef. finge.s 7.2

riny ~il lao’ IIdes
7.3

1

-+

5.3

6.2

hort 5th fingers
6.6

4.8

--F
10.,

Bilat shortenin
5th fingers (’617 6.6

5.7

?8

—

3s

—

—

,7

is

—

17

37

37

46

38

LAT I I

60 Chest X-Ray - Bil. ●pical
Pleur. thickening .
not signif.

Chest X-Ray - neg
Urine prot. 100 mg.

15

& I

Chest X-Ray - recheck
20 infilt. lt base: PI. adhesions

Iboth bases.
Pap- neg

Not ●xamined ’62

20

Chest X-Ray - neg.
80 Fe 70 mpg

Serum Iron 70.6 mpg

Rec. Price-Jones; Vit .4
on sera
Anemic teralency

I I

Chest X-RaY - neg.

50

I Not exsminerl ‘62

●ChestX-Ray - recheck
80 Pap - neg

Chest X-Ray - neg
380

Chest X-Ra Y - recheck.
255 Shadows over heart

ChestX-Ray - neg
270 l’ap- neg Ca; marked inflam.

i i
I

Chest X-Ray - neg See chart for eyes
320 ~ remove coral from eye

I

Chest X-Ray - neg

265

I
Not examined since ‘S9



BEST AVAILABLE COPY

, , 1

INJURI SSNo. I
WE SX2

I I 4I
lo2/rJ3 Ptm7gita,rt.

640

32_M m

M3 110/70

146 108/60

841
29 P

th misain#
inger, rt;
ti fimger lt

842
38 M

LStOrY ~~WS.
id retin8L843

33 P 102

I

90/58

I I

morrhafre
’58)

L09 100/70 Pterygium, rt. Liver v 3 cm
foar@ial
image SKG?844

43 P

845
32 M 140(61) 114/70 (61)

, 1

131 110/70 Endocerv. .
severe

846
39 F

?Syphilis

ypertensioo
847

41 M

Hemorrhoids
207 118/70 (6L)

obese 7 PuL. SYS m(6.L)
raot heard ( ‘62

.4cute
Lative
dermar

rgyll Robertsa
apt1: neuro-
yphilis (?)

848
42 P

849
43 M

●pifl.ares,
kin

rterosclerosi!
ild: hyperten-
ion

%3Q
52 M

1 f
teryglum lt &

laceration and
159 120/70 eros%on, bleeds

obese Arteriosclerosis easily
mi Ld I

Hypertension
150/96( ‘S9)

Cerebral Dolyp
yoc~ial dam-
re

I
851

53 Q

I I I

Loo terygiuau, lent-
!inua 16 14#3fio Spl. “cular opacities

Llrs.) 2rd sou~ : SYS. rt.
m

I

Hyperteos ion
852

58 P

LPterygium Lt. Liver& 2 cm Vital

1s2 124#30 nticular rrunk

rdule(2cm),lt
obe thvroid

terygium, lt 3.S1hvpertrophy
14s 110/70 rt lobe posrace

I
mi Ld opacities

esfness
mrhysens ?

853
57 v

--+-

Iemorrhoidectomy
(’61)

855
58 u

856
55 M 120 13cfso

P“’’::Lt. I



MI5C!ZIU~S
NZUWID-ICAL
TIWORS STC.

?.1

6.8

--+

6.7

5.3

lcM ViSiCle, rt buttock
? herpes (’6L) I

--r
10.

LiDoma rt thigh (6x6in) 7.4

=+

Bil. node ?cm axilla 11.2

m

4s

11

:3

36

37

43

4

3

LAT

—

50

—

25

—

05

—

3s

2a:

—

—

—

—

29!

—

46.

34(

I

LA% DATA, tJriae, PaP,
Sx-nay ●tc.

aeet x-sap nm.

OIest X-RSY - rt. h iiar
pram.?, recheck
Pap: neg ca: Prob Trichommas

Chest X-Ray - neg

i
Chess X-R*Y - ueg
Pap. nag ca: squmus ttypis ~ Fe, 161

t
Chest X-Ray - neg
Pap: neq ca: marked infiaw

Not examined ‘62

Chest X-Ray’- neg Gyn consult.

Pap:

I Sot exam. ’62

Not Exam. ’62

)tiest X-US7 - neg I
I

no phy. exxm. ’62
Rx hplrocortone oint.

Chest X-Ray - aeg
Pap : neg ca: inflam

~Gest X-Ray - neg (’61)
lPap . neg. ca

I,
Chest X-Pay - rt hilar prom? Diabetes
Recheck \ diabetes
Urine sugar 4*
FB sugar’-248

!Chest X-Ray - neg Check Urine protein
340 prfjternuria i‘59)

410 Chest X-Ray - neg (61)



BEST JWAM.AEILE COPY
64

WXIGNT BLun PRE38URE EBNT
PcnJrm8

ABomEN SKI?

HEmr LW.S @ GTU

NO.
AGa Sax

PAST INJUR3B8
HISTORY

TzEd--- T8S8
67 F

—

9e
charge, goitre,
fixed chest

T
1 1

140/80 ●aled corneal
cardiac scar; Lenticular
enlar$ementj opacities
arteriosclerosis
ml u

Cotneal scar lt:
120/62 ●phkia, rt.

arteriosclcrosas I

859
69 F 124

I
xromcgal~? Burn scar rt
ext. hemorr- am: old frsc

860
72 M

hotis, ture rt lower
●rm

121(61

110/7o pterygium 1t&rt
Card .enLsrgemen Q lenticular
sys M., severe Opaci ties: re-
arteriosclerosis tinal artero~

3+,choroidal~~

U . enlarged
enlarged tom-

150 120/80
prostate

8ils

802
89 M

864
37 n

T 90/40

Liver Lcm+ B1. moLe
86s

29 P

,.

867
3s P

100

El. hyper. liscolor
11S/80 tonsils skin rt

shoulder,
mark?

102

iist. pain legs?
LS4 Iteady* 102/62

S2 (’61)

Face Wck

868
39 M I

%

110/55( ’59)

871

50 P

872
20 M

\rteroiaclerosis
Iild:prostatic
lypertrwph7;UR3873

44 M

, ,
pterygium rt, ulcers Lo

100/70 eorneal scar, legs
rt

87s
45 n

132

CorsmsL pig.
876

24 F

b Luid rt.
ehouMe r

Hypertension?
emphysema,

::W;!:!;:F

1

124/80( 161)877
24 M

133
(’61

878
62 M



BEST AVAILABLE COPY
65

BLcm
Counr

LAB DATA, Uriw, Psp
X-Ray, Rtc.

UBc—

6.9
:eoarthritis: bil.
LargemQ t ulnae

Pap- neg Ca
235

Rx glasses

—

I
Chest X-RaT - mild cardiac
enlargement. node 3iilxr:

Z9s recheck
)rt left 4th toe:
>hosis:
:eoarthritis rt
>ulder & fingers

6.4

— I

Chest X-R*Y - neg (’61) ~- Fe (’61):eomrthritis
>hoscoliosis,
.arged knees,
‘fieulity wmlking,
:abes

,ere ●rteriosclerotic
Lrt disesse, paral~si 33s6.2

,
Chest X-RSY - aegenlarged nodes sx-

.4 liooma behind
●sr 7.8

—

b.9

—

9.0

380

I

Rec . Price-Jooes
aoemic tedency

345 Fe 85.4
Serum Iron 8S.4 mpg

7
Chest X-Ray - neg

3so!.9

—

Not ●xam. since *59

I

lot exss. since ’59

—

—

‘.3

—

—

49

39

tot exsm. siace ‘59

oma, 2x3in, Lt thorsa

’40texsm. in ’62’

xnatoid
hritis? 1

Chest X-Ray - neg
L21.9



BEST AVAILABLE COPY
66

I
sLao PRsssum - A~

HSART Am LUWS GU or Gym SKI ‘

I

I INJUMSSHIp% WEImr
FOUNDSNo.

A(7S S= I

I I

erico9e veioe
t. leg : beck
,traill I881

31 M
98/s8

80/60

157

882
29 M

L2s

883
51 M

*

I i
I

k 110/70 I lenticular haorrhoids. extj

rterioaclerosis opacities S. . testxcles8s4
67 M

148
mi u

sl. tefxier

135 120/70 RLq: ?
w-,

885
22M

+
886

s4~

*

ang..shorteaing
th metacarpal
Lin It. eye -
ens. to stln-
ite

108/60

Hard ceflix,
{ iwlur.

100/62 ( *6L ) rt adnexa;
u >P2 S1. prOLapse

888
34 p

106(’6L
889

37 P

80/38
Pteryguim Lt; ~e~~sed

heezing both
corneal scar
It. ;ArteriOS-

ungS (61) clerosis.
retinal:

L36/72 Lenticular
Les. rt base , opacities.
isIt base
.teriOsclero-
S, mild

penguicula cervical eroaim Tines

rt & Lt upper

106
112(61:

893
44 P

:hromic -Ugh 104
894

65 F

I

t-
895

33 F

I

122 100/64

F896
22 F

897
64 M

80/4094

Pterygium Lt.
120/60 Lenticular

opacities:
Arcus sen. Lt.

154

I 1 I

=T LLO/80 Pterygium Lt. cervix ble-s

Lenticutar easily !169

I 898
64 F

4rterio- Iopacities
I

sclerosis nlarged tonsiLs
I 1

I I

oupuytr -
coutr. both
hatxls

136[70 (59)
ArtertO-

tclerosi s II124( 5’

I
899

66 M

I I I 1



BEST AVAILABLXS COPY
67

—
I{ack strsinNO Vericone veins aotaj

back ●che 1t lumbar
region: b.3 ys

I
—

Enlarged distal UIM? Chest X-Ray - neg
557.A

—
Not exsm since 19S9

6.0

—
Arthritis, spine;
XIpuy trene contr. ,
bilat,

Chest X-RSY - neg
90 Urine sugar 3+

FE s ●r 132
non x sugar 222

7.3 Mild
diabetis

Chest X- R-Y - neg
6S7.8

B.9 2s Not ●xu since ‘ S9

380 PBp - negFew sm. rides neck 5.6

—

90 PaF- neg4.5 Gaining wt ’61
Not ●xu. ’62

im. uillary nodes, 10.: 235 Chest X-Rsy - neg (’61)
Pap. meg ca, Trichooonas
Urine sugsr 4*; ?9 sugar 28

hales, it axi.tiar z)eteoarthritis (’ 1) 10.:

—
Rx Vit B6

8.6

FkrtllriticChanges knees 11.,

8.1 210

I

[ Chest X-RSY - neg
310 -p - neg

+

,rthritis 7.3

osteoarthritis
lupuytren’s
:ontracture? ‘S9

Not exam. since ‘59



BEST AVAILABLE COPY

lL@20 PRSSSURE Esn2 ABDOMEN SKI

1EAx’r LUNCS Cu G y?l

PAST INJUR3SS
HI=y

14ilf3rr
POUNDS

No.

la SEX

I
penguicula, rt
lenticular OC.-

180/90 acities:retinal
rpertension arteraoscl. L*
rteriosclefosis

4rreroisc Ler0sis
nild:heberden’a
ntie :hypertenti
U.R.I.:

I

– 908
?3 F

104

rteriosclerosis restate s1.
nlarced❑iLd~eafness:

rostatic hyper-

%

50
910 ~ 120/60102

102 90/48
914

27 F

-+-

thickensd rt
cord:

Deafness?

pterygium rt:
Lent icular
opacities: re-
tinal arterio

Prostate 2x
n0r8a L

I
915

55 M 127 110/70
1. I

Pterygium it;

I
Leer

Leg. f
ack n

loo/70130
43 (’6916

38 F

L
Bilat. tender
ness917

43 M 110/76
o ●bnormal
OUIKLS

176

-+

Diabetes Scars ~roin k
rectum

Healed burn
scar buttocks

130/76( ‘bl)
heezea Lt.clles
’61) I

9 L8
64 M

108/72( ‘61)132(5

94

920
30 M

922
30 Q 90/60

I

7 ~terygium It:

106/60

I

128
928

49 F

929
64 F

Never preg. titerygium rt:
130/80 cataract it.:134

Coraeal scar,
‘?0/58

-+

mencephalic
mby93a

27 P

41. enlarged
100/70 tonsi1s

I

tenderness
RLQ

934
27 P 121

Aenfruicu La Lt Iypo

nt.93s
65 M 100/62 & ri, poor

vlslOn, Ientx(
ular opacitie~

I_ ..
“enderness low-
!r abdomen:
ntlam cervix.7L30/62

iascolic a+
rede 2 base of
cart

936
72 F



BEST AVAILABLE COPY
69

B-

I

LAB DATA. Uri-. paP.
Ccuurs X-RaY, Etc.x#LALA$s

ms, STc.

LA?

Chest X-flay - recheck

0s
Pap - neg.

mm

1 1

,i

6

2

85

17

)8

36

38

37

11

4

3

1.2

biiat. axillary
—

es: shortened 5th
i~er~:

— —
Thest .-R~Y - lt. suDsrera.
thyroid?, recheck
Pap - neg
F.B. su~ar 83

i.s 30

—
arced rt Ulna;
●marthritis ’61?

best X-Ray neg ( ’61)
mD - ntg

Rx refraction

30

1 Rx Fe (’6L)
—

best X-Ray . neg
B sugsr 83
rine sugar 2* (’61)
~P - meg Ca: poor smear

?.4 ,15 I

R as~la: uric acid d’et.
x

thritis lt.wrist best X-Ray - rt apical
ensity. recheck
rine sugar 1+
on FB sugar 109

5.6 !4 5

Rec - fasting blocd sugar
Fiatex~. ’62

best X-Ray - neg($~;;)
rine sugar 4*

Rec - tasting blood sugar
,Not exam. ‘ 62

cervical ncdes

—
best X-Ray - neg
‘ap - neg Ca: inflaa.

Rec
Geckup
l-k.

eoarthritis
3s55.6

●oarthritis
,erden’s nodes (161

:hest X-Ray - heart
ppe r norms 1
‘ap - neg Ca; inflam

5.4 370

best X-RAy - ❑eg
‘ap - neg Cat ●~ocefiicsl
ktypia

5.! 360

!hest X. Ray . neg

hp- neg
Ion FE su~ar 210

N Fe (’61)
435 D?abetes?

fasting blooi sugar

best X-Ray - neg
ap - neg2858.4

eoarthritia
. arteriosclerosis 5.P 350 Rx refraction

eoarthrltis
inished reflexes

Urine sugar 1+
nbn FE surar 207

Oiabetes?
fastinc blood sugar8.1 150



BE= AVAILABLE COPY

70

m.
m Sx

PAST INJURIE3 mm
RISTfXIY PUJI@S

ILOW PlUU3S~

fMT LUNGS

T Cervicitis,
severe ero-
sion

–938
23 F 108/70

1 !

rpertcmeion I
114(61)

1* i ac
ilargemrmt(61)

121

140/90 ( ’61)941

it ?

IS1. temlerness furunc

100/64942
!7 F

943
14 M

I 110/70 --w=
944

17 M
110/80

4T 110/80
?YL 8 Gr. 2
Pol. ●res

945
37 ? ERR&v 198/92

U3vemced
tieroisclerosil
heezee both he

947
54 n Laitis, Lt.

I I

Tlist. night
slitiness

137

L baby did at
airth, 1 still-
xxn:myaardial 127
Iamege, EKG(S9)

951
29 ?

110/70

Pterygium rt

I

9S6
53 P 120/70

miLd
arteriosclero+

T >terygize
lenticular
>pecities937

52 F
106/72

nild
Arterioscleros:

132/88
~eezimg both
lungs (’61)

958
31 M

126

110/70961
b9 M

143

I
pterygiae Liver 1 cm+ Scar t

tumor
lt bre963

44 M

I

143 100/68

Deaf mess (?) Cataracts S1. ●nlarged
prostate964

86 m
130/70

arteroiscleros
123

102/72
966

31 M
I I 144



BF=7 AVAILABLE COPY
71

BLO031 uB DATA, Urine, pap.
X-RaT, Etc.

[sc~s
EUROUkHC&
ln40RS, em.

g

?**

7.

7.

6.

1.

4.

0,

7,

8,

10

5

6

5

6

~ GYN checkup

—

I,
Pap - neg Ca, imflam, trich-
Oaoaa lot exam ‘ 62

+
I

Chest X-R-Y - neg

55

!
30

*O

,60

.ss

best X.Ra~ - aeg

lie st X-RSY - aqg
lap - neg

3est X-Ray - aeg

&l

~est X-RLY - aeg
‘ap - neg C-, inflU.

41

Xeat X-tiy - ae
f?ap - neg Ca. in lam.

?.B. sagsr 89

Rx resoval ptarygiam37

>eat X-Ray - aeg
?ap- neg

39 A370

$s0 i

—

39s

—

280

—

35s

—

360

Rec. liver f~tion testloaihl cyst 41 asst X-RN - Oeg

;teoarthritis, knees ~est X-tir - ueg
Uriae sugar 2-3+
P.S. sugar 9943

Chest X-&r . neg

;evere kyphosis,
lstaoarthritis,
.ioou lt kn-

Rx Cataract removal37 Chest X-Ray - aeg

46 Shest X-lby - neg



BEST AVAILABLE COPY
72

I IkMIGm LILOIXlPRE.SSIJU SENT

PUINDS IMIT L(JWS

ASomsN I SiPm INJLIRISS
HImLtY

NO.
AGE 5X Gu Gyn I

1 I 1 I
pterygiu9, lt

967
20 n 144 L20/80

pterygitu, lt.Arterio.
sclerosis

116 mild
9e/s8

2oars4 rales

$tyourdial
dsmge

= (’59)
969

44 M 124 (161

M- rdial

‘m-vs9)
970

48 Q 103 100/60
krterioseleros
mi Ld

I I I
I

Dental caries Vita Lij
back k971

20 M 126

I

12S/70

I

ax id hyperten-

1
urns lt lowr

Sian leg, inguinal
incisions

irteriosclerosii S1. enlarged
mild,

133(’61)

I

prostate
140/90( ‘61)

Frothy sputum,
uheezing bothltn@

973
53 M

T pteryuiae
975

40 M 102/70146

Hypertension

a?
140

I
170/108
Hypertension

Arterioaelerosi

pterygium lt. ●tiocervitis Impetl

982
41 P

Islld I I I
I ]Liver Lcm+

I 114/74 (’61)
mass RLq, I
prob4bly feces:
prolapse reclm

I

984
30 P

? Oialletes
1

I Lacerated
cervix (’61)

173(‘61) 120/70991
54 F obese

1
Endocervicx tis

I I I1001
28 F

I

Hist. of sm. I
inguinal hernite,
rt. idirect,
easily reduced

I

1005
29 M

t
I

Irt. inguinal
scar1007

51 M I
120/70

1s3
t70 (’59)

ptery~aum, rt.
tenticulu
Opacities, cor-
)eal pifmenta-

:ion, mild
hrcussenilis 4*

Uterus S1.
enLarged.
cervicitis

104L
58 M

T 132 I 110/72
S1. obese

I

L@”2
46 Q

.
Pinguicula

91 100/50
1043

28 P



BEST AVAILABLE COPY
73

NLOCO
CmJNT

LAB DATA, Uriae, PSP,
X-rtay, etc. cow mm

T
!,

●s t X-Ray - neg

17U

●st X-ltav - ? Piurai
ickening” rt cortal sinus
check7

est X- R-I - neg
v - neg\rliortlt. mid.

ist ,6

7,.

.a

.1

.4

r. .

16 3SC

cst X.Ra9 - mq

●norm thy, ax; Il~rY
ruinal

36s

—

—

153

—

24Z

—

H

tc

16!

!6!

!1.

311

24

—
Cst x-Ray - PibrotLc
ng markinrs It base

Jot exam ’62
~x dcdsal :’61)
kc - recheck X-MY

p-ma It. shoulder,
SC%

9

1

3!

44

4;

41

lest X-Ra Y - neg

verat sm. nndes lt.
Ck

Lest X-Ray - neg ( ’61)
Lp - neg

ot exam. *62

kp - aeg
rane sugar 4+
.8. suCar 430

best X-Ray - ne
fap - aeg CA. in lm.

21ieck tor hernia

b.

6.

5.

a.

s,

fiexes de$iress.sl
broma wrist?

nest X-lay - neg.

~eat X. Ray - oeg
Jrine supr 2-3+
ton PI) sugar 13S

Urine S
blood SW8S I

meat X-Ray - neg
Jrine sugar 2-3+
Jrine prot. 100 w
momFB mtcsr 169

GYN checkup
check diabetic t~eney I



APPENDIX 6

Pathologic-Anatomical Diagnoses” on 78-yr4d Woman in Exposed Group (No. 56)

Main Ditumoaes

Fracture of.vertebraf body Li. (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 Diammses

Patchy endocardial calcification of the heart.
Brown atrophy of the myocardium.
Generalized artenocleroais with

(a) atheromatosiq in particular of coronary arteries and aort&
(b) Moenckeberg’s media sclerosis,
(c) arteriohir hyalinosis in many organs.

Atekctasis of the middle lobe of the right lung.
Patchy atekctaais, emphyseu focal fibrosis, and coniosis of the lungs.
Pleural adhesions on the right side.
Bronchitis, chronic, mucopurtdent. Bronchiectasis.
Atrophy of bronchiaf mucosa.
(Fat embolism of the lung?)
Atr” -+y, fibrosis, and stasis of the spleen. Atrophy and fibrosis of lymph nodes,
(He. siderosis of the spleen?) Atrophy of the thymtm
Lipomatosis of the bone mmow, particularly in the vemebral body, with d=re~ mm Ofblood-forming time.
Osteoporosis. Scoliosis of the vertebral column.
Arteriolosclerotic scars in the kidney (benign nepttroaclerosis).
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.
Subseroaal fibrosis of the gall biadder.
Atrophy and slight fibrosis and Iipomatosis of the pancreas.
Peritoneal adhesions between hepatic 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 sldn.
Atrophy of epidermal appendages of the skin, Greying of hair.
Epidermoid cyst of the skin.
Sweat gland cyst of theskin.
Nevus pigmentoaus of the skin.
Elastosis of the skin.
Atrophy of the mammary gland.
Osteoarthrosis (noted for fingers).
Corneaf opacities.
Arcus senilis.
Loss of teeth.

●Summary prepared by Dr. Hans C@tier. ‘
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