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MEDICAL SURVEY OF RONGr!LAP PEOPLE 
EIGHT YEARS AFTER EXPOSURE TO FALLOUT 

Introduction 

The results or ;; ;nedical survey of the people or 
Rongelap in the Marshall Islands, carried out in 
March 1962 at 8 years after the accident, are pre· 
sented in this report. These people had been acci­
dentally exposed to fallout radiation following a 
detonation of a high yield thermonuclear device 
during experiments at Bikini in the Pacific Proving 
Grounds in March I 954. An unpredicted shift in 
winds caused a deposition of significant amounts 
of fallout on four inhabited Marshall Islands to 
the east of Bikini (see Figure 1) and also on 23 
Japanese fishermen aboard their fishing vessel, 
the Lucky Dragon. Of the inhabitants of the island 
of Rongelap, 105 nautical miles away from the det­
onation, 64 'received the largest fallout exposure: 
an estimated dose of 17 5 r of whole-body gamma 
radiation, contamination of the skin sufficient to 
result in beta burns, and slight internal absorption 
,,r radioactive materials through inhalation and 
ingestion. Another 18 Rongclap 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 Rongerik further to the east who 
received about the same amount of radiation as 
did the Rongelap people on Ailingnae. Lastly, I 5 7 
Marshallese on Utirik Island, about 200 miles 
further cast, received about an estimated 14 r of 
whole-body radiation. The fallout was not visible 
on this i!iland 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 Kwajalcin Naval Base about 
150 miles to the south, where they received exten­
si-1e examinations for the following three months. 
Jn view of the !!eneralfy negative findings on the 
American servicemen, they were later returned to 
their duty !italions. The Utirik people were also 
allowed to return to their home island, where 
radioactive contamination was slight enough to 
allow !iafe habitalion. Ilecau!ie Rongelap Atoll wa!i 
con~idercd to be too highly contaminated, a tern· 

porary village was constructed for the Rongefap 
people on Majuro Atoll several hundred miles to 
the south, where they iivcu ior iin: iuiiuwi11~ :; :,~ 
years and were examined at yearly intervals by a 
special medical team. ln July 1957, after careful 
evaluation 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 group of more than I 00 Rongelap people, 
who were relatives of the exposed people but had 
been away from the island at the time of the acci­
dent, moved back with the Rongelap people to 
their home isl:md 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
jalein in 1954, a repeat survey was carried out in 
March 1957. In addition, during the past survey, 
as in the previous surveys, a visit was made to 
Kwajalein and Majuro Atolls for examination of a 
number of Rongelap people, now residing at these 
atolls, and also groups of children who represcnl 

t. u r 1R1K 

~kWAJAlflN 

MAJURO~ 

Figure I. Map of lalloul area (March I, 1954), Mar­
shall Islands. 
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part of the control group used for the growth and 
development studies of lhe exposed children. 

The accumulation of data from these surveys is 
becoming increasingly voluminous. Since condi­
tions have not been favorable for performance of 
extensive stalistical analyses or use or electronic 
computing procedures to store and manipulate the 
da1a, the annual survey reports published by this 
Laboratory are made as complete as possible. This 
report, therefore, includes a considerable' amount 
of raw data, much of it in appendices, so that 
olhcrs may have an opportunity to make f urthcr 
C'.J1lr11l11tinn( if ci~cirerl. 

lap who had ri:ccivcd 175 r, and was ks~ n1:.Hk::d 
in the other groups receivin~ le~:. e.x.r•osun:. Th·~ 

hcmc.poietil.: depression wa·. rou;;hl'' '.opcr1io1:al 
tu the <lO'~ of r~1diat\on n:cei\'ec!. Eve,'l in the 15 7 
Utirik p:ople "ho received only an e~i1m·11cu 1.-i r, 
ii was fA>Ssible tn <liuinguish ~~ight platekt Jcpm.­
i.ron in the gro11p as l! whole. The ~m.1lli:r group t'il 

,\ilingnae anJ Ron1.'Crik showed p:riphcr :il hlc\(>J 
levels bctweer. lho;;e of 1he high nnJ lnw l'.X.rN1r .. · 

groups. The chronological r ~cord.\ r1f bin·_ id 1: nd­
ings in the R1iogclap anJ Ai!lngna~ gru1Jp' arc p1•·­
sente<l in TJblc I 0 and in Appc:nJicc~ l :.nu 2 



No gross abnormalities of bone marrow smears 
were reported al 6 months post exposure. 

Depressi ., nf pcripheral blood elements in t1',. 
Ailingnae am.l Rongerik groups was not so pro­
r.'Ouriced as in the Rongelap group. However, a 
slight lag in complete recovery in the Ailingnae 
peripheral blood count has also been noted. 

fh~ pcr!!.islent depression of peripheral blood 
ckmenls in the exposed people makes it appear 
likely :hal there: is slight residual bone marrow 
J.1mage. 

A general' anemic tendency has been evident in 
ho1h exposed and unexposed Marshallesc. Price­
Jones curves, on the average, snowed a !iiigi1t 
microcytil' tendency. Scrum iron levels have gen­
cr;illy been normal, and the cause of this anemic 
tendency has been undetermined. 

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

Except for radi:11ion-induced lesions of the skin, 
p;itchy epilation, and early gastrointestinal symp­
loms, cli11ical examinations have revealed no dis­
e;ise processes or symptoms which could be re­
la1ed directly to radiation effects. No prophylactic 
or specific therapy of radiation effects was ever con­
sidered necessary or given. Epidemics of chicken 
pox and measles that occurred showed no greater 
incidence or severity in the exposed than in the 
unexposed Marshallese people. 

During the first months post exposure about half 
of the exposed group exhibited loss of weight o( 
several pounds. This may possibly have been re­
lated lo their radiation exposure, although it is 
difficult to rule oul effects possibly due to change of 
environment. 

Al 3 years posl exposure the immune response 
to primary and secondary tetanus antitoxin was 
tested and found not lo be significantly different 
in the exposed compared to the unexposed popu­
lalions. 

Four persons in the exposed population died of 
disease. ( I ) a 46-ycar-old man with a hypertensive 
heart disease which h~d been present at the time 
of exposure, who died 2 years after the accident; 
( 2) a 7 8-year-old man who died, 3 years after ex­
posure, of coronary heart disease complicating 
diabeles; ( 3) a 35-ycar-old man who died of acute 
varicella. 4 years after exposure, who had received 
only 69 r, having been on Ailingnac at the time of 
the falloul; and ( 4) a 60-year-old woman who died 
of a cancer of the ovary at 5 years after exposure. 
There was no apparent rel:ilionship between any 

of these ~albs al}d r_adiatior. exposure. Four dcalf s 
ha~ QCCllired fn the co~parison populatio~ The 
four duths tha« ~· ·· .. ,ocr.urlid:·fo the expuscd 
pcopJc since expo . . ·. ';St.nt a mortality rate of 
7.1 pc"J1000 pop~ !'>,. eom~ared .with 8.3 for. 
the Marshall islan~ as a wt.Qlr.. · 

ekowth and devetopmen.! s1t1dies on the chi!· 
dren (height, weight, antht"pometric measure­
ments, radqrapbte studiu for bone age.) have 
revealed that·:Sltght retardation ·ht "jrowth and dc­
velqpme~ bas ~d ln the-,cxp0*1 boys who 
were .r 12.~ci~nof age at the~ or exposure, 
particuliiiy lhote ;l2 to· Tl m9nl'.hs Qf age at ex­
po~u·ic:. Cil:y :.:igllf rffii1ltifUr:t)-~·-:i· ~~=~· :~ !~: 
exposed female children. It was also noted th:it 
chilJren born of exposed parents were slightly 
retarded and that they had slighlly lower levels of 
neutrophils, lymphocytes, and platelets, compared 
with male children of unexposed parents. 

It was difficult to evaluate the dTects on fertility. 
However, a review of the birth rate of the exposed 
group over the past. 7 years seems to indicate no 
noticeable elTect of their exposure on fertility. The 
31 births represent a rate of 54 per 1000 popula­
tion, compared with 37.3 for the Marshall Islands 
( 1957). The 21 births over a 4-year period for the 
comparison population represent a rate of 72 per 
1000 population. A somewhat greater inddcnce 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 Marshallcse and the small number of 
people involved, the data are not readily amenable 
to statistical analysis. 

A cardiornscular survey of the adults ( 1959) 7 

showed no outstanding differences between the ex­
posed and unexposed groups. The people appeared 
to have less hypertension on the whole than is noted 
in people in the continental Uniled States. 

An arthritis survey ( 1959) 1 showed no great dif­
fercr1.:r< between the exposed and the unexposed 
people, and about the same incidence as is seen in 
American popula1ions. 

Ophtlialmnlogicul surveys showed no rcmar'kable 
ditTcrcnces be.ween the exposed and unexposed 
groups except possibly a slightly greater number 
o( cases of pterygia, pingucculae, and corneal scars 
in the exposed group. It is not known whether this 
finding is of any significance in rela1ion to their 
radiation exposure. Slit-lamp observations showed 
no opacilics of the lens charac1eris1ic of radiation 
exposure. As a whole, visual and accommodation 



4 

levels in the Marshallese appeared to be above the 
average in the U.S. population. 

Dental surveys7 showed no significant differences 
in caries rate between exposed and unexposed 
~roups. However, the incidence and severity of 
peridontal disease was slightly greater in the ex­
posed group. It is not known whether or not this 
finding is related to radiation effects. The poor oral 
hygiene generally observed in the Marshallesc had 
its usual results; namely, high caries rate in teen­
age children, severe pcridontal lesions in adults 
(heavy calculus and loss of alveolar bone), and 
edentulous mouths in the aged. Radiation exposure 
did not appear to have affected developing denti­
tion in the exposed chHdren. 

Late effects of radia1ion. Various parameters 
usually associated with aging were measured or 
estimated on a 0 to 4+ scale (skin looseness, elas­
ticity, and senile changes; greying of the hair and 
balding; accommodation, visual acuity, and arcus 
senilis; hearing; cardiovascular changes including 
blood pressure and degrees of peripheral and ret­
inal arteriosclerosis; neuromuscular (unction; 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 people. 

The one case of cancer that developed in the ex­
posed group occurred at 5 years after exposure, 
too soon, it is believed, to bear any particular rela­
tion to radiation exposure. Leukemia surveys in­
cluding physical findings, studies of white cell 
counts and types. alkal~rie phosphatase staining, 
and basophil counts of 4000 white cells showed no 
evidence of leukemia or leukemic tendency. One 
child in the irradiated group has had slightly ele­
vated basophils but no other positive findings. The 
cardiowucular and arthritis surveys, as well as the 
general results of the physical examinations, have 
not shown :my apparent increased incidence of 
degeneratfre diseases in the exposed people. No 
radiation-induced cataracts have been observed in 
any of the exposed people. 

Genetic efTects have not been specifically studied 
because of the small number of people involved. 
No app~rent radiation-induced genetic changes 
have been detected 0n routine physical examination 
in the first-generation chiljren of exposed parents, 

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

BETA IRRADIATION OF THE SKIN 

It was impossible to get an accurate estimate of 
the radiation dose to the skin. Beta burns of the 
skin and epilation appeared about 2 weeks after 
exposure, largely on parts of the body not co\'e:ed 
by clothing. About 90% of the people had these 
burns, and a smaller number developed spotty 
epilation of the scalp. Most of the lesions were 
s.uperficial; they exhibit:d pigmentation and dry, 
scaly desquamation, and were associated with little 
pain. Rapid healing and repigmentation followed. 
Some lesions were deeper, showed wet desquama­
tion, and were more painful. A few burns became 
secondarily infected and had to be treated with 
antibiotics. Repigmentation of Lhe lesions gradually 
took place in most instances, and the skin appeared 
normal within a few weeks. However, in about 
15 % of the people, deeper lesions, particularly 
noted on the dorsum of the feet, continued to show 
lack of repigmentation with varying degrees of 
scarring and atrophy of the skin. Uy 6 years the 
only rei.idual effects of beta radiation of the skin 
were seen in I 0 cases which showed varying de­
grees of pigment aberrations, scarring, and atrophy 
at th'! 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 !>kin, but these have appeared 
to be quite benign. 

Numerous histop:.uhological studies have hem 
made,u·' and the changes found haw been co!1-
sistent with radiation damage. At no time have 
changes been observed eitha gwssly or mint>­
~copically indicat!ve of malignant or premalignanl 
change. Spotty epilation on the heads was short 
lived, regrowth of hair occurring about 3 months 
after exposure and compkte regrowth of normal 
hair by six months. No further evidence of epila­
tion has been se.:n. 

An interesting observation noted during the firq 
few months after exposure was the dn·elopment 
of bluish-brown pigmentation of the semilunar 
areas of the fingernails anJ toenails in about 9()r;{ 
of the people. Uy 6 months this pigmentation had 
Jis;ippcarcd, h;iving grown out with the nail. The 
cause of this phenomenon has not been explainnJ. 



INTERNAL IRRADIATION 

Radiochemical 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 and 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
proached or slightly exceeded only in the case of 
strontium-89 and the isotopes of iodine. The con­
centrations were believed to be too low to result in 
any scrioU!• elTects. Body levels fell rapidly, so that 
by 2 and 3 years post exposure, they were far below 
the acc'-ptcd maximum permissible level; by 6 
months activity in the urine was barely detectable. 

In 1958 analyses of bone samples on one of 
the men who died showed 3.7 strontium-90 units/g 
calcium. Beginning in 1957, gamma spectroscopy 
hy use of a low-level counting chamber was added 
10 rhe lcchniqucs of radiochemical analysis. The 
return of the Rongclnpesc to their home island 
(which afrcr careful survey was considered safe for 
hahi1a1ion, despite a persisting low level of radio­
active contamination) was rencctcd in a rise in their 
hody 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 people are not 
living in a "closed" environment, and &hereforc 
may no! he rapidly approaching equilibrium with 
the environmental fhsion products, as might be 
expected under other circumstances. 

Body hurdcns of gamma-cmilli11g fission prod­
ucts (such as Cs .. " and Zn' 1

) were measured in a 
whole-hody counter and chl'' ked by radiochemical 
analyi.is of urine specimen!'. The levels of internal 
contamination pn unit weight appeared to be 
ahoul the ~ame for j11veniles a!\ for adults, male 
and fcmak. Wide v;:, 1a1ions in levels of contamina­
tion in any group were found, apparently due to 
difkr::nce\ in dil·t and metaholism. 

Body burden\ of Sr"" were estimated from uri­
nary t·xcrclion as determined by radiochemical 
analy,es. Both !he ex1ernal lime measurements on 
ffon~clap hland and !he levels of radioactive iso­
!OJX'" 111 the food on the i"land indicated that some 
increa"e in Cs'". Zn·~. and Sr"" body burdens was 
to he expected when the people returned there in 
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1957. The csm body burden in 1958 was about 
0.68 µ.C, about 60 times as great as in 1957, and 
the urinary Cs 111 level rose by d factor of 140; the 
mean body burden for 1959 was 0.5 7 µ.C. The 
mean body burden of znnl estimated from whole­
body counting data was, in 1958, after the return 
to Rongelap, 0.36 µ.C, 8 times as high as in 1957, 
and 0.44 µ.C in 1959. In 1961 the mean Csm body 
burden in adult males was 14.7 mµ.C/kg, which is 
not significantly 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 Zn11 level in 
adult males ( 1.5 I mµ.C/kg) dropped to 17% of 
the mean value measured in 1959. With a larger 
detector and R longer counting time than previously 
employed, it was possible to identify and quantify 
Co"0 for the first time in these people; the mean 
level of Co00 was about 11 % of the Zn•• level. A 
small amount of residual activity was still present 
after the subtraction of K' 0 and the above radio­
nuclides Crom the total spectrum. The mean level 
of urinary excretion of SrllO was 7 .2 µµCl I or 14 % 
higher than measured in the 1959 medical survey. 
Lilllc of the body burden of the exposed group is 
apparently due to their initial exposure, since at 
present there is li1tle dilTcrence between the levels 
of the exposed and unexposed populations living 
on Rongelap Island. The body burdens arc of small 
significance in terms of radiation hazard. 

OTHER STUDIES 

Studies of genetically inherited charncteristics. 
/Jlcmcl grouping studies in the Marshallcse showed 
a relatively high B gene frequency, a high N gene 
frequency. an extremely high R1 gene frequency. 
and total absence of Kell and Diego factors. These 
characteristics difTcr from those of Polynesians and 
suggest relalwnship with 5'.1utheast Asians and 
Indonesians. llapto;:lohin Jtwlies showed the fn·­
quency of the Hp' gene to he higher than in Euro­
pean populations thus far rested and consis!cnl with 
populations liYing near the equator. The distribu­
tion of haptoglobin !ypcs showed the population 
lo he relatively homogrneous. Trw1Jferrins in all 
i.era were type CC. 1he common European type. 
~-A mino-iso-hrlfyric .icid urinary levels showcJ the 
Marshallese to be thl' highcsl cxcretcrs of !his acid 
of any p..1pula1i0:0 t!ius far rep..ntcJ. Levels !n Ilic 
exposed group were ahoul the same as in the un­
exp..1sed group, and no com:l;r!ion was found wi1h 
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body burden level or radionuclidcs; this' 'indicates 
that there is probably no correlation with radiation 
exposure. Hemoglobin 1ypes were considered nor· 
mal. Sickling tests showed no sickling tendency in 
any o( the people. Glucose-6-phosphalt tkhydro­
genase of the red cells appeared to be deficient in 
the Marshallesc. Studies of Gm phenotypes showed 
the .\.farshallesc to have JOO% Gm1a+ 1 and near­
ly 100% Gm 111 + '·There was a complete absence 
or Gm• and a high frequency of Gm-like (Gm'). 
Considerable caution must be exercised in evalu· 
ating the results of these studies on genetically 
inherited characteristics because of the small num­
ber of samples tested. The data do seem to indicate 
relative homogeneity of the population and closest 
kinship with pc-ople of Southeast Asia. These data 
also may be useful as 11 buse line should genetic 
change1 appear in later gcncration11 1xmibly related 
tu radiation exposure. 

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

Sodium le~·els in the urine and food indicated 
about the same consumption of NaCl as in Amer­
icans. The generally lower incidence of hyper­
tension in the Marshallese might be related to the 
fact that the former native diet was probably lower 
in salt content than the present, more westernized 
diet. It will be interesting to see whether the inci­
dence of hyperten!>ion will later increase. 

Serum c/10/estervl levels (1957, 1959) were 
somewhat lower in the exposed population than in 
the comparison ur Utirik populations, but were in 
the low normal rnnge. No abnormally low readings 
were noted. 

Serum cremi11i11e levels ( 1957) were in the nor­
mal range with no abnormal le\.\ noted. 

Serum 1·iwmi11 n,, concentrations ( 1958, 1959) 
were generally significantly higher than American 
levels.·, he pm~ibility of contamination of the sam­
ples with bacteria prO<lucing vitamin 8 11 must be 
considered, since myeloprolif erative and liver dis­
eases were not seen. 

Sen.m protein bouncl iodi11e levels ( 1957, J 959) 
were generally slightly elevated. Evidence for thy­
roid dysfunction wa!> not apparent in the people. 

G/11co.w1ia and t'lnurecl blood su1:ar were found 

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

A survey for inusrinal parasilts ( 1958) showed 
75 % or the people to be infected with various 
types. For the three major pathogens found, the 
over-all infection rates were, for Entamoeba histo­
lytica, J 8.2 % ; for hook worm, 5 .5 % ; and for 
Trichurif trichiura, 34.3%. 

Eosinophilia >5 % has consistently been noted 
in about half the people. The fact that half the cases 
with eosinophilia showed no helminthic infections 
at all suggests that other factors besides parasitic 
infections must be responsible. The eosinophilia 
may be related to chronic fur.gu" and other inf ec­
tions, particularly of the skin. 

Complement fixation studies for parainOuenza I, 
2, and 3, respiratory syncitial, psittacosis, and Q fe­
ver showed antibodies to all groups of viruses 
except that for Asian influenza, which probably 
had not yet seriously involved the people of the 
Marshall Islands. The antibody titers appeared to 
be somewhat lower in the exposed people. 

DIFFICULTIES ASSOCIATED 
WITH THE EXAMINATIONS 

As mentioned in previous reports, several diffi­
culties were associated with carrying out th~ ex­
aminations as well ;is interpreting the findings. 

I. The language barrier mac.le examinations dif­
ficult, since very little English is spoken by the 
Marshallese. However, there were sufficient Eng­
lish-speaking Marshallesc to assist the medical te:im 
in most instances. 

2. The lack of vital statistics or· demographic 
data on the Marshallcse imposed a serious Jifficulty 
in i111crpretation and evaluation of 1iic medical 
dat:i. Rl·cords of births, deaths, etc., have been 
made by the health aides or magistrates of the vil­
lages and supposedly forwarc.lec.I to the district 
administrator; however, such records have been 
incomplete or lost in most instances, and vital 
statistics arc therefore inadequate. Trust Territory 
officials arc now attempting tu assemble such data. 

3. There is uncertainty on the part of some of 
the Marshallcse as to their exact ages, particularly 
among the older group. This imposes certain c.liffi­
\.:Ultics in interpreting s<imc of the studies 10 he 
outlined. 



7 

COMPARISON POPULATIONS 

D1.1ring the first 2 years, two separate groups ot 
Marshallesc people were used Cor comparison, 
each of comparable size to-the exposed Rongelap 
group and matched for age and sex. However, thls 
population was found to be unstable, with a large 
attrition rate over the 2 years, which made lt UD• 
satisfactory. At the time of the 3-year survey, it 

Since the people arc oC the same stock geneti­
cally, they arc uniquely appropriati.: to serve as a 
comparison population and have, therefore, been 
used since JQ57. 

1962 Survey­
Organization and Procedures 

was found that during the preceding 12 months The medical team consisted of S medical special-
the Rongclap population at Majun:J ACoU ha4 ists from the U.S., 2 Manhallcse practitioners from 
doubled bcc11use oC the lnnu.x oC telatJves who bad the Trust Territory, and 8 technicians, 4 from the 
come back from other islands to live with ,them:· U.S. and 4 from the Trust Territory (Figure 2). 
These people had been away from Rongelap Atoll The medical equipment had been sent out to the 
at the time or the accidental exposure. This group.. Islands prior to the team's arrival, and preliminary 
matched reasonably well for age and sex and .~as~~ preparations had been made for logistic support 
of comparable size. Since the return of the people;(· or the operation with officials of the Navy Pacific 
to Rongelap, however, this group has about doubled ··•. Missile Range Group and the Trust Territory of 
in size, '" . __ t.Y<"'__;;. -~}r :l · ~; .. ". · ·~ the Pacific Islands. 

-~ .. ; ....... tor-' .. '>:..---:.~ .. .,.)-·~...,., .;. .. t" • s ·~ · .. 

Figure :!. Medical !cam. Lcfl to right, front row: E. Adamik, L Meyer. W. Moloney, R. Conard, 
A. Lowrey. A. Hiding. D. Clarcus; standing: K. Mizuioni, W. Scott, I. Jones. S. Shonihcr. E. Rik!on. 
K. Ki11ien. A. Ohlen. (W. W. Sulow is not in the picture.) 
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Before the survey at Rongelap, the team visited 
.Kwajalein and Majuro for several days to c:arry out 
examinations on a number of Rongelap people 
who had moved to these Islands. t 

A Trust Territor1 ship, the M/V Ran Anim, ~~ 
tran!ported the tenm and equipment to Rongelap -r;-r,. 
on March 4, 1962 (Figure 3 ). A tent had been set ~~­
up on the Island and one of the .village houses~-~ 
rented to 1erve as living quartcn for tho icam. On ·:t:1. 
arrival, after greeting the Magistrale and other vii- ;~; 
lage dignitaries, it was learned that the '~~ath 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 bf ;~r part of the first day. Late in the afternoon 
the funeral for the deceased took place. The medical 
examinations on the people began the following 
day. 

The examinations were carried out ashore at 
Rongclap Village. As in the past the dispensary 
was used as a laboratory for the hematological and 
other laboratory procedures. The adjacent school 
building was used for taking histories and perform· 
ing physical examinations on the people. The coun­
cil house next door was used for special examina­
tions of the skin, urine co!lections and analyses, 
and x-ray examinations. 

HISTORY AND PHYSICAL EXAMINATIONS 

Histories were taken by a Marshallesc practi· 
tioner and an interpreter, with particular emphasis 
on the interval history during the past year. A 
special survey was again conducted by the pedi­
atrician to attempt to ascertain more accurately 
the birth dates of the Rongelap people, particularly 
the children. Complete physical examinations were 
carried out including growth and develo_;.>mcnt 
studies on the childrc n (anthropometric measure­
ments and x-ray examinations of the left wrist and 
hand for bone development studies); special exam­
inations of the skin with co!or photography of 
selected lesions; a special cancer detection survey; 
and an ophthalmological survey. 

CANCER DETECTION SURVEY 

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

·-::~.:~~~~;;-. .. ;..,...:..-":"~~··-'~· ..... ,«_. ,,.. ~· ~ 

Figure 3. Trust Territory ship Ran A n/111 at anchor, 
Rongclap Lagoon. 

ical examination, and certain laboratory tests. The 
family history did not yield satisfactory informa­
tion, since the incidence of familial diseases includ­
ing cancer was generally unknown by the people. 
The history yielded some information on changes 
in weight, history of illness, and, in the case of 
women, menstrual, obsti:tric, 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, ubdomen, 
and external genitalia. Pelvic examinations were 
carried out on all mature females, und vaginal and 
cervical smears for Papunicolaou examination were 
obtained.• R.:ctal examinations were carried out 
on all persons >40 years of age. This included, in 
the case of men, palpation of the prostate gland. 
Chest plates were not taken routinely but were 
obtained on about : 1 adults > 40 years of age (and 
on certain other ca~es where indicated).•• Hema­
tological data were obtained and were available 
for evaluat:on. 

In detection of possible leukemia (or preclinical 
evidence of incipient leukemia) the lymph nodes 
and spleen were cardully examined, and hema­
tological data were taken including routine hcmo­
grams, percent basophils in a 4000 white cell count. 
and alkaline phosphatase examinations of the white 
blood cells on dilfcrcntial smears. 

•we wish lo thank Dr. Genevieve Bader of Memorial 
Sloan-Keuering Cancer Center. N.Y.C .. for interpretation 
of the Papanicolaou smears. 

••We are grateful tu Dr. Paul l.ichthlau of Rockville 
Centre, L.1 .• N.Y .• for interpretation of the chest rucnt­
genograms. 



GROWTH AND DEVELOPMENT 
STUDIES IN CHILORfN 

In :1ddition to the routine pediatric examinations, 
certain special anthropometric measurements on 
the children were recorded. Such data included 
age, weight, stature, sitting height, head circum­
ference, biacromial width, bi-iliac width, and calf 
circumf ercnce. Rocn!genographs or the left wrists 
were studit.:d for skeletal maturation. 

LABORATORY PROCEDURES 

Hematological Examinations 

Complete routine bloud co11111s were carried out 
with repeat counts on any persons showing abnor­
malities. White blood counts and red blood counts 
were obt;1irn:d with the electronic Coulter, which 
has pro\'cd to he a \'cry satisfactory instrument for 
examinations of this type in the lield. DilTerential 
counts wc~c performed in the usual manner after 
staining with \\'right's fluid. Platelet count!i were 
done by phase microscopy. Hemoglobin was dc­
tcrmincu by thc. cyan-hemoglobin technique with 
thc Lumitron colorimeter. Hematocrits were ob­
taincu by th~· mkrohl.'matocril method. Scrum 
protdns were uctcrmineu with the Hitachi refrac­
tometer. Bloou aml s~·rum samples for certain 
st uuies to ol.' descriheu hclow were co1lected nnd 
kcpt umkr rdrigcration anu finally shipped back 
for stuuy. 

lllood .rn1ear.r were obtained for difTerential 
stuuy, alkaline phosphatase examinations•, and 
haMiphil wunts on .moo white cells, as part of the 
lcukl:mia survey. 

//one "''""'"' aspirations were done on l) 

exposeu rx·ople. and smears were prepared for 
dilkrcntial l"ounts ;111u morphological studies. In 
addition. chromosome preparations werc made on 
till' a~piratC'U material. 

11/oud 1·0/111111• tlrtt'rmi11atio11s were carried out 
1111 8 urH: x poseu Rongdap people and 7 Americans 
during the 1962 survey. During the 1961 survey 
'uch studies hau bcen maue on 5 Marshallesc and 5 
AmC'ricans. Thc analyses were done by the radio­
active souium chromate (Cr~•) techniquc.P 

•We arc l?ralcful lo Miu Lila Flicgclman or the 80flton 
City llo~rit:il fur i::irrying out the alkaline phosphatase 
analvsis of lilood smears. 
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Blood samples were returned to the U.S. for 
e/ectroplwretic studies for glucose - 6 - phosphate 
dehydrogenase and hemoglobin types.• Elcctro­
phoretic studies or 171 scra for immune globulins 
were kindly carried out by Dr. R. DU tier and Dr. 
A. Hassig nt the Swiss Red Cross Laboratory, 
Berne, Switzerland. 

Protei11-bo1111d iodine determinations were made 
on sern Crom l 0 individuals who had previous!~· 

shown slightly elevated levels. The method of F0~s. 
1-lankes, and Van Slyke 1

" was used.•• 
For chromosome smtlies, shor!-tcrm blr..i<ld cul­

tures were done on I 0-ml samples from about 50 
people. This blood was taken at the time of sam­
pling fnr routine hematological studies. A modifi­
cation •. r the technique of Mooreheau 11 was used. 
The leukl•cytes were separated by centrifugation 
nnd placed in culture bollles with growth medium 
( Dif co-199) and phytohemagglutinin ( n:d kidney 
bean extract prepared by Dr. L. SchilTer of DNL). 
Dextran (3%) was used in the initial separation 

in some cases but was discontinue~ later since it 
was found lo be unnecessary in view of the rupid 
settling of the red cells in the Marshallese. The cell3 
were cultured for 3 days at 3 7 °C, after which 
chromosome preparations were made as follows: 
Cells were separated by centrifugation, washed wi1h 
Hanks' solution, treated with hypolonic solution 
(distilled water plus Hanks' solution) for 8 to JO 
min, and fixeu in methyl alcohol-glacial acetic 
acid ( 3 to I ) ; 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 cvalualion in the fielu. Final 
staining and chromosome studies WC're carried out 
at the Holy Ghost Hospital in llmlon . t 

Fasting hloocl sugar levels" were oblainC'u on 
8 inuividuals who had shown positive urine sug­
ars. t t lllood collecteu routinely for hematolog.i-

•we o.rc i:rareful lo Dr. Samuel 11. 11.>)'l"f of the John\ 
lfop~ins llo\pit:il for carr>·ing out these studies. 

uwc arc grateful lo Dr. D. D. Van Slylc and Miss 
Dorothy Rirpc:rgc:r of !IN!. fur performing these analyses 

t Under the direction of one of us ( W. C:. M.). We arc 
11ratcful to J\I iss Gcrnldinc Duwd and Miss Catherine 
Dunn al the lloly Ghost Jlmpil:il. llmton, for their 
assistance with these analyses. 

t t We wish to thank Dr. D. D. Van Slykc, Dr. L. V. 
Hankcs, and Miss D. Ripperger al UNL for carrying out 
these anal>·scs. 
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Table 1 

Location of Rongelap People 

Exposed Unexposed 

Children 
Adult Children of exposed parents Adult Children Toi al 

Majuro 3 1 
Kwajalein 6 3 
Rongelap 33 26 
Eniaetok 8 0 
Other atolls 2 0 

Total 52 30 

Table 2 

Percent Distribution of Population by A1e Groups 

Rongelap 
exposed ( 116 
people, J 96J: 

Rongelap includes 
unexposed children of Marshall 

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

< J.S 4S.4% S0.0% 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 
age, yr 19.5 14.5 18.0 29.5 

cal analyses was also examined for sugar in the 
case of 199 Rongclapcse. 1u 

Urine Analy1e1 

Urine total iodides and creatinine lei·els were 
obtained on l 0 casual urine samples of Rongcla­
pcsc who had previously shown slight elevation of 
their protein bound iodine (PBI) levels. Total 
iodine and creatinine were determined. 

Routine urine analyses were carried out on the 
majority of people. This included determinations 
of protein and hypcrglucost!ria by reagent paper 
~!rips.•• 

"The Clinical Laboratory of the South Na~u Com­
munities Hospital carried out these analyses. 

• • 1.ombhtix. Ames Comrany, Jnc., Elkhart, Indiana. 

4 8 7 23 
9 2S 24 67 

23 S9 75 216 
1 s I 15 
0 12 I 3 27 

37 109 120 348 

Radionuclide Body Burden Evaluation 

Since results of the last survey indicated that 
Cs1n levels in the Rongelap people had about 
reached equilibrium and thnt Zn"' levels were drop­
ping, it was considered that gamma spectroscopy 
with the 21-ton whole-body counter would not be 
necessary again for several years. Therefore, no 
gamma spcctrographic analyses were done during 
this survey. However, thirty-live 24-hr urine sam­
ples and one pool sample ( 12 liters) were col­
lected for radiochemical analysis for Sru0

• In addi­
tion, samples of rib and vertebrae taken at autopsy 
from the 78-yr-old woman who had died wm: 
brought back for Sr'0 analysis; also 4 coconut crabs 
collected at Rongelap. • • 

Results and Discussion 

The census of Rongelap people in March I 962 
wa~ 348, of whic~ 82 were in the exposed group 
(including 4 children exposed in /I/em at the tim~· 

of the accident), 3 7 were chifdrl:n of exposed par­
ents, and 229 were unexposed people; Tabk I 
shows their locations. In Tuhlc 2 the populatio11 
is broken down according to percent distribution in 
various age groups and compared with that (If the 
Marshall Islands as a whole for 1961 a11d of the 
U.S. for 1960. The table also shows the media11 
age. The lower median age of the Marshallcsc 

.. We arc ilralcful to Dr. E. P. !lardy, Jr. anJ Dr. 
J. 1 larlcy of the lleallh and Sitfcly Lahoralory of the New 
York Operation.~ Office of lhc Al'.C for pcrformini? rhc'>c 

analyse!. 



would tend to support the impression that their 
life span is shorter than that of people in the con· 
tincntal U.S., but there has been a "pop:.ilation 
explosion" in these islands which might account 
for this discrepancy. 

Of the 348 Rongelap J>SOple, 308 were examined 
during the survey at Rongclap, Kwajalein, and 
Majuro Atolls. Examined were 81) in the exposed 
group, 37 children or exposed people, and 191 
control adults and children. 

INTERVAL MEDICAL HISTORY 

Mortality 

One death occurred Jn a 78-yr-old exposed 
woman on March 5, 1962, the day before the arriv· 
ul 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 oC 1.65 per 
IOOO population, which is not very different from 
the rate for the Marshall Islands as a whole (8.3 
per JOOO for 1960). Comparison with the unex· 
posed population of Rongclap is complicated by 
variations in the size of this population, which has 
gem·rally increased from year to year since the 
people were first included in the study in 1957. 
However, the death rate in this group, which has 
fewer older people, appears to be only slightly less 
than that in the exposed Rongelap group. 

Births 

The birth rare for the past year was again cal­
culated, us 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. 
(Nol 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. I 82 births per woman~ in the unex­
posed group 4 babies were born, giving a slightly 
lower birth rate per woman (0.125). The births 
were all full-term normal deliveries. 

11 

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 ns compared 
with children born of unexposed parents. In 1960. 
one of the babies born of an unexposed mother 
(No. 75) had a congenital heart def cct. The baby 
died at 4 months of age. Unfortunately, an autopsy 
was not possible and the diagnosis was not con­
firmed. Most of the anomalies reported had 
occurred in children of unexposed parents; they 
include a low incidence of patent ductus arterio­
sus, congenital deformity of the hip, and congenital 
hypoplasia of the middle phalanx of the 5th finger. 

Miscarriages and Stillbirths 

During the past year no miscarriages or still· 
births were reported in exposed or unexposed 
women. During the past several years the incidence 
of miscarriages appears to be no greater in the 
exposed than in the unexposed women, and the 
previously reported suggestive increase in inci­
dence in the exposed women is no longer appar­
ent. Unfortunately in most instances it has not 
been possible to have a physician examine the 
products of miscarriage. 

Death of an Exposed Woman 

On Mar,:h 5, I 96:?, a 78-yr-old exposed woman 
died. During the past few years she had become 
very feeble and was bedridden and incontinent 
with !ienile deterioration. She was kept in a pcnned­
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. 
artC'riosclerotic heart disease, osteoarthritis. and 
senility. Several weeks before her death she devel­
oped an upper respiratory infection with nau~ea 

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 d lY after her 
death. Principal gross findings included fractures 
of the 5th, 6th, and 7th ribs and the first lumbar 
vertebra with ecch~oses and internal hemor­
rhage, atherosclerosis of the heart and aorta, bilat­
eral pulmonary edema, and benign nephroscle­
rosis. Atrophy of the kidney, liver, and spleen wen· 
noted. Principal findings on microscopic examina­
tion included myocardial fibrosis, aortic athero­
sclerosis, and pulmonary edema. It was believed 
that death resulted from trauma and hemorrhage, 
possibly from a fall. Details of'the autopsy findings 
are reported in Appencfix 6. • 

Illnesses 

Only 4 people, 2 exposed and 2 controls, 
required hospitalizaL1on during the past year. Two 
cases oC hemorrhoids and an anal fistula required 
surgical correction; one case of an acute exfolia­
tive type of dermatitis required hospital treatment. 
The health aide reported that during the past year 
about 20 people on Rongelap developed a sickness 
associated with eating improperly prepared arrow­
root flour. The sickness was characterized by sore­
ness of the mouth and throat, anorexia, nausea, 
vomiting, and diarrhea, and lasted from a few days 
to several weeks. Occasional cases of fish poison­
ing {numbering about 20) occurred during the 
past year. They were characterized by the typical 
gastrointestinal and neurological symptoms noted 
in the past. Fish poisoning is a ubiquitous illness 
in the South Sea Islands. The only other sicknesses 
reported were the usual number of cases of upper 
respiratory infections, gastroenteritis, and numer­
ous skin conditions. 

ADULT EXAMINATIONS 

In Table 3 are listed the various physical abnor­
malities in the adults, except for the ophthalmolog­
ical findings, which arc listed and discussed in the 
following section. As noted in previous examina­
tions, the incidence oC various abnormalities in 
the exposed group did not appear to be significantly 

0 Thc !?TOSS autopsy findin1?s arc reported by one of us 
(L. M.). We are grateful to Dn. Hans Cottier, W. Calvo, 
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 incic.kricc 
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 7% of the unexposed adults. Taking 
this into consideration, it does not appear that the 
abnormalities in the two groups are very different, 
and no evidence of any increased incidence of 
degenerative diseases or other diseases is apparent 
in the exposed group. In the exposed group several 
of the older people (No. 57-F, age 107; No. 46-M, 
age 86; No. 55-M, age 82; and No. 28-F, age 75) 
showed marked infirmities of old age and pre­
sented such findings. as arteriosclerotic heart dis­
ease, kyphoscoliosis, osteoarthritis, cataracts, and 
blindness. These people had to be assisted to the 
examination room. Only two cases in the unex­
posed group were in this category (No. 862-M, 
age 88, and No. 946-M, age 85). 

OPHTHALMOLOGICAL EXAMINATIONS 

In Table 4 the incidence of various ophthalmo­
logical findings in the Rongelap people is pre­
sented. Pterygia and pingueculae were the most 
common, occurring in 43% of the exposed adults 
and 36.9% of the control group, but these were 
not found in individuals < 20 years o( age and were 
most common in those >40. All lens opacities 
could be classified as senile, presenile, or congeni­
tal. There were I 4.5 % of the exposed adults anJ 
13.6% of the control group that had senile cata­
racts. Lenticular opacities (including pn:senik and 
congenital) occurred in 22.9% of the exposed 
group and 21. 7% of the control group; they were 
most common in those >45 years of ag.l'. No opac­
ities were noted characteristic of those induced by 
radiation exposure. 

Corneal pigmentation could be classified into 
two groups, congenital and acquired. There were 
20.8% of the exposed and 23.9% of the control 
group that had congenital corneal pigmentation 
not unlike that seen in all dark-skinned races in 
any part of the world. Three cases ( 6.2 % ) in the 
exposed group had a noncongenital pigmentation, 
consisting of a dark linear streak of pigment ex-
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Table 3 

Physical Findings in Rongelap Adults, 1962 

Exposed (48 examined) Control ( 86 examined) 

Subject Nos. % Subject Nos. % 

Anemia, anemic tendency 30,45,46,55, 70 10.4 860, 865 2.3 
Arteriosclerosis, peripheral, mild 11, 52 4.1 851, 852, 855,859, 878,884, 17.4 

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

Artl'riosclerosis, peripheral, moderate to 13, 28, 29, 30, 41, 46, ! 8. 7 853,860,862, 908, 935, 947, 8.1 
severe 55,43,51,60 964 

Asthma 29,45 4.2 
Auricular fibrillation with myccardial damage 80 2.8 
Uiadycardia 27 2.1 
llronchitia 894 1.2 
Cardiac enlargement I, 30, 60, 80 8.3 858,859,862,942 . 4.6 
Cervical erosion 12, 18,34,63, 64, 74 14.2 825,826,846,851,895,898, 15.1 

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

( ·crvical lacerations 45,58, 71, 78 8.3 829,851,945,991 4.6 
Cervical prolapse 12 2.1 
Colloid goiter 853 1.2 
Congenital defects 

Dislocation of hip 41 2.1 
Prominent head ulna 14,28 4.2 858, 882,915 3.5 
Bilateral shortening of 5th finger 75, 78 4.2 832, 836,910 3 .5 
Polydaetylism 938 1.2 
Shortened '.cft thumb 57 2.1 
Flexion deformity, fingers 826 1.2 

Constipation 74 2.1 835 1.2 
Cyst, ovarian 832 1.2 
Cyst. pilonidal 958 1.2 
Cystocele I, 14 4.2 
Deafness I 2.1 853, 884,916, 964 4.6 
Oiahetes mellitus 853,893, 932, 936,991 5.8 
Dupuytren's contracture 884 1.2 
Emphysema 853 1.2 
Fungus infection, skin 30 2.1 895 1.2 
Furunculosis 942 1.2 
(1~.-necomastia 55 2.1 
Hallux valgus 50 2.1 
Heherden·s nodes 57 2.1 928 t.2 
1-kmiplegia, partial 46 2.1 
Hemorrhoids 27 2.1 849,884. 893 3.5 
Hydrocele 961 1.2 
Hyrertension ( > 140190) I, 11, 28, 30 8.3 858,908, 947, 982 4.6 
Hypotension 914, 932, 969 3.5 
Kvrhosis. scoliosis 13.43, 52,57, 77 8.3 859.860,864 3.5 
Le prosy. arrested 77 2.1 
I .iver palpable 14 2.1 825, 844, 853,865,958,963, 8.1 

970 
Myocardial damage or insufficiency (EKG) 46, 60 4.2 85 I, 858, 878, 884, 893, 917, 12.8 

947. 956. 957,969,970 . 
Obesity 1,49,50,60, 71, 74, 14.6 849, 851. 941, 991, 1005, 7.0 

78 1041 
O\•eoarthritis 13, 29.46,52,55, 57, 14.6 858, 859,860,884, 894, 896. 16.3 

60 898,915,922,928, 935, 
936, 961, 964 



Table 3 (conlinued) 

Physical Findings in Rongelap Adul1s, 1962 

Exposed (48 examined) Control ( 86 examined) 

Subject Nos. % Subject Nos. % 

Paralysis, facial 82 2.1 
Pleural 1hickening or adhesions 58 2.1 823,826, 875,969 4.6 
Prolapse of vaginal wall 63,64 4.2 
Pros1a1ic hyperlrophy 11, 29, 82 6.2 855, 864,910,915,947,964 7 .0 
Rheumalic heart cl isease 76 2.1 
Rheumaioid arlhritis 878 , ") 

Senility 29, 55,57,46, 28 10.4 862. 946 2J 
Sinusitis 63 2.1 
Syphilis (?) arrested 11. 55 4.2 846, ~~() 2.3 
Tachycardia 28 2.1 
Tonsilar hypemophy 27, 76 4.2 826, 831, 833. 864, 867, 898, 9.J 

934,958 
Trichomonas 9, I 2, 58 6.2 942 1.2 
Tumor, benign 4, 7, 9, JO, l 3. 57, 14.6 853, 864,875,885,964,969, 9 . .1 

64 970, 1007 
Ulceralion, lower colon 30 2.1 
Varicose veins 13 2.1 
Vitiligo 853, 971 2.3 

Table 4 

Eye Findings in Adull Marshallese People, 1962 

tending from the Jim bus 2 to 3 mm tow~ the 

pupil and lying in the horizontal axis of the palpe­

bral aperture. The pigment was in the epitheli;il 

layers of the cornea. Since this is not the usual con­

genital type of corneal pigmentarion, it seems pos­
sible that it may have resulted from the irradiarion 
contaminarion of the eyes of the exposed group hy 
fallout (probably the beta component). 

Exposed 
(48 

examined) 

Controls 
(92 

examined) 

Number % Number % 

Ptcrygium and pinguecula 21 
Ca1aracts 7 
Lenlicular opaci1ies (pre-

senife anJ congeniial) 11 
Cmn~IKa~ 9 
Corneal pigmen1a1ion 

Congenilaf I 0 
Acquired 3 

Healed choroidi1is 3 
Re1inal scar~ 2 
Slrahismus 3 
Nystagmus I 
Ph1hisis bulbi I 
Anterior staphylomala 
Argyll Robertson pupil 
Seventh nerve weakness 
Healed uveitis 
Corneal foreign body 

(coral) 
Retinal arterimcferosis 
Diahet 1c rel in opal hy 
Arcus scnilis 
V11reous opacities 
Macul;.ir degeneration 
Driiser. 
Congenital ahnormalilies 

Retinal ve~sefs 
L;.irge corneas 
Rcmnanl of hyaloid 

2 

6 
I 

12 
6 
2 

3 
2 

43.0 34 
14.5 12 

22.9 20 
19.0 9 

20.8 22 
6.2 
6.2 3 
4.16 
6.2 
2.0 
2.0 
2.0 
2.0 
4.6 
2.0 

1 
I 2.4 11 
2.0 

25.0 23 
12.4 10 
4.16 3 
2.0 

6.24 5 
4.6 4 
2.0 

36.9 
13.0 

21.7 
9.8 
• 

23.9 

3.2 

1.0 

1.0 
13.0 

25.0 
10.9 
3.2 

5.4 
4J 

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

Visual acuity was higher in both groups than that 

seen in America. No cases of rcrinitis pigrnentosa, 
glaucoma, or eye findings characteristic of hyper­
thyroidism were noled. 

Two unusual congenital defects were found 

among the 140 people examined. Six people exhib­
ited large corne:is. and 8 had abnormally large 

punctate retirial vcsseb. The latlcr ·.vere not typi­

c;il of hcm•111giumata. It is planneJ 10 Jocuna:nl 
these findings ~y pictures in a fu1ure survey. 

As has bCl'll noted before, :·r,~us scnilis occurs in 
ihe ~Lirshaflese with a higher incidence anJ at an 

earlier age than generall~· ~;ccn in Americans. Th•: 

incidence in both exposeJ anu control groups was 
about th.: same. 

In a recent survey 12 children haJ a night viswn 

defect due to vilamin A deficiency. In thi~ survey 
no similar cases werL' encounlered, possibly bt:­

cause of rhe increased growth ;ind consumption of 

papaya and squash. Leprosy and yaws arc emlcm1L· 

in the Marsh;dJ Islands. Two cases of 7th nenc 

weakness wen: nored. one in a leprous p:1tit:nt. In 



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 scnrs were observed that 
might have resulted from retinal burns possibly 
caused by observation of the fireball of the nuclear 
explosion that resulted in the fallout accident, 
although many people on Rongelap reported see­
ing the fireball and described it as resembling 'the 
"rising sun" in the western sky. 

P~OIATRIC 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, ;.ind (c) addition of newborn babies. 
Attrition due to unavailability has been minimal 
in the exposed group. One child in 1959 and one in 
1961 could not be examined, but each of these 
children returned to the study the subsequent year. 
In the control group, the attrition rate has been 
higher, 11.3% for the l:1>t 5 years. 

The frequencies of various abnormal findings on 
physic;.il examination have been summarized in 
Ta hie 7. As in previous years, no consistent rela­
tionship was noted between the occurrence of these 
ahnormalities and exposure to radiation. 

Growth and Development Studies 

In the analysis of the growth data, previously 
descrihed statistical methodology was used.• The 
children were divided into 4 groups: (a) those 
exposed !fl radiation. including the 4 children in 
11tero at the time of exposure. (b) those born 
hcforc the fallout but not exposed to radiation, ( c) 
those born to exposed parents subsequent to the 
fallout. and ( d) those born to unexposed parents 
~ubsequent to the fallout. 

Height and weight data on children born before 
the faliout showed the cxpe..:ted pattern of pubertal 
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Table 5 

Variations in Composition of Pediatric Population, 
I 958 through 1962: 

Rongelap Group 

Numbers of children 

1958 1959 1960. 1961 1962 

Exposed group 
Total seen 39 34 36 30 30 

·Not available I 0 0 

Transferred to 
adult study 4 0 5 

Control group 
Total seen 88 75 51 75 71 

Not available l 3 25 0 IO 
Transferred to 
adult study 3 2 3 0 
Not seen 
previous year 3 3 27 2 

New subjects 
added 4 

•Limited survey. 

Table 6 

Variations in Composition of Pediatric Population, 
1958 through 1962: 

Children Born After Fallout ( Rongdap) 

Numbers of children 

1958 J95Q 1960·•1961 1962 

Exposed parents• 
Numher seen I 3 

New hahies 
added 

Not available 
from previous 
year 
Old suhj~ct 
not seen 
previous year 

Unexposed parenrs: 
Numher seen 

New hahies added 

Not availahlc from 
previous year 

Old suhject not seen 
previous year 

::o 

0 

0 

7 
7 

0 

0 

10 

0 

JO 

() 

0 

0 

0 

0 

24 

5 

10 

14 

8 

0 

37 

12 

0 

25 
JO 

•This calegoq includes only those who were babies 
al the time they were added to 1he study. Those who were 
older at the lime they were first seen have hc:en grouped 
with the regular control chil<lrcn. 

••Limited survey. 
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Table 7 

Summary of Physical Findin , in Children, 1962 
~-----~~~--~~~--~~-

Con 1ro1 • • 

•Number examined. 
••A part of the: group born after 1954 wa~ used as the group "children of unexposed p;irents" to serve U\ a control for 

"children of e~posed parents." Cf. footnote to Table 6. 
-----------------------------------~--------~-- ·----------

growth spurt occurring earlier in girls than in boys 
and the eventual superiority in size of boys at 
maturity. In addition, with respect to stature, there 
was a distinct tendency, among the boys only, for 
those exposed at ages I through 5 to be shorter 
than the unexposed boys of tlie same age (Figure 
4). Although the differences '.vere statistically sig­
nificant only in the measurements at ~ges 9, 11. 
and 12, the retardation in stature of these boys 
exposed at an early age was apparent at all ages 

at which measurements have been made. No tend­
ency toward diminution in the magnitudes of the 
differences was noted as the boys grew older. The 
boys exposed at ages 6 through 8 showed no differ­
ences in st:iture from tht' control boys of the same 
age. Since there were only two boys expo~ed in 
the 12 through 13 age range, the data availahlc did 
not justify any conclusion regarding the efTect of 
exposure about the time of puberty. 

The weights of the expost:d and con:rol boys 
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showed trends parallel to those of their statures 
(Figure 5). However, the weights were more vari­
able, and the differences were not statistically sig­
nificant. 

The exposed girls did not differ significantly 
from their controls in either stature or weight at 
any age level (Figures 6 and 7). 

Among the children born after the fallout, the 
males with exposed parer:.:. were smaller in stature 

at all ages than those with nonexposed parents 
(Figure 8). The difference was statistically signifi­
cant at ages I through 4. This trend had been 
notcJ in the previous study. However, the boys in 
the group with e.~posed parents were, on the aver­
age, 4 months younger than their controls (the 
boys with unexposed parents). The median differ­
ence in stature between the two groups was 4.4 
cm, and from their growth curves the boys with 
exposed parents would be expected to be 2.3 cm 
shorter on the basis of the age difference. Since 
much of the difference in stature was readily 
accounted for by the age c.JitTcrence, the data did 
not justify a conclusion that there was a difference 
in stature associated with the exposure of the par­
enis. The girls of exposed parents did not differ in 
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age from their controls; nor wen!"lfli'ic age differ-
ences ~ anlt;~;,.. the comparison groups of 
children -~rn-.:;ft_ . .-ot:~fal!ou~. Th.e boys of exposed 
parents;d1d .@f' dlfl'er s1gnificanM.y from the boxs 

. o( unexposed·parents in weight or head circutnfer­
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 

Cf.1.P~ ... · ~ .. l:> ... -_nd. l~ · .. ·.-- ,~ .. . ,t"''Jt .. ~:'~·.·:~?· ··- • . : ... ~. .... . ~ -·· .. - . ~ - , .. ~ .... 
·· D - "~et~lSalefl::en tbf,J .staft4a$1L." ·· reu,_-

lic~ anct,J.yt_~. 1)1~-tbe··stit\irat dQN~i-oP.Jneilt 
of the chifdtc~;IJoth the e~5e9 azntrot MM­
shallese cttn\itcn Jcnt1ett tO. bi'le$~:" . · c"Skclctally 

at c~p~~n~ogic:zll a4C. ~he·Tfor~s 
pub1,~~- .~ _,~icb:..~r~ t~~'!!l4). HdW-

~;,~~ ~i:;rg~~!gtfy ~;r~~~i~~~~ 
retard'ed,,!3 c• .. ated:':VJtll ~~ll\\l~rt~e ~. 
Also •. the ·c.~,;~Rdrcn WifG !iilftflcanlty t~s 
matutc. i~h!t~t'y ihaa. the contfOls:.- ~edt<JP 
skelet5t Y.ctardationbf th<! c~poscd ~ld"a...a~ 8 
months, as compared with 3 months for the con· 
trols. The difference in skeletal maturation associ­
ated with exposure was more promin.:nt in the 
boys than the girls. The average expos.:d boy was 
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13 months retarded skeletally as compared with 6 
months for the average unexposed boy. The aver­
age skeletal retardation for exposed girls was 7 
months as compared with 2 months for the control 
girls. The most marked retardation of skeletal 
maturation, as well as the most mar~cd 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 ~) 2 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~~ ~ yr behind the standards of Greulich and 
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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 6 1/.i lb lighter than his con· 
trols, corresponding to children = l yr younger 
than himself, whereas his stature is comparable to 
that of children > 3 yr younger. No. 5 is 11 1/.i lb 
lighter than his controls, corresponding to children 
-2 yr younger, and his stature is comparable to 
.that of ::hildren 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 d:1tTerenccs between children 
of exposed parents and children of unexposed 

Table 8 

Skeletal Age and St:;ture in Males Exposed at Age l 6 to l 7 Months 

Age al 
Skeletal age minus 

Subject exposure, 
chronological age, months Height minus median conlrol heigh!, cm 

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

2 16 - 22 - 28 -19 - 2.3 - 3.5 - l.9 - 2.8 - 3. l 
6 16 -ti -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 



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
tal ages of all boys were slightly more retarded in 
1962 than in 1961 (15 months as compared with 
I 3 months). However~ the differences w~re not 
statistically significant, and the data available at 
this time would not support any conclusiou con­
cerning factors related to the retardation of skele­
tal maturity in these boys. 

CANCER DETECTION, LEUKEMIA SURVEY 

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 
cells. As noted last year, the secretions were scanty 
in most of the women, and the smears were 
consequently somewhat dry. Inilammatory 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 individual examinations arc reported in Ap­
pendix 5. 

Rectal examinations were carried out on all 
adults, and proctoscopic examinations were done 
when indicatc..J. 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 arc carried out annually on the Marshallesc. 
On physical examination, no evidence of lym­
phadcnopathy, splcnomcgaly, or other signs of leu­
kemia were detected. Hematological examinations 
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showed no excessive lcukocytosis 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). 

RESIDUAL BETA BURNS 

Table 9 lists those cases that showed residual 
skin changes in areas previously exhibiting beta 
burns. 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 burns 
was first observed several years ago. These lesions 
appear to be increasing slightly in number. Similar 
lesions arc also occ;isionally seen in the unexposed 
group. Figure 16 shows the appearance of acute 
beta burns in an exposed woman several weeks 
after exposure and Figure 17 shows development 
of pigmented nevus-like lesions at 8 yrs post expo­
sure in the skin area previously involved with beta 
burns. 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 pigmerit in the epi­
rhelium. In a small area, there is a superficial 
infiltration of dermis composed of nevus type cells 
ariJ pigment:iry cells. No evidence of malignancy. 
Diagnosis: ne\'us pigmcntosus." 

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 bi1)psy prn­
f!ram with histological study of skin lesions. 

STUDIES OF AGING CRITERIA, 
DENTAL SURVEY 

Studies of aging criteria and a Lkntal survey werl' 
not carried out during this annual examination. 
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Table 9 

Residual Beta Burns 

Subject Subject 
No. Sex Age De~ription 

2 

11 

14 

17 

24 

M 9 Pigment variation with roughening 
of skin of front of neck. Several 
pigmented macules right antecubi­
tal fossa. 

M 58 Slight hyperpigmentation and 
hyperkeratosis of left antec:ubital 
fossa. A few pigmented papular 
lesions on chest inferior axillae. 

F 33 Back of neck - areas of slight in­
creased pigmentation and hyper­
keratosis. 

F 11 left antecubital fossa - scarring 
and hyperpigmentation: 2 small 
pigmented macules. ~ 

F 21 Dorsum of feet-mottled areas of 
pigmentation and depigmentation. 

26 M 20 Dorsum right foot-considerable 
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 Cossa. 

34 F 53 Back of neck - slight hyperkera-
tosis with several nevus-like lesions 
on back and sides of neck. 

39 F 22 Back of neck-pigment variation 
with slight hyperkeratosis; also to 
lesser extent on dorsum of feet. 

49 F 23 Sides of neck - pigmented mac-
ules, particularly on right side; 
few also in left antecubitaJ Cossa. 

54 M 9 Anterior neck - mottled pigmen-
tation and depigmentation. Few 
pigmented macules left anterior 
axillary fold and lower abdomen; 
pigmented patch 2 X 3 cm inter­
scapular area on left. 

59 F 42 Dack of neck - hyperkeratosis 
with some itching. 

63 F 44 Considerable pigment variation on 

65 

67 

back of neck and to a slight de· 
gree on right forearm. 

F 9 Front of neck-slight pigment var-
iation and hyperkeratosis. 

F 22 Dorsum of feet - atrophy and 
scarring. 

No. Sex Age Description 

71 

78 

79 

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

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

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

Figure 17. Same case as in Figure 16 at 8 yr post ex­
posure. Note development of nevus-like lesions in 

area of neck previously involved with beta burn. 



Laboratory Examinations 

HEMA TO LOGICAL 

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 arc briefly summarized in a separate 
paragraph. Because of certain differences noted in 
age and sex groups between the exposed and the 
unexposed, in addition to the comparisons of mea11 
levels for entire groups, comparisons are also made 
of age and sex groups. Ages 8 to 15, 16 to 40, and 
>40 yr for each sex are compared. 

The hematological data are summarized in 
Tables I 0 and I I and in Figures 18 through 3 7. In 
Appendices I and 2 are presented summaries of 
the mean blood counts of the exposed population 
and of the various comparison populatim1s since 
exposure in March I 954. In Appendix 3 are listed 
the individual blood counts for 1962. In Appendix 
4, the individual alkaline phosphatase and baso­
phil counts arc presented. 

Leukocytes 

The leukocyte levels in both exposed and unex­
posed groups were slightly lower than last year 
(sec Table 10 and Figure 18). The mean leuko­
cyte level in the exposed group was slightly ( 12 % ) 
below that in the unexposed group. This was largely 
a reflection of deficits in _the neutrophil and lym­
phocyte levels. 

Neutrophils 

The mean neutrophil level in the Rongelap 
exposed group was 13.6% below that in the unex­
posed group (sec Table 10 and Figure 18). The 
levels were lower i1~ the younger (age 8 to 15) and 
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older (age >40) groups than in the middle (age 15 
to 40) group. This is demonstrated in the histo­
gram (Figi.:re 30) and in the scattergrams (Fig­
ures 19 and 20), the latter showing more than half 
the individual counts below the mean line of the 
unexposed. An accumulative percentage distribu­
tion curve {Figure 21) also shows the lower counts 
(displacement of the curve to the left) in the ex­
posed group. These findings conform ,eenerally 
with previous data except that the younger females 
tend to show more depression. 

Lymphocytes 

The mean absolute lymphocyte level in the ex­
posed is 24% below that of the unexposed, which 
indicates a deficit greater than the mean neutrophil 
deficit (see Table 10 and Figure 22). The lympho­
~yte 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 defir.it ap­
pears among the younger females. The scatter­
grams (Figures 23 and 24) and the accumulative 
distribution curve (Figure 25) also confirm these 
observations. 

Eosinophils, Monocytes, and Basophils 

These all showed nearly the same mean levels 
in both groups. The general persistence of eosino­
philia in both groups was apparent, as in past sur­
veys. 

Platelets 

Mean platelet counts in both exposed and unex­
posed groups were higher this year than previ­
ously (Figure 26). The male counts this year aver­
aged about the same as the female; previously the 
female count~ had been higher. As noted consi$t­
ently in the past, mean counts in both males and 
females in the exposed gruup were slightly below 
the corresponding unexposed levels (males by 
5. 7%, females by I 0%). Also as prcviou~ly notl:d, 
the younger and older groups showed the greater 
deficit (sec histogram, Figure 30). Scattcrgrams 
(Figures 27 and 28) shuw 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. 
( X 10•1) 

Neut. 
(Xl0" 3 ) 

Lymph. Mono. Eosin. Baso. 
(Xl0· 3 ) (Xl0·1 )(Xl0·3 ) (XI0- 2 ) 

Males, 8-15 yr '" 
Rongelap exposed .. 393±120(10)• 7.90±1.9 (9) 3.98.:!::l.4 (9) 2.88±0.6 (9) 0.16 (9) 0.84 (9) 0.46 (9) 
Alingnae exposedt 430 (2) 6.98 (3) 3.64 (3) 2.50 (3) 0.08 (3) 0.77 (3) 0 (3) 
Rongelapunexposed 415.:!:: 86(16) 8.12±1.9 (16) 4.31.:!::2.l (16) 3.15.:!::0.9 (16) 0.17(16) 0.49(16) 0.10(16) 

Females, 8-15 yr 
Rongelap exposedt 324± 77 (9) 
Ailingnae expo~ed 3 l 5 (2) 
Rongelap unexposed 390± 80(20) 

6.86±1.03 (9) 3.55±1.37 (9) 2.69.:!::0.8 (9) 0.18 (9) 0.42 (9) 0.20 (9) 
7.2S (2) 4.06 (2) 2.59 (2) 0.21 (2) 0.32 (2) 0.30 (2l 
9.08±2.41 (20) 4. 71.:!::1.97(20) 3.45:!::0.8E(20) 0.26(20) 0.62(20) 0.30(20) . 

Males, > 15-40 yr 
Rongelap exposed 
Ailingnae exposed 

320.:!::120(12) 6.65±1.26(12) 3.48:t 1.35(11) 2.60:!::0.78(11) 0.15(11) 0.35(11) 0.20(11) 

Rongelap unexposed 327.:!:: 87(29) 6.99± 1.43(29) 3.49.:!:: 1.08(29) 2.92±0. 70(29) 0.18(29) 0.34(29) 0.20( 19) 
Females, > 15-40 yr 

Rongelapexposed 350.:!:: 78(13} 6.86.:!::2.15(12) 3.81.:!::l.31(12) 2.26±0.48(12) 0.14(12) 0.63(12) 0.10(12) 
Ailingnaeexposed 350.:!::121 (4) 5.70:::1.39 (4) 3.0l:!:l.27 (4) 2.32±0.90 (4) 0.09 (4) 0.25 (4) 0.40 (4) 
Rongelap unexposed 340.:!::140(27) 7.80:::2.11(27) 4.41:!: 1.90(26) 2.64:!:0.95(26) 0.22(26) 0.44(26) 0.10(26) 

Males, >40 yr 
Rongelapexposed 266::: 80 (9) 6.lO:t:l.80 (9) 3.35:tl.57 (9) 2.19:!:0.78 (9) 0.14 (9) 0.33 (9) 0.40 (9) 
Ailingnae exposed 286::: 43 (4) 6.0l:t:l.27 (4) 2.89.:!::0.62 (4) 2.73:!:0.87 (4) 0.13 (4) 0.24 (4) 0.20 (4) 
Rongelap unexposed 326::: 95(20) 7.14:::2.28(20) 4.13 .:!::2.13(20) 2.49:!:0.79(20) 0.13(20) 0.3 8(20) 0.20(20) 

Females, >40 yr 
Rongelap exposed 276± 99 (9) 6.37±1.89 (9) 3.50:t:l.28 (9) 2.45:t0.60 (9) 0.18 (9) 0.31 (9) 0.50 (9) 
Ailingnae exposed 309±122 (4) 7.26±0.99 (4) 4.02:tl.24 (4) 2.69.:!::0.85 (4) 0.19 (4) 0.34 (4) 0.20 (4) 
Rongelap unexposed 306.:!:: 85(19) 7.70±2.04(19) 4.40.:!::l.44(19) 2.82:!:0.90(19) 0.14(19) 0.34(19) 0.10(19) 

Hct., % RBC (X 10"') Hgb., g Serum protein, g 

Males, 8-15 yr 
Rongelap exposed•• 38.5.:!::3.3(10) 468.:!::56(10) 12.8:!:1.4(10) 8.0:!::0.4 (8) 
Ailingnae exposedt 37.0 (3) 451 (3) 12.3 (3) 7.7 (2) 
Rongelap unexposed 38.3±2.8(16) 460.:!::35(14) I 2.9.:!::0.7(16) 7.8:!::0.3(1 I) 

Females, 8-15 yr 
Rongelap exposedt 39.3.:!::2.0 (9) 478.:!::32 (5) 13 .6:!:: 1.0 (9) 7.9:!::0.3 (9) 
Ailingnae exposed 40.0 (2) 455 (2) 13.6 (2) 7.7 (2) 
Rongelap unexposed 39.0:!: 1.6(20) 455:t24(19) I 2.9:t0.8(20) 7 .8:!:0.3(12) 

Males, > 15-40 yr 
Rongelap exposed 44.8.:!::3.3(12) 488 :!: 7 5 (9) 15.l:!:l.2(12) 7 .6:!:0.5(12) 
Ailingnae exposed 
Rongelap unexposed 45.2:t2.8(29) 508:!::39(27) 15.0±0.9(29) 7 .6 :!: 0 .5 (2 8, 

Females, > 15-40 yr 
Rongelap exposed 40.3:t4.0(13) 449:!:32(1 I) 13.5:!: 1.2(13) 8.0:!:0.6(13) 
Ailingnae exposed 35.0.:!::3.7 (4) 434 (3) 11.4±2.4 (4) 8.l.:!::0.3 (4) 
Rongelap unexposed 38.8:t:2.8(27) 45 I :!::33(26) 12.9:!:: 1.0(27) 7.8±0.4(27) 

Males, >40 yr 
Rongelap exposed 40.6:t6.2 (9) 444::81 (8) 13.7:!: 1.9 (9) 7.3:!:0.7 (9) 
Ailingnae exposed 42.5:t2.7 (4) 512:!::49 (4) 14.6:!:0.8 (4) 7.4::0.4 (4) 
Rongelap unexposed 42.4:t3.0(20) 467±38(20) 14.1±1.1(20) 7.8:!::0.5(20) 

Females, >40 yr 
Rongelap exposed 37.9.:!::3.7 (9) 413 :!: 22 (7) 12.4:!: 1.0 (9) 7.7±0.9 (9) 
Ailingnae exposed 39.5:t 1.8 (4) 426±32 (4) 13.5:!::0.8 (4) 8.0±0.3 (4) 
Rongelap unexposed 39.3:t2.7(19) 432±30(17) 13.l:!::0.9(19) 7.7±0.5(19) 

•Standard deviation and number of people in 1roup . 
.. Inciudes 2 children exposed in utuo. 

tlncludes 1 child exposed in uttro. 
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Figure 18. Mean neutrophil and white blood counts 
of exposed Ror.gelap people from time of exposure 
rhrough 8 yr post exposure. Stars represent mean 
values of compari~on populati•Jn. 
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Figure 20. Neutrophil counts o( exposed Rongelap 
females plotted against age. Solid line represents 
mean level of unexposed female population. 
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Figure 22. Mean lymphocyte counts of exposed Ron­
gelap people from time of exposure through 8 yr post 
exposure. Stars represent mean values of comparison 
population. 
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males plotted against age. Solid line represents mean 
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Figure 2 I. Neutrophil cumulative percent distribution 
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males plotted against age. Solid line represents mean 
level of unexposed male population. 
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females plotted against age. Solid line represents. 
mean level of unexposed female population. 
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rlgure 26. Mean platelet value~ of exposed Rongelap 
people from time of expos!.ae through 8 yr post ex­
posure. Stars represent mean values of unexposed 
comparison population. 

counts in males and females were below the mean 
line of the unexposed group. An accumulative dis­
tribution curve shows displacement of the exposed 
curve to the left of the unexposed (Figure 29). The 
increase in platelet counts this year in both exposed 
and unexposed groups is demonstrated by the fact 
that only 11.3% of the exposed group and 5.3% 
of the unexposed show counts below 200,000, as 
compared with 18% and 9.7% last year. 

Erythropoietic Elements 

Erythrocyte, hemoglobin, and hematocrit levels 
sf!owed no marked differenc1;s between the ex­
posc.d and unexposed groups (see Table 10 and 
Fig1:res 31 through 36). In the older groups the 
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Figure 25. Lymphocyte cumulative percent distribu­
tion curves for exposed compared with unexposed 
population. 
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Figure 27. Platek! counts of exposed Rongelap males 
plotted against age. Solid line represents mean level 
of unexposed male population. 

values were slightly lower in the exposed than 111 

the unexposed groups. 

Ailingnae Blood Counts 

Hematological examinations were carried out 
on all 17 Ailingnac people. The levels of peripheral 
blood clements in this group were generally the 
same as in the exposed Rongclap group. These 
data arc shown in Table I 0 and Appen<.liee~, 2 
and 3. 
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males plotred against age. Solid line represents mean 
level of unexposed female population. 

30 MALES 

... 
u 
z 

20 
10 

~ ·20 

~·JO ... 
0 30 .... 
z 20 .... 
~ 10 

FEMALES 

WBC·WHITE CELL COUNT 
N· NEUTROPHIL S P·PLA TELE TS 
L· LYMPHOCYTES H·HEMATOCAIT 

~ Of9i-i-r""""T~"~~'r-r--1f=:l::::l--f~-T-r"."T"~----~ 
·10 

·ZO.._.._.r­

·30 

8·•5 ·•5·40 
AGE GROUPS 

,40 
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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 ,·a)ucs of exposed males plotted 
against age. Solid line represents mean level of unex· 
posed male population. 

Children of Exposed Parents 

Peripheral blood clements 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 arc presented in Table 12 and 
Figure 37. There appeared to be a slight depres· 
sion of lcukocytic clements 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 clements 
is not substantiated in this year's findings. 



54..--...--...--.---..--...---...--..--...--..----, 
52 

50 
48 

46 
44 

i! 42 ... « 40 
835 ... 
~~ 

32 
30 
28 
26 

. . . ~EXPOS£0 

• • • 
•• • • • • • • •• 

FEMALES 

24.___,___,___..___..___...__....__...__....__..._~ 

0 10 20 JO 40 50 60 70 80 90 
AGE lYEARSI 
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plotted against age. Solid line represents mean level 
of unexposed female population. 
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ted against age. Solid line represents mean level of un­
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Table 11 

Peripheral Blood and Bone Marrow Findings 

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

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

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

40 13.6 46 6,600 normal No abnormalities. 

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

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

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

53 13.2 38 7,900 normal Normal. 

66 13.6 40 6,400 normal Normal. 

80 14.4 44 9,100 normal Erythroid and myeloid immaturi1y. 

Table 12 

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

Males, <8 yr 

Plate. 
(Xl0·3) 

WBC 
(X 10·3) 

Neut. 
(Xl0" 3 ) 

Lymph. 
(Xl0· 3) 

Mono. Eosin. Baso. 
(X 10"3) (X 10·3) (X 10· 2) 

Of exposed parents 511:::123(15)• 8.74±1.34(15) 4.17±0.87(15) 3.92±1.00(15) 0.15(15) 0.49(15) 0.07(15) 
Of unexposed parents 451 ± 80(29) 10.37±2.55(29) 4.89± 1.68(29) 4.42± 1.50(29) 0.30(29) 0.73(29) 0.40(29) 

Females, < 8 yr 
Of exposed parents 473±149(19) 10.98±2.41(19) 4.72±1.47(19) 5.01±1.36(19) 0.30(19) 0.84(19) 0.30(19) 
Of unexposed parents 419± 97(21) I L63±2.50(21) 5.35±2.16(21) 5.28± 1.92(21) 0.26(21) 0.70(21) 0.40(21) 

Hct., % RBC (X 10·•) Hgb.,g Serum protein, g 

Males, <8 yr 
Of exposed parents 
Of unexposed parents 

38.4±3.0(15) 
36.7±2.5(29) 

456±35(13) 
457±39(28) 

12.0±0.9(15) 
11.8± 1.0(29) 

Females, < 8 yr 
Of exposed parents 
Of unexposed parents 

36.7±2.8(19) 
37.8±2.7(21) 

454 :t 3 7(17) 
458±31(16) 

I l. 7 :t 1.2(19) 
12.2±0.9(21) 

7.6(1) 

•standard deviation and number of people in group. 

Comments on Hematological Data 

The 1962 leukocyte levels in both exposed and 
unexposed groups were generally slightly lower 
than last year. The level in the exposed group was 
about the same as in 1960; no hematological exam­
inations were carried out on the unexposed popu-

lation at that time. Fluctuations in mean leukocyte 
levels from year to year, which have been com­
mented on previously, have been unexplained thus 
far. In contrast to the lowering of leukocyte levels 
this year, it was noted that the platelets and eryth­
ropoietic elements in all groups were elevated as 
compared with last year, the platelets having 
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Table 13 

Periphrral Bloou Cultures 

Total 
.Subject No. counts 10 22 32 36 37 39 40 

10 59 2 
.., ... 

11 24 
14 26 
27 30 
41 27 
50 69 
58 32 
69 19 
79 19 
80 16 1 1 

reached the highest levels yet recorded. The gen­
eral anemic tendency in the people is no longer as 
pronounced. Perhaps a better diet (increased 
amounts of fruits and vegetables) may partly ac­
count for this change. 

Comparison of hematological data in the ex­
pqsed 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 th~n 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 ~lightly lower leukocyte levels 
in the male iir.d female children of exposed par­
ents ls diffa:ull to evaluate. 

OTHER LABORATORY STUDIES 

Chromosome Studies 

Although moderate to good growth of peripher­
al blood cultures was obtained in samples from 

Diploid numbers 

41 

2 
1 

42 43 44 45 46 47 48 67 pp 

2 7 3 4 33 (56%) 5 
2 20 (80%) 1 
1 22 (84%) 1 
1 4 18 (60%) 5 

2 25 (92%) 
4 51 (74%) 6 2 

29 (91%) 
18 (95%) 
15 (79%) 
8 (50%) 

13 of 20 unexposed and 30 of 51 exposed people, 
the final chromosome smears unfortunately yic.:lded 
countable meta phases in only J 0 preparations in 
the exposed group. The difficulty in obtaining good 
smears is believed to have been related to the high 
temperature and humidity of the Islands, which 
interfered with rapid drying of the smears. This 
was particularly disappointing since excellent 
smears had been obtained in preliminary perfec­
tion of the technique under laboratory conditions 
at BNL. 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 n<!xt survey to obtain a 
large number of satisfactory preparations from 
peripheral blood and also from cultures of the skin 
in areas previously involved with b~ta burns. It is 
believed that the difficultie!: encountered in the 
field in making the chromosome smears can be 
corrected by using a hot air dryer on the next sur­
vey. 

Routine Urine Analyses 

Routine urine analyses were carried out on the 
majority of the people. Ten of the samples were 
poc;itive for sugar. Sever ' of these shO\• ed only 



PRIVACY ACT MATERIAL REMOVED 

T le 14 

Abnormal ChroniosGm1.:s in Peripheral Blood Cultures 

Subject Tot;il 
No. counts Dicentrics Other 

64 2 
10 59 
11 24 
14 26 
21• 30 l ·miriute 
41 27 
50 69 
58 32 
69 19 
79 19 
80 16 

•Bone marrow smears showed J diccntrics on scanning. 

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

Blood Sugar Determinations 

Fasting blvod sugar analyses 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, :md 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, I exposed (No. 29) and 3 unexposed (Nos. 
932, 936, and 1042) .. The somewhat higher inci­
dznce of diabetes in the Marshallese people has 
been commented on in previous reports. 

Protein-Bound Iodine 

Since previous survey results had shown pro­
tein-bound iodine levels on the high side of nor­
mal, 14 scra were obtained on inGividuals for 

. repeat analyses this year. The levels varied be­
tween 4.6 and 12.0 µ.g % with a mean of 8.6; these 
arc again generally on the high side of normal. 
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Table 15 

Blocd Volume Studies (1961, 1962) 

Increase, cc Decrease, cc 

Subject Race• Wt., lb RBC Plasma RBC Plasma 

c 158 JOO 750 
c 105 250 100 
c 153 400 600 
c 161 550 1000 
c 165 350 600 
c 155 250 100 
c J 10 250 500 
M 172 250 500 
M 150 100 
M 138 100 
M 155 250 100 
M 122 550 600 
M 102 400 
M !OS. 300 200 
M 126 300 
M 135 200 150 
M 140 600 500 
M 123 123 100 
M 140 200 700 
M 132 800 770 
c 156 450 400 
c 183 400 700 
c 200 200 

•c =Caucasian, M =Micronesian. 

Total Urine Iodine and Creatinine 

The purpose of these analyses was to determine 
whether the rather high protein-bound iodine levels 
reported in the Marshallese might be related to 
high iodine levels in the diet. Total iodine and cre­
atinine analyses were carried out on I 0 urine sam­
ples obtained from subjects who had previously 
shown relatively high protein-bound iodine levels. 
The levels for total iodine varied between 5.2 and 
66.0 µ.g % (av, 18.6), and the creatinine levels 
varied between 0.025 and 0.80 g/ 1 (av; 0.52). 
These levels were considered to be in the normal 
range, although the creatinine levels were some­
what high because of alkalinity of the urine sam­
ples. Therefore it did not appear that the iodine in 

the diet could account for the generally higher 
protein-bound iodine levels observed. The cause 
of this sli3ht elevation remains to be clarified. 

PRIVACY ACT MATERIAL REMOVED 
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Table 16 

lmmunoclcctrophoretic Analyses 

Findinp 

Normal 

Slightly increased y globulin precipitation-line 

Markedly increased y globulin precipitation-line 

Slightly increl.!~d precipitation-lines for flu• Pw• and Y 

Markedly increased precipitation-tines for flu• Pw, and y 

Markedly increased precipitation-lines for fl:x and y 

Sliahtly increased precipitation-lines for flu. and y 

Markedly increased precipitation-lines for flu. and y 

Slightly decreased precipitation-line for flw 

Slightly increased precipitation-line for flw 

Decrease of fJ 24 and slight increase of y 1lobulin 
precipitation-Jines 

Decrease of f1v. and y globulin precipitation-Jines 

Glucose-6-phosphate Dehydrogenase Activity 
and Hemoglobin Types 

Dr. Boyer at Johns Hopkins Hospital reported 
that all subjects examined had normal glucose-6-
phosphate dehydrogenase activity. On the starch 
gel electrophoresis all were of a uniform glucosc-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 Marshallcse subjects examined had type 
AA~. 

Blood Volume Studins 

During the 1961 and 1962 surveys, blood vol­
ume determinations, with use of Cr11-labeled sodi­
um chromate, were performed on 25 normal 
Micronesian and Caucasian persons living in the 
Marshall Islands for I yr or longer. Table 15 

Subject Nos. 

IS, 30, 20, 78, 8, 76, 92, 77, 9, 14, 33, 16, 2, 21. 
57, 47, 4, 37, 10, 73, 12, 914, 83.S, 838, 87.S, 844, 
865,896,982,836,832,936,9.S.S,956, 957, 830, 
960,939,893,979, 840, 833,915, 967, 975, 882. 
898, 100.S, 868, 822, 1042, 841, 825, 885 

53, 71. 86, 52, 63, 22, 32, 87, 59, 54, 79, 6, 66, I. 
45, 928, 856, 883, 940, 1036, 944, 992, 858, 813. 
864, 853, 887, 942, 829, 820, 828, 924, 961, 969, 
895, 855,884 

862, 891 

34, 7.S,27, 817,998, 888, 814 

64, 958, 103.S 

829, 892, 1001 

3,41 

897 

.S,900 

29, 852 

866 

60,68, 824 

shows the data for 23 of these on red cell mass and 
plasma volume based on body weight. From these 
dat:t it appears that there was a significant reduc· 
tion in red cell mass and/or plasma volume in 15 
of 23 subjects, both Marshallese and Americans. 
During the anticipated 1963 survey, it is planned 
to repeat these studies in conjunction with estima· 
lions of lean body mass by use of tritiated water. 
Evaluation of the above results will be withhdd 
until completion of the 1963 survey. 

lmmunoelectrophoretic Studies 

lmmunoclectrophoretic analyses wrre carried 
out on a number of Marshallcse sera. These results 
are shown in Table 16. Dr. R. BUtler, who carried 
out these analyses, 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 immunogloh­
ulins is perhaps a typical sign of the investigated 
population." 



Estimation of Body Burden of Sr'° 

Gamma spectrographic analyses on the Ronge­
lap people in l 96 l by whole-body counting in a 
21-ton steel room indicated that the mean body 
burden of Cs 137 had not shown any significant fur­
ther increase over the l 959 level and that the mean 
Zn"~ 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 l 965. Therefoie the ~teel room 
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. 

Sran and calcium analyses were .:arried out on 
24-hr urine samples from 27 Rongelap people, l 8 
in the exposed group and 9 in the unexposed, and 
on a 12-litcr 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 Sr•0 are somewhat 
higher than last year. 

The fluctuations in calcium level in the samples 
cause variations in the Sr90 level expressed per g 
Ca. The pooled urine samples contained 7.2 pC/l 
Sr''0 in 1961 and 7.9 in 1962 (1 pC = lµ>'C), but 
the calcium levels differed so markeQly (141 mg/I 
in 1961 and l 8 in l 962) that they were not used 
in calculating the body burdens of SrH. Jn 1962 
the mean Sr90 values from the individual adul~ 24-
hr samples were 12.45 ± 1.30 pC/I or 114 -+-14 
pC/g Ca. From the!re values, on the basis of pre­
vious calculations, .. the body burden was esti­
mated as I 2.0 mµ.C. This is about 6.0% of the 
maximum permissible concentration (MPC) of 
Sr"" (200 m,,.C) for noaindustrial populations, and 
represents about 49% of the previously estimatedu 
equilibrium value of 23 mµ.C. 

Thus the return of the Rongelap people to their 
home island has been reflected in annual increases 
in estimated body burdens of Sr"0 based on urinary 
excretion values. The estimates, in mµ.C, have in­
creased as follows: 2.0 in 1958, 6.0 in 1959, 6.9 in 
1961. <ind 12.0 in 1962. It is not clear why the 
greater increase occurred during the past year. 
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In view of the uncertainties associated with ex­
trapolation from urinary excretion data to body 
burden of Sr0

", other corroborating evidence has 
been derived from analyses of bone samples. Be­
cause of the difficulty of obtaining autopsies on 
these people, this means of analysis has been very 
limited. However, bone samples were obtained 
from an autopsy on the 78-yr-old woman who died 
thi!. year, and the sruu analysis of ribs and vertebral 
specimens showed an average of 15 pC/g Ca, rep­
resenting a body burden of 11.4 mµC or about 
5.7% of the MPC (see Table 19). This compares 
favorably with the estimate of 12.0 mµ.C based on 
the 24-hr urine samples. Bone samples from the 
autopsy of a 35-yr-old man in 1958 showed a Sr"" 
body burden of 2 mµC. The estimated body burden 
derived from the 1962 bone samples thercf ore 
shows about a sixfold increase over that from the 
1958 samples. 

The Sr"" levels in the coconut crabs in 1962 
(Table 19) arc close to those previously reported 
by Held. i:. 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 T crritory of the Pacific Islands. Ex a mi na­
tions were carried out principally al Rongela;-. 
Island, but some Rongelapcse who had moved 
away were examined at Kwajalein and Majuro 
Islands. A total of 308 people were examined, 80 
in the exposed group, 37 children of exposed par­
ents, and I 91 unexposed Rongelap people who 
serve as a comparison population. The Trust Ter­
ritory ship, Ran Anim, was used to transport the 
medical team and equipment from Kwajalein to 
Rongelap and return. The team lived in ;i tent at 
Rongelap Village during the survey. 

The examinations were carried out with com­
plete cooperation of the Rongelap people, and it 
was believed that the presence of the team living 
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Table 17 

Sr" AnaJyses of Rongelap Urine Samples 

Sr", 
Other dis/min 

Subject ldenti· Sample per total Sr•ci, Ca, Sr•0 , 

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

pool 12,360 216.2±4.9• 7.9±0.2 0.018 439:!:: 11 
7 44 M 24-hr 1,280 24.7±1.6 8.7±0.6 0.178 49:!: 3 

14 33 F 24-hr 1,400 51.0± 1.9 16.4±0.6 0.060 273:!: 10 
IS IS F 24-hr 1,760 28.6±1.6 7.3±0.9 0.014 S21:!:64 
16 47 M 24-hr 1,000 23.7±0.8 I0.7±0.4 0.209 SI± 2 
18 29 F 24-hr 1,060 30.8±2.0 13.1±0.8 0.131 100± 6 
19 13 M 24-hr l,S40 20.7±1.6 6.0±0.5 0.028 214::!::18 
20 15 M 24-hr 2,060 47.4±2.1 10.4±0.4 0.052 200± 8 
22 2S F 24-hr 680 15.8±1.7 10.5±1.1 0.082 128±13 

2nd 24-hr 980 21.9±1.7 10.1 ±0.8 0.068 148:±:12 
23 12 M 24-hr 1,180 30.3±1.9 11.6±0.7 0.076 153± 9 
24 21 F 24-hr 890 46.7±1.2 23.6:!:0.6 0.122 193± s 
27 34 M 24-hr 1,360 17.4±1.5 5.8±0.S 0.120 48± 4 

2nd 24-hr 2,020 21.4±1.8 4.8±0.4 0.125 38± 3 
36 16 M 24-hr 1,250 46.0::tl.8 16.6±0.6 0.077 216:!: 8 
39 23 F 24-hr 600 34.8±1.0 26.1±0.8 0.131 199:!: 6 

2nd 24-hr 710 32.9::!:: l.7 20.9±1.1 0.090 232::!:12 
40 37 M 24-hr 1,960 43.3±1.8 10.0±0.4 0.123 81 :t 3 

2nd 24-hr 1,180 26.3± 1.2 10.0::t0.4 0.155 64::!: 3 
41 52 M 24-hr 800 23.9::!::2.0 13.4::!:1.l 0.312 43::!: 4 
so 42 M 24-hr 880 91.1±2.9 46.6± 1.5 0.268 ~ 174± 6 
59 42 F 24-hr 1,100 15.6± 1.3 6.4±0.5 0.149 43:!: 3 
69 12 F 24-hr 2,040 S4.0±l.9 11.9±0.4 0.036 330:!: 11 

818 11 M 24-hr 1,660 IOS.4±2.5 28.6±0.7 0.140 204 :!: 5 
822 16 M 24-hr 2.000 18.0::!: 1.5 4.0.::t0.3 0.104 38± 3 
838 29 M 24-hr l,SOO 52.4::!:2.0 15.7±0.6 0.152 !03± 4 

2nd 24-hr 1,860 31.2::!:2.S 7.6::!:0.6 0.142 54::!: 4 
843 33 F 24-hr 740 46.0±2.5 28.0::l.5 0.390 72± 4 
865 29 F 24-hr MO 14.3::!:0.8 10.1±0.6 0.051 198±12 

2nd 24-hr 450 8.4± 1.2 8.4±1.2 0.031 271 ::!:39 
88S 22 M 24-hr 1,730 31.7::!: 1.6 8.2±0.4 0.119 69::!: 3 
893 44 F 24-hr 1,580 20.9±2.0 6.0±0.6 0.067 90± 9 
895 n F 24-hr 260 4.8::!:0.9 8.3:t1.6 0.077 108:t21 

2nd 24-hr 1.240 9.3:t1.2 3.4±0.4 0.037 92± 11 
896 22 F 24-hr I .WO 16.6± 1.5 7.5±0.7 0.045 167::: 16 

•The error term accompanyi. g each result is 1t1e Poisson error of counting. 

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

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

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

year. 



Table 18 

Sr80 in Marshal'.l!se 24-hr Urine Samples, April 1962 

No. of 
Age, suh- -Sreo, Ca, Sr•0 , 

Group yr jccts pC/I mg/l pC/g Ca 

Exposed 
Male 1- ~ s 3 9.33±1.70• S2±14 189±18 

>1~ 7 9.06± 1.11 17S±26 53± 5 
Female I-IS 2 9.60±2.30 '2S:!:::l 1 426±96 

>lS 8 IS.89±2.SO 104:::!:::12 165:::!:::26 
Total 1-1 s s 9.44±1.18 41:::!:::11 284:::!:::66 

>IS IS 12.70± 1.66 137±16 113:::!:::20 

Nonexposcd 
Male 1-1 s I 28.60±0 140± 0 204:::!::: 0 

>IS 4 8.88±2.46 129±11 66:::!:::14 
Female 1-1 S 

>15 7 10.24::3.07 100±49 143:::!:::28 
Total 1-15 I 28.60±0 140± 0 204± 0 

>15 11 9.75:::!:::2.07 110±31 115:::!:::21 

Total 
All 1-1 S 6 12.63±3.34 42:::!::: 9 270±55 
All >IS 26 l 1.4S±l.30 126±16 114±14 

•Standard error of estimate. 

Routine physical examinations of adults re­
vealed that the slight difTerences in incidence of 
various diseases in the exposed group compared 
with the control group could likely be explained 
by the somewhat greater number of older people 
in the exposed group. 

An ophthalmological survey revealed a slight 
increase in the incidence of pterygia and pinguec­
ulae in the exposed group. As reported previ-
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ously, this may be related to fallout exposure of the 
eyes. There were also several cases of corneal pig­
mentation which may have been related to fallout 
exposure. There was no evidence in the exposed 
people of retinal burns which might have resulted 
from observation of the fireball at the time of the 
accident in 1954. 

A cancer detection survey was done which in­
cluded, in addition to thorough physical examina­
tions, pelvic examinations in mature women with 

Papanicolaou staining of smears, rectal examina­
tions in ad41ts, and hematological studies for leu­
kemia detection, which included the determina­
tion of alkaline phosphatase levels of leukocytes 
and basophil counts of 4000 white cells. No cases 
of malignancy or leukemia were detected. 

Pediatric examinations revealed no marked dif­
ferences in abnormalities between exposed and 
unexposed children and no diseases that could be 
related to radiation effects. Growth and develop­
ment studies, as previously reported, showed that 
the boys exposed at an early age ( < 6 yr and partic­
ularly 12 to 18 months) were slightly shorter in 
stature and weighed slightly less than the unex­
posed children of comparable age. No such differ­
ences were noted in the exposed compared with 
the unexposed girls. Skeletal age determined by 
wrist roentgenography "hawed that both the boys 
and the girls in the exposed group were slightly 
retarded, the boys showing the greater deficit. The 
greatest retardation was noted in 4 boys who had 
been 16 to 17 months old at exposure. Male chil­
dren (but not female) born of exposed parents 
(after the fallout) tended to be smaller in stature 
at all ages than children of unexposed parents. 

Table 19 

Sr90 Analvses of Bone and Crab Samples 

Ash Sr80 , dis/min 
Original Ca, srvo, 
net wt., g g % Per total sample Per gash % in ash pC/g Ca 

lhHh: 

Rib 1.48 u.4::t0.6• 11.l ::t0.4 36.6 I 3.7::t0.5 
Vertebra 2.60 33.8::t0.0 13.0±0.3 36.0 16.J±0.4 

Crab 878 111 12.7 1462 ±5 50.0 1317 ±4 
902 136 I 5.1 964 ±4 40.0 1086 ::t4 

1165 209 17.9 850 ±4 34.4 1113 ±5 
705 99 14.0 1518 ±6 49.6 1378 ::t 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 nc-•, justify a 
conclusion that the difference in stature was asso­
ciated with the exposure of the parents.:· 

Residual beta bums of the skin consisting of 
varied degrees of atrophy, scarring, pigment aber­
rations, and hypcrkeratosis 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 bums. These. appear to 
be increasing slightly in number. Histological diag­
nosis of one such lesion that was . biopsied indi­
cated that it was a typical pigmented nevus. No 
case of chronic radiation dermatitis or malignant 
change in the residual burns was noted. 

Genetic studies have not been specifically con­
ducted in view of the small population involved 
and the generally negative results of the studies on 
first-generation Japanese· children of exposed par­
ents. However, routine examination has revealed 
little in the way of congenital anomalies in the 
children of exposed parents. One baby born of an 
exposed mother in 1960 was diagnosed as having 
congenital heart disease and died several months 
after birth. The suggested evidence of increased 
miscarriages and stillbirths in the exposed woman 
during the first several years after exposure might 
be related to irradiation of the germ plasm, al­
though this tendency was not apparent in recent 
years. 

Hematological studies showed mean leukocyte 
levels lower this year than last year in both ex­
posed and unexposed groups, but the exposed 
group continued to show lower neutrophil and 
lymphocyte levels than the unexposed group. 
Platelet levels were higher this year in both groups 
than previously, but the expos'd group continued 
to show slightly lower levels. There was an in­
crease in erythrocytes in both exposed and unex­
posed groups, with little difference noted between 
the groups. The deficit in leukocytes and platelets 
in the exposed people was more apparent in the 
younger and older groups than in the middle 
group. Bone marrow examinations showed a re­
duced myeloid-erythroid ratio in 8 of 9 cases with 
abnormalities of the erythroid and myeloid pre­
cursors in some. In view of these findings, it is be­
lieved that there is some residual effect of radiation 
exposure on hematopoiesis in these people. 

Peripheral blood cultures or chromosome 

studies were carried out on samples from a number 
of people. Successful cultures were obtaiued in 
some 40 of 70 bloods; however, difficulties were 
encountered under field conditions of high tem­
perature and humidity in obtaining satisfactory 
chromosome smears. Nevertheless small numbers 
of dicentrics along with abnormal diploid numbers 
were noted in a few smears. These data suggest 
that resistant damage to blood cells occurred, and 
during the next survey further chromosome studies 
of blood and skin of beta burned areas and pos­
sibly of bone marrows are being planned. 

Gamma spectrographic analyses were not car­
ried out this year since previous levels of gamma 
emi:ting isotopes (Cs111 and Zn•~) had not shown 
significant further increase at the time of the 1961 
survey. However, urinary excretion of Sr00 was de­
termined by radiochemical analysis on 24-hr sam­
ples from 18 exposed and 9 unexposed people. As 
previously noted, there were no differences be­
tween the exposed and the unexposed urinary 
levels of Sr'°. The mean level of Sr.., was 114 ::!:: 14 
pC/g Ca. On the basis of previous calculations. the 
estimated body burden of Sr•0 was 12.0 mµC, 
which is about 6% of the MPC (200 mµC for non­
industrial populations). Several bone samples ob­
tained from autopsy on the 78-yr-old exposed 
woman showed an average of 15 pC/g Ca, repre­
senting a body burden of 11.4 mµC or about 5. 7 % 
of the MPC, which compares favorably with the 
estimate based on urinary excretion. These levels 
represent about a sixfold increase in Sr'"' over the 
195 8 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 efTects of radiation exposure 
in the Marshallcse have largely subsidcJ, It is ro~­
sible that certain late or delayed cfTccts may occur. 
Some late effects have already been observed in 
the Japanese, such as an increased incidence of 
leukemia and possibly other malignancies and also 
development of cataracts. Still other late effects 
have been observed in irradiated animals. It is 
unlikely that such abnormalities will develop in thl' 
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 abnorm:tli­
tics so that they can be documented and thcrapl'utic 



procedures instituted whenever possible. The ex­
aminations show some findings persisting in t~e 
exposed people which need to be carefully fol­
lowed. These include incomplete recovery of certain 
blood elements to levcls found in the un~xposed 
people, retardation of growth and development in 
some of the irradiated children, and pigmented 
changes at the sites of radiation burns of the skin. 

Recognizing the importance of these surveys, 
the Trust Territory of the Pacific Islands and the 
U.S. Atomic Energy Commission have agreed that 
annual medical surveys of the Marshallese people 
exposed to fallout in 1954 should continue indefi­
nitely. 
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APPENDIX 1 

Rongelap Group and Control Mean Blood Counts at Various Times After Exposure 

wee Neutrophils Lymphocytes Platelets Hematocrils RBC 
( X JO•S) ( x JO•i) ( X JQ•S) ( x 10·•) (%) (XIO-•) 

Male Male Female Total Male Male Female Male Male Female 
Postexposure day <5 >5 <5 >5 <5 >S <JO > I 0 all ages group <IS > 1 S all ages <IS >IS all ages 

3 9.0 8.2 6.4 4.7 1.8 2.2 
7 4.9 6.2 

JO 6.6 7.1 3.5 4.5 2.6 2.1 28.2 22.7 24.9 24.8 
12 5.9 6.3 3.5 3.9 2.1 1.7 
IS 5.9 6.5 3.2 4.1 2.4 1.9 27.1. 21.3 21.7 22.5 
18 6.7 7.2 3.4 4.7 2.4 2.1 21.8 19.1 21.8 21.0 
22 7.0 7.4 4.3 5.0 2.6 2.1 16.8 14.6 15.2 15.3 37.~ 43.9 39.0 
26 S.1 6.1 3.0 3.9 2.3 l.8 13.2 12.9 10.9 11.9 36.3 41.6 37.5 
30 7.6 7.8 4.0 5.3 3.2 2.1 14.l 12.3 11.8 12.3 37.9 42.2 37.l 
33 6.S 6.2 3.1 3.8 3.2 2.0 17.9 16.6 l 5.1 16.0 37.4 42.2 36.8 
39 5.7 5.5 3.0 3.3 2.6 2.0 25.5 22.0 22.4 22.8 37.8 42.4 37.4 
43 S.2 5.2 2.0 2.6 2.9 2.3 26.8 20.9 23.2 23.2 37.3 41.8 37.6 
47 5.9 S.8 2.6 3.3 3.1 2.4 24.6 20.6 23.9 23.1 39.0 43.4 38.3 
SI 6.7 5.6 2.6 3.S 3.4 2.1 22.1 17.5 21.2 20.3 
56 7.0 6.0 3.5 3.5 3.7 2.4 
63 7.7 6.0 3.9 3.6 3.7 2.3 23.t 18.2 20.2 20.t 
70 7.6 6.S 3.8 4.0 3.3 2.2 
74 26.2 21.7 24.7 24.1 

6-mo survey 8.5 6.6 4.6 4.2 3.6 2.2 24.4 20.3 23.2 22.6 38.0 41.7 38.2 
I-yr survey 10.1 8.1 4.7 4.8 4.6 2.8 26.6 19.5 27.6 24.9 31.5 41.1 36.9 
2-yr survey 11.8 8.6 5.9 4.8 4.7 3.1 30.0 21.4 25.5 24.7 38.7 41.2 38.l 
3-yr survey 8.6 6.9 4.1 3.7 3.7 2.7 32.0 22.t 28.1 35.6 38.7 35.4 
4-yr survey 8.9 1.5 3.3 3.4 4.6 3.6 32.5 27.1 30.8 35.6 41.0 35.8 
S-yr survey 13.S 9.5 6.9 4.8 6.0 4.0 32.3 24.4 27.6 4.45 4.71 4.21 
6-yr survey 6.S 3.S 2.7 
7-yr survey 7.4 3.9 2.9 24.6• 27.3 37.6 41.7 37.0 4.54 4.4S 4.11 
8-yr survey 6.9 3.6 2.6 32.8 .. 32.l 38.5 43.0 39.3 4.68 4.67 4.44 
Majuro controls 13.2 9.7 4.8 4.8 7.4 4.1 41.2 25.8 36.5 33.4 39.6 46.0 39.9 
Rita cont. 6 mo I0.7 7.6 5.4 5.2 4.7 3.7 35.0 27.3 30.9 30.4 
Rita cont. I yr 37.5 24.5 29.4 27.6 
Rita cont. 2 yr 14.0 8.9 7.0 4.4 5.6 3.6 35.5 24.2 31.2 29.S 38.9 42.1 39.8 
Rong. cont. 3 yr 9.8 6.9 4.0 3.4 4.7 2.9 32.6 26.9 30.0 35.6 41.0 35.9 
Rong. cont. 4 yr 11.2 8.0 4.0 3.6 6.2 3.7 38.8 30.7 34.0 3S.S 42.8 3S.1 
Rong. cont. 5 yr 13.7 10.l 6.2 5.2 6.2 4.1 35.8 28.0 33.6 4.60 4.80 4.40 
Rong. cont. 7 yr 7.8 4.2 3.1 28.s• 31.4 37.2 44.4 37.0 4.52 4.68 4.12 
Rong. cont. 8 yr 7.7 4.2 2.9 34.s• • 34.5 38.3 44.1 39.0 4.60 4.90 4.47 

• Includes all males > 7. 
• • Includes all males >8. 
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APPENDIX 2 

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

WBC Neutrophils Lymphocytes ~:/ Platelets Hematocrits RBC 
( x 10·1 ) ( x 10·1 ) ( x 10·1 ) ( x 10••) (%) ( x lQ•6) 

Male Male Female Total Male Male Female Male Male Female 
Postcxposure day <S >S <S >S <S >S <10 >I 0 all ages group <IS >15 all ages < 15 > 15 all ages 

3 6.0 7.0 3.0 s.o 2.8 2.2 
7 s.s 6.8 

10 6.3 7.3 4.2 4.2 1.9 2.2 22.S 22.6 20.9 21.5 
12 6.3 7.6 1.8 4.7 3.1 2.2 
IS 7.1 7.0 2.3 4.S 4.2 2.2 29.0 20.2 24.6 23.9 
18 6.8 7.8 2.9 s.o 3.5 2.4 27.S 21.7 24.9 24.3 
22 8.9 8.7 S.3 S.4 2.7 2.9 23.S 17.0 22.9 21.3 37.5 43.7 39.2 
26 8.4 7.0 4.8 4.4 3.2 2.2 20.0 13.8 17.4 16.7 36.5 43.2 36.8 
30 9.6 8.6 S.3 6.2 3.7 2.0 19.S 12.8 18.2 16.8 36.0 44.6 36.7 
33 7.7 7.8 3.3 S.2 3.S 2.2 24.0 15.8 22.7 17.6 35.5 43.8 37.3 
39 7.S 6.2 2.9 4.2 4.7 1.9 26.S 20.8 27.0 25.2 J5.0 45.6 37.4 
43 6.9 6.S 2.7 3.6 3.9 2.7 28.0 19.6 25.3 24.0 36.0 45.2 36.8 
47 7.3 6.7 3.S 3.8 3.4 2.7 27.0 20.0 26.1 24.5 46.S 40.2 
51 8.4 6.3 3.8 3.6 4.0 2.2 32.0 18.2 25.0 23.9 
54 4.6 6.3 2.8 3.5 3.2 2.S 37.0 19.8 23.8 24.2 

6-mo survey 7.7 6.S 4.8 3.9 2.7 2.2 25.2 19.2 23.9 22.7 37.5 40.1 37.3 
I-yr survey 11.J 7.8 4.2 4.7 6.S S.6 38.7 21.4 28.3 27.S 33.0 44.6 36.2 
2-yr survey 11.0 9.1 4.9 S.I 4.8 3.2 Sl.2 17.4 26.4 26.7 35.7 44.4 37.5 
3-yr survey 12.1 7.0 s.s 3.9 5.6 2.6 40.8 22.4 31.2 37.5 40.6 35.6 
4-yr survey 11.S 1.S 2.8 3.7 7.0 3.3 33.2 24.7 33.6 36.1 43.1 35.1 
5-yr survey 9.7 S.1 3.7 40.9 26.3 26.8 4.46 5.15 4.31 
6-yr survey 7.3 3.6 3.0 
7-yr survey 7.7 4.1 3.1 25.6• 28.1 36.0 44.2 37.0 4.56 5.11 4.19 
8-yr survey 6.5 3.4 2.6 33,4•• 32.7 37.0 42.5 37.8 4.5 I 5.12 4.35 
Majuro controls 13.2 9.7 4.8 4.8 7.4 4.1 41.2 25.8 36.5 33.4 39.6 46.0 39.9 
Rita cont. 2 yr 14.1 8.9 7.0 4.4 5.6 3.6 JS.S 24.2 31.2 29.5 38.9 42.1 39.8 
Rong. cont. 3 yr 9.8 6.9 4.0 3.4 4.7 2.9 32.6 26.9 30.0 35.6 41.0 35.9 
Rong. cont. 4 yr 11.2 8.0 4.0 3.6 6.2 3.7 38.8 30.7 34.0 35.5 42.8 35.1 
Rong. cont. S yr 13.7 10.1 6.2 S.2 6.2 4.1 35.8 28.0 33.6 4.60 4.80 4.40 
Rong. cont. 7 yr 7.8 4.2 3.1 28.5* 31.4 37.2 44.4 37.0 4.52 4.68 4.12 
Rong. cont. 8 yr 7.7 4.2 2.9 34.8 .. 34.5 38.3 44.1 39.0 '1.60 4.90 4.47 

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

Individual Hematological Findings, 1962 

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Baso. Hct., RBC Hgb., Serum 
No. ( x 10·3 ) ( x 10·1 ) c x 10·1 ) ( x 10·1 ) tXIO·•) 'Xl0·3 ) (Xl0·2 ) % (XlO·~) g protein, g 

Exposed Males, Age 8-15 

2 310 .5.39 2.53 2.37 0.11 0.32 0.50 38 432 13.2 8.0 
3 405 9.01 4.87 2.88 0.18 0.99 0.90 34 388 11.S 8.4 
5 455 8.83 5.12 3.27 0.18 0.26 0 37 403 11.8 7.6 

19 595 9.08 6.08 2.90 0 0.90 0 41 563 13.2 8.6 
20 250 9.23 5.08 3.13 0.18 0.83 0 46 561 16.0 8.2 
23 410 10.10 36 448 l l.8 7.8 
32 440 7.96 2.22 3.98 0.16 1.43 0.16 39 470 13.2 7.2 
54 175 5.24 2.31 1.99 0.21 0.73 0 40 497 12.8 8.2 
83• 355 5.56 3.06 2.11 0.11 0.28 0 35 440 12.4 
8s• 535 10.89 4.57 3.27 0.33 2.61 0.11 39 480 12.4 

Mean 393 8.12 3.98 2.88 0.16 0.84 0.19 38.5 468 12.8 8.0 
(±120)"* (±1.93) (±1.37) (±0.60) ( ±3.3) (±56) (±1.4) (±0.4) 

Ailir6nae Exposed Males, Age 8-15 
6 430 7.36 4.71 1.91 0 0.74 0 36 450 12.4 7.6 

44 430 S.75 2.76 2.30 0.23 0.46 0 39 498 12.4 7.8 
84• 7.83 3.45 3.29 0 1.10 0 36 406 12.1 

Mean 430 6.98 3.64 2.50 0.08 0.77 0 37.0 451 12.3 7.7 

Exposed Females, Age 8-15 
15 415 7.52 3.83 3.53 0.15 0 0 39 14.0 8.4 
17 290 8.14 6.02 1.63 0.16 0.33 0 42 493 14.0 8.0 
21 405 6.84 2.80 2.53 0.27 1.09 0.14 43 532 14.0 7.8 
33 400 6.62 2.58 3.24 0.33 0.46 0 39 14.8 8.2 
42 305 5.90 3.95 1.30 0.18 0.47 0 37 449 13.2 7.8 
65 275 7.28 2.98 3.79 0.07 0.44 0 37 12.1 7.6 
69 230 5.30 1.70 3.29 0 0.27 0.05 40 472 14.0 8.0 
72 270 5.70 2.57 2.45 0.34 0.34 0 40 14.0 8.0 
86• 270 8.43 5.56 2.44 0.08 0.34 0 Ji 444 12.1 7.2 

Mean 324 6.86 3.55 2.69 0.18 0.42 C'.02 39.3 478 13.6 7.9 
(±77) (± 1.03) (±1.37) (±0.88) (±2.0) (±32) (±1.0) (±0.3) 

Ailingnae Exposed Females, Age 8-15 

8 430 7.49 4.72 2.32 0.07 0.37 0 38 422 12.8 7.4 
48 200 7.00 3.40 2.87 0.35 0.28 0.07 42 488 14.4 8.0 

Mean 315 7.25 4.06 2.S9 0.21 0.32 0.03 40 455 13.6 7.7 

Exposed Males, Age >I 5-40 
9 160 7.25 44 14.5 7.2 

10 160 5.95 3.87 I.SS 0.36 0.18 0 SI 16.0 8.0 
26 305 7.62 3.28 4.27 0 0.08 0 46 523 15.2 8.0 
27 420 6.15 2.34 3.14 0.18 0.43 0.06 41 18.0 7.4 
35 280 9.87 7.30 2.07 0.39 0 0.10 49 520 16.4 8.4 
36 305 5.00 2.20 2.60 0.10 0.10 0 41 496 13.6 8.0 
37 325 7.74 2.94 3.17 0.15 l.4i 0 44 448 14.4 7.2 
40 445 6.65 3.92 2.53 0.13 C'.07 0 43 459 13.6 6.8 
47 520 6.33 3.54 2.41 0.13 0.25 0 40 454 14.4 7.4 

• Exposed in utuo. 
• • Standard deviation. 
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Individual Hematological Findings, 1962 

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Basa. Hct., RBC Hgh., Scrum 
No. ( x 10·3 ) ( X 10·•) ( x 10·1 ) ( x J0·3) (XlQ·3 ) (Xl0"3 )(XIO·~) % ( x 10· 1 ) g protein, g 

Exposed Males. Age >15-40 (continued) 

73 165 5.46 3.71 1.37 0.16 0.22 0 49 509 15.6 7.0 
76 310 5.94 2.44 3.15 6 0.30 0 43 466 14.8 7.6 
77 450 5.80 2.72 2.32 0 0.70 0.06 46 519 14.8 7.8 

Mean 320 6.65 3.48 2.60 0.15 0.35 0.02 44.8 488 15. l 7.6 
( :!::: 120) (:tl.26) (:tl.35) (:!:0.78) (:!:3.3) ( =:75) ( = 1.2) ( :!:0.5) 

Exposed Females, Age > 15-40 

12 275 5.80 3.30 2.15 0.29 0.06 0 42 405 12.8 7.8 
14 420 36 12.4 7.8 
18 405 S.80 4.18 1.22 0.06 0.29 0.06 37 412 12.1 6.6 
22 530 5.25 2.42 1.73 0.05 1.05 0 37 472 1:.8 8.0 
24 350 S.44 3.05 1.74 0.44 0.22 0 36 429 12.4 7.8 
39 435 4.87 2.04 2.39 0.05 0.34 0.05 39 446 12.8 8.8 
49 320 6.41 3.08 2.88 0.06 0.38 0 40 459 13.6 8.0 
61 290 7.55 4.30 2.72 0.15 0.38 0 42 469 14.4 8.2 
64 340 5.84 3.39 2.10 0.29 0.06 0 37 416 12.4 7.2 
66 265 6.39 3.45 2.68 0.12 0.06 0.06 40 446 13.6 8.0 
71 370 7.68 4.30 2.38 0.08 0.92 0 42 I 5.6 8.2 
74 295 13.30 7.32 2.79 0.13 3.06 0 50 524 16.0 9.0 
75 250 7.93 4.84 2.38 0 0.71 0 46 462 15.2 8.0 

Mean 350 6.86 3.81 2.26 0.14 0.63 0.01 40.3 449 13.5 8.0 
(±78) ( ::::2.15) (::!::1.81) (±0.48) (:!:4.0) (:!::12) (:!:l.2) (:!:0.6) 

Ailingnae Exposed Females, Age >I 5-40 

45 225 4.16 1.25 2.33 0.17 0.33 0.08 35 377 11.8 7.6 
53 550 7.97 4.14 3.59 0.08 0.08 0.08 38 450 13.2 7.6 
70 300 5.SO 3.69 1.49 0.1 I 0.22 0 29 7.6 8.4 
81 325 5.16 2.94 1.86 0 0.36 0 38 476 I 2.8 8.6 

Mean 350 5.70 3.01 2.32 0.09 0.25 0.04 35.u 4:14 I 1.4 8.1 
(:::: 12 I) (:::: 1.39) l:: 1.27) (:!:0.91) (:!:3.7) (:!:2.4) (:!:0.3) 

Exposed Males, Age >40 
4 195 6.42 2.12 3.59 0.32 0.38 0 48 563 16.0 7.6 
7 265 6.49 2.% 2.34 0.26 0.97 0.06 43 466 14.4 8.2 

I I 340 4.47 2.~6 1.20 0.04 0.26 0.09 40 428 13.2 7.4 
46 225 3.96 2.03 1.29 0.11 0.08 0 32 314 11.2 6.4 
55 260 4.85 2.04 2.67 0.05 0.10 0 30 323 HU 6.2 
68 205 4.16 1.83 1.99 0 0.25 0.08 41 461 13.6 6.6 
79 175 8.65 ~ .. 10 2.85 0.17 0.43 0.09 49 ~10 16.4 8.2 
80 275 9.10 6.19 2.55 0.18 0.18 0 44 486 14.4 8.2 
82 450 6.85 5.14 1.23 0.14 0.28 0.07 38 14.0 7.0 

Mean 266 6.10 3.35 2.19 0.14 0.33 0.04 40.6 444 13.7 7.3 
(:!:80) C± 1.:;o) ( ± 1.57) (±0.78) (:!:6.2) (:!:81) (:!:1.9) (:!:0.7) 

Ailir1gnae Exposed Males, Age >40 
16 335 5.19 2.39 2.60 0.10 0.10 0 39 580 I 3.6 7.2 
29 235 6.86 2.74 3.43 0.07 0.54 0.07 41 441 14.0 8.0 
41 320 4.41 2.65 1.54 0.04 0.18 0 44 504 15.2 7.6 
50 255 7.58 3.79 3.34 0.30 0.15 0 46 525 15.6 6.8 

Mean 286 6.01 2.89 2.73 0.13 0.24 0.02 42.5 512 14.6 7.4 
(:!:43) (:!:l.27) (:!:::0.62) (::::0.87) ( :!:2.7) (::=49) (:!:0.8) (~04) 
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Individual Hematological Findings, J 962 

SuhJCCI Plate. WB~ Neut. Lymph. Mono. Eosin. Daso. Hct., RBC Hgh .. Scrum 
No. ( x 10"") ( x 10"3 ) ( x IQ•J) ( x 10·1 ) ( x 1Q•l) ( x IO•J) ( x 10·~) % ( x 10·•) g protein. g 

Exposed Females, Age >40 

13 525 6.55 3.27 2.69 0.07 0.46 0.07 40 405 12.8 7.4 .. 
30 205 7.10 4.62 1.99 0.21 0.28 0 29 10.0 10.0 
34 190 5.44 2.99 2.12 0 0.33 0 37 379 12.4 7.6 
52 300 9.73 6.03 2.24 0.49 0.78 0.19 42 444 13.6 8.2 
57 225 5.12 1.59 3.38 0 0.10 0.05 40 425 11.8 7.4 
58 190 5.28 3.17 J.90 0.10 0.10 0 36 12.4 7.0 
60 230 8.21 4.27 3.28 0.16 0.41 0.08 36 387 12.1 7.2 
63 305 5.08 1.93 2.8S 0.10 0.20 0 41 440 13.6 7.0 
78 315 5.70 3.65 1.60 0.23 0.17 0.06 40 410 13.2 7.2 

Mean 276 6.37 3.50 2.4S 0.18 0.31 0.05 37.9 413 12.4 7.7 
( ::99) ( = 1.89) ( = 1.28) (±0.60) (:::3.7) (=:22) (:::1.0) (=:0.9) 

Ailingnae Exposed Females, Age >40 

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 4 1 r, 13.2 8.0 
59 515 8.78 4.74 2.90 0.26 0.88 0 37 J .· 3 12.4 7.6 
28 255 6.10 2.38 3.48 0.12 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 13.5 8.0 
(::: 122) ( =:0.99) ( ::t 1.24) ( ±0.85) (::: 1.8) ( =:32) (=:0.8) (=:0.3) 

Male Children of Exposed Parents, Age < 8 

88 445 6.86 3.70 2.9S 0.07 0.14 0 40 427 11.8 
89 365 8.74 4.54 2.97 0.09 1.14 0 43 455 14.4 
91 390 6.46 3.41 2.62 0 0.52 0 39 432 12.1 
93 465 9.80 4.61 4.51 0 0.69 0 38 388 11.8 
96 510 8.65 4.24 3.11 0.26 1.04 0 40 451 12.4 
97 685 7.24 3.04 3.76 0.14 0.29 0 36 433 12.1 
98 505 10.83 5.31 4.66 0.22 0.65 0 43 456 12.1 

102 430 8.70 4.70 3.57 0.17 0.26 0 37 484 11.8 
104 420 9.37 4.59 4.31 0.09 0.37 0 38 455 12.8 
110 320 8.47 3.81 3.98 0.08 0.60 0 42 532 12.1 
111 720 9.25 3.52 5.27 0.37 0.09 0 36 11.2 
l l.' 615 6.69 2.94 3.14 0.20 0.40 0 39 512 12.4 
115 490 10.50 3.47 6.41 0.42 0.21 0 38 450 12. I 
118 585 9.78 4.30 4.50 0.10 . 0.88 0 36 453 11.2 
126 720 9.62 6.35 3.08 0 0.10 0.10 31 10.1 

Mean 511 8.74 4.17 3.92 0.15 0.49 0.007 38.4 456 12.0 ( = 123) ( ::t 1.34) ( ::t0.87) ( = 1.00) (=:3.0) ( :::35) ( =:0.9) 

Female Children of Exposed Parents. Age <8 

87 255 9.22 3.50 4.70 0.18 0.83 0 39 476 13.2 7.6 
92 260 10.94 5.91 3.39 0.33 0.88 0 39 478 11.5 
94 380 8.94 2.68 S.19 0.27 0.80 0 40 470 I) .6 
95 520 8.76 3.33 3.94 0.26 1.22 0 38 505 12.4 

I 00 525 9.10 4.37 3.73 0.55 0.46 0 36 400 14.8 
101 195 15.80 7.42 8.33 0.72 1.63 0 42 480 12.8 
103 540 11.40 5.70 5.02 0.45 0.11 0.11 38 450 11.5 
105 455 10.57 6.24 3.70 0.21 0.42 0 38 471 11.5 
106 595 10.30 5.46 3.91 0.41 0.51 0 39 4~.., , _ 12. l 
107 645 12.70 6.22 4.~7 0.89 1.01 0 32 432 9.7 
108 460 12.70 5.59 5.59 0 1.54 0 34 461 11.2 
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Individual Hematological Findings, 1962 

Subject Plate. WBC Neut. • Lymph. Mono. Eosin. Baso. Hct., RBC Hgb., Scrum 
No. ( X JO•I) ( X 10"1) (X 10"1 ) (X 10"1 ) ( X 10•1 ) ( X 10•1) ( X 10·:) % (XlQ·•) g protein. g 

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

112 76S 8.03 3.21 4.18 0.08 0.40 0 36 464 11.S 
117 680 9.8S 3.SS 5.52 O.S9 0.10 0.10 35 10.9 
119 310 16.70 5.68 6.85 0 4.01 0.17 37 4% 10.6 
120 38S 13.S 1 6.76 3.35 0.14 0.27 0 39 460 11.2 
122 450 10.30 3.09 6.80 0 0.41 0 36 422 12.1 
123 40S 7.S4 3.02 3.SS 0 0.68 0 3] 346 10.6 
124 57S 9.87 2.86 6.22 0.20 0.39 0.20 n 10.0 
125 SSS 12.32 5.11 6.41 0.49 0.2S 0 35 429 11.S 

Mean 473 10.98 4.72 S.01 0.30 0.84 0.03 J6.7 454 11.7 
(±149) (±2.41) ( :t 1.47) (± 1.36) ( ±2.8) (::!::37) (:tl.1) 

Unexposed Males, Age 8-1 S 

813 335 7.18 3.02 3.73 0 0.43 0 37 429 12.8 8.0 
814 315 8.57 S.14 3.08 0.17 0.17 0 36 450 12.8 7.6 
SIS 295 7.26 3.19 3.SS 0.lS 0.07 0 42 474 14.0 8.2 
817 395 13.40 8.44 3.62 0.40 1.07 0 36 460 13.2 8.0 
818 460 9.07 4.81 2.99 0.27 1.00 0 39 460 13.2 
819 415 S.29 2.27 2.49 0.11 0.42 0 35 427 11.2 7.2 
820 470 7.75 S.19 2.24 0.16 0.16 0 41 491 13.2 7.4 
863 470 7.60 3.34 3.88 0.23 0.15 0 43 494 13.6 
912 470 9.63 4.72 3.47 0.48 0.96 0 33 450 12.1 7.6 
913 335 5.55 3.89 1.17 0 0.44 0.06 38 508 12.8 
919 450 6.11 3.24 2.26 0.12 0.49 0 37 438 12.1 7.8 
921 650 9.11 5.10 3.28 0 0.64 0.09 41 465 12.4 
940 480 7.16 3.08 3.72 0.14 0.21 0 40 508 14.0 7.8 
981 388 9.92 5.06 4.27 0.20 0.40 0 36 388 I 2.1 

1033 390 8.70 3.48 4.26 0.09 0.87 0 40 14.0 8.0 
1036 325 7.60 4.94 2.13 0.15 0.38 0 39 13.2 7.8 

Mean 415 8.12 4.31 3.lS 0.17 0.49 0.01 38.3 460 12.9 7.8 
( ±86) (:t 1.90) (±2.06) ( :t0.85) ( ±2.8) (::::35) (::!::0.7) {::!::0.3) 

Unexposed Females, Age 8-15 

805 470 8.34 4.42 3.42 0.17 0.33 0 38 477 12.1 
812 369 9.99 .4.80 4.40 0.20 0.50 0 37 45J 12.1 
816 360 8.98 3.S9 4.04 0.09 1.26 0 39 471 12.1 7.2 
821 39S 8.08 S.01 2.26 0.16 0.65 0 40 461 13.2 8.0 
879 435 14.21 10.37 2.56 0.71 0.57 0 JS 406 12.8 
891 485 6.42 2.38 3.21 J.13 0.64 0.06 40 450 14.0 7.4 
91 I sos 10.74 S.48 3.47 0.48 0.96 0 41 45J 12.1 
926 220 I 3.10 7.73 4.06 0.39 0.79 0.13 41 472 12.8 7.8 
937 330 12.20 6.95 4.5 I 0.24 0.49 0 J9 440 12.8 
946 235 8.25 3.63 4.04 0.08 • 0.41 0.08 42 472 14.8 7.8 
955 370 6.90 3.04 3.38 0.14 ·o.3.s 0 40 459 13.2 8.0 
959 440 8.32 S.24 2.58 0 . 0.50 0 38 440 12.8 7.6 
960 310 13.20 6.86 S.54 0.53 0.26 0 38 454 12.1 8.0 
962 325 6.14 3.07 2.51 0.31 0.25 0 37 476 12.1 
988 485 7.61 3.81 3.04 0.53 0.23 0 40 412 13.2 
990 310 8.42 4.38 2.53 0.34 I.OJ 0.17 37 445 I 2.4 
993 420 8.00 4.24 2.40 0.16 1.12 0.08 41 515 14.0 7.6 
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Individual Hematological Findings, 1962 

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Ba so. Hct., RllC Hgh., Serum 
No. (XI0· 3 ) ( x JO·•) ( x 10·1 ) (X 10"1 ) (XI0·1 ) (XI0·1 )(XJO·=) % ( x 10") g protein, g 

Unexposed Females, Age 8-15 (continued) 

996 435 6.56 1.71 4.40 0.07 0.39 0 35 424 11.5 7.4 
998 430 7.01 3 . .58 2.59 0.21 0.63 0 39 474 13.6 ~.2 

1035 560 9.30 3.81 4.09 0.19 1.12 0.09 42 14.8 8.0 

Mean 390 9.08 4.71 3.45 0.26 0.62 0.03 39 455 12.9 7.8 
(::!::80) (::!::2.41) (::!:l.97) (±0.88) (::!::1.6) ( =:24) ( =:0.8) ( =:0.3) 

Unexposed Males, Age> 1.5-40 

822 475 8.03 4.82 2.50 0.40 0.30 0 43 486 13.6 7.8 
823 260 .5.63 2.36 2.65 0.28 0.34 0 41 467 14.4 
824 sos 6.33 2.34 3.54 0.06 0.38 0 43 454 14.8 8.4 
828 220 7.25 4.06 2.68 0.22 0.29 0 47 538 15.6 8.0 
830 350 6.24 3.24 2.68 0.12 0.19 0 47 4.52 15.6 7.0 
833 280 4.77 1.62 2.77 0.10 0.24 o.os 45 .537 14.8 7.2 
834 255 8.76 3.33 4.73 0.17 0 . .53 0 46 508 15.2 '7.2 
836 320 6.60 2.38 3.83 0.26 0.13 0 46 .524 14.8 7.6 
838 265 5.72 2.12 2.75 0.23 0.57 0.06 49 16.0 7.2 
840 305 7.15 4.43 2.1.5 0.29 0.29 0 46 577 14.8 7.4 
842 325 8.79 4.75 2.63 0.26 0.26 0.09 49 510 16.4 7.6 
864 380 7.81 2.97 3.83 0.39 0.54 0.08 48 521 15.6 7.4 
868 350 4.90 2.45 2.01 0.05 0.39 0 44 482 14.0 6.8 
869 440 10.60 6.36 3.71 0.11 0.41 0 45 4% 14.8 8.0 
881 275 6.34 2.41 3.30 0.25 0.38 () .: I 476 14.4 7.8 
882 155 7.41 4.08 2.96 0.15 0.22 0 .-J 488 14.0 7.8 
885 365 7.75 3.02 4.11 0.16 0.39 0.08 45 527 16.0 7.8 
887 325 6.10 2.75 2.99 0 0.37 0 41 465 14.0 7.6 
892 245 7.03 3.94 2.81 0.14 0.07 0.07 45 515 14.5 7.8 
939 440 8.53 4.78 2.99 0.34 0.43 0 42 507 13.6 7.4 
943 355 7.78 3.73 3.50 0.16 0.31 0.08 46 519 16.0 8.0 
944 230 6.72 4.03 2.08 0.27 0.34 0 48 567 16.4 8.6 
958 450 JO.IS 7.33 2.24 0.20 0.41 0 41 448 12.8 7.2 
963 280 6.10 2.56 2.99 0.06 0.49 0 45 sos 14.4 6.8 
966 360 6.17 3.27 2.28 0 0.56 0.06 46 16.0 7.2 
9<17 395 5.M 2.88 2.37 0 0.34 0.06 4') 559 16.0 7.6 
971 365 7.23 3.76 3.18 0.07 0.22 0 46 592 14.8 8.6 
975 155 4.78 3.30 1.29 0.05 0.10 0.05 4.' 460 14.8 6.h 

I 00 5 365 6.30 2.52 3.15 Cl.38 0.25 0 51 5.17 I h. 'I 7.6 

1\1 ean 327 6.99 3.49 2.92 0. 18 0.34 0.02 45.2 508 I 5 .0 7.6 
(::!::87) ( = 1.43) (::!:l.08) ( =:0.70) (:=2.8) ( :=.\'I) ( :=0.9) ( :=0.51 

Unexposed Females. Age > 15-40 

825 315 9.05 4.98 3.26 0.19 0.63 0 .18 445 12.1 8.0 
82(1 520 7.17 4.73 1.94 0.14 0.36 0 35 421 11.2 7.6 
829 380 5.25 2.10 2.26 0.37 0.53 0 35 393 11.8 7.6 
832 380 6.55 4.19 1.96 0.07 0.33 0 'J7 444 12. l 7 .:~ 
835 270 10.37 8.09 1.76 0.10 0.41 0 38 407 12.8 7.0 
841 450 8.83 5.12 2.12 0.18 l.41 0 V> 4h2 13.2 8.0 
843 405 6.68 3.21 2.87 0.20 0.40 0 37 401 12.1 7.8 
846 285 6.84 4.92 1.30 () 14 0.48 0 43 465 14.4 8.4 
8(15 345 4.87 2.68 1.80 () 0.39 0 .14 4)4 11.2 7.4 
8(,7 415 8.02 3X 471 12.1 7.6 

-- ---- - -------- ·- --
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Individual Hema1ological Findings, 1962 

Subject Plate. WBC Neut. -Lymph. Mono. Eosin. Baso. Hct., RBC Hgb., Scrum 
No. (XJO·i) (.XlO·l) ( x 10'') (X J0·1 ) ( x IQ·3) ( x 10·~) ( x 10·:) % ( x 10·•) g proti:in. g 

Unexposed Females, Age >I 5-40 (continued) 

888 380 5.63 2.25 2.65 0.17 0.51 0.06 40 465 13.6 8.4 
889 490 4.51 2.02 2.03 0.90 0.36 0 41 470 14.4 8.2 
895 510 8.58 5.06 2.57 0 0.94 0 42 484 14.8 8.0 
896 450 11.08 5.10 4.54 0:55 0.89 0 38 12.1 7.(l 
914 340 6.51 2.99 3.26 0.07 0.20 0 J(1 440 12.8 7.4 
916 615 1.35 4.34 2.06 0.29 0.66 0 35 399 12.4 8.11 
922 355 5.55 2.S9 2.39 0.06 0.22 0 38 460 IJ.6 8.0 
932 435 6.90 2.48 4.07 0.07 0.28 0 37 434 12.1 8.2 
934 285 8.41 :3.88 3.80 0.42 0.34 0 41 483 I 3 .<> 8.2 
938 210 7.89 5.68 1.81 0.32 0.08 0 40 486 12.8 8.2 
945 340 11.36 7.72 2.95 0.45 0.23 0 45 510 15.6 7.8 
950 435 13.90 9.59 3.15 0.28 n.28 0 39 436 13.2 S.O 
951 185 8.64 3.28 4.92 0.26 'I '.7 0 41 520 14.0 8.0 
965 355 8.63 6.39 1.64 0.09 0.52 0 37 425 12.1 7.6 
977 365 7.13 3.21 3.28 0.07 0.43 0.14 41 464 IJ.2 8.2 

1001 140 6.99 5.04 1.40 0.28 0.28 0 3 l) 444 12.4 7.4 
1043 240 5.08 2.59 2.1 ~. 0.10 0.20 () 40 478 14.0 7.() 

Mean 340 7.80 4.41 2.64 0.22 0.44 0.01 JIU! 451 12.9 7.8 
( :t 140) (:t2.l I) (:tl.90) (:t0.95) (:::2.8) (:::33) (::!::1.0) (:::0.4) 

Unexposed Males, Age >40 

849 465 7.07 5.09 J.48 0.14 0.35 0 47 456 16.4 8.0 
853 340 7.44 3.27 3.12 0.07 0.97 0 43 476 14.8 8.0 
855 340 5.97 2.63 2.93 0.06 0.36 0 43 439 14.4 7.6 
856 410 11.20 5.26 5.04 0.22 0.67 0 38 434 12.4 7.4 
862 335 6.20 3.47 2.29 0.19 0.25 0 40 419 12.4 7.2 
875 315 7.32 5.27 J.61 0.29 0.14 0 49 529 16.0 7.4 
878 125 4.91 2.16 2.41 0.25 0.10 0 39 469 13.2 7.4 
883 455 6.02 2.47 2.71 0.06 0.78 0 43 441 14.0 7.8 
886 425 8.92 5.44 2.94 0.09 0.45 0 42 474 13.6 8.8 
897 210 8.08 4.52 2.83 0.32 0.32 0.08 43 460 14.0 8.6 
.915 330 5.15 2.27 2.47 0 0.36 0.05 42 4(15 14 .0 7.8 
917 245 5.63 2.48 3.04 0 0.11 0 47 577 111:.l 8.!I 
935 350 5.78 4.45 0.87 0.17 0.29 () 42 44(1 I J.<1 7.4 
947 160 14.44 11.48 2.17 0.14 0.29 0 41 4-Hi 14.0 7.<1 
948 320 6.33 3.54 2.15 0.06 0.57 0 43 478 14.0 7.2 
961 395 5.49 2.75 1.87 0.22 0.55 0. I I 4J 4(1 J 14.4 7.4 
964 355 5.80 3.13 2.32 0.12 0.17 0.06 37 J94 12.8 7.2 
969 470 8.72 6.10 2 18 0.09 0.35 0 44 .no 14.4 7.8 

1007 265 6.76 3.99 2.63 0 0.14 0 39 455 12.8 7 .Ii 
1041 215 5.54 2.44 2.66 0.11 0.28 0.0(· 44 :'i42 15.<1 X.8 

Mean 326 7.14 4.13 2.49 0.13 0.38 0.02 42.4 467 14. I 7.8 
(:t95) (:t2.28) ( ::!::2.13) ( :tO. 79) (:t:I 0) (:::38) (:::I.I) c:::0.5J 

Unexposed Females, Age >40 
844 235 5.52 3.37 1.71 0.22 I) :2 () 41 44'J 12.8 8.0 
851 295 12.70 7.11 5.21 0.12 0.25 () 1 (1 J<J4 12.4 7.4 
852 465 10.10 6.66 2.93 0.30 0.20 () 37 11.8 7.6 
858 235 6.91 5.39 1.24 0.14 0.14 0 3 <) 421 12.l 7.li 
859 295 6.42 3.21 3.02 0.13 0.06 0 .l <J 400 I J.2 7.4 
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Individual Hematological Findings, 1962 

Subject Plate. wee Neut. Lymph. Mono. Eosin. Baso. Hct., RBC Hgb., Scrum 
No. (XIO-~) ( x 10·1 ) ( x 10"1) ( x 10·1 ) (Xl0·3 ) (Y.tO·~)(Xl0- 2 ) % ( X Io·•) g protein, g 

Unexposed Females, Age >40 (continued) 

893 235 10.50 7.14 2.94 0.21 0.21 0 41 453 13.6 7.6 
894 320 10.50 S.25 4.30 0.32 0.63 0 41 12.8 7.8 
898 310 7.25 3.63 2.76 0.15 0.73 0 37 414 12.4 8.6 
908 205 6.19 2.97 2.85 0 0.37 0 44 427 14.4 7.6 
928 370 5.40 2.38 2.6S 0.16 0.32 0 36 395 12.1 8.6 
929 360 5.53 2.82 2.21 0.05 0.39 0.05 38 413 14.0 7.8 
936 150 8.08 4.28 3.31 0.24 0.24 0 38 399 12.8 7.2 
942 200 6.98 4.40 2.30 0 0.28 0 40 445 14.0 7.6 
956 410 6.99 4.61 2.24 0.14 0 0 37 424 12.8 7.2 
957 370 8.70 5.92 2.00 0.09 0.70 0 39 429 13.2 7.8 
970 380 7.61 3.88 3.50 0.08 0.15 0 36 440 12.1 7.8 
982 245 5.10 2.70 2.14 0 0.26 0 41 455 12.4 7.0 
991 420 7.36 3.97 2.50 0.07 0.74 0.07 45 519 15.6 8.8 

1042 310 8.40 3.95 3.70 0.25 0.50 0 42 467 14.0 7.8 

Mean 306 7.70 4.40 2.82 0.14 0.34 0.01 39.3 432 13.1 7.7 
(±85) ( :=2.04) ( = 1.44) (±0.90) ( :=2.7) (::!:30) (:=0.9) (±0.5) 

Male Children of Unexposed Parents, Age <8 

!IOI 540 12.36 5.19 5.44 0.74 0.99 0 39 471 12.4 
802 490 7.73 4.72 2.62 0 0.39 0 37 441 13.2 
80J 500 10.80 6.48 3.7R 0.32 0.22 0 37 430 12.8 
806 J90 9.13 3.10 4.66 0.28 1.00 0.09 35 433 12.1 
807 420 9.35 4.96 3.27 0 1.12 0 39 480 12.1 
809 430 6.81 2.52 3.41 0.27 0.61 0 35 394 10.9 
870 465 8.90 4.09 3.92 0 0.89 0 40 449 12.8 
904 415 9.77 4.10 3.61 0.10 1.76 0.19 38 409 12.4 
905 585 11.50 6.67 •. 03 0.58 0.23 0 39 480 12.1 
924 450 7.98 4.95 .l.47 0.24 0.32 0 37 498 12.l 7.2 
952 460 9.38 4.78 3.94 0.28 0.28 0.09 36 4~4 11.8 
97'2 515 8.15 4.40 2.85 0.08 0.81 0 36 424 11.5 

1002 J95 15.13 8.47 3.9.3 0.30 2.42 0 35 465 11.8 
I 004 J35 14.00 8.40 4.62 0.42 0.56 0 40 422 11.5 
I OOh 390 7.40 2.81 4.00 0.15 0.37 0.07 35 422 12.1 
1009 .l!i() 9.03 3.70 5.24 0 0.09 0 41 454 13.6 
I 0 Io 490 II.NJ 6.38 4.29 0.23 0.70 0 38 457 12.1 
1014 390 11.25 5.63 3.71 0.11 1.69 0.11 35 405 10.9 
IO 15 h25 13.50 2.97 9.86 0.41 0.27 0 33 535 10.0 
I II I 7 355 11.43 5.03 5.72 0.46 0.23 0 40 510 12.8 
1018 585 14.87 8.03 4.61 0.59 1.64 0 34 527 10.0 
1024 JI 0 7.78 3.27 3.66 0.54 O.:?J 0.08 35 476 10.9 
1027 405 11.47 3.90 7.00 0.23 0.23 0.11 38 518 11.8 
I02X 445 15.37 6.92 6.46 0.61 138 0 36 11.2 
I OJ 2 470 12.88 6.18 5.15 0.26 1.03 0.26 JS 525 13.2 
l(,_17 510 6.58 3.09 3.16 0.07 0.26 0 31 406 10.6 
I O.lX JIO 9.12 4.20 3.47 0.91 0.46 0.09 35 430 10.3 
I OJ9 505 10.53 3.69 5.79 0.21 0.84 0 39 436 I 1.8 
I 0-!,. l 520 6.98 3.07 3.42 0.21 0.28 0 J2 441 11.2 

Mean 451 10.37 4.89 4.42 0.30 0.73 0.04 J6.7 457 11.8 
( :=80) ( :=2.55) (::!:l.68) ( ± 1.50) ( ::!:: 2.5) ( :=39) ( ± 1.0) 

: IV 
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-----
· Individual Hematological Findings, 1962 

Subject Plate. woe Neut.- · Lymph. Mono. Eosin. Baso. Hct., RBC Hgb., Scrum 
No. < x 1 o·i > < x 10·1 > ( x 10·1) (Xl0·1) ( x 10·1) ( x 10·1 ) ( x 10·~) % ( x 10· 1 ) g protein. g 

Female Children of Unexposed Parents, Age <8 

808 620 10.80 4.97 ·;.fl:. 4.10. 0 1.73 0 39 442 11.8 
810 470 8.76 4.38 f 3.941.•· 0.09 0.35 0 37 436 11.5 
866 415 9.9) 6.29 3.30·., 0 0.30 0.10 40 461 12.8 
901 465 11.60 3.72 . 6.29 .. 0 1.63 0 36 410 l l.2 
902 485 12.10 3.87 .·. 7.38 0.61 0.24 0 35 11.S 
90J 415 11.25 5.96 4.28 0 1.01 0 37 11.4 
9C6 285 13.10 5.50 6.81: 0.52 0.13 0.13 40 12.8 
923 580 15.44 6.95 5.56 0.31 2.47 0.16 39 480 12.4 
930 525 10.94 6.56 3.SO 0.22 o.ss 0.11 39 460 12. l 
954 355 14.73 10.16 2.95 0.30 1.33 0 36 450 12.4 
979 325 5.49 2.36 2.42 0.05 0.60 0.05 38 465 12.8 7.6 
995 380 11.10 S.44 4.88 0.11 0.56 0.11 40 476 13.2 

1012 355 15.60 9.67 4.84 0.78 0.31 0 37 449 11.8 
1019 420 12.54 5.27 6.02 0.13 1.00 0.13 36 493 12.8 
1021 515 13.30 6.25 6.25 0.13 0.67 0 36 480 12.4 
1022 400 9.43 S.47 3.39 0.38 0.19 0 37 402 11.S 
102.S 430 lS.95 3.83 11.32 0.48 0.32 0 42 541 12.4 
1026 395 12.23 4.89 6.60 0.49 0.24 0 37 430 11.2 
1029 300 9.03 2.98 5.42 0.36 0.18 0.09 38 454 10.9 
1031 350 9.70 2.91 6.01 0 0.68 0.10 35 12.1 
1034 250 11.l s 4.92 5.59 0.45 0.22 0 40 15.2 

Mean 418 11.63 S.35 S.28 0.26 0.70 0.04 37.8 458 12.2 
(±97) (±2.50) (±2.16) (±1.92) (::t2.7) (±31) (±0.9) 



APPENDIX 4 

Individual WBC, BasophlJ, and Alkaline Phosphatase Determinations, 1962 

Subject WBC A.P. % Baso./ 4000 Subject WBC A.P. % Baso./4000 
No. x 10·1 % Neg. cell count " No. x10·1 % Neg. cell count 

1 6.8 86 1.00 ·'.· 60 8.2 93 0.78 
2 S.4 34 1.10 ·~ - . 61 7.6 78 0.48 
3 9.0 34 1.70": - 63 S.1 53 o.ss 
4 6.4 75 0.60 64 S.8 67 a.so 
s 8.8 91 0.95 6S 7.3 20 0.78 
6 7.4 89 0.80 66 6.4 62 0.83 
7 6.5 71 1.25 ·. 68 4.2 96 1.28 
8 7.5 72 1.08 ' 69 S.3 85 0.90 
9 7.3 89 70 S.5 60 0.58 

10 6.0 SS o.so 71 7.7 63 0.63 
11 4.S 92 t.os 72 5.1 72 0.73 
12 S.8 81 0.58 73 5.5 82 0.70 
13 6.6 91 0.53 74 13.3 94 0.90 
14 58 1.23 15 7.9 91 0.60 
IS 1.5 89 0.73 76 S.9 93 0.78 
16 5.2 93 0.43 77 5.8 61 0.78 
17 8.1 82 0.58 78 5.7 89 0.60 
18 S.8 70 0.88 79 8.7 60 0.95 
19 9.1 85 0.53 80 9.1 78 a.so 
20 9.2 84 0.60 81 5.2 83 0.15 
21 6.8 80 0.78 82 6.9 0 0.68 
22 5.3 83 0.58 83 5.6 81 0.85 
23 10.1 17 84 7.8 68 0.45 
24 5.4 78 0.75 85 10.9 98 0.63 
26 7.6 80 0.68 86 8.4 90 0.65 
27 6.2 92 0.68 87 9.2 93 0.53 
28 6.1 83 0.83 88 6.9 92 0.53 
29 6.9 90 1.10 89 8.7 15 1.08 
30 7.1 86 0.70 91 6.5 38 0.48 
32 8.0 76 1.18 92 10.9 17 0.68 
33 6.6 67 0.70 93 9.8 20 0.15 
34 5.4 86 0.85 94 8.9 22 0.63 
35 9.9 92 0.88 95 8.8 0.68 
36 5.0 88 0.40 96 8.7 88 0.45 
37 7.7 86 0.55 97 7.2 90 0.60 
39 4.9 64 0.58 98 10.8 98 0.68 
40 6.7 64 0.60 100 9.1 97 0.43 
41 4.4 85 0.60 101 18.1 93 0.55 
42 5.9 91 0.70 102 8.7 98 a.so 
43 7.4 5 0.53 103 11.4 74 0.58 
44 5.8 76 0.48 104 9.4 97 0.78 
45 4.2 90 0.95 105 10.6 71 0.70 
46 3.9 90 0.53 106 10.3 24 0.53 
47 6.3 82 0.53 107 12.7 95 0.83 
48 7.0 81 0.78 108 12.7 98 0.58 
49 6.4 73 0.93 109 9.S 84 0.7S so 7.6 61 1.23 110 8.S 28 d.53 
52 9.7 45 0.95 111 9.3 29 0.78 
53 8.0 90 0.88 112 8.0 11 0.75 
54 5.2 64 0.53 113 6.7 48 0.83 
55 4.9 78 '0.83 115 10.5 80 0.68 
57 5.1 91 1.18 117 9.9 85 I.OS 
58 5.3 87 1.00 118 9.8 90 0.90 
59 8.8 85 0.70 119 16.7 91 0.80 
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so _:_,_~_ 
'if, I· 

...:.;. ,l-~ ... 

• '&.<: 

lndividu~ \\7!1C, B.asophil, and Alkaline Phosphatase Determinations, 1962 

Subject WBC .· ·r.··A.P.\% Baso./4000 Subject WBC A.P. % Baso.14000 
No. - x 10·1 % · Ne1~ ~- cell count No. X 10·1 % Neg. cell count 

120 13.5 .. .. "*-- 0.55 862 6.2 94 0.50 ·- :79 ~i"'),$ 
122 . 10.3 '·. 86 --, - 0.50 863 7.6 96 0.53 
123 1.5 ·76 0.73 864 7.8 98 0.83 
124 9.9 ,84 0.98 865 4.9 91 0.75 
125 12.3 i 6 0.55 866 10.0 81 0.68 
126 ·9.6 66 r.75 867 8.0 90 
801 12.4 91 0.40 868 4.9 84 0.75 
802 7.7 .95 0.65 869 10.6 87 0.50 
803 10.8 :64 0.58 870 8.9 66 0.78 
805 8.3 -~94 0.58 875 7.3 79 0.63 
806 9.1 90 0.73 878 4.9 97 0.58 
807 9.4 ,77 0.70 879 14.2 82 0.83 
808 10.8 98, .. 0.55 8111 6.3 88 0.70 
809 6.8 89 0.35 882 7.4 91 0.75 
810 8.8 l71 0.73 883 6.0 91 0.78 
812 10.0 88 0.83 884 7.3 87 0.68 
813 7.2 95 0.78 885 7.8 88 0.75 
814 8.6 89 0.70 886 8.9 78 0.63 
815 7.3 94 0.75 887 6.1 84 0.58 
816 9.0 81 0.65 888 5.6 88 0.68 
817 13.4 83 0.75 889 4.5 83 0.50 
818 9.1 65 0.50 891 6.4 85 0.53 
819 5.3 90 0.60 892 7.0 84 0.55 
820 7.8 98 0.85 893 10.5 28 0.78 
821 8.] 96 0.75 894 10.5 39 0.58 
822 8.0 66 0.73 895 8.6 62 0.63 
823 5.6 88 0.55 896 11.0 26 0.63 
824 6.3 89 0.78 897 8.1 84 0.78 
825 9.1 75 0.70 898 7.2 92 0.85 
826 7.2 90 0.73 900 82 0.75 
828 7.3 87 0.58 901 11.6 80 0.70 
829 5.3 73 0.38. 902 12.l 23 0.68 
830 6.2 83 0.70 903 ] l.3 89 0.50 
832 6.6 61 0.83 904 9.8 47 0.90 
833 4.8 86 0.78 905 11.S 81 0.50 
834 8.8 90 0.63 906 13.1 85 0.53 
835 10.4 2 0.98 908 6.2 84 0.58 
836 6.6 70 0.50 911 10.7 60 0.63 
838 5.7 77 0.68 912 9.6 54 0.48 
840 7.2 77 0.73 913 5.6 87 0.58 
841 8.8 80 0.73 914 6.5 80 0.53 
842 8.8 88 0.90 915 5.2 76 0.75 
843 6.7 28 0.75 916 7.4 74 0.63 
844 5.5 30 0.75 917 5.6 90 0.68 
846 6.8 89 0.85 919 6.1 93 0.63 
849 7.1 88 0.70 921 9.1 69 0.75 
851 12.7 77 0.50 922 5.6 94 0.68 
852 JO.] 86 0.75 923 15.4 84 0.80 
853 7.4 42 0.48 924 8.0 91 0.63 
855 6.0 94 0.45 926 13.1 96 0.68 
856 . ] l.2 30 0.60 928 5.4 75 0.63 
858 6.9 82 0.68 929 5.5 96 0.75 
859 6.4 100 0.58 930 10.9 84 0.55 
860 93 0.60 932 6.9 98 0.70 
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' Individual WBC, Basophil, ~nd Al~~ine Phosphatase Determinations, 1962 

Subject WBC A~P. % Baso./4000 :ii'- . Subject wee A.P. % Baso./ 4000 
No. x 10·1 % Neg. II _,,.,_+.--· ·No. x 10·1 % Neg. cell count cc count ~'">.,.;•· · .. 

~ -·, ...... , 

934 8.4 65 0.63 ~ ;-·-· .. :~·· 991 7.4 92 0.15 
935 5.8 81 058 f ,:;.., ' 993 8.(J 63 0.68 • .f t, .. - -.~ 

936 8.1 97 0 70 --:-- __ ._....., -
995 11.1 92 0.83 . \. .· 

937 12.2 95 0.78 996 6.6 97 0.58 
938 7.9 96 0.63 -, -~,/:, 998; 7.0 93 0.53 
939 8.5 84 0.55 " ?-:~·, 1001. 7.0 93 0.68 
940 7.2 73 0.78 .... )~-:;;"' :_;,, 1002 •. 15.1 12 0.73 
942 7.0 90 0.15 '·,. ~ 1004 14.0 59 0.58 
943 7.8 95 0.68 ·:. ~~ lOOS· 6.3 91 0.63 
944 6.7 96 0.50 :' 1006 7.4 88 0.65 
945 11.4 39 0.58 ' 1007 6.8 91 0.53 
946 8.3 94 0.63 1009 9.0 82 0.60 
947 14.4 28 0.68 1010 11.6 0.60 
948 6.3 76 0.60 1011 91 
950 13.9 88 0.73 1012 15.6 55 0.58 
951 8.6 92 0.60 1014 11.2 74 0.15 
952 9.4 81 0.63 1015 13.5 87 0.65 
954 14.7 91 0.78 1017 11.4 90 0.63 
955 6.9 48 0.60 1018 14.9 0 0.50 
956 7.0 73 0.68 1019 12.5 80 0.70 
957 8.7 78 0.70 1020 0 0.58 
958 10.1 85 0.85 1021 13.3 85 0.48 
959 8.3 84 0.60 1022· 9.4 1 1 0.60 
960 13.2 81 0.53 1024 7.8 15 0.55 
961 5.5 96 0. 13 1025 15.9 16 0.55 
962 6.1 98 0.53 1026 12.2 21 0.70 
963 6.1 96 (J,()j 1027 11.S 58 0.73 
964 5.8 87 0.70 1028 15.3 77 0.60 
965 8.6 92 0.15 1029 9.0 70 0.85 
966 6.2 90 0.88 1030 97 0.48 
967 5.6 86 0.73 1031 9.7 88 0.68 
969 8.7 96 0.63 1032 12.9 91 0.88 
970 7.6 95 0.53 1033 8.7 87 0.58 
971 7.2 93 0.45 1034 11.1 5r. 0.73 
972 8.1 93 0.50 1035 9.3 4lJ 0.70 
975 4.8 92 0.65 1036 7.6 84 0.55 
977 7.1 91 0.78 1037 6.6 85 0.68 
979 5.5 15 0.73 1038 9.1 72 0.63 
980 0.58 1039 10.5 81 0.73 
981 9.9 93 0.68 1040 7.0 92 0.50 
982 5.1 90 0.45 1041 5.5 95 0.73 
988 7.6 91 0.78 1042 8.4 69 ~.50 
990 8.4 88 0.98 1043 5.1 94 0.58 



APPENDIX 5 

52 Individual Physical Examination Findings, 1962 

. 
No. PU? :ouuuu 'ftICJtT 81.COD PUSSUU IABOOIG!N 

SKIN 
HISTCRY POUHDI H.,art &11d Lune• EJ!l(I' 

OJ or Gyn ,.,.,s.,. 
. Macular deren- Mild s Hcht 

1 Obeeity, D11&llleH PinUcn, .!!: lH/90 eratian r.nd cy1tocclt roul(huhr 
62 • Mild bniartnelan lalt dbar, Hypcrtendan lenticular and rl&. 

tnu• cpacit iu CS bec.k neck 
, . 

4 Subetemal pdn, TnuaUc " 120/70 Pterrclua r.nd 

46 II 1 year: di.pt Aaputatl.cn, 1S4 lm ti cu l&r 

bypertendCQ dl.eta1 pial&ns1 
cpacltlu 

lt. 2114 11.ncu 
bilateral 

7 
Pteryclua 
bl lateral 

44 II 12S 110/64 

9 
31 II 122/80 Strabi1A1• Trlchcaonu 

of urinary 
t r•ct 

n.ronic 1-•r PhrY(iu• 
10 abd<ainal pain 143 110/70 left eye 
32 M 

3+4 retinal SI.roughening 
Scarrin1 G.ie us 18.5/110 

arterio1clero1i1 Proatate and pie. lt. 
11 to burn, rt. 1trabi1n.ia •1. enlarced A .C.F. ,Few 
s~ M t&hn 3• ehou ldar, 1t. thin bypertenlion 

A rcr ll·Robertaon •oles inferior 
c1,.,t i!ractuf .. ~ arterioacleroaia pup! lo to axllla Oil 
tibia head old chr st. 

12 Hyde tlf on ao le, 123 ll0/70 Old,tr•umatic Endoc•rviciti1 lliopay nevu1 
26 p bleedinc, 19.57 choroidlt!a Ii atop• th. 

right eye Uenig:n 

13 Cough, eputu• 120/66 Anterior Staph-
66 p backache, "broke Exp. fale1 y lcna and intra-

back'" '54' rt. cheat ocu l•r lnfectlcn 
di!!icult resp. left <Y• 

Scar, rt. Liver pa Ip. back neck- Plt.! 

14 r.ntecubital 
132 98/62 

1 ca down hyperlr.er&t et i c 

33 p lp&Ce lll1tory of oval inf. acar 
cv1tocele 

•7 

Pree. 7 llOI. 

16 12.5 110/68 
Ptervgiu11 rt. Biop1v {ac~, 

47 M eve. Thin eye- rnon •rec., ch r. 

brow• inf 1&"'~•1, So 
~Cid f&at bac. 

P incuticu la S•ear nee. for. lJ l <'PllV IC&r! 
1~ 106 108/62 rt. ... Tri ch. Va~.dl•- hack nrck 
29 p , .. ,«. - cervica 

erosion 

22 Cough 101 Q5/~I) 

25 p Sputua 

24 Cwgh 98 QO/SB l)c+rsum feet 
2 l F Sputwo Pl.C ·. ~r 1 at inn 

sl, hvrerkrra 
··~ 81 !!i 

26 166 110/7() 
21 M 

--
I 

I 
rlient. carirs 

27 13.5 

I 
Q<J/511 rt"on~ l la r hvp. 

J4 M Ur adv Cardi a 'ain-· lft. ive, 
denta 17 I 
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Mi IC o ll&n•oua BLOOD W lll'TA, Ud11e, Pap., CXlMGHI'S 
~ouroloeic&l Tuaora, CWN'r.S ~' ,. 
etc. 

lt-&ay, etc, 

WBC llCT PUT, 

Pap, ... perflcia1 1quaaoua. Dry 

6.1 42 26.S 
••UI N•I• tor ea: acc. 1un1 
aarkin1 rt. aid, Ch•at -
cudi11: nllr1-t (' 61 ) 

" •... 

a.eat 1-r•t .. ,. ('61) ... trial ol nitroc1ycerin• 

Pibr01111 •id-line 6,4 48 19, 

06 

S•ll ahadow i.tt lower lw\1 
S11&l1 tu•or 6,, 43 26, recheck 
It. buttock 
7 u pOllll 

7,3 44 160 

LlpOOlll ' x ' cm. 6.0 '1 160 Oa••t x-r•r .. ,. l antipar x 
1eft .ii ... 1c1er 

CG Luea (?) TrHted 
with Penicillin in 19S7 4,, 40 340 a.eat X-ray •••• 
Rhellberc p.,., 

{ .. 
Pap: cood ••tr..,en ln•l: Nee. Ca: 

S,8 42 27S Trichomcnaa 

a.eat X-ray n•1. 

2 x 2 ca. hard .. ,,, .. vit .. ina. llup • difficulty 
left labia, krauroeia 6.6 40 S2S Pap: ac&nty •••r, Ne1. Ca " vacina• Clint X-ray• Scolloda ('61) 

"'• to .,.teoarthritia 
arterio1clero1l1 l!nucleatiew1 reco.oendod 

Wriat abn, wide dhtal s enm Iron 187 q. 
eplphyaea 

36 420 Oleat X-ray •••· .. • Iron &nd C&lciua 

Vlb, •~•• abamt, s.2 39 33S Ol••t X-ray n•1. ('61) l Skin check 3-6 ..,., 
le.er extre•Hiea • 
1 early le-prcmT 

01troarthriti1 s.a 37 40S Pap. nee. (rx Ca. Severe 
!nfl•-tion 

S.J 37 '30 Cheat X-ray nee. 

~." 36 350 Ch.,t X-ray ne1. 

7. 6 46 30S a.eat X-ray nee. 

l.xtrrnal h~ftoidl. 6.2 H 420 Cheat X-ray nee. R dental conu,ltation 
x 

EXG 
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NO, PAST lllI<Jrr BLOOD PlBSSUU IEHI' ABIX>CBN 
AGI SU HISTtaT JK1111Il!S llQINIB HEART AND WNGS SUN 

~ or Gyn 

180/90 Tac:hy• •,! ret. artcrio•. 
28 c:ardia hyptr• bll. 1<'11• opac. 

76 • - 111( 1 61) ~tnaion Cat. aen.,aatur• 
botb IYH 

•• ret. arterloac 
~ 

Occ, aathm&tlc b'Il. lena opac. Proa tat ic 
73 N attack, Hiatorr 191 110/70 aphakla as, 1en. hypertrophy 

atroke, 1956 
Cit• rt. eye, 
Ptery1lua OD 

Pan-byaterectoay Lenticular 
Dack ne-ck 3• 

195• 11• 96/56 opacUlu Cervix bled 
53 • both eyu euily roueheninc 1 

aolea It. 

" 125 110/60 
22 N 

J.I. rough: pi' 
back nk; dor 1um 

39 109 90/60 Corneal Scar rt, ft. pg.van at 

23 • .-. left fYI v/allrht hyper-
ker1to1i.1 

\ . 
' Mole rt. baci. 

"° De!ondty rt. 12• 110/62 
Pterva:iu• as neck: a I. tenJ• 

37 N !oren..,u P lnruecu la OD ver1J.color. 

Pteryciu• both Molr uprer 

H Scar lt. er••· Retinal baci. rt. 
1rterio1clero1i1 52 M insuinal area 120 110/70 

1• Marked arterin-
1cleroai1 

Ptery1•u• '11 
lenticular 

0 118/60 opadtiea O' 
7' • V.'rter I oacleroei a 

•5 Aeth- 99 120/70 "ervical 

"° p laceration 
endocerv. 

Pir:. lllC, neck., 
•9 3 puv!Ol'i Scar rt. .,pro.- 13• 110/70 particulary rt; 
23 p abort ie111 'lavlc•l area obeae (ev It. A.C,F, 

50 Bllatual 
175 

•2 M hallux 
obue 116/70 

valsu• 

51 9• 11•/6() 
JJ p 

52 Joto le~ !Ii de 
64 F Pain rt. ahoulder 113 110/76 l'tervci.u• or lent. and front 

~rterioacJero•11 
opac. or 2+ ret. nrck 
arterioaclerosis 

Senile cat. OD Mod. gynecoma· 
SS 134 (. 61 110/~4 

Apnak ia a; st i&. 
83 M 

~rterioscleros11 
Pteryg1um O!: 

57 
134/70 Vis, L. I'. 

108 p r.rterio1clero1111 Cataracts (i; 
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ICISCIL~ IUlOD CD1H1'S 
IAI D\TA, Vrlae, ,.,,, x-1ar, CDIM!1l1'S 

Nl!UJIOUX:I C'A L etc, 

TUKJl.S, ITC, nc HCJ' PIAT 

Prominent heada of ulnae Cleat X•r•Y nes. Li &tit percep. only, due to cat&ract1, 

al. fever 6,1 39 2H Papi Some t11cloc•rTlcal atypia alflOat blind, lec1 Cat. ce.,..al 
~ 

l. 

Licht percejiion only !kle to 
Cleat x-ray •••• ('61) cataract•, s ... ii.. cerebral 

6.9 41 ~JS artecioacleroda. 

s. 4 37 190 Che1t X-ray N•I· lx Blopay 
Pap. n•1. tor "ca., dry -ar Cervix 

10.0 49 280 Chut.l-1.ay n•I• 

Chut x-ray -..... ,h. 
4.9 39 4H 

Che1t X-ray - S ... 
6,7 43 445 ahadow lt, lower lun1 • 

Recheck 

Coo1enital dhlocatlon Che1t X-ray N•I• 
of hip1 4.4 "" 320 

7,4 40 200 Cheat X-ray nes. 
llarlt1d lypho-acolloail. 

Pap: nee Cl: ac:anty &Mar, 
4,2 JS 245 Che1t l-ray: heart upper nora, Pl 

ad, rt, diaph. 1 re• - rec:h1cll: 

6,4 40 no Pap: - n•s QNS 

T .• 6 46 :?5.5 Cheat X-ray nee. 

Pap: nes. l.llflu. Refuaed exa•. 1962 

lltbrrJen'a nodes 0 • 7 4~ ),)() Cheat X-ray nee. Oateoar.thriti 1, 

acolloaia to ricf>t, 
rap: ne1.' dry_., 

(Hliteoarthriti"'• 11 0.si t ive 
A o"'bere 1 t&bea doraali1 4,9 JO 260 R Removal of cat. 

x 
Penicillin 
Vitaaina 

J;.vphoscolioais to r i~ht. 
s~verr osteoarthritia. Sub-

S, I 40 225 (. 61) 
Light perc4'ptlon only, X-ray o{ 

cutanrous M.aasrs both 
a.eat X-ray ne1. 

hip•. hip ••••• not di&CT'JOlt ic (. 61). 

~hortrnf'd loft thi.anb~ 
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llUUIIU WBICllT ILCOD PUSSUU 
ABIXllEN 

HO. PAST 1111(1' SON 
ACI Sii HlSTOlT 

1
twNDS HBAll:l' AND LUl«lS 0.. or Cyn ., 

f 
_, 

Cataract lt. eye Lac. cervix, Molu aidu ,. ! 132/70 aatul'1; ient. blo.4 in •• ar, and front ne;k 
" 

rt. •r• Pundal Ca? 
67 i 101 

opac. • ' 
-

--·· ,. 124/80 Hyperkeratosi1 
59 

i 
back neck. 
al, 11 chine 

42 p aa 

138/60 aya, 14, Ptervci ... as 
art, heart dh, Lenticular opac, 

60 ObeH cardiac m l&rcHt. 
64 p 

110/70 Ac, Sinu1it11 Cervical eroa, 

63 110 ('61 
Prolt.p11, v•c. 

44 • 
wall 

94/60 Dalble ptervciua Cervical ero1. Ralaed 11e>le 
rt, eye Prolapae, 'VIC• back of neck 

64 126 wall 
38 p 

100/60 Ptervciua lt,eye few pi I• ••c. 
Cornea 1 a car rt, back neck 
eye 

66 
133 38 p 

128/70 

68 127 ('61) 
52 14 

Aneaia 1041$8 

70 114 
25 p 

116/70 Corneal Scar rt, Cervical lac. 
•re 

71 121 
36 p al. obu• . 

110/64 
73 
26 14 162 

101/70 Cervical •roe. 

74 167 
24 p -.. 

Loa t baby 4 110a , 98/68 Sro, 14 
concmital heart? 107 Aortic ('61) 

Hone heard ('62) 
1S 
19 p 

Rhe\1-tlc hurt 120/70 Vt IY\l l&r Tona 1a en la reed 
di•. ('56) ch••t ht. diaeue with 

76 der-Utia ('56) 137 !>+S • 
20 M 

130~80 Pterygiu• lt.eve 

77 
113 (. 61) 34 M 

105/70 Pteryglu,. It. S•, laceration 

78 
Lent. opacit i .. It. Crrvix 

45 p 152 (. 61) retinal:~rterioacl 

aod,obeaity 
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MIS a UJJ(BOOS BLOOD OOUHJ'S 
lll!mOl.tlCICA L 1AI • D'.TA ,U&nal ' '"'·· CX»OllHl'S 

TUICllt.5 1 ITC, X-IA 'r, irrc.- ' 
WBC Her PL\T 

IPap1? Nee, Trielu•anu Old pleurltiC tbickenine 
!Md:ed 1.nl~Uoa ( • 61) diapbnc-tic are•. Rec. D. &nd o. 

5,3 36 190 

Ol1•t x-rar •••• 

18 •• 37 ns Ii' apr Nie, Ca, 11, atropllla 

Mild Oeteoarthriti• 18.2 36 Z30 Papr llood l.Jll~atian Rec. eau .. 

Cheat x-ray nie.-('61); Papi nee.CAA• Ac, Sinualtia 
$,1 41 305 blood, inf 1....,.tian 

Flbr"""' (?) Rt. !ineer 4th :5,8 37 340 Oleat X•ray nee. Papi Nee. Ca, ~ ·"" . : Bhpay twoor • "Ciant cell tuaor". 
aark•d l.All.,...tory chaneea,dry .... , 

16.4 40 2U 
Oie1t X-ray ne1. Papi nee. urine 
... ear 2+ ( 161),laatine blood .,,ar 
nee. 

S•. rt ui llary n~ 14.2 41 205 a.ut x-rar. nee. (' 61) 

-
a.eat X-ray 1111. Pap: nee. Ca., lee. Sen.a• iron, bone •rrow 

5,5 29 300 ?Tdchc•onH 

a.eat X-ray-Calcll. neck,recheck 

7, 7 42 370 Papi nee. ca.; auhd int1 .... uon 

a.eat X-ray 1111. 

s.s 49 165 

Cheat X-ray nee. Pap: nee. Ca. Con1tipated 

13. 3 so 29S Atypia,cl&lat1r• ol benip1 endoooet-
rial cell• 

Multiple 1Hn Infection•, O!eat X-ray nee. Pap: ne1. 

Yan? Short Sth flncer1, '1,9 46 2.50 
bi lateral 

Cheat x-r•r-heart no .... 1 1ize: Rheu••tic heart di•e11eo-c01J1penaated. 

S,9 43 JlO lrw !ibretic .. rkln11 extendine 
upward fr.,. hilar recion;recheck 

Absent finKtt• and t~• w/ 
ulcer• of extremitiel and 'ft 
•olea of feet. lepro.r arre•t. ' 

46 450 

. 
Iii lateral 1hort 5th finier S.7 40 3JS Pap? nee. Ca \:lfnri cal eel la, 

1.typia, in!la•. 
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nunm.l llllCHI' 
NO, PAST l'aJHm 

AGI Slll lUSTOIY . ., .. ,/f 
' ; fi 

Bilateral lncU, 
' ollJo.j 129 '79 1cau, 1rola 

~ 

4'7 11 j 
; 

-.. ·- ·-. 
ht lt, toe ' 

IO clelor-4 13.S 
.S4 II .. 

·~ --·--., 
Old facial 
pe.ralral• 122 

12 
!II II 

BLOOD PUSSUM 
KllAl:l' AND UJNGS !1111' 

138/90 
1.e·ntlcu l&r- opac, 
enlarstd parotid 
rt. 

110/'70 NSl/ Pteryslua lt, 
tlbrlllation,pul1 
irrts • ('.SJ) 

110/61 Ptery1iua lt, 
lenticular opac, 
lt, ltft l•ci•l 
nerve iapal.rtd 

ABIXM!H 
Ou or Gyn 

Pro1hte 2X 
noraal; 1t. 
tHtil 3 X rt, 

SUN 

Scar lt. ear, 
pi,. Chang ti, 

:: white nodu I •• 

I ., , 
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... 'f"·,~ 

MIS O!LlANl!OllS I UX>~ axn.TS '~ c;,:T,:' ,, 
NEUROLCX:ICAL w, D\TA,.UUNI , CXM41!HI'S 
nJM:>R.S , ITC. 

PAP,, I-IA?, ZTC. 
WBC Her PIAT. 

Lt. inrulnal nO'lea enlar1ed 1.7 49 17' a.ut X-nr • rtcbtck 
'' i ~ 

a..at X·r•r - 11, m11&r1•d h•art; Heart block, auric, lib, 
9.1 44 27S llOd, 1mi, .... ,._ 

a.eat x-r•r • 11e1. ('61) l • 1la11u • 
~.a 31 4SO 
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NO. PAST lNJURl~;:f WP.ICHT BLOOO PRJ!SSUIU! EE.NT ABIX»4EN SKIN 
AGB SEX HISTORY -. !_•J POUNDS 

'''1 
Jill.ART LlJNCS Gu C:yn 

823 - ~ E..xophoria 
20 N "'t 

12.5 116/60 

' .. 1{ - ' 
Liver edge 

82.5 '. down le•; Sl. 
20 p 111 82/.50 erosion cervix 

Stl llbirth , Laree Tonsils Mi 1.d cervical 
826 19.59 . erosion 

2.5 p 1 92 90/.56 

827 
22 N 

Scars aroulllS Pig. back 
828 knees neck 

21 N 106 106/.58 

Corneal Scar, Ccrv. L.acera t ions 
829 lt. 

23 p 109 90/60 

830 
23 N 1.51 120/80 

Tonsils en- Guarding RLQ 
1131 laq;ed (61) 

22 N 121( 1 61' 110/56( 1 61) Irritated 
intestine? 

Left ovarian Mass LLQ, 
1132 cyst '.511 sl. tender;? 

24 p 99 80/40 cyst 

Unifora Pi11:. Tonsils en-
llJJ hands • feet. larged 

29 M 131 110/.50 
sys a,aortic a rc;i 
(61)not 'loted(62) 

834 
PterygiWll, 1 t. 

28 M 120 120-68 

ConaHpa t'i on Pre11-'62;1t. 

835 100 
breast>rt;ovary 

100-48 palp; thickened 
28 p cervix ' 

836 
Foreign body 
lt.cornea,coral? 

29 M 122 104/64 

838 
JO M 137 110/60 

Pibroma Conr,e r it al 
839 Uterus Nystar,mus( '59) 

34 F 
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Ml SCELLAN!!OUS BLOOD LAB DATA, 1Jrine, Pap, 
NEUROLClr. I CAil. COUNTS X-Ray, lite •.•. Ca.\MaNTS 
TUMORS ETC, .. .... ,. ~ ... 

wnc llCT rL"T 
---~ 

Inguinal "'1enopathy S,6 41 260 Chest X-Ray • Bil. apical 
Pleur. thickening • 

- not ai11n if• . ,i;..' ~i~ 
~ .... .-.-·.~ .. ,..:......:. 

Chest X-Ray • neg 
Uciae prot, 100 ... 

9,1 38 JlS '.;r:.4..,. 
~-· . 

• 
Patella 11oves 1 at,• Chest X-Ray - rechec•· 
flex ion def, fingC•S 1.2 3.5 .520 infilt. lt base; pl. adhesions 

both basea, 
Pap• neg 

Not exa•ined '62 

Tiny axillary nodes 
7,3 47 220 

Chest X-Ray • neg. Rec, Price-Jones; Vit A 
S,3 3.5 380 ~e 10 ... .,, on sera 

""ru• Iron 70,6 yi Aneaic tendenL y 

Chest X-Ray - neg. 

6,2 47 3.50 

Not exaained 1 1>2 

Short 5th f inp.ers Chest X-Ray - recheck 
6,6 37 380 l'ap - ne111 

4,8 37 
Chest X-Ray - neg 

380 

Chest X-May • recheck, 
!1,11 46 2.55 Shadows over heart 

Chei1t X-Ray • ne11 
10,4 38 270 l'ap - neg Ca; •arked inflaa. 

Uilat. shortenin~ Chest X-Ray • nc11 See chart for eyes 
5th finr.ers ( '61 6.6 46 .:.20 It,, remove coral from eye 

Chest X-Ray - neg 

5,7 49 265 

Not examined since '.59 



o..: 

NO, PAST IHJURIBS dtr.irr UL.000 PR.£SSUIU! AAIX»IE.N Slo:!N 

Ar.I SU lllSTOllY a£NT 
POUNDS llEART LUNGS r.u Gyn 

102/60 Pteryci1111, rt, 
l40 

12 • 13t 

Ul -
29 , 153 H0/70 

Sth •i1ain1: 
108/60 842 ~inger, rt; 146 

38 M ~ad fin11u lt. 

History y1w1, 
80 old retina 1 

90/5~ 33 p he•orrhar;e 102 
(. 58) 

Myocartlhl 
100/70 l'teryj!ium, Liver I J au d1•a11e JU:r.? 109 rt. cm 

'3 p 

84' 
32 M 1•0(61) 114/70 (61) 

8'6 ?Syphilis 131 110/70 Endocerv., 

39 p severe 

Hypl!Uenaion 
8,7 

41 M 

8•8 
Arp,yll Robertson 
pupil: neuro-

42 p syphilis (7) 

849 Deriy,. area, lle111orrhoids 

'3 M skin 207 118/70 (61) 
obeae 7 Pul. aya 11(f!l) 

not heard ('62: 

850 Arterosclerosis Acute eJC t nl-

52 M mi 1d; hyperten- at i "'e type 
sion <leriuti tis 

·m ypc rte ns ion l'ter Yf; i ur.1 lt ., 1Cer-.·1c4.1 

851 150/96('5~) rt laceration and 
53 p ?Cerebral polyp 159 120/70 erosion, blec<l~ 

Myoc•rdial da11- obese Arteriosclerosis easily 
are Iii ld 

?Hypertm ~ion 100 l.i tery~ i 11m, lent-
R52 (11inua 16 146/70 Spl. icular upacit1l'r. 

58 p lbs.) 2nd sour'l:i ~ sys. rt, 

"' 
853 Deafness l'terygium lt. Liver4' 2 cm Vi I al i J::O on 

57 M Emrhyse11a 7 152 124,1\10 Lenticular trunll 
~rteriosclerosis opacities. 

l"odule(2cm), l t 
lobe thyroid 

855 Hemorrhoidectomy "terygium, lt &Sl hypertrophy 
58 Ill ( I 6 l) 145 110/70 Ir t rt lobe post ate 

Arte riosc le ros i • Lenticular 
mild Ppacities 

856 
SS M 120 13C/80 1-enticular 

pPacities l t. 



---
1.11 <;Cl!LLANP.OUS RLOOO LAB DATA, Urine, Pap, COM/oU!NTS 

NEIJllOLCV-1 CAL COOln' 1.x-Jlay etc. 

Tit.40115 ETC, 

Wllr. llr.T PLAT 
Cleat X-ray• nae. 

7,1 46 30S 

Ole at X-Ray • rt. hilar 
pro•. 7, recheck 

8.8 4~ 450 Pap: nei: ca; Prob Tri dioaonu 

Cheat X-Ray - neg 
8.8 49 325 

Cheat X-llay - nee 

6.7 37 405 l'ap. ne1: ca: aquaaoua atypia Rx Fe, 1 61 

Chest X-Jlay - ner, 
l'np: nep ca.; marked inf lam. 

;.s 41 235 

lcm Vislcle, rt but tocl: Not examined '112 
? herpes (,,, 1) 

Chest X-1\ay '. neg Gyn consult, 
1>.11 43 285 

Pap: 

Not ex .... '6;! 

Not E.xam. '112 

Chest X-Ray - neg 
7.1 47 46S 

no phy. exlllll. '62 
Rx hydrocortone oint. 

Chest X-Ray • neg 
12.7 36 295 Pap: neg ca; inf lu 

--
Chest X-P.ay • ( '61) neg 

10.1 31 465 l'ap - neg. ca 

Li r•(lma rt th i i:h (nxbin) 7.4 43 340 Chest X-Pa y • rt hilar prum? Uiabetes _J Recheck ~ diabetes 
Urine sur.ar 4+ 
FB au,;ar 248 

Chest X-llay - ner. Check Urine protein 
ricx! e rt axil la 6.0 43 340 P:oternuria ('59) 

Bi 1. node }coo a" i lla 11.;> 38 410 Chest X-Ray - neg (61) 
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NO, PAST lNJUR.lBS WEIGllT BLOOO PR.BS SU Ila IUINT AIWOMl-.N Sll N 

AGR sax HISTORY POUNDS 
IU!ART LUl«:S 'lu Gyn 

hypertenllion, l7<.J/ISO pteryi;iu•, rt. Ct'rvlcal 
858 oateoarthrl.tia, 7carduc lenticular di1ch1q:e( 'Ill 

67 p cervical d h· 98 enllrge•ent Oflacl t iu 
char11e, goitre, myocardial daa- j:Oltrt( l') 
fiite._cheat age( I) 

•lld hyperten- 140/80 '1nled cornnl 
8.59 aion cardiac ~car: hntlcullr 

69 p 124 enlar~ement; lopacit ha 

I arter oaclerou~ 
11111.d 

acro111e11alr? Burn acar rt ornt'al acar lt: 
ext. he•orr- ar•1 old frac- 120/112 aphakh, rt. 

860 ho\da, tu re rt lower 121(6l)arterioacleroa11 
72 M ar• 

802 ll0/70 ptery~iu11 l tltrt 

89 M 
Card,enlarge•enl lenticular I 
sya 11., ·aevere ppacitiu:re-
arter1oacleroai1 tinal arteroi.u 

I• , choroid alt?:'" 

!SJ. enlarged 
ientarged ton- proatate 

864 1.50 120/80 lllila 
37 M 

7 children 1 Ll ver le•"' Bl, •ole cllra~ 

86.5 unilateral 
29 p exopha tha laua 100 90/40 

111. h ypcr. Jl1color1t1on 
867 102 ll.5/80 1011u la akln rt 

3.5 p ahou ld er, b 1r111-
••rk? 

Hist. pain legs" Pace por,ked 
1.54 

868 Steady lcu 102/112 
39 M 182 ( I 61) 

Arteroisclerosis 
mild, pi nguecul a 

871 corneal pig, 
50 p 

872 
.?0 M 110/.5.5( I .59) 

Arteroisclerosis 
111il.4 ;prostatic 

873 hypertrophy;URI 
44 M 

occas.convulsiCJ1S7 pterygiu• rt, JI Ct' r I I ow<.· r 
87.5 132 100/70 cornt' al scar, lt'p,I 

4.5 M rt 

Corneal pig. 
876 

24 p 

leeloid rt. 
ahoulder 

877 133 124/110(' 61) 
24 M (I 61) 

Hypertension? pteryi;iu'" l t. hyp~rkrr~tu! Jc 
878 e11physe111, 130/70 lenticular a r,.. .. ' Ull fl"" Ck 

62 M ?~~olaped 4i~c 17!5 •rteriosclerosia rpaci tie a, ' 11yocord1a m1 ld 
d1111age (61) 



~I SCELLAN!OUS BLOOD LAB DATA. Urine, Pap 
NP.UROLO':ICAL COUl(J' l·Ray, ltc. ~IHTS 
TUMORS, BTC, 

wnc H::T PLAT 

Osteoarthritis; bil, Pa~ HI Ca •x 1lnu1 
enlar111"•4'l'I t ulnae 6,9 39 235 

-
Chut l·Ral' • aUd cardiac 

Short left 4th toe: enlar~e•eat, node lilars 
Kyphosis: 6,4 39 295 recheck 
O•teoarthritis rt 
shoulder • fin111ers 

O~teoarthritia Cheat I-Ray• Del ('61) la·ft('U) 
Kyr>hoscoliosi1 1 

enlar~ed knees, 
difficulity w1lkin111, 
? ta hes 

Severe arteriosclerotic 
heart disease, paralyai16,2 40 335 

Sl. enlar111ed ncxl es ax• Cheat X·Ray • Dtl 
i 11 •~ li noma behind 
1 t. ear 7,8 48 380 

t 

Cheat X-Ray • a11 Rec • Prlce-Jonta 
aneaic telldency 

4 ,9 34 345 Pe 85.4 
Senm Iron 85 ,4 •11• 

Cheat X-Ray • ae1 

8,0 38 415 

Cheat X-Ray • ne1 Wei11ht 1011 

4,9 44 350 

Not exaa, dace •59 

Not exaa. 1inc1 '59 

Not exaa. 11i nee t 59 

Lipoma, 2x3in.lt thorax Clleat X·Ray • pl. thick It 
7,3 49 31' base 

Not eJ1:••· 11lnc1 '59 

Not ex ... in '62 

Rheumatoid Cheat X·R1y • ne1 
'rthritis? 4.9 39 12' 
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1 
•• hlf ..... ..,. ... - ""' &---.,.. ... .... -- ~a.La""• ft• •• Cit• 1&111 

•• ... .......... 
~ .. • .. ......... '" . .... ._ 

.... .. • .... .. r. ... r. .. '" 
..,.. .... ..... , 

J ..... _ ..... 
IU .............. .. • .. . 
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... ....... _ ....... . ........... .. ' "'• ... '". , .. , .. ..... .. ... .... 
ll1H1 ••••••• I .... , • ... ...... ., J~., , .• , fl ...... , 

" 
, ............ 

........ ra.n,••• 111 11.rMl ... 1•'4 ... ....... n: ... te/N ••t .. 11 NII .. _,,, 
u , ... ..,. ., UIOI ..... .,, .... ••• •••••••••• ,_,, C•U , ........ ....... ,, ... ~ .......... ... I N/'I .. ........ .. , ~~ .... ,, .... et-e#ltl••· 

•• I I ..... . , .......... , ... 
~··· .... . ............. ~··· .. , .... ,.,. , _. f •• . , .... ,, I I nr 1 .. ,., .... ... .... .... . ., " • II ,, l'f'", ( l1f' "I .. , II•• 

,,, 11.41/"4 

......... _, .. ... .. •0/40 
u , 

-
Pain 1t ahnuldu Ptcryriuaa lt, 

1191 -•kneaA 154 120/60 lenticular 

"' N opaciti~s; 

1\rcus sen. 1 t. 

Arthritis It 110/80 l'terYflum lt. cervix bleeds 
8Q8 knee: 16Q lPot i c11 la r easily 

64 F Var,initis ~rterio- opac1 ties 
!iClerosis P11larfer.l tonsl ls 

011puytr"'"" 
SQQ con tr. both 124( ~Q) I 3n/7o c 5'1 l 

66 M hands Art~r10-

icl~rn~1s 
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Ml SCELLANEOUS BLOOD LAB DATA, URINE, Paf,, CCMl.llNTS 

N EUltQl.C'(': l CAL COONT X-Ray, etc, 
n'MORS ETC. 

WBC HCT PLAT 

No Vericose veins noted Jlack strain 

back ache 1 t lumbar 
region; 6,3 43 275 

-
F.nlarr.ed diStal ulna? Chest X-Ray - aeg ;.• 40 155 

Not exui since 1959 
6,0 43 455 

Arthritis, spine; Cheat X·R•Y - neg 
f).,puy trens contr., 7,3 43 190 Urine sur,ar 3• Mild 
bi lat, Fil aur.u 132 diabetis 

non PB sugar 212 

--· 
S::i, ax i 1 i ar V nodes Chest X-Pay - neg 
nodule, cm below 7,8 45 365 
typhoid 

8,9 42 425 Not exaa since • 59 

Few SOI. nodes neck 5,6 40 380 Pap • neii 

4,S 41 490 Par- neg r:aininr. wt 1 61 
Not exaJn. '62 

s ... ax i 11 a r y nodes , 10,5 41 235 Chest X-Ray - neg ('61) Ix diabetes 
l'ap. ne~ ca, Trichomonas 
Urine SUjtaf 4•; P9 sui:ar 2111 

Nodes, lt axiJ.lary 
Chest X-Jiay - heart 

Osteoirthritis ('61) 10,S 41 320 
upper limits nonal ('61) 
Pap • neg 

Chest X-Ray - neg Rx Yit 86 
8,1> 42 510 l'ap • neg for ca; inflUI; 

atypia 
Urine prot. 100mit 

Cheat X-Rar • ner. 
Arthritic Chanr.es knecs?ll,1 38 450 l'ap • ner. or Ca, cellular 

atypia 

B.1 43 210 

Chest X·Ray - neg 
Arthritis 7,3 37 310 P'ap - neg 

o,.teoarthritis 
D upuyt ren 's Not exam. since '59 
Contracture? '59 
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I 
NO. PAST INJURU.S WElr.llT llLOOO PRESSURL UITT All!X»IE.N S~lN 

ACB SE.X III STORY POUNDS 
llEART u·-;cs Cu r.yn 

Arteroiacleroaia pr11ru1cul.t1, rt 

., 
9011 

•i 1d ;hebe rd en' a \, nt1cular or-
node :hyperten'*-1 104 180/90 ocities;retinal 

73 p 
U.R.I.; I 

hyprrtension 1 •rterioscl. l• 
Arterioaclcf " - ' 

arteriosclerosis l'rust :1 t c sl. 

910 M 
•i ld ;deafness; r.n l • r r r•I 

60 prostatlc hyper· 102 120/bO 
trophy; hosp. 
•aJuro abd, pain 

'61 
Wor•• 

914 
27 p 102 Y0/48 

thickened rt pterygiu11 rt: Pro~tate 2x 
91' cord 1 lenticular nor.al 

bS M 127 110/70 opacities: re-
ti na 1 arteri0!'.c l. 

Deafness7 Pteryg iwn 1 t; ~lCH 1 t. lowr 
130 100/70 1 ep,. few m•c. 

916 143 ('bl) ~•ac k neck 
38 p 

Myocardial Di lat. tender-
917 da111:ee ness 

43 M E (I S9) 176 110/711 
no abnor•al 
!\OUnd!\ 

Diabetes Sc11rs ~rein " Ar cu" ~enL 1 i!\ 
918 rectu11 130/711( I/) l) 

64 M Wheezes 1 t, cl•es t 
( I Ill) 

Healed burn 
scar buttocks 

920 132(.5'1) 108/72('111) 
30 M 

922 
38 p 94 90/60 

Burn scara pterygium l t: 
lt. chest 128 106/60 

928 
49 p 

929 Never prer.. 
130/110 

rteryi;ium rt; 
64 p 134 cataract It.; 

I 
Anencepha1 ic Corneal scar, rt~ 

932 baby 91! 90/S8 
27 p 

934 s 1. enl&ri;ed tende mess 
27 p 121 100/70 tonsils RLQ 

I 
93.5 Osteoarthritis penguicula lt lypo p1r,. 

6.5 M U, R. I. 100/62 "' rt, poor fin t. Sli l n~ 

Vl~lOO, lentlC 
ul~r opacities 

130/62 lrcnderness 1 o .. -
936 diastolic .. r, r abdomen; 

72 F p,rade 2 ba~e of li11I lam crrvix. 
heart 
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\II SCF..LLANEOOS ntooo LAB DATA, tlrl"e, Pip, 
X-Ray, f.tc. CCMl!HTS 

NEUROLClr.I C.AL COll"'I'S 
TUMORS, ETC. 

woc 11CT PLl\T 
Cheat X-Ray - recheck 

h.2 44 205 Pap • neg. 

-
s ... bi lat, •xil1ary 
nodes: shortened 5th 
finr.ers: 

1-.uea\ A•Kaf • f', 1ull1~ ern. 
thyroid?, recheck 

6,S 36 430 ra~ - ne11 
jl, , SUf.lf 83 

Enlarf!ed rt Ulna; Cheat X-Ray neg ('61) Rx refraction 
Oste~arthritis '61? s.2 ~;> 310 rap - ner: 

r ' 
Chest X-Ray - ne11 l!x Fe ('61) 

7.4 :is hl5 ~II sugar 113 
Urine sugar 2• ('61) 
l'ap - nei: ca; poor a•ear 

?Arthritis It.wrist Chest X-Ray • rt apical R 1s1:inn: uric acid drt. 
.5,6 47 245 density. recheck x 

urine augar l• 
non PB au~ar 109 

Chest X-kay - neg ( 1 61) kec . fast lng l.llood augar 
Urine sugar 4• ('61) Not cxa•. '62 

s ... cervical nodes Urine SLlj!Sf 3• Rec - I 1st1np: blood sugar 
Not exaa, 1 62 

,. 

O<teoarthritis Chest X-Ray • nef! ltec 
5,6 31:1 35.5 l'ap - nei: Ca; lnflam, CJ1eckup 

'fbc. 

Osteoarthritis Chest X-Ray - heart Rx Pe ( 1 61) 
Heberden's nodes ( I h 1) -~ .4 36 J70 upper normal 

Pa I' - nep: Ca; inf la• 

Chest X-Ray • neg 
5,5 3!1 36l' Par - nep: Ca, cndocervi ca 1 

at )'pia 

Chest X-Ray • neg 11 11 Pe ( • n l) 
6,9 ]7 43.5 Pap- neg Hube tea 7 

non FR sur:ar 210 fasting blood au111ar 

Chest X-Ray - ner. 
8,4 41 2R5 rap - neg 

Osteo1rthritis 
mo.S • arteriosclero5is 5.~ 43 1'0 R,. r ~ ( r action 

05teoarthritis Urine sur.ar l• o, .1be ttt!\? 
d imini~hed reflexes R. I JR 150 non FO surar 207 fa~t inr hlood au"a r 
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I I I I I I I l 
.. NO • ~AST --UJURU.S .... Bl(';}iT BLO.lO PRESSURE .uNT ABD()lo(l!N S.UN 

AG! SEX HISTORY POONDS 
llJ:.ART Ll.IN\.S r.u r.yn 

6 toe a lt foot, Ce-rvicitis, 

938 
webbed severe ero-

23 p 9.5 108/70 sion 

-
Hypertension 

941 114(61) 140/90 ( 'l>l) 
61 p 

Cardiac SI. te111.Jeri1l''~ furuncle~, 

!nlar111e•ent(6l) rt l ,. •. s 
942 121 100/1>4 

47 p 

943 143 110/70 
34 M . 

Hist. of Pi!(. •Ol~ RLQ 
backache 

110/80 944 171> 
37 M 

Hiat. o( pro- Teed. IU.Q7 
ductive cough Cervix lacer-

94.5 83 110/80 • t ed 
37 p ?~y ... • Gr. 2 

i'ul. area 

Hypertension Ptnyi::iWI 11 g. l:nlar~ed Urpir,. Arr J ~ 

Arthritia 198/92 rt ,Cataract, rt: Prostate 
947 Myocardial 108 Advanced ow cho reo- re 1-

.54 M Daaaj?e P.J:G( .59) arttroisclerosis ini tis, 1 t. 
Wh!'ezes both lll;:s 

Hist. night Cerv1citis 
blindness 

951 137 110/70 
29 F 

l baby died at Pteryi::ium rt 
951> birth, 1 still-

n F born:111yocardial 127 120/70 
damal!e, UC:( 59) mild 

arteriosclerosis 

Losa hearing· pt er yg iae -
Myocardial lenticular 

957 dar1ai::e (I 59) 152 lOn/72 opacitirs 
52 F ..,, ld 

artPr1o"'clerosis 

r.t symptolll a, Liver Jcm+, 
"? a1DOebh; Prostate It 

958 ?perineal 126 l <2/~M lnh~ enlarfeJ 
31 M cyst Whe~z,nr l>olh 

l Ulli? S ( '" l) 

Par,.!\thesias pterygium Lt. Ill lat. II yd r o· 
lei:, diabete57 code 

961 14) 110/70 
69 M 

ptery1·1ae Li y1• r 1 c ... ")car from 
91>3 

100/1>8 
t ump r rf'm1•\'1•J 

44 M 
143 1 t ti r f"" a<> t 

Dear n,.ss (?) 
Cat~rarts Sl. en I arr.~d 964 123 1Joro pro!\ tat e 

Bf> M arteroi5clerosis 

966 Cornf"al PI/'.. r I 
31 M 144 102/72 
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Ml scr:.LLAN!:.OUS RU-OD LAB DATA, Urine, P•P• COMMEPITS 
~EllnOLcr.ICAL COOl'IT X-11.ay, Etc. 
TtJMORS, F.TC. 

Wl\C llCT l'L\1 

E.nlar~ed Cervi ca 1 nod"~ Chest X-Ray, 11eg R GY~ checkup 
x 

Pol)C!actyllli• Pap - neg 
7.9 40 210 

-
'r'ap - neg c., iafh•, t rich-
1..'•oaa. Not exa• 'b2 

Chest X-Ray - cecheck 
l'ap- neg t:a; aoae kc rat i ni :r • 

7,0 40 ::oo ation; tcichoaonas 

Ch,.st X-Ray - neg 

7.8 41> 355 

Chest X-Ray - neg 
ti. 7 48 230 

Chest X-Ray - ae1 
Pap - neg 

11.4 45 340 

Cheat X-llay - ne1 

14.4 41 lbO 

Chest X-Ray - neg 
Pap - neg Ca, inf111.11. 

B.'> 41 18 5 

7.0 37 410 Chest X-R.ay - nef Rx re•ova l pterygiua 
Pap - neg Ca, in la.a. 
P.H. sugar 89 

Chest X-Ray - ne1 
l'ap - neg 

!! • 7 J'I 370 

J'1 lr.n1d.1 '.cyst 10. 2 41 4.50 01f'st X-Ray - nf'g Mee. liv~r tunctioo I 1!5 t 

0steoarttlr1t i~, An~e5 Oll!St X-Ra y • neg 
Urine sur,ac 2-3• 

'. ~ 43 3'15 1-.lj. .s11r.ar QQ 

Chest X-Ra y - ner. 
11.1 45 280 

-;~v ~ r" kyf'h051 s, 
o~teoarthri tis, 5.8 )7 3.5.5 c11 .. ~t X-Ray - ne11 ''x Cataract reaoval 
L l ;•om;:. 1 t knee 

ti. 2 40 3ti0 Chf' 5t X-Ra y - neg 
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NO. PAST lNJUJUl!S WEIGtn' OLOOO PR.11.SSURB Ji.ENT A BOCl-ll:.N Sl.:!N 
ACB SEX HISTORY Gu Gyn 

J>WNOS hl:lMT LUNGS 

pteryi;ium, 11 

967 144 120/80 . 
20 N 

Myocardial Arterio- pterygium, 11. 

969 dHajte 1clero1!1 
UG ( 1 .59) 124 (' 61 

116 •i ld 
44 N 90/,a 

k::oarse rales 

M)WCI rdial pterygium lt. I iver;.lcm( '61) lmpetii;o, 

970 da•are lindocervicitis legs 
48 p llXG I !59) 103 100/60 

~rteriosclerosis 
mild 

Dent& 1 caries Vitaligo spot 
back & chest 

971 
20 N 126 12S/70 

aild hyper ten• Uurns lt lowr l\rtcriosclerosis Sl. enlarged 
sion le~, inguinal mild. I proatate 

973 inciaiona lJ3( I 61 140/90( 1 61) 
.53 N Prothy sputum, 

~herzi n11: both llll$ll 

Trauaatic ptcrygiae 
97.5 Arthrl th 

40 N 146 102/70 

Hyper tena ion ptery,i:ium lt. endocervi tis lmpe ti r.o 
140 170/108 

982 Hypertension 
41 p Arterioscleroais 

mild 

Liver lc11• 
mass RLQ, 

984 114/74 ('61) rrobably feces: 
30 p prolapse re c:t.m 

7 Oial>e:cs Lacerated 
cervi" ('61) 

991 173( 1 61) l~0/78 
!54 p obese 

cndocervici tis 

1001 134 110/70 
28 p 

If i 5 t. of sm. !ocular protru-
iriiruinal herniae, sion, lt ,old; 

lOOS rt. indirect, 170 12.5/70 reographi c 
2Q M eai1i ly reduced ohese ton~ue; 

rteryr.1um, It. ~,.,. te..,t • s 
rt. in11:uinal 

1007 ~car 120/70 
.51 M 1.53 

170 (I SQ) 

pt er yri um, rt. 
1041 len tic11 lar 

SB M 190 lJO/YO opacities,cor 
obese neal pi r.menta-

It ion, Iii ld 
kl rcusser11 l is 4• 

~lidline abd. Uterus St, 

1042 scar fro• 132 l 10/7 2 enlargt"d. 
46 F craar .. n scar SL ohesc cervicitls 

19.Stl 

1'1 n~u1cula 
1043 

28 F Ql 100/50 

I 



Jt s 
t 

'" .;r:El.l.A'IF.t\l''I 
o; r.l'R• II.Cr. I t:AL 
1'1'•11\P<;, F.Tr:, 

c, n r I inn 1 t , 1uid. 
... r i ~ t 

.\d """"•thy, ;axill•ry 
inruin:i\ 

Lirn"'a lt, 1ho11 ld er, 
tixS c• 

~"vi! ra I .... H•l<Jf'5 It. 
nf'Ck 

llf'flCXI'~ dl!prl'"'"" 
r i"ro•a wrist 7 

llLOCO LAR DATA, Urine, PaJ"I, 
COUNT X·Ray, .Etc. 

0A1lf" lll'T ,., ,,. 

r.hut X-ltay • ae1 

Cheat X-ka y -1 .l'lural 
tl11ckenini: rt cortal ainua 

11,7 44 47U recheck 

Cheat X-ltay -ne1 
l'ap • ne11 

7 ·" 
3() 380 

Chr.at X-ltay • ne11 
1,i 4h ,l().5 

Cl1cat X·l!ay • F ihr otic 
\un~ aarkinra lt base 

Chest X-kay • ne1 

4,8 43 1.5.5 

Che11t X·Ray - nep, (.bl) 

l'iip - ne11 
.5. l 41 24.5 

Pap • ne11 
U'rine auj!ar 4• 

7,4 4.5 420 F.B. aurar 430 

7,1) 39 140 
Cheat X·Ray • nef 
Pap - ne1 Ca, in lu, 

Cheat X-Ray - neg 

6,3 ~l 36.5 

Cheat X•lay - nl!j!o 
fl,8 39 26.5 

Cheat X•Ray - ne11 
.5. ~ 44 21' Urine •UR•r 2-!• 

non FR 111111r 13' 

Cheat X-Ray - neg 
Urine augar 2·3• 

8,4 42 310 Urine prot, 100 ., 
non PR 1u11ar 169 

Cl1eat x-aar - ae1 
.5 .1 40 240 
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C~IEHTS 

ke1p, eval 

Not exa11 '62 
Rx df'dtal ('61) 
Rec - recheck X-Ray 

Not ex••· '62 

Rx di abe ua 

Check tor hernia 

Urine and 
blood sugar 

GYN Chf'ckup 
check diabetic u•e•cr 



APPENDIX 6 

Parhologic-Analomical Diagnoses• on 78-yr-old Woman in Exposed Group (No . .56) 

Main Diagnoses 

Fracture of vertebral body L1. l No 111ention is macic of the spinal cord.) 
Fractures of the left .5th to 8th ribs. 
Re1roperi1oneal hematoma. 
Ecchymoses in the vicinit.y of the rib fractures. 
Focal fibrosis of the myocardium. 
Srasis and edema of the lung and liver. 

Other Diagnoses 

Parchy endocardial calcification of the heart. 
Brown atrophy of the myocardium. 
Generalized arterioclerosis wirh 

(a) alheromatosis, in particular of coronary arteries and aorta, 
(h) Moenckeberg's media sclerosis, 
( c) arleriolar hyalinosis in many organs. 

Atelectasis of the middle lobe of the right lung. 
Patchy atelectasis, emphysema, focal fibrosis, and coniosis of the lungs. 
Pleural adhesions on the right side. 
Bronchiris, chronic, mucopurulent. Bronchiectasis. 
Atrophy of bronchial mucosa. 
(Fat embolism of the lung?) 
Atrophy, fibrosis, and srasis of the spleen. Atrophy and fibrosis of lymph nodes. 
( Hemosiderosis of lhe spleen?) Arrophy of the thymus. 
Lipomatosis of the bone marrow, particularly in the vertebral body. with decreased mass of hlood·forming ti,suc. 
Osteoporosis. Scoliosis of the vertebral column. 
Arteriolosclcrotic scars in rhe kidney (benign nephrosclerosis). 
Capsular fibrosis of the kidney. 
Small kidney cysts. 
Calcifications in lhe 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 urerus. 
Brown atrophy of the liver. 
( Hcmosiderosis of the liver?) 
Slight porlal fibrosis of the liver. 
Subserosal fibrosis of the gall hladder. 
Atrophy and slight fibrosis and lipomatosis of the pancreas. 
Peritoneal adhesions hetween hepatic flexure of colon and the liver. 
Atrophy and nodular hyperplasia of the adrenal glands. 
Atrophy of the thyroid gland. 
Small cy•;ts of the thyroid gland. 
Atrophy of the skin. 
Atrophy of epidermal appendages of the skin. Greying of hair. 
Epiuermoid cys1 of the skin. 
Swear gland cyM of the skin. 
Nevus pigmentosus of the skin. 
Elas10,is of the skin. 
A1rophy of 1he mammary gland. 
Osteo;irthrosis ( nored for fingers). 
Corneal opacities. 
Arcus scnilis. 
Loss of teerh. 

•summary prepared by Dr. Hans Collier. 
---- ----- --- ---- ---- -- ----- --
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