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MEDICAL SURVEY OF THE PEOPLE OF RONGELAP AND UTIRIK ISLANDS 
NINE AND TEN YEARS AFTER EXPOSURE TO FALLOUT RADIATION 

(MARCH 1963 AND MARCH 1964) 

Introduction 

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

March 1963 and March 1964, 9 and 10 yean after 
the accident, are presented in this report. These 
people had been accidentally exposed to fallout 
radiation following a detonation of a high yield 
thermonuclear device during experiments at 
Bikini in the Pacific Proving Grounds in March 
1954. An unpredicted shift in winds caused a 
deposition of significant amounts of fallout on four 
inhabited Manhall Islands to the east of Bikini 
(see Figure 1) and also on 23 Japanese fishermen 
aboard their fishing vessel, the luclc_y Dragon. Of 
the inhabitants of the island of Rongelap, 105 
nautical miles away from the detonation. 64 re­
ceived the largest fallout e"posure: an estimated 
dose of 1 i5 rads of whole-body gamma radiation, 
contamination of the sir.in sulitcien: to result in 
beta bums, and slight internal absorption of radio­
active materials through inhalation and ingestion. 
Another 18 Rongelap people away on a nearby 
island (Ailingnae}, wheel' less fallout occurred, re­
ceived only an external gamma dose of about 69 
rads. 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, tj7 
Marshallese on Ctirilr. island, about 200 miles fur­
ther east, received about an estimated 14 rads of 
whole-bodv radiation. T'.e fallout was not visible 
on this island and no skm effects developed. 

The exposed people were evacuated from these 
islands b~- plane and ship about two davs after the 
accicienl and taken to Kwajalein Naval Base about 
l jQ mile. to the south, where thev rC\.eived exten­
sive exam; nations ior the following three months. 
In view of the generall} "e!ilative findings on the 
American !Crvicemen, thev were later returned to 
their duty statiom. The utink people were also 
allowed to return to their home 1s1and, where 

radioactive c~ntamination was sli~ enough to 
allow safe habitation. Bcca111e Rongelap ~ 
considered to be too highly contaminated, a tem­
pora.ry village was constructed for the Rongelap 
people on Majuro Atoll several hundred miles to 
the south, where they lived for the following 31/z 
yean and were examined at yearly intervals by a 
special medical team. In July 1957, after c.treful 
evaluation of the radioactive contamination situ­
ation, Rongelap Island was co,sidered safe fo­
habitation. A new village was constructed, and the 
Rongelap people were moved there by Navy ship. 
The annual medical surveys have since been car­
ried out on Rongelap Island. 

A group of more than 100 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 p< ople to 
their home island and have served as an ideal 
com.,. rison population for the studies. This num­
ber has since increased to about '.:00. Following 
the initial survey of the Ctirik people on Kwa­
jalein in 1954, a repeat survey was carried out in 
March 1957. ln addiuon. during the past survey, 

Figure I. Map of Fallouc Area MAJUllO ~ 
1 M.-.rch I. 1954 ). :l.tanhall Islands. Q 
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Ron!l'"lap 

Ron!l'"laP 1175 n 
Ailin~ 170 r) 
r\me"ncan lrf"VKemien 
Utirilr. I 14 r) 

So. in 8""'P 

115 1.duhs and childrm) 
57 
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28 irumined 19~ ontr1 

15 7 I rxamined rw:ry J IO 4 yean I 

i00--111 i 
1000--1082 
801-900 
801-970 
801-1058 

1-36 
1-36 

101-4:.!8 
!101-?37 

u NEXl'OSED CHtL .. EN I < I 0 Yl'.AU .u.,. 1964 i 

Ron!l'"lap & Ailin~ 
Rono:rlap 
C1irilr. 

as in the previous survevs, a visit was made to 
Kwajalein anJ Majuro Atolb for examination of a 
number of Rongdap people, now rc.iding at ther 
atolls, and also groups of children who represent 
part of the control group used for the growth and 
development studies of the exposed children. 

Table l lists the various populations that have 
been examined since 1954. 

The accumulation of data from these survevs is 
becoming increasing!\· voluminous. Since condi­
tions have not been favorable for performance of 
extensiv~ statistical analnes or use of electronic 
compu11ng procedures to store and manipulate the 
data, the annual survev reports pu">lished bv this 
Laborator• are madf" as complete as possible. This 
"'port, therefore, includes a considerable amount 
of raw data. much of it in appendices. so th.ti 
other; mav have an opportunnv to make further 
cakulauons 1f desired. 

Summary of Past Findings 

Reports have been published on the findings ,,f 
survevs made at the following umes after expo­
sure: initial examination, 6 months. l vear. 2 
vear.;.' J vear.;, 4 vear.;,' j and 6 vear.;,· i year.;' 
.rnd 8 vear.;. ·The following is a brief summary of 
the findings previouslv reported. 

45 I rxpmed parrnts I 
75 ( UM'Xp<-.:i parrnU I 
·.'() I eltp<-.:i parents I 

87-116 
801-1058 
22~2278 

During the fim 24 to 48 hr after exposure, about 
!.-, of the Rongdap people experienced anorexia 
and nausea. A few vomited and had di...rrhea. In 
appendix I 0 the individual his•ories of nau~a 
and vomiting are tabulated. Many also experi­
enced itching and burning of the skin, and a few 
complained of lachrvmation and burning of the 
eves. Following this. the people remained asvmp­
tomatic unul about 2 weel..s after the accident, 
when cutaneous lesions and loss of hair developed. 
due largelv to beta irradiation of the skin. It was 
appar .. nt when the peuple were first examined. a 
few davs after exposure, that the lvmphocvtes 
were cons1derablv depressed and that significant 
doses of radiation had probabh· been received. In 
addition to the whole-bodv dose of radiation and 
I he beta irrad1at1on of the skin. radiochemical an­
·' I""' ot the urine sho ... ed that measurable 
,mounts of radioactiYe matenal had also been ab­
sorbed internallv. The dfects of the radiation can 
best be summanzed under three headings accord­
ing to the mod"' of exposure· pen .. trauni: irradia­
tion. skin irradiation, and internal irradiation. 

One of the earliest finr.ings indicative of!i~ifi­
cant exposure m th~sc people "as lowenni: of 
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levels of ltulcoolts and plaltlttJ of the per. pheral 
blood. This was most marked in the 64 people on 
Rongclap who had received 175 rads. and was le. 
marked in the other groups receiving lcsa expo­
sure. The hemopoictic depression waa roughly 
proportional to the dose of radiation received. 
Even in the 157 Utirik people who received only 
an estimated 14 rads, it was pmmiblc to distin;;uilh 
slight platelet depression in the group as a whole. 
The smaller group on Ailingnac and Rongcrilr. 
showed peripheral blood levels between those of 
the high and low exposure groups. The chrono­
logical records of blood findings in the Rongclap 
and Ailingnac groups arc presented in Figures 20, 
27. and 32 and in Appendices I and 2, and in the 
U tirik group in Appendix 3. 

l_ymplropt111a of about half the level of the com­
parison Manhallc9c population was evident when 
the Rongelap people were first examined on their 
arrival at KwajaJ~in 3 days after exposure. In 
children <.J years of~ the lvmphocy1es dropped 
lo :z5r; of the levels i" 1he comparison children. 
but showed a slight rise during the following 
weeks. The depressed level was maintained with 
only slight increase noted by one year. In the fol­
lowing year, mean counts approached the levels 
of the comparison population and have generally 
remained slightly below. 

. Veutroplril levels fluctuated considcrabh· during 
the first month; possibly 1his was related to 1hc 
prevalence of beta burns of the skin during that 
period. Neutrophil depression became evid"ni b~· 
5 and 6 we"ks post exposur" with levels reachin11; 
about half that of th" comparison population in 
the adults and siightlv low"r m the children <.J 
vears of age. This d~ of ncutropenia was insuffi­
cient lo result in am apparent increased infectious 
processes. and indeed it was noted that ncutro­
philic leukontosu was possible in people showin11; 
casual infecuons at this um.,. Neutrophil levds r"­
covcr<"d more rapidlv than lvmphocne lc.-els and 
r<"ach<"d ll<ar control i<"vcls bv one vcar. Subse­
quent annual surv"~ have revealed that rccovcrv 
docs not appear to be complete, part1cuiarlv in 
voungcr and older age ll'Toups. 

Platt/ti counts showed ICSll fluctuation than other 
blood counts and fairly consistcntlv showed in­
cr<"asing depression. reaching levels of about 30'7r 
that of the companson population bv the ~th 
week. A spun of recoven· to about 75'ic of com­
parison lev.,ls occurred during the following few 

3 

weeks, which wu followed by alower recovery but 
with mean lcvela never reaching higher than 90 lO 

95% that of the oomparimn population during the 
8 yean post exposure. 

Erytlrropoietu deprcsaion hu not been a con­
sistent finding u with the leukocytes and thrombo­
cytcs. Slight dcprcaion of red blood counts, hcma­
tocrits, and hemoglobin haa been noted at times. 
No grom abnonnaJiticl of ltoitt mamiw smears were 
rcponed at 6 months post exposure. At 8 years, 
examination of 9 bone marrow aspirations from 
expoacd people showed a reduced mycloid-cry­
throid ratio wth abnormalities of the erythroid 
and myeloid prccunon in 5 CaJCS. 

Depression of peripheral blood clements in the 
Ailingnae and Rongcrik groups was not so pro­
nounced as in the Rongelap group. However, a 
slight lag in complete recovery in the Ailingnae 
periphnaJ blood count has also been noted. 

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

A general a11nr11c tendency has been evident in 
both cxpmcd and unexrJORd Marshallcsc. Price­
jones c.urvcs, on the average, showed a slight 
microcytic tendency. Scrum iron levels have gen­
erally been normal, and the cause of this anemic 
tendency has been undetermined. 

RttuMlont• counts have been about the same 
in the exposed as in the un<"xpascd people. 

Except for radiation-induced lesions of the sir.in, 
patchy "Pilation. and early gastrointestinal symp­
toms, c/111ual txam1nat1on.s have rev.,aled no discar 
proccsso or svmptoms .,.·hich could be related 
directly to radiation effects. ~o prophvlacuc or 
specific thcrapv of radiauon effects was cv"r con­
sidered nct:cssarv or llllvcn. Ep1dem1cs of chicken 
pox and measles that occurrc<l showed no 11;reat<"r 
mc1dence or s"venty m the exposed chan m the 
unexposed Manhallcsc penple. 

During the first months post exposure about half 
of the cxposrd group exhibited loJJ of u·t11(!rt of sev­
eral pounds. This mav possiblv ha'·" been related 
to their radiation exposure. althouai:h 11 1s difficult 
to rule out "ffccu possiblv due 10 chang" of 
env1ronm.,nt. 

At J ~·can post "xposurc the zmmunt rr•ponst to pri­
man· and secondary tetanus antitoxin was tested 
and found not to be significantly different in the 
cxpos.-d compared to the unexposed populations. 



his employment with such contrca.ctor. 

Five penona in the expmed population died ol 
di.eue: ( 1) a ~year-old man with hypertensive 
heart m- which had been preRnt at the time 
of exposure, who died 2 yean after the accident; 
(2) a 78-~-old man who died, 3 yean after es­
posure, of coronary bean dixue complicating 
diabetes; (3) a 3~year-old man who died of acute 
variceila. 4 years after espamn:, who had rea:iYaf 
only &9 rada, having been on Ailins-c at the time 
olthe £allout; (4) a 60-year-old woman who died 
o( a canca' o( the ovary at 5 years after expmwe; 
and ( 5) a 78-year-old - who died ol traumatic 
vertebral &acuans at 8 years after espmure. ~ 
wu no apparent relationahip between any of thele 
deaths and radiation exposure. Four deaths ha¥e 
occun-ed in the compuW>n population. The 6¥e 
deaths that have occurred in the expmed people 
since exposure repreRDt a -r111/11J r.U of 7 .6 per 
1000 population per annum, compared with 8.3 
li>r the Manhall Islands u a whole. 

Gre.llt •*' "-~ stwlvs on the children 
(height, weight, anthropometric measurements, 
radiographic studies for bone age) have revealed 
that slight retardation in growth anrl development 
hu occurred in the expmed boys who were under 
12 yean of ase at the time of exposure, particu­
larly thme 12 to 18 months of age at exposure. 
Only slight immaturity wu noted in the expmed 
female children. It wu abo noted that children born 
oI exposed parenis were slighdv retarded and that 
they had slightly lower levels of neutrophils, lym­
phocytes, and platelets, compared with male chil­
dren of unexpoacd parenlS. However, since the lat­
ter children were on the average 4 months older. the 
data did no« Justify a oonclmion that the differencr in 
sarurr was amx:iated with the expcaue of the parents. 

It -... ;u difficult to evaluate the effects on lCnility. 
However. a review of the llrrt/t rau of the ex.posed 
group over the past 8 vean seems to indicate no 

noticeable effect of their ex post.re on fenility. The 
35 bmhs represent a rate of SJ per 1000 popula­
tion per annum compared with 37.3 for the Mar­
shall Islands ( 1957). The 25 binhs over a .'>-vear 
penod for the comparison population reprcrnt a 
rate of 2 l.8 per 1000 population. A somewhat 
greater incidence of 7ftucarrra~1s °"" st11//11rths was 
noted in the ex.poeed women dunng the fim 4 
yean after exposure, but because of the paucity 
of vital statistics on the Manhallcse and the small 
number of people involved, the data arc not read­
ily amenable to statistical analysis. 

A c11F1/~ailm n.rwy of the aduhs ( 1959)' 
showed no ouutanding diffcre!'!ces between the 
cxpmcd and unexposed groupe. The people ap­
peared to have lc:s hypertension on the whole 
than ia rxMed in people in the continental United 
States. 

An atltntu J1l""'1 ( 1959)' showed no great dif­
ferences between the exposed and the unexposed 
people, and about the same incidence u is seen in 
American populationL 

O,..IAlll..J.1ic.I SlfFH7S showed no remarkable 
differences between the ex.posed and uncxpc»ed 
groupe except pomibly a slightly greater number 
of cues ol ptcrygia, pingueculae, and oorneal IC&l'S 

in the cxpmed group. h is not known whether thil 
finding is of any significance in relation to their 
radiation cx.pmt1rc. Slit-lamp ot.cTvations showed 
no opacities or the lens characteristic of radiation 
exposure. As .i whole, visua.I and accommodation 
levels in the ManhaUae appeared to be above the 
average in the U.S. population. 

Dntt11/ S111R'#JS' showed no significant tiiff<:rcnces 
in caries rate between ex.pmcd and unexposed 
groups. However. the incidence and scverin· of 
peridontal disease was slightly greater in the ex­
posed group. It is not lmown whether vr not this 
finding is rdated to radiauon cffcc:s. The poor 
oral hygiene ~ncrally o~ in the Marstwlae 
had its usual results. namely, high caries rate m 

teenage children, severe peridontal lesions in 
adullS (hean· calculus and loss of alveolar bone), 
and cdcn:ulous mouths in tl-c aged. Radiation ex­
posure did not appear to have affected dcvelopmg 
dentition in the cxpose<l children. 

latt t/ftclJ oj rati1at1on. Various paramcten usu­
all v as<oc1ated with a('"~ were measured or esti­
mated on a 0 to -4 + . ..:ale\ skin l009oencss. elastici!Y, 
and .cnile changes; greving of the ha.ir and bald­
ing; accommcxlation. \."ISual acuity, and arcus 
scnil~: heanng; cani~·ascular chan~ ancludi~ 
bl<x>d pre>surc and de~ of pcnphcral and ret­
inal anenoscleros1S; neuromuscular funcuon; and 
hand strength 1. Compartson of the9C measure­
ments 1n e:<poscd and unexposed individuals of 
the same aii:e groups showed no apparent differ­
ences. A biological age score was calculated for 
indi•·iduals and groups by use of an average per­
centage 5COf"C. lift sJiortnull.I! effccu of radiation lave 
not been apparent. As noted, the monalitv rate 
was about the same an the ex.posed as in the un· 
ex.poocd people. 
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The one cue of"''""' that developed in the ex­
poscd group occurred at 5 yean after exposure, 
too 900fl, it is believed, to bear any panicular rela­
tion to radiation exposure. U•k,•111 surveys in­
cluding physical findinp. studies of white cell 
count.I and types. alkaline ph01phatac staining, 
and buophM-cOunts of 4000 white cells showed no 
cvidmnce of leukemia or leukemic tendency. One 
child in the irradiated group has had slightly ele­
vated buophils but no other positive findings. The 
amiiovas01i11r and 11rtl1ntis surveys, as well as the 
scncral results of the physical examinations, haYC 
not shown any apparent increased incidence of 
lil~nen11t1w timasn iu the exposed people. No 
radiation-induced cai.racts have been ot.erved in 
any of the expoaed people. 

Gnwt1c effects have not been specifically studied 
because of the small number of people involved. 
No apparent radiation-induced genetic changes 
have been dete<:ted on routine physical examina­
tion in the hnt-gcneration children of expoaed 
parents, with the pcmible exception of suggestive 
evidence of increased miscarriages and stillbinhs 
in the exposed women and the slight retardation 
of growth noted in the male children of exposed 
parents. 

llE1'A IHADIAT10N Of THE SIC .. 

It was impossible to get an accurate estimate of 
the radiation dose to the skin. Beta burns of the 
skin and epilation appeared about '.? weeks after 
exposurc, largelv on parts of the body not covered 
by clothing. :\bout 90~ of the people had these 
burns. and a smaller number developed spottv 
epilation of the scalp. Most of the lesions were 
superficial; thev cxhibucd pigmentation and dn", 
scalv desquamauon, and were associated with 
little pain. Rapid healing and rcpi~entat1on fol­
lowed. Some leswns were deeper. showed wet dcs­
quamauon, and were more painful. . .\ few burns 
became secondanlv infected and had 10 be trea1ed 
wuh ant1b1oucs. Rep11~menta11on of the leswns 
graduallv took place in most instances, and the 
skm appeared normal within a few weeks. How­
ever, in about 15<:< of the people, deeper lesions. 
particularlv noted on the dorsum of the feet. con­
tinued to show laclr. of repagmentation "ith var;·­
ing degrees of scarring and atrophy of the sir.in. By 
6 years the only residual effects of beta radiauon 
of the skin were seen m I 0 cases which showed 
varying degrees of pigment aberrations, scarring, 

and atrophy at the lire al the bmer bums. During 
the put ~ yean an increued number of piir­
mcnted maculae and moles have been noted in 
previously irradiated areu of the skin, but thac 
have appeared to be quite benign. 

Numerous aiaopaLIOAogical audies have been 
made,'"·' and the changes found have been con­
sistent with radiation damage. At no time haYC 
changes been oa-r-d either gnmly or micro­
!COpically indicatiYC of malignant or prcmaJi"1&nt 
change. Spotty epilation on the heads wu shOt1 
lived, regrowth of hair occurring about 3 monthl 
after expoaurc and complete regrowth of normal 
hair by 6 montha. No funhcr evidence of epllation 
has been ltt'n. 

An intcn:sting ot.ervation noted during the lint 
few months after expmure wu the ~lopmcnt oi 
bluish-brown pigmentation of the 1Cmilunar arcaa 
of the fingernails and toenails in about 90% of the 
people. By 6 months thUi pigmentation had disap­
peared, having grown out with the nail. The caUR 

of this phenomenon has not been explained. 

R.ldiochemical anal)'9CS of numerous urine sam­
ples of the expoaed population showed internal ab­
Erption of radioactive materiab, probably 
brought about largely through eating and drink­
ing contaminated food and water and to a lesser 
extf'nt through inhalation. During the tint few 
davs when the bodv levels were at their highest, 
the maximum permissible concentrations were ap­
proached or slightly exceeded onlv in the case of 
strontium-89 and the isotopes of iodine. The con­
centrations were believed to be too low to result in 
anv ~nous effects. Bod,· levels fell rap1dl~-. so that 
by 2 and 3 years post exposure. they were far 
below the accepted maximum permissible level; 
b,· 6 months actant\ an the urine was barely 
detectable 

In 1958 analvses of bone samples on one of the 
men "ho died shoved J. i stronuum-90 units;g 
calcium. Bcgmmng m 1957, gamma s~troscopy 
by use .Jf a low-le,·el counung chamber was added 
to the techniques of radiochemical analysts. The 
return of the Rongelapoe to their home is.land 
I which after careful sun·C"\· was considered safe fOI" 
habitallon. despite a pers1s11ng low kvel of radio­
acuve contammauon) was rellei:ted in a rise in 
their body burdens and increased urinary excre­
tion of cenain rad1onuclidcs. During the yean 
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since rhe orupnal 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 i mponed foods, the p«"O­

ple are not living in a ·•closed''env1ronment. and 
therefore may not be rapidly approaching equi­
librium with the environmental fission products, 
as might be expected under other circumstances. 

Body burdens of gamma-emimng fission prod­
ucts (such as Cs'" and Zn"') were measured in a 
whole-body counter and checked by radiochemi­
cal analysis of urine specimens. The levels of in­
ternal contamination per unit weight appeared to 
be about the same for juveniles as for adults, male 
and female. Wide variations in levels of contami­
nation in anv group were found. apparently due 
to differences in diet and metabolism. 

Body burdens of Sr''" were estimated from uri­
nary excretion as determined by radiochemical 
analyses. Both the external dose measurements on 
Ronl{elap Island and the levels of radioactive iso­
topes in the food on the island indicated that some 
increase in Cs'", Zn"\ and Sr.'" body burdens was 
!O be e"pected when the people returned there in 
195i. The Cs'" body burden in l958 was about 
0.68 µC, about 60 times a• gr<"at as in 1957. and 
th<" urinarv Cs'" level r05e by a factor of 140; the 
mean body burden for 1959 was 0.5 7 µC. The 
mean body burden of Zn"·· esumated from whole­
bodv counting data was, in 1958, after the return 
to Ronl\<"lap, O.J6 µC. 8 times as high as in l957. 
and O.H µC in l 959. In l 961 the mean Cs'" bodv 
burdt"n in adult males was l 4 7 mµC. kg, which is 

not sagnificantlv different from the mean value of 
a similar group obtained in 1959; it was JOO times 
that of the mt"dical team. who were measured at 
the same time for comparison. The Zo" · level an 
adult males I 1.5 l mµC. kg) dropped to 17": of the 
mean value measured in l 959. With a larger de­
tector and a longer counting time than pre' 1ouslv 
empimed. 11 was possible to 1dent1fv and quantah.­
Co"" for thr tirst tame in these people; the mean 
level of Co'" was about l I"\ of the Zn"· level. .-\ 
small amount of residual acuvuv was still present 
after the subtraction of K "'and the above radio­
nuclide' from the !Otal spectrum. The mean level 
ofunnarv e"cretion of Sr'" was 7.2 pC/I or 14c; 
higher than measured in the '959 medical sur­
vey. In 1962 the mean urinarv Sr'" level was 114 
pC · 'l Ca. iiiving an esumated oodv burden of 12.0 
mµC. Analvsis of bones from the deceast"d Ron­
gelap woman I 1962\ 'lave an estimated bodv 
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burden of 11.4 mµC. These levels represent about 
a sax fold increase an Sr'" over the 1958 levels. 

Little of the bodv burden of the exposed group 
is apparently due to their initial exposure, since at 
present there 15 little difference between the levels 
of the exposed and unexposed populations living 
on Rongelap Island. The body burdens are of 
small significance in terms of radiarion hazard. 

OfHEI STUDIES 

S/udus of gtntl1eall, rnlrtrittd characltrutus. Blood 

grouping studies in the Manhallese showed a rela­
tively high B gene frequency, a high N gene fre­
quenC\', an extremely high R' gene frequency, and 
total absence L'f Keil and Diego factors.'" These 
characterisucs aiffer from those of Polvnesiam and 
suggest rela11onship with Southeast Asians and 
Indonesians. Haptoglobin studus shc.,..ed the fre­
quency or the Hp' gene to be higher than in Euro­
pean populations thus far tested and consistent 
with porulations living near the equator. The dis­
tribution ofhaptoglobin tvpcs showed the popula­
tion to be relauvely homogeneous. Transjamu in 
all S<'ra were tvpe CC, the common European 
type. /1-Ammo-:so-bulrnc acrd urinar,· levels showed 
the Marshallese to be the highest excreters of this 
acid of anv population thus far reported. Levels in 
the exposed group were about the same as in the 
unexposed group. and no correlation was found 
with bodv burden level of radionuclides: this indi­
cates that there 1s probabh· no correlation with ra­
diation exposure Hrmnl!,lobrn t1·pts were considered 
normal (all h..ad tvpe .-\A.). S1dclrne lrsls showed no 
S1cklini;: tendency in am· of the people. (;/ucosr-6-

phosplralt deh~riroemast of the red cells appeared to 

be normal an the Marshallese Studies of Gm 
phrnulrp" showed the Marshailese w i1ave 100"; 
Gm •· and nearl\· I O•l'i Gm ,. There was a 
complete absence of Gm' and a h11~h trequencv 
of Gm-like ! Gm 1 Consaderable cauuun must be 
exercised an e' aluatm'g the n·,ults of these studies 
<>n gcnellcalh· inherited characteristics because of 
the ,m,,11 number of samples tested. The data do 
seen. to indicate rplallve homoi;:ene1tv of the pop­
ulation .ind closrst kinship with people of South­
east Asia. TheS<" data also ma• be useful as a i:-~..., 

line should "enellc changes appear m later a;:< r1-

erations. possablv related to radia11on exposure. 
Results of other laboratorv studies included the 

following: Stru11 prolfln levels were generailv on the 
high side of normal. electrophoretic patterns 
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showed the increase in proteins was largclv due 
to an increase in the gamma globulin fraction. The 
reason for this is not apparent. Numerous chronic 
infections may be an explanation . 

Sodium ltvtls in the urine and food indicated 
about the same consumption of NaCl as in Ameri­
cans. The generally lower incidence of hypenen­
sion in the Manhallese might be related to the 
fact that the former native diet was probably 
lower in salt content than the pre!lent. matt west­
ernized die1. It will be interesting to see whether 
the incidence of hypenension will later increase. 

Strum choltsltrol ltt•tls I 195 7, 1959) were some­
what lower in the exposed population than in the 
compari!On or Utirik populations, but were in the 
low normal range. No abnormally low readings 
were noted. 

S•nun crtat111111t levels ( 1957) were in the normal 
range with no abnormal levels noted. 

Strum ut1am111 B., concentrations ( 1958, 1959) 
were generally significantly higher than American 
levels. The possibility of contamination of the sam­
ples with bacteria producing vitamin 8,, must be 
considered, since mycloproliferative and liver dis­
ea~s were not !lttn. 

Strum prot11n hound 1od1111 levels ( 1957, 1959. 1962) 
were generallv slightly elevated. Evidence for thy­
roid dysfunction was not apparent in the people. 

Glucosuria and titL•attd blood su~ar were found in 8 
people (I exposed ai1d 7 unexposed). An increased 
incidence of dia'>ctes is prevalent in the Mar­
shallese people. 

A surve,· for mttslmai parasiltJ ( 1958) showed 
75"; of the people to be infected wnh vanous 
tvpes.'' For the three major pathogens found, the 
over-all infection rates were, for Entamorba h1sto­

li-t1ca. 18.:?'f. for hookworm, 5.5%; and 'or Trichuru 
tnchrura. 343'-c . 

Eo>rnophdra > 5'1 has consistent Iv been noted 
in about half the people. The fact that half the 
cases wuh eosmophilia showe-:1 no hclminthic in­
lec11ons at all suggests that ott:er factors besides 
paraS1t1c infections must be responsible. The eo­
sinophilta mav be related to chrc,!'lic fungus and 
other infecuons, pan1cularly of the skin. 

Compltmrnl fixatum stiui1ts for parainfluenza I. 2, 
and J. respiratory syncitial, ps1ttacos1s, and Q fe­
ver showed antibodies to all groups of viruses ex­
cept that for Asian influenza. which probably had 
not vet seriouslv involved the pcor'e of the Mar­
shall Islands. The anubodv men appeared to be 
somewhat lower m the exposed people. 

Tilble 9 
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lmmMnotltelrophortlrc anal]srs showed neither a 
paraproteinemia nor a tvpical picture of antibodv­
deficiency-syndrome, but a high frequencv of in­
crc:ucs of some of the immunoglobulins was noted. 

Blood volumt Jtudus with Cr"-labeled rndium 
chromate showed a significant reduction in red 
cell maa and/or plasma volume in 15 of 23 
Manhallese. 

DIMCU&.TllS ASSOCIATID 
WITH THI EXAM1NA11C1NS 

As mentioned in previous repons, several diffi­
culties were a.uociated with carrying out the ex­
aminations as well as interpreting the findings. 

I. The langu~ barrier made examinauons dif­
ficult, since very little English is spoken by the 
Manhallese. However, there were sufficient Eng­
lish-speaking Manhallese to assist the medi-:al 
team in most instances. 

2. The lack of vital statistics or demographic 
data on the Manhallese impmed " senous diffi­
cultv in interpretation and cva•uation of the medi­
cal data. Records ofbinhs, deaths, etc., have been 
made by the health aides or magistrates of 1he vil­
lages and supposedly forwarded to the district ad­
ministrator; however, such records have been in­
complete or lost in most instances, and vital sta11s­
t1cs are therefore inadequate. Trust Territorv 
officials are now attempting to a.aemble such data. 

3. There 1s uncenainty on the part of some of 
the Manhallese as to their exact ages, pan1cularlv 
among the older group. This imposes cenain diffi­
culties m mterpretmg some of the studies to be 
outlined. 

COMPARISON l'OPUlATIONS 

During the first 2 years, two separate groups of 
Manhallcse people .. ere used for comparison. 
each of comparable Size 10 the exposed Rongelap 
group and matched for al(e and "CX. However. this 
pupulauon was found to be unstable. wnh a larl(e 
attrition rate over the 2 vears, which made 11 un­
satisfactorv At the time of thr- 3-year survev, 11 
was found that during the preceding 12 months 
the Rongclap population at Majuro ,\toll had 
doubled because of the influx of relatives who had 
come back from O!her islands to live with them. 
These people had been away from Rongelap .-\toil 
at the time of the accidental exposure. This group 
matched reasonablv well for age and sex ard was 

Table 10 
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Figure .! Medical !Ur.rev team for 1 'JtiJ 1 upper p1cturr- 1 and 1 ~64- r lower 
picture). Maff1r· memtxn of the team an~ Micronesians of the Trust Tern~ 
ton• ..... ho work. wnh the AE.C medu.:al specialists in carn1n~ out the survev 
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Fil{lJr~ .I Trust Terntor• ship bnnl{ing team and medical •-qu1pmen1 ;u anchor olf t:tirik Island. 

Tab~! 

Lounon of Ronl{"lap Prople. 1964 

Expoocd L'nnpoed 

-\dulu Ch1ldr= Child"'n of exp<JRd parena Adults Children Tow 

~a)W'O 

Kwaiakm <j 6 
Roncelap 14 20 
E'.nuirtoli. 0 0 
Other atolll 

Tmal ..a 28 

of comparable size. Since the return of the people 
to Rongdap. however, this group has about 
doubled 1n size. 

Organization 

1963 SURVfY (9 YEARS POST EXPOSURE) 

Examinations were conducted on the followinll[ 
Rongelap people· 70 exposed, 35 children of ex­
posed parents. and 196 unexposed l adults and 

7 !I 
II 37 4() 103 
_'9 72 49 204 

0 3 4 
0 13 11 27 

-I] .3! 108 359 

children of the comparUon pvpulat1on ). The ma­
JUrll\ of these people were examined on Ron~lap 
..\wll. but about \00 of them were examined at 
Ebeve ( KwaJalein Atoll) and a few at Majuro 
. .\toll. In addition. Cnrik . .\toll was visited and 84 
exp<'<ed people were examined there. The survey 
team consisted of 10 phvs1c1ans and technicians 
from the united States and 6 from the Trust Ter­
ntor.· oft he Pacific Islands (see Figure 2l. A Trust 
Terntorv ship. the M \" Roqu,, was used to trans­
port the medical team to the Islands (figure 3). 
The team hved ashore rather than on board ship 
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a1 Rongclap Village and also at Utirik Village 
while carrying out the examinatiom on the1e 
islands. 

IM4 SUIYIY I 10 YIMS POST EXPOSUa) 

The 1964 survey did not include Vtirik, since 
1hesc islandcn arc examined nnly every 3 to 4 
vcan in view of 1hc small exposure they sustained 
from the fallout. Examinations were carried out • 
in 1963 at RonRClap, Ebeyc, and Majuro, the rna­
jori1y being done a1 Rongelap. Table 2 shows. the 
distribution of Rongelap people on the var1ou. 
atolls. Examinations were conducted on 70 of the 
exposed Rongelap people, the 43 children of ex­
posed parents, and 208 of the adulu and children 
of the comparison population. The survey team 
consisted of 8 physicians and technicians from the 
United States and 8 from the Trust Territory (see 

Figure 2). The Trust Territory shipm M/V R"'lw 
and Mr V Ra A11D11 both aided in uansponing the 
team and equipment to and from Rongelap Atoll. 
The team lived at Rongelap Viii• for the cxami­
nauons on that is~. 

. I 

F1~urc 4 Manhallev man carrving a sacl< of c~pra. 
Copra ii the marn product m the economy of the Islands. 

Procedures 

Since both the I 9'j3 and 19&4 surveys were 
similar in scope and procedures, 1hcy will be de­
scribed together. Histories were taken by a Mar­
shallc:se practitioner with panicular i:mphasis on 
1hc interval history during 1he past year. During 
the 1964 survey Mr. Byron Bender, an1hropol­
ogis1 from the Trust Territory, accompanied the 
medic~! team and carried out exhaustive s1udies 
on the genealogical background of the Rongelap 
people. These data are not published in 1his re­
pon, but arc available to those inlerested. The 
pediatrician on the 1963 survey ( W. W .S.) earned 
out funher interviews with the Rongelap people 
in order to establish more cl01Cly the agn of some 
of the children, which were questionable. 

Complete ph~ical examinations on both chil­
dren and adulu were carried out in both yean. 
In addition, anthropometric measurements were 
done on adults > 19 ycan of age in order 10 de­
lerminc cenain ethnic characteristics of 1he Mar­
shallesc. During the 196~ examination ex1ensive 
anthropometric mcasuremenu were also carried 
out on the children as pan of the growth and de­
velopment studies, and radiographs of their wrists 
were taken for the same studies. 

b 1963 an 0µ111halmologist carried out com­
plete ophthalmological examinations including 
sli1-lamp obstrvations. 

Cancer detection, emphasized during examina­
tions for both yean, included an evaluation of1tM, 
history, special phvsical examinat10ns. and cer­
tain laboratorv tests.• The familv his1orv did nOl 
vield sausfactorv information. since the incidence 
~f familial diseases including cancer was generallv 
unkno,,.n bv the people. The historv yielded some 
informa1ion on ch~ngcs in weight. h1stor,- of illness. 
and. 1n the case of women, menstrual. obstetric. 
and nursing h1storv. In the ph~·s1cal rxammauon 
particular .-mphas1s was placed on examinauon of 
the skin. node-bearing areas, head and neck. 
chest, breast. abdomen, and external ~enitalia. 
Pelvic exammat1ons were carried out on all matu"" 
r .. males. and va~inal and cervical smears for 
Papanicolaou examinauons were obtamed. • • Rec-

•On E Sch~cko"" .ind H L '\tk1ru. of 8rookha.~("n ~•llon..U 
Ub::>ra1orv in1ierp~t«i 1~ x-r~~ hims . 
.. Wr wi.sh to 1h.a1111. Or Grn1:v1cv" 8.aidcr of M1:monal Sloan 
Kr-nnintC.~.nar Cemcr. ~~York. '.'I Y. for intcrpn"!Alton ol 
1M P_,,ocou.ou imean. 
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Fil!Ure 9. Typical Manhaller living conditiON at Utirik. 

tal examinations were carried out on all per~>ns 
> -lO vean of age. This included in the case of 
men palpation of the prostate gland. Radiographs 
of the chest and other paru of the bodv were ob­
tained as indicated. Hematological data were 
obtained and were available for evaluauon. 

In detection of posuble leukemia 1 or preclinical 
evidence of incipient leukemia; the h·mph nodes 
and spleen ,..-ere carefullv examined; hematological 
data were analued. including routine hemograms 
and percent basophils in -lOOO white cell count· 
and alkaline phosphatase smean of the whit~ 
blood cells where done were available for review. 

LAIOUTOIY~ 

Hematolo~cal studies included while cell counts 
with differentials. red blood counts, hematocrits. 
hemol(lobins. platelet counts. scrum proteins. 
blood smean for alkaline phosphatase, and baso­
phil count studies Techniques for these procedures 
have been desert bed in previoiu reports.' ' Bone 
marrow ;..o,:>•rauons for differenual study were col­
lected on ' eltposed and 2 unexposed individuals. 
Considerable effort was spent on chromosome 
studies in the past two survev• Of particular in­
terest was the possibility of studying the chromo-
90mes of cells cultured from the "'beta bum·· areas 
of the skin. Som.- 50 sl<1n biopsies were obtained 
and successfullv grown in most cases. However. 
contamination of these cultures occurred under 
the field conditions of these stud.es. and unfortu­
nateh' all were lost before thev could be brought w 

the stage of chromosome preparations. Chromo-
90me studies of peripheral blood cultures, however, 
have been considerably more successful. During 
1963 a large number of bloods were cultured suc­
cessfully. However, the final chromosome spreads 
in manv cases were not completely satisfactory. 
and the studv was repeated during the 1964 sur­
,·ev. At this time successful 2- and 3-day blood 
cultures were obtained on 64 exposed people and 
11 unexposed. Excellent growth and chromosome 
spreads were ubtained, and the slides are now 
being evaluated.• 

Sera were collected hoth years on most indi­
viduals, and the following examinations were 
carried out in C.S. laboratories· protein-bound 
iodines on 9 ellposed and 8 unexposed people and 
a few blood SUlfoll" detenrunations; • • scrum folic acid 
le-vets on 52 expceed and 85 unapo9Cd people.••• 

Dunng the 1963 survev 38 urine samples were 
collected, a.nd durinll( the 196-l surve~· 21 samples. 
for raci1ochem1cal anal'>e>.' \1.ost of these were 
2-l-hour samples, though several pooled samples 
"ere obtained. \1.ost -,.,ere from people livin'! on 
Ronl!l=lap Wand, but !IOffiC were obtained at Ebeye. 

• .\.a.utinl; 1n th~ nud1n .u" Dr Sh1~lds \'\I .. urrn and Dr 
Hrrma!'n L,sco u 1 .. e :"irw E.n,land Oraconn:1 HoapHal. \1m 
.\(no Stroud al ,.\~1'(' ~auonai Labora1or-.·. •.nd ~m Pamaa 
Crumnnc at me Women' \.icd1c..ai CoUc~c. Philaddphia We 
arc ~atdul to Dn M1chae"i Bender .and C.uolvn Gooch of Oak 
R1drie. \\!' M Court·Bro•n of Edinburch. Scotland, and Kurt 
H1r...1om of~nw Yort Cnivcnatv for ,1,d"Vtce. 
.. Dr L \.' Hank.es 1.nd the Chn1c..al Chem1stn Group 1n 1he 

\.techc..al Drpan.mcnt 'lf BrCWJkha-.cn '.'l"auonal Uboramrv weK" 
rnpon.1.1b"'" for their: an.al~ 
•••Or Them.as Lvnch, H.iclC'nYck Hospital. Hack.cru.ack. :'4 J. 
did the fohc aod detninan.aoons 

tOr E.rlwud H.udv .wd 01hcn al the AEC Hr-ahh and Sat'er.­
Utx>ratorv. :'irw York, SY. u..rned out the!IC ~aJV1CS. 
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Findings 

INTHVAL MEDICAL HISTOilY 

The outstanding med;cal event during the past 
2 yean on Rongelap was a poliomyelitis (type I) 
epidemic, which occurred early in 1963. The epi­
demic apparently was carried from atoll to atoll 
by the crew of a ship, since it broke out on each 
amll within a week or two after that ship had 
depa~ted. The epidemic occurred on Rongelap 
Atoll m January-February 1963 with 23 children 
and 3 adults •tricken and one of the adults (an 
older exposed woman) succumbing. The children 
involved were all < 7 yean of age. Eleven were 
ch~ldren of exposed and 12 of unexposed parents. 
Mild residual faci:il or lir.1b paralysis was present 
m 8 and more severe paralysis in 2 children. The!C 
caacs will be funher described under the Pediatrics 
Section. This epidemic was brought undec control 
within a few months by widespread use of ural 
Sab;ne vaccine by medical personnel of the Public 
Health Service, Trust Territory, and Navv. Fonu­
nately Utirik Atoll was spared the epide~ic. 

Other than the poliomyelitis epidemic, the inter­
val medical history, both on Rongelap durin!I; the 
past 2 yean and on Utirik for the past 4 yean., did 
not reveal any epidemics or unusual diseases. Up­
per rC5p1ratory infections, gastroenteritis, and 
fungus and other infections of the skin predomi­
nated in the sickness inventory of the health aide. 
Only a few casC5 of fish poisoning and sicknC5S 
from eaung improperly prepared arrowroot were 
reponed. 

Four deaths had occurred in the expcr..ed group 
during 1962 and early 1963: (I) No. 30, female, 
60 vean of age. Died. July 1962, with a stated 
diagnosis of cancer of the cervix. Previous ellam­
mations had shown progressive loss of weight a. ri 
increasing hypcnension. On the past survev, 
bleeding was noted from the cervical os and a 
gynecological checkup had been recommended 
but death occurred before this was carried out. No 
autopsv was obtained (2) No. 46, male, 84 vean 
of age. Died July 1962. Had history of aneri~le­
rouc hean disease. a stroke a number of years ago. 
.rnd semlny. No autopsy was obtained. (3) No. 26, 
male. 21 yean of age. Died in December 1962. two 
months after a fall from a coconut tree. Death was 
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preceded bv disorientation and amnesia with con­
vulsive seizures and finally cuma. Autops' sro-..ed 
meningeal damage grosslv and histolog1calh 
Bram damage was the likely cause of deatn. Other 
findings were few, but of interest was notation of 
giant and multinucleated cells in the meninges 
area.• (4) No. 52. female, 55 years of age. Died. 
Febru~ry 1963, with laryngeal paralvsis during 
the poliomyelitis epidemic. Death appeared to be 
from poliom) ·litis with bulbar involvement. '.'lo 

autopsy was obtained. 
There was one death of a child of an ellposed par­

ent. Nn. 107. female, 4 yean of age. Di~d in Oc­
tober 1962 of acute gastroenteritis and dehvdra­
tion. Child had a history of malnutritio~ and 
weakness. skin infections, lc.ss of pigment in hair 
No autopsy was done. 

During 1963 one death occurred in the exposed 
gToup: the oldC5t Rongelap woman, esumated to 
be around I 07 years of age; death was reponed as 
duel:> '"old age.'" L'nfon1•nately, no autopn was 
obtair.ed. She had been known to be qu11e feeble 
and had cataracts and a considerable degree of 
aneriosclerosis. 

A 54-year-old man in the comparison popula­
tion died of asthma. No autopsy was done. 

During the 10-vear period. IO deaths have oc­
curred in the exposed Rongelap group, and 8 
deaths ha,·e occurred in the comparison popula­
tion smce 1957 (when this gTOUp was fir..t exam­
ined). Table ·3 lists the deaths with probable causes 
m the two groups. The annual mon .. litv rate per 
I 000 for the exposed group is thus about I 2. '.' com­
pared with about 8.4 for the comparison popula­
tion and 8.3 for the Manhall Islands as a -..hole 

(1960\ . 
Poorly kept records made it difficult to get ac­

curate d~mosr-aph1c data on the L'tirik people. It 
appeared. however. that durin11; the past ~ vear.; 
since thev were las1 examined. about 5 deaths had 
occurred in the older people an-i 6 infant deaths 
had been recorded. The deaths were due to ,ari­
ous cau~es such as pneumonia. infant diarrhea. 
and infections. ...... 

In 1962, 3 healthy babies were born to expose-i 
parents and 5 to unexposed parents In 1963, j 

babies wert• born to exposed parents and 5 to un­

exposed pa;ents. 

•Or Hans Comr-r of Brookh.illlv"n ~at1onal Labora10rv r~­
ponc<l on th< h1S1opa1l>olo!!Y 
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TabkJ 

Monalitv 

Subj«t A~ 
Year No. & ..,x Probable came 

1956 :.!5 44M Hy pcnensive bean di.eue 
19)7 '.18 76M c:.,nmarv ~an dDrar. diabrtt"! 
19'>8 II 15M A<.:ute varicella 
19'19 62 tiO F Ovanan cancer 
1'162 10 tiO F Ca.ncrr or cervix• 
1962 -46 !UM Anertooclerotic nean dioe:ue 
196:.! :!ti LIM Brain damal!" following fa.II &om•~ 
1'16:.! Sb 7j F Fractured venebrar 
191>-I ~:! ;; F Polaom".'elitl~ buJb-•r 
:~ )7 107 F ··Old ~··1» 

"Sot cuntinned bv autopsv or t:uopov. 

The birth rate for thr past yrar was cakulat~ 
as 1~ the previous survevs from the number of 

births per woman of childheann1;1 a1;1e 1 lj tu 4.; 

yrars). There n·r.- 2.1 such "omen in the e"pos<."d 

l{rocip and .l'l in the une"posed o,:roup. I :-.lot in­

cluded in either l{roup v.err 4 une"poscd "omen 

whose spouses werr t·xposed malt». I Fur the 2·\t·ar 

p..·riDd in tht" t'xposrd l{roup 8 habit" .... .-re born. 

l{ivinv; an a\Tral{e uf O. l 1 births per "'"man ~ 
\rar; 111 the une:<posr<l l{ruup lU bab1.-, -..ere horn. 

l{J\·1nl{ a 'hv;hth lower birth rate per ""man 1 U LI 

pn v.-ar I. The births "err all full-term nurmdl de­
livenrs. t'Xt.:ept one ca!!oe as nort>d bl-·low 

.\ n·v1t·" ol thr enure menstrual and <>bstetrical 

his1orv •>l the "'-ollten i t"X<l.1111nt"d 1n I ~th-t 1 1n the 

exposed and LUntrol groups is 1(1\en 111 Table ... In 

.!O L":o<pos• d "ume11 1 here had bt·en a total ol I .lh 

µn·i;!;na1H.1es. (q "onlt·n deli\t"rln~ 11.-) livinl( 
choldn·n lor .111 .1\t'f,H(t' of ... 8 babies pn "oman 

lor the .!4 io\.onwn t1, the ~rPt~p. ·rhe 'an1e tt-cun· 
U1t\ \\..1-' f1ort·d 111 1hc control "onwn. ;_! ot the ~q 

\\.11111t·11 h;.l\1ng ht·en pregnant ~lU llnu·s ..ind de· 
\t\ c·1 Hll! l W• \1, 1ng h~1b1r.., . ..ivera~111~ 4.h children 
pn !l\othtT rht· fU'\IOrtt'S Ill tht" .J~t· of Ol\'.'i't'l of 

111en:--lru.itll>1l ..ind dt·\ c·iopntt'lll of nu·narche "eIT 
not too rl'liabl<'. but th<' agcs of on'<r't for these 

~\t"flts ""P<'ar 10 bt- about th<' 'am.- in thc e'post'd 
.Jnd the contn)l \\Offit"O 

Table ·,lists th!' births <\nd fi:tdl deaths bv \ear 

sonn· I 9j.f ul Rungelap people. S1nL <'It "as un­

n·r1a1n "hethn the list ol births on l·t1nk .~toll 

Subject -~ 
Y<ar So. & ,,..,_ 

I~ M7 65M ~"'""""""*'I 
1m ID4 S5 f lnkt""' urmarv u·-.~. diabneo 
l'l60 9:n S6M Pneumon.a oecondan· to •nlluena 
1960 927 ti.>M Pneumonia ...-vndarv to mlluenD 
19ti0 1161 68F Diabetes. cane.,. cen-Uil 'l 
19b:.! 95J ~BM S1a11a -hmaucuo 
196l 848 ~I F Neuto1Vphilil(? l 
1963 886 'HM . .\llhmat 'l 

obt .. ined durinl! the 1963 survf'v was complc1c. ii 

was nut possible tu calcula1c an accurate binh rale 

ti>r that 1;1ruup. Ho .. ·e\"er. the birth r.llC '"'"'n.I to 
be about the same as nutr'd 11. <1th<"r '.\ta"hall 
Island populauons. 

c....,...ital .---.. 
A full-term sullbirth "'ith um1;1.-11i1al anomalies 

1.-ctromdus 1 was born '" <'"p<>••:d parenh on I %2. 
·mis anomalv 1s nut \('r\ '-.Jncommon. and in \i~· 

of th.- statistical e\·alu.111on the quMtion of rad1.t­

tion 1mpli..:at1on mu~t •)'(· ktt upen. 011t" 2-l-vt-ar· 

old exposed v.oman , ~t) lll 1 was up~ra1cd un lor 
n:top1L prcgnancv 1n I qh·.! .\case_~ oft. onf{enual 

hearo ddt•ct had beer• ~"!rd on a ch1id born of ex­

pmed parents st'H·ral 'ears ali(o. This child d1etl at 

~ months uf a1;1t·. Spec1tic v;enetoc studl<'S have not 

bt-rn conductffi on this relatl\elv small p<>pulat1.m. 

and onh routine ('""<.in11nat1on of nt"w births ha,. 

bt'C"n done-. ~n unusual 1nl 1dt·C.Ct"" of" Jcfcl '-"'ha ... 
been noted 1n the nt""v.horn :'-l·•mt· ·ii the dC"ft•c.:(~ 

nntt·d 111 b1Hh ,·,posed ;ind unrxpo ... cd t'hddrf'"ll 

include p.itt"nt duttus .. irtt>nosu~. lnng~n1tal d~­

form1t\ of th<' hip . .ind t!lllgen11.il h'poplas1a of 
the middle phalanx of the ·11h lmgt"r 

Misc~ and Stillbirtta 

Except lor one one ec·topic pr,.v;nancv. no m1s­

,-arnages "ere reported dunn1;1 thl" past 2-,<'ar 

period. One neonatal dr'ath 1 at I mnuth ol at;<"I 
dur- to infant d1arrht-a ou.:urred in .1. rw1n horn to 

Subfcicl ·• No. ac mm. at 

I:? u 
1:1 
H 
18 I! 
-~ .. I".! 

:.!II 
.M 
43 
~5 IJ 
~9 13 
'>l 17 
'>II 
5':I 
tiO 
61 I! 
til 
64 12 
66 IJ 
67 11 
70 14 
71 lb 

78 IJ 

81 lj 

IH 

Tow RJbo. IHI 
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Tablr5 

Birdla and Fetal ~ tw Y e.r 

O.ildren 
't Prqnanaes 

Ye.r Women qed 1>4~ Taul pttgnanciel Liwbinhl M F ~ tenninatin~ in m~ 

~ 

1~· 19 I 0 0 0 100 
I~ 20 6 ~ 4 I 17 
1956 20 6 .. 0 4 2 33 
1~7 21 5 2 2 (J l. 60 
19SB 2'2 14 8 4 4 6 43 

1959 2'2 7 5 2 l 2 29 
19ti0 24 10 9 5 4 10 

1!161 2l 6 6 2 .. 0 0 

1962 24 4 l 0 3 I 2!I 
1963 27 6 ~ 2 l I 17 

1964" :.!6 2 0 0 0 

UNU...... 

1956 29 9 7 6 I 2 22 
1~7 JO II 9 4 5 2 18 

· 19SB JO 9 8 5 l II 
19~ 29 10 9 4 :; I 10 
1960 29 10 8 5 l 2 20 
1961 29 8 8 6 2 0 0 
1962 JO 6 5 • 17 
1963 32 2 2 0 0 
1964" 32 3 2 0 0 

'Includes uillbinhs and nconaw deal.ha. 
'Includes nonexpmed li:malr:s ma1cd to expmed males. 

'Includes only children concrived after March I, 19;4. 
'lncludesdataonlv t~ March 1964. 

Tablc6 

Summarv of~ Tcrminat>0n Data 
(women~ 15-451 

1955°-1958 

L'ncxpmed 
1 II temalnl 

lncKkncc ·-, 

Women l{lvin~ birth 10 living children 12 14 \<l 61 
Women with m«arr1Al!'"5' but no hvc births 5 2J I J 
W °"""' w11h no l"eCOrded ~cie 1J II \b 
\\'om~ wn.h one or 11lOl'e m11iearna~· 9 H lti 
Women w1tb two or more mmc~r 14 6 
T<>wm~· 13 41 8 .?2 

1959-1961 

E..<pme<1• 
I JO females ) 

Incidence 

17 '>6 

II 37 
17 

0 0 
15 

•[ricludes mDCa~ occumn~ afttt March I, 1954. 0 Inciudcs sullbinhs and neonatal dea1hs. 
'Includes noncxpmed fcmaleo mated '" expmed main. 

211 

'!I 
I 

·~ 

)Ir 

3 
39 
6 
3 

II 

No. cu1n1ned 

Adcnopathv 
Annnia. anrm1c 
Artcnmcltta111. 
Ancrimclcniois, 

rnodl!rate to 

Asthma .J 
Auricul.,. fibrill 

myocardial du! 
Bradvcaf(iia ! 
Bronchitil j 
Canhac cnlar~• 
Cardiac murmur ; 
Cervical erooion. 4 
Cervical lacerat~ 
Cervical and vqll 
Con•cn11al ck(~ 
a1d~a11onaf 
b) pronunen1 h4 
c) bilateral .J 

5th fin~ 
d 1 polvdactvr 
c I shonrned I 
r 1 lln:>0n drfi 
itl small ~th t 

(\·st. Banholin 
Cvu. o\·a.na'1 
Cvstoc~le 

Diabetes mcllit 
Dupuvtf"f'n·s co 
f.p1d1dvm111s 
~·urunculans 

(;,,necomut1a 
Halluxval~ 

HnnotTll<>Kis 

·R = Ron,~la 
"Suspn-t 

exposed paren1 
wuh con~en11aJ 
po~d parents 11 

show the incidc 
the !"xpose<l aa 

'earlv bas1S ano 
The data on 

l'tmlc populat• 

The major ti 
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P~ancin 
tin~ in mls:arr~ 

100 
17 
33 
60 
43 
29 
10 
0 

25 
17 
0 

22 
18 
11 
10 
20 
0 

17 
0 
0 

~9-1963 

Unn~ 
136 females) 

l) Histological study 

Tahir 7 

Phvsical findings in R~lap and L'1irik Aduh Populations 

196'.l 1964 

R• c u R c 

No. euinined 45 75 52 ·'7 65 

Admopathy 3 10 

Anemia, ant:mic 1mdrncv 4 2 3 6 

Anerimcleroois. prripheral.. mild 14 6 12 

~ prripberal. 
......... to~ 12 10 3 6 5 

Allhma 2 
Auricular 6brillatioll with 

myocardial dama8C 
Bndycardia I 
Bronchitis 4 3 4 
Cardiac en~nt 3 '.l 
Cardiac munnur 4 4 
Cervical erooion. bleediq 8 14 4 4 5 
Cervical lacerations 4 5 5 3 
Cervical and vag;nal atrophy 2 2 
Con~nital defec:u 

a) dislocation ol hip I 
b) prominent head olul,. 2 4 2 4 
c) bilatttal lhorterun!f ol 

5th 6n""1" 2 2 3 
d) p>lvdactvlilln 
el .bonened left thumb 
f I ff<"xion dd"onn11\·. fin'!'"" 
~I small 41h I<><' 

Cvst. Banholin 
Cvsl, o\·ar1ar1 

Cvsux:rle 2 
Diabrtn mdlitus 
Dupuvtttn's contractutt' 
Epididvmius 
Furuncuious 
Gvnecomastia 
Hallux val1!"5 
Hemorrhoids 

Hyprnenaion l > 140/90) 
lnpinal hernia 
lntt!llinal paraoit.,. 
K yphaoil. ICOiimia 
Leiomyoma. utena 
l..eprooy. an..-d 
~ 
Uwr. palpable 
Myocardial daJMF « 
imu~(EKG) 

Obesity 
O.tn>arthritil 
Paral'""" 
Parotid enlariiement 

Perirtt1al ·--Pharvn~til 

Pleural 1hiclr.ming or adhesions 
~ 
J>rootatK hypatniph~ 
Prolelnuna 
PvorThea 
Rheumatic bean disieur 
Srnilitv 
Svphilis(' l anftled 
Tiwroid <"nlal"!!<'mrnt 
Tinea c1rcinata or vt!T'licokw 
Tonsolar hvprnrophy. tonsalitis 
Tumor. bc:m~n 
lJlcrr. IC!! 
Urethral carunclc 
Cterus enl~mtnt. libroo~ ') 
Vtcrus retrovc-- ...ion 
\' ancOC<"I<' 
Vancoer veuu 
\'iuhgo 

1963 1964 

R• C U R C 

3 2 6 4 6 

J 7 
4 3 2 5 5 

I 
I 
2 

10 
g 

10 15 
I 
I 
I 

I 2 
6 5 
5 5 

4 

I 
4 
2 '! 

I 3 
5 8 

2 
1• 
2 

4 2 l 

I I 10 
4 5 10 

10 l'.l 
I 

I 
2 8 20 

2 2 6 
7 8 

2 
I 
3 

I 
I 
5 

4 

2 

··R = Rono:rlap rxpos<"<l. includinl( A.11inl!"ar: C = Ronl(elap unrxpoS«l: L. = L'unlt rxposed. 
"SuspKt 

exposed parenls in 1962. A stillbinh I full term) 
with congenital ancmalies which was born to ex­
posed paren1s is described above. Tables 5 and 6 
show the incidence of miscarriages and births in 
the exposed .me comparison populations on a 
yearl,· basis and for the two 5-vear periods. 

The data on miscarriages and stillbirths m the 
L'tmk population were not reliable. 

PHYSICAL EXAMINATIONS 

The major findinir-; on phvsical examinations are 
listed in Tablt> i for the adults and Table 1:.1 for 

the children. Appendix 7 contains findin~ on each 
individual adult and Appendix 8 contains such in­
formation on each child. 

Adult baminatioN 

Table i does not show anv si~ificant difference 
in the abnormalities recorded between the ex!JOM'd 
and the comparison populations. The exposed 
group did show a hu;:her incidence of stvere ane­
riosclerosis. which may be a reftectton oftt.· grt"ater 
percentage of older people in this group. There 
was a slightly increased occurrence of cervical en>­
sion and lacerauon in the ex~ women. The ex-

Tablt 18 

29 
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posed group also showed an increase in kypho­
scoliosis, which is probably also due to the al!C 
factor. A slightly increased incidence of prostatic 
hypertrophy was found among the exposed males. 
This will be given particular attention in the next 
survey. The unexposed population slightly ex­
ceeded th~ <"Xposed in incidence of inflammatory 
diseases such as adenopathy, bronchitis, and phar­
yngitis. There are no obvious reasons for this dir­
ference. No malignant lesions were detected in 
either the exposed or unexposed groups. Papani­
colaou examinations on v~nal !ICCretions revealed 
several that were suspicious or malignancy. Theie 
women will be .:hcdr.ed carefull'I( on the next survey. 

Aaudw ••• atric Sluilliea 
During the 1963 and 1964 physical examina­

tions, anthropometric measurem<:nts were ob­
tained on Rongclap adulu examined ( > 19 years 
of age). These measuremcnu included height and 
weight. and circumfere.,ces of shoulder gir•h, 
biceps, forearm, wrist, chest, abdomen, buttocks. 
thigh. knee. calf, and ankle. Dr. Albert R. Behnke, 
Jr.• has been anal'l(zing such data to provide in-

·~ L'm,.t'rsnv ofC..hlonua Medical Crntn. San francam. 

formation on bodv proportions and estimates of 
fat and muscle of various ethnic grnups. His anal\·­
sts of the Marshallesc data compared with mam· 
individuals in other racial groups revealed that 
the 'l(OUng Marshallesc adult male (age group 20 
to J9) appeared outstanding in regard 10 muscle 
development. Table 8 shows a comparison of the 
anthropometric data on males of the Rongelap 
group and other groups. In contrast to the men. 
the data indicated that the women were either 
physically immature or had lost a considerable 
amount of lean tissue. These data as summarized 
by Dr. Behnke are presented in Appendix 9. 

,...._. b-inatiol• 

CltiWrNb•~ fH3. During the 1963 
survey, a total of 212 children were examined: JS 
children exposed on Rongelap, 32 children ex­
posed on Utirilr.. JS children born after the fall­
out to exposed parenu. and 120 controls. 

In the Rongclap --exix-d" group, two children 
examined in 1962 were not available in 1963. 
Three other children were transferred to the adult 
study (Table 9). The previous medical survey of 
children on Utirilr. had been done in 1959. Of the 

Table 8 

Anthropometric Da~ on Various Male Groui:a 

Factoc. F. Sum of II 1o:. sum of 11 
Croup '.';umber .-\'!": vean Hei!Ptt. dm Wei11ht.k11 ,-~ c1rcumf~ttn~11 circumfcrnaces, F 

Ronl!"lap( ll 19 .'O-J9 16.!5 60 7 2.9\ti 581 197.9 
Ronl!"lap ("!l 27 ~I -till lb.I I b6.0 J.071 ti03 196.4 
Turks 41'.> 19-J! 16.93 64.6 !.986 '>9"!' 198.3 
( ;rttks 1084 18-JO 17.0S f); 0 3 0:11 ti03' 198.8 
Italians 1158 l'l-+I Ii 07 70 .l J.106 61J 197 t 

(~on s1udents 100 18-2'.! 1803 78 j ~.'.!20 h:.?7 l'l4 ; 

L.ank."nau 14 _'0-40 17 71 ;) J 1.171 ti I ti 19-1 .I 
~iiV'V JI !0-50 17.8:1 78.J 3 2·2a ti26 191.9 
.-\1r Forcr- tram~ .1000 18-14 17 41 68 j J045 ~9.Jtl 194 8 
. ..\rr F orr:e th·en .HJOO 18-4j 17 56 i 4 t .! I~ ti.?-!" 19i 2 
Philad~lph1a Y\IC.-\ ~J9-82 17 ()() 7:.! B I 16j ti!) 194.J 
B.ah1mort" md1~f'nts 20 ·,-; -9J ltd7 "° 9 

.!.9:.!7 '>78 197 .i 
Br-rk"lr" 1 I l 4.i8 14 .i lo.tit ii 8 2 iQ..\ i41 19:l.6 
St-rk.t'le'' 1 2 \ ~)4 1·, l 17 II hi I 2.8'13 '>61 IQ.I 9 
Re~ren~ m.Jn 17 ~) ;o o l 078 nOO 19-19 

•\fort' than t.~.)"; of subJCCts .\re included in aa:e ran~ie 

"Tht" 11 l lrcumfettncn .ur f(lrth of the 'iihoutden. chest. abd(\mt'n 1 a'era~e !)I ".llsl. c•mphal1,1n rx-nmr-tt•f"' 1. hut1tK·ks. 

th1~: b1cf'ps, ft11Tarm. wnst, knee. cal( and a.nkl" :"4ot(' th(' sma11 ... an.auon in the A ...-alun. 

· Lo"""r abdommal ( omphalion' nrcumfettnces onl·• ""en: rru asured 
Jfo""arm and kn~ nrcum~rrnces c ... kulat~. 

\() 

Tabk 18 1cont·d1 

b~Ron 

Totai numbrr r-u. 
~ot~nm 1%3 
Transf~rred 10 

Total numlJo,r na 

Conirol 

Total numlJo,r <,._. 
Not sttn m 196:11 
Graduated to adl 
NOi sttn m I %21 

T Olal numlJo,r old o 
s~ ... ba~adde 
New controls d 
'.'iew controls adll: 

T01al numlJo,r cona 

Numbrr examined 

."\ctive- skan ln1ona1 

. .\dcnopathv 
Palpable liver 
Palpable spleen 
t: pprr '""P•ratory 
Blood p....,_.re ta.Ill 
Hvpencns1on 
:\cure outd media 
Chronic ouus med 
Mollusc um 
Tille'a venKolor 
\"1111.l!O 
Warts 
Pap11loma 
Ch<iloou 
f.xconauon of I 1p 
Black •pots on ion 
~aphictonl[U< 

ConjUnctlV\US 

Th vrotd nodule• 
Tracheostomv sc11 

Thoracocomv scar 
f'e-s exc.avatw 
lnfanule eczema 
R...1"5 m !uni(> 
s~-stohc murmur l 

f.xtra5V'toies 
Spon..d enamel oa 
Arusocona 



Tabk 10 

Tablr 9 t: tirik Prdia1nc PopulatlOll 

d estimates of E.xpooed Ronl!"lap Childmi Examined in 1963 Samples Eumined 1n 1959 and 1963 

ips. His analv-
JO Total numbrr examined in 1m tiO 

·ed with many Total numbrreumined in 1962 
'.'lot -n in l96J (!'lloa. H, IHI !'llot txi--d. not eumined in 1963 10 

revealed that 
Transferred to adult studv l N ... 61. 76. 81 l 3 !'\lac exi--d. exammed in l 963 ! 

I age group 20 Total numbrr eum1ned in 196.I 25 Exi--ct. nae examined in 1963 H 
:ard to muscle Exi--ct. graduated to aduh •udv 7 

uison of the Tablr 11 
Expoord. not examined in 1959 but 

the Rongelap examined in 191>3 3 

st to the men, C.ontrul Prdiairi•· Population. l 963 
Total numbrr exanuned in l 963 32 

'n were either 

1 considerable 
Total numbrr eum1ned in 196! 96 Tal>W 12 

ts summarized 
'.'lot _.. in 1963 lt 
Graduatrd to adult studv .! Chilclren Born After Fallout to E.xpuoed Parents 

pendix 9. !'\lac -n in 1962. -n in 196J :; 
Total numbrr old controls oren in 1963 85 Total numbrr examined in l 962 J7 

Sew babies adcXd t Noc oren in l 96J 

!'llew controls added l Ebrve I ~'9 Died sinre 1962 l 

ring the 1963 Sew controls added I Ronl!"lapl !'llew babies~ in 1962 2 

examined: 35 To<al numbrr controls examined in l 963 l~'O Total numbrr examined in 1963 35 

2 children e>t-

after the fall- Tabk U 

mtrols. 
Summarv of Ptwsical Findinll! in Children. 1963 and 1964 

l two children 

.-Die in 1963. Control 
ed to the adult E.xpooed 

:lical surve~ of Born belOre Born after !'llonexpowd. born 

n 1959. Of the Roni!" lap 1 Jan 195'i I Jan 1955 of""~ parents 
l:tink --------

1963 1964 1963 1963 1964 1963 1964 1963 1964 

Number examant:d .!j .!'2 ~f) 38 H ) 1 j7 35 41 

Active slun IC'Slons 0 3 13 B ~ 
k. sum of 11 Adenopa1hv :; 2 0 t 9 

ircumfercnces F Palpable liver 0 4 0 0 4 I II 
Palpable spleen 0 0 0 0 0 0 0 2 

197 9 L'. pper ropuatorv anfccuon B 0 I ~ B B t 
1%.~ Blood pressure taken 19 '.!:! ~><) 30 43 28 19 
IQ8 . .I H vpertens10n 0 0 0 0 0 0 0 0 
148.B :\cute ouus media ti I I ti 
l'lH Chrome outis media 0 0 0 0 0 
144 7 \.tollu:icum 0 0 0 ti I 
144 I Tine a .. erncolor 2 2 (\ I I 0 0 
l'I \'I \·iul.~ 0 1 0 0 0 0 0 
l'l~ 8 Warts 0 ~ 
!Yi 2 Pap11ioma 0 0 0 0 0 0 
l'l4.J Chedom 0 I IJ I) 0 f) I) I 
JQj .1 E.xconauon of lip 0 0 I 0 I) 0 0 
l'I' 6 Blad spots on ton~e I 0 I I) 0 0 0 
I'll 9 Ge~aph1c ton~ 0 0 0 0 0 I) 0 0 
194.4 Conjuncuvms 0 0 0 0 0 I I I 0 

Thvrmd nodule• 0 0 0 0 0 0 0 
Tracheostom,· scar 0 0 0 0 0 0 0 

lCtt"r'i l. buttocks. Thoracowmv 5ear I I 0 0 0 0 0 0 0 
f°M ex.cavatus 0 0 0 I 0 0 0 0 0 
lnfanule eczema 0 0 0 0 0 0 0 0 
Rale. in lunll! 0 0 0 0 0 0 0 
S"·stohc murmur i~ade 2) 0 0 0 0 2 I 0 J 
E.xtrasvstoles 0 0 0 I 0 0 0 0 0 
Spoued. enamel on ~rmanent teeth 0 I 0 Q 0 0 0 0 0 
.\.nlSOCona 0 0 0 0 0 0 0 0 

•Subjects :'\o l i. lJ', >"~ar·old temale: ~o. 11. IJ°'li ... ·ea1-0ld female; and ·°"o. ti9. I 3-.,~·\o·ear-old female. 
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potentially available total of -41 children from the 
1959 survey, 29 were re~xamined in 1963 (Table 
10). In the group of 60 children examined in 1959, 
there were 12 who bccaux of their ages could nae 
have bttn exposed either dirccdy or •• •lntl to the 
fallout radiation; two of thCK 12 were re-exam­
ined in 1963. More than onc-founh of the cxpcllCld 
pediatric sample on Utirik. was loat to follow-up 
between the two examination&. 

The fluc111ations between examinations in the 
numben of control children and of oftipring of ex­
poacd parents are shown in Tables 11 and 12. The 
29 children added to the control group were ran­
domly selected from the Ebcye school population 
to provide an additional group comparable in ages 
to those Rongclap children who were exF IScd 
during infancy and early childhood yean to the 
fallout radiation. Unfonunately, a study of the 
biographical information on these new subjects 
indicated the existence of the same uncertainties 
regarding actual chronological ages that had been 
encountered before. Verification or correction of 
the birth date on each of the children will be re­
quired before the data ciln be utilized for com­
parative purposes. 

ChildNft fzami-4 J964. During the 1964 
survey. 22 e:<posed children, -41 children of ex­
posed parents, and IOI control children were ex­
amined. The decrease in the number of exposed 
children examined in the Rongelap series from 
1958 through 1964 results from temporarv move­
ment of subjects to other atolls and to graduation 
of children from the pediatric to the adult <tudv. 
The increase in number of children of e:<posed 
parents e:<amined results from new births. 

ltesults of Physical ba.,ination1. The inci­
dence of abnormal ph\'sical findings in the e:<posed 
and control groups of children is summarized in 
Table I .I. In general the health of the children 
"'en durinl( buth surve,·s was good. Respiratorv 
mleL11ons and skin infections were infrequent. The 
nut1111onal status of all children was adequate, the 
growth pa11erns were consistent wnh those seen in 
pre\'1ous ,·ean, and •he height increments for the 
period were consistent with the previous group 
trends. 

Dunn!( the epidemic on these atolls. 24 children 
in the stud\' developed poliomvelitis. Residual 
weakness of muscle groups was evident in 11 of 
these children at the time of the 1963 examination 
(Table 1-ll. Seven children continued to show 
residual paralysis of ,·arymg degree at the time of 

J'l 

Table 14 

Hillan or Poliomyelitis Amon~ Children 
oi Stucfy Popuiauon. Ronpp and Ebne 

Sul¥cts with poo;ti"' h•ory but .., raidual involVftneftt 
a1 time ~cu.nu nation•: 

Nca. 102. 105, 113, 120, 126, 127, 930, 1012. 
1025, 1031, 1040, 1504 

Subjects with poeiti"' bilcory and with residual invol"'° 
ment at time al e:ummation: 

Nm. 96, 98, 103, 106, 110, 870, 901, 903, 
1030. 10'.17 

~ .. bject, So. 84, who had a hillory al poliomyelitil 
WU nol examined. 

the 1964 survey (Noa. 95, 96, 98, 106, 870, 901, 
903 ). In several instances, the degree of involve­
ment appeared less than in the previous year. 

The increase in palpable liven in exposed and 
control groups during the 1964 examinations ii 
thought to result from variation between pedi.Atric 
examinen. Liver enlargement exceeded 2 cm 
below the right canal margin in only two children, 
and in the remainder the liver was palpable at t~.e 
costal margm only. In all but one additional cate­
gory in Table U, variation was considered to be 
within limits expected in sequential examinations 
of anv pediatric age population. 

Thyroid Nodules.. Of panicular interest was 
the development of thvroid nodules in three girls 
9 and 10 year.; after exposure; two were 13 and 
one was 14 ,·ear.; of age at the time of detection. 
These girls were in the higher dose group in which 
the:e were 29 children I < 18 vears of age) exp;iscd; 
Ii of the 29 "ere girls. with 6 girls in the 10 to 15-
Y"ar range. Of i5 unexposed comparison children, 
3 i were girls. and 21 of the girls were in the age 
range of 10 to 15 vear.;. :"lo thvroid nodules were 
noted in this group 1 onlv one diffuse thvroid en­
largement has been detected m an unexposed 
adult I . .\small nodule was first detected in one 
of rhe girls 1n I "Ii.I. and nodules m the other two 
"ere first detected m ~1arch 1964. No lvmph node 
imol,emcnt was gross!,· e\'1dent. The individuals 
were hospitalized and two had complete thvroid­
e{:!om1es and the third a parual thvroidectomv.• 
Grosslv the glands had a .. bobblelitone" appear­
ance with muluple hard nodules and were at first 

•cap1a1n CA Broaddus 1 MCI L'.S ~ at the l~ S. SavaJ 
H001>1tal tn G~ ~rm<d th< tu~ 
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Figu"' I 0. G...,. picture of orctioned thvroid gland from 
I ~-year-old Manhalleor gtrl 1No. 69) showing nodules. 

Figure 11. Microscopic section (I 0 X) of thyroid ~larid 
from same, . ..., as in Figure 10. These changes arc char­
actcrisuc of all three casrs. !liotc 1hc multiple. discrete 
nodules with wide vanAtton ln nu· and growth pattern. 
Some nodules consast of m1crofoll1cular tissue and othcn 
of colloid cv>ts, while sull others show hvpuplUJa with 

pap1ilary infoldin11 of the cpuhehum. 

______ E.os_1..,0PH1LS, MoNO<:YTES. """o 8ASOPHILS. The 
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Figure 16. 

thought to be malignant. Sections of the ti•ues 
were reviewed by a number of pathologisu, • all 
of whom agrttd that the nodules were not malig­
nant and resembled in many respttts adcnomatoid 
goitcn 9ttll with iodine deficiency, with its ch.vac­
teristic regenerative rather than neoplastic prolif­
eration. However. in the Manhall Islands, where 
fish and sea food arc mainstays of the diet, iodine 
deficiency is not likely and goiten arc rare. Figure 
I 0 shows a picture of the grms appearance of the 
nodules and Figure 11 shows a microphotograph 
of one of the glands. The likelihood of the5e nod­
ules being radiation induced is discussed in the 
Summarizing Discusaion. The two girls who had 
complete thvroidectomies developed signs of hypo­
parathyroidism which responded to treatment. 
Parathyroid function returned in No. I 7, but No. 
21 still r..qu1ro therapy including thyroid extract. 
In the third case (No. 69) onh· a panial thvroid­
ectomy was done. and she r..quires no therapv. 

:-.ioTE: During the 11th-year survey now in pro­
~ I March 1965) 3 new cases of thyroid nodules 
in the exposed group have been detected. Two 

•s.n-,. of 1-.r _,.., rrv-..d and ....,.,.,..i on bj· On. S. 
Wu=. - ~land o..a..... Hoopual: G H. Klinlt •. ~ 
Farca l_,.ut< of Pallaolon. C J. Sui.I. lJ .S. Naval Hoaptal at 
Guam. HA. Job...,... Broo«havni Sauonal l..a'-.,...ton. and 
S. l..tndaav. Cn•v.-nnv of~hlonua Medical Sd>ool . 
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were in boys 12 and 17 yQn of agie and one in -
adult woman 41 yean of age. The nodules a~ 
pearcd gromly similar to thme described in the 
teen-age girls in this repon, and thCK cues will 
receive aucly and treatmml. 

Gr.wMi-"De •••11 11•~ An.aJvmof 
the natural data from the 1963 survey indicated 
the persistence of the trends previously reponed 
As shown in Figure 12 and 13, no difference was 
apparent m median natures between the exi:x-cf 
and control groupa among girls and between girls 
born to expmed and g1rls born to nonexpoaed 
parenu. • Among the boys, however, retardation 
in natural growth of the expoaed group betwttn 
the ages of 5 and 12 yean as compared with thal 
of the control group was aga.in noted (Figure 14 ). 
The difference in median statures between bovs 
born to exposed parcnu and thoae wnh non­
expomed parenu was abo evident in 1963 I Fig­
ure 15). This difference w been attributed to the 
fact that the bovs in the group with expomed parents 
were. on the average, 4 months younger than the 
txin m the group with nonexpoaed parcnu. 

No st.atisticallv significant differences were noted 
in body weight curves between exposed and con­
trol children (figures 16 and 17 ). In skeletal mat­
uration, the trends reported in the pre~-ious studies 

•Dr. K.M. Gnllith oldw M.D. Andcnon Hoapotal did the 
llaURJC.al analna. 

.. :. -~ ... ~.~t...Mr..1--______ ...... :.a.lil _______ ...., ___________ :m;:;m;;;;;;;:;;mi::ir;i;;;;z::=-=-a:::;:--



24 
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F"'l"ft 18. Brothen. Marked ~ardation in statural 
growth ii shown by the alder (shorter) brochcr (No. 3, on 
the ri~!I who waae•pmed atagor 18 months. The younF 
by 21 montlu (No. 83, on the left) ii taller by 13 cm.~ 
~ boy shows no evidence of hvpenhvroidism or 
skeletal dileaae clinically, other 1han markedly delayed 
ometMa rnaruraticn. 

( 7-year and 8-year surveys) ha.-e persisted. In 
comparison with the Greulich and Pyle standards, 
the skeletal developmeni of Marshallese children 
wu retarded at the same chronological age levels. 
In addition, the expoeed children were less mature 
than control children. The rC"tardation was most 
prominent among thole expoeed during infancy to 
the fallout radiation (see Figure 18). Skeletal age 
values during succesaive examinations of thi~ par­
ticular group of children are shown in Table 15. 
These data covering the period since 1958 are 
being published in detail elsewhere.'' Complete 
tables of anthropometric measurements on the 
Manhallae children dating back to the early sur­
veys are presented in Appendices 11 through 16. 

Opl•cl 11 a· ,,...... 
Ophthalmological examinations were carried 

out in 1964 on 68 expoeed, 45 children of expcllCd. 
and 190 people in the comparison population; a 
total of 303 people. 

As noted in previous surveys, there was an in­
creased incidence of large corneas and enlarged 
tonuoua retinal veaels and a lower incidence of 
myopia, strabismus, amblyopia ex anopsia, reti­
nitis pigmentoaa, retinoblastoma, and congenital 
glaucoma. 

The incidence of arcus senilis is higher in the 
Manhallese than in similar age groups in the 
United States, which is in keeping with the gen-

Table 15 

Skeletal~ ~tin Otildn:n limn Between Julv 1952 and February 1953 

Skeletal agor (S.A. 1 values at~ euminationa, yean 

Subject No. 

6 
65 
33 
'>4 

955 
962 
980 
996 
814 

Ses 

M 
M 
M 
M 
F 
F 
M 
F 
F 
F 
F 
M 

A~at 
apmun:,montha 

16 
17 
16 
16 
15 
20 
12 
c• 
c 
c 
c 
c 

C.A. 0 =4 yr C.A.=6vr 

3'1? 4't'z 
2''i 2;., 

3~ 3't'z 

'i"' 
21., 3 .... 

6 .... 
J ~'4 NE 
NE SE 
NE NE 
NE 6'\0 
NE SE 
NE 5 ... 

0 C.A.=chronolaipcal ~; NE=not eununed; C=not ellpmed (control). 
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C.A.=8 yr C.A.=9yr C.A.=lOyr 

6 7 ... 8 .... 
3 

3'h 3 ... SE• 
6 ... 8.,, 9 
6 6"" 8 
91.1. 10 NE 
9'1? 10 II 

10 10 101 • 

711, 7"' ~·--8''i NE NE 
8'!, 10 1014 
8 9 10 
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Ar8Yll Ro 
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Choroidi8 
Conjuncti 
Comeal p 
Comeal• 
Drtilen 
Duane's• 
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~ 

Af 
Lepraav, 
Macular 
MoUUOC\i 
Melan0< 
Melano< 
s~ 
Pi~ec 
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ProptOIL 
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Poo.tu~ 

RefilW 
RefilW 
ReUIW 
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Sncnth 
Vitre:JU 



.un evs 1 have persisted. In 
·ulich and Pvle standards. 

ent of :'l.farshallese children 
me chronological age levels. 
~children were less mature 
. The retardation was most 
,.. exposed during infancy to 
see Fi~ure 18). Skeletal a~ 
, .• examinations of thi. par­
hn are shown in Table 15. 
the period since 1958 arc 

:tail elsewhere.'' Complete 
:tric measurements on the 
fating back to the early sur­
Appendices 11 through 16. 

examinations were carried 
ISed, 45 children of exposed, 
comparison population; a 

is surveys, there was an in­
arge corneas and enlarged 
s and a lower incidence of 

blyopia ex anopsia. reti­
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:ve examma~ ye.an 

C.A.=9 vr C.A.=IOvr 

7114 8~ 

3 
J"< NE" 
a·~ 9 
6~ 8 

10 :-ff. 
10 II 
10 10''4 

'"' -::Jl4 
:'llE :'llE 
10 1011. 

9 10 

era! observation that the Marshallese age faster 
than Americans. The incidence was higher in the 
exposed group ( 36"1. ) than in the unexposed group 
( 19"1 ;. However. recent analysis of aging criteria 
did not show any significant differences between 
exposed and unexposed groups. 

Though diabetes mellitus has a moderately high 
incidence in the Marshall Islanders, only one case 
of diabetic rctinopathy was noted. This is in keep­
ing with the obec!vation that the onsct of diabetes in 
the Manhallese occurs l~ly in older individuals. 
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The incidence of pinguecula and ptervg1um is 
high in the Marshall Islands. anc also slightlv 
higher in the exposed group than in the unexposed 
(sec Table 16). It has been postulated that the 
higher incidence in the exposed group may be re­
lated to contamination of the conjunctiva! sac 
with fallout material at the time of the accident. 

The incidence of abnonnalities of the crystal line 
lens 1s greater in the Marshall Islander. than in 
similar age groups in the United States. Further­
more. the incidence of such abnormalities was 

Table 16 

Number examined 

Anilocoria 
Anterior !taphyloma 
Arcus oenilis 
Argyll Robertson pupil 
Cha!..u;ion 
Choroiditis ;old, healed with ocan) 

Conjunctivitis 
Corneal pigment 
Corneal s:ar 
Oru.en 
Duane's svndrome 
Lens: Polvchromatic sheen 

Opacities & cataract: pl"COlenile 
seni1e 

Aphakia 
Leprosy, eve !lgTIS of 
Macular de~nerauon 
Mollll!CUm cont~m 
Melanoma of LrlS 

Melanoma of conjunctiva 
N V!tal(TTlUS 

Pinguecula 
Ptervgium 
Prop!OllS 
Ph thlSIS bulb1 
POS1tive Rhomberg 
Reunal artenooclcroa1S 
Retmal scars 
Reunal hemorrhage 
Strabwnus: Internal 

Extenial 
Seventh nerve wea.kneso 
Vitreous opacities 

Ophthalmol<>l!ical Sul""'1, 1964 

Expom:d 

:'llo. "'< 

68 

l.'40 
I 14C 

25 36.iO 
l.'40 

4.20 
(,.!() 

2.80 
4.20 
(,.!() 

18 26.50 
uo 

l:? Ii 60 
2.80 
I W 
I W 

I W 

II 16.20 
20 29 w 

IW 
ti.00 
2.80 
1.W 

LIO 

Chikh'<-n 
of expom:d Controls 

So. " :'Ila. 

.. 5 190 

0.52 

;] 19."6 

!.OS 
l.5i 

I OS 

0.52 
41 21.57 

J 1.57 ,, 
-J 10.M 

0 52 
0.52 
I 05 
0 52 
105 

I 05 
Ii B ..... 
38 1998 

0.52 
0 52 

I <U2 
9 4 68 

2.60 

0 52 
I 05 

.!.::? 0 52 
1.57 



!IOmewhat greater in the exposed "roup in 19tri 
1han in the unexJ><*d comparison popula1ion. 
Thelle abnormalities consist of polychroma1ic 
shttn, lenticular opaciiie of all ~. and c.aia­

raclS. The polychromatic shttn "as noccd as lhr 
carlin1 lens chan~ and varied from a few fine 
granul.-s in the earlier curs lo lar~ ~nular 
plaqucs in lhr more advanc:cd cuei.. TI.e1e P'aqucs 
w,.re !ltualcd on the posccrior lens capsu~ in 1bc 
;oone of specular rcftcc1ion. The earlies& ca.s 
showed yellowish !{ranulrs which in some ca.s 
appr-arcd sli!{hlly daritcr wi1h a .. beaten i.-­
color. As the !{ranules coa.lcsc:e into a plaque., 
!(l'CCRish and bluish hun appear - hrncc thr nanr 
polychmma1ic sheen. 

Whether thr P"lychruma1ic shttn tttn follow­
imi: irradiation has uniqur and sp.-cilic charac­
trristics is still a dt•batablc question. Somr inva­
tiicatun nmtrncl 1ha1 similar appearin!{ chanca 
•·an I><" drlr<:tcd in patirnts with rrtinitis pi~ 
nwntuw and 1hr ,.arly •ta""'° of cataracts which 
mi1eh1 bra nm1plit·a11on ,,.. rnducrnuus IX'.ular •• 
n•1t·mit· di..-aSt· ur intw<it·;uion. ~uch polvchru­
ma1it· shrrn• wrrr ....,n in '.!I': of the unirradia1ed 
Run!(..lap !(n>up and :..'ti.Y·; uf 1hr rxpusrd (roup. 
This dillt-n·nl't" is lhuul(ht to br 100 small 10 1mpli­
•·a1t· irradia1ion rxpu1urr with anv dMI:~ of l'tt· 
lainlL parlln1!arl\· in ,-;.,w of 1hr sli1Chll~· !{n-atcr 
numht-r ol oltlrr p«'>plr in lhr rxf>l*'d !fTUUP· Thr 
in<·idrnn· ol lr1111t·ular opan1irs ,..as also sli!fhllr 
!(rra1rr in lht· r'<pusrd i.:mup 119'·;) 1han in 1hr un­
'""P'...-d icrnup I I:!'·;). 

Onh unco child (an H-.-.·ar-old li.--malrl com­
plainnl ofclrft-.:un· mi.:h1 ,.,sKm. This ,.-as l~t 
lo 1,... dur lo ,-11amm .·\ drlic:l<'nn. sincr 1hrrr wcn­
no pa1holo11:u·al •·hanf(!"S in 1hc fundusofri1hn-rvr. 
S.-\'rral \'t"ars ai.:o I'.! ,-hildr.-n .... IT .-nn1u111.-1Td 
"hu had i.:rral dilfo·uh' 111 ....-111i.: al mi.:ht. Th..,... 
t·hildrt·:, n·spcind.-d promptl\' "ith ,-i1an11n .\ 
1rramwn1 .rnd d..-1an· ,-ha11~ 

Onh two ,.a,...,. \\r·n· 1101t-d "ith nirnral p11i:mrn-
1a1ion. pr<'\'iou•h sn·n in thrtt , . ..._....,. ( l 4ti:! l This 
pui:mcntatiun ... as <·haractt•rizrd lw a linr. dark. 
linr'ar strt·ak ol p1i.:m.-nt 1, inti: du..- 10 ur un Bo .. -. 
1nan \ nu·tnbranr 1n tht" honi'ontJI ..as.1~ hc·t,,..·~ 

th.- limhus .ind pupillan· t·di.:.- It "l>t"lir\'<"d that 
th<"st' ,-h;.ini,:rs ma' han· bt-rn indut·rd from beta 
radiatnm n1ntamma11n11: marti:ms ul 1h.- ,.,·rlids al 
111<- tmw ol thr .1<T1dt-nt. . 

Tht·rr "'"rt' st"n·ral lindin~ ... -hich ma,· br rr­
'ldual to tht' polionl\.-litis .-p1drmit· uf l 116.l: t"u 
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2 1:.1 M ll~ .. ud fll!lllWlll vana•­
- a.- ol attk. ~-nal ~ni 
....._Au.• ~aal drpi~ ......... 

1 II M M•drd ..._.,taticMi buoh a.Ullar. 
~-d U'ftl ......... lrft QI'. 

11 liD M Pi_.a c...._ left ACF. dcwsum 
&nl rick tar: ,._,,,cd ,,....; .os.il!.. 

17 1:1 F Scam.,. aad ,......., .. .,.Im .\Cl' 

:ID 17 M ~ l*t:il ._. .. of neck. 
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-t9 

II 

.... 

II 

M Piir-rd _..,.left aulla. h-cMM 
olmdiaadcftn.. Drf wd..,... ..,.,._. 

F SliclM pocmra1 vana1iua.., &uat ol 
-.-k; te"'f't'al Pl•-••rd ....... w. 
--~r.... 

F SlicM .._11rt.inc Mid .-C-•­
badt "'md. McJla - "-- "'md. 

F Sliilhl ~.ad.....,.,, ... _ 
...... uillft"ll;,....... .. ___ ...... 

uiithl hvpnpoitmretaUoa donum 
ncllt foot. 

F s.,_...... piwmnurd m.11e11ln buoh 
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ACF. 
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""""t.atimt ... &uni "' llft:k. 

F Mauled picmrnuumn .and ckpo,­
rnmt.auon on bwk ni nrck. 
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\~.211w.,, .1.11.l ~ k- m.acub lnwu utf 
l'IC'Ck. 

F PicnM'nt \~"-'"''" ~nd rouchnt•nt' 
fron1 ,,... nn:k. 

r O..po,n..-nlrd """" donum left r... 
r Sh,hr P''""""'ni nra donum nd>t 

hnl lOl'"' 

r Sumn-nus prduncula1..t moln on 
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\I P1un.-nr.-d .and drp1,m.-n1.-d ocM 

paol<Tl<• <.UrUcT lrtt ~..,. 
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cues wi1h 7th nerve weaknesa involving 1he Iida; 
1wo cues of animcoria (unequal pupils); and UI 

incremrd incidence of arabimua. ................. " 
Peniating l'ftiduaJ efliects of"beta bums'.~ 

found 10 be JMftCnt in 19 peopk. 6 children aad 
I :J adults. Thne att outlined in Table 17. Thr 
skin cban~ consisted of hyperkerat..U. and 
varying depfts of auophy. tcwri111, and pi~ 
aberrationa (RC Figura 19 and 201-Thnrc~ 
were slight in mOlt o( the people. The devd~ 
ment of lentigo-like and papular pigmented 
nevm-lilic lesions in areas of~· beta burm­
wu lint ot.ened 11CVCral ycan ago. and 1bewr 
lesions appear 10 have been increasing slightly 

fipft 22. Stttimt oi .. &un - ..... bwa .. --... bail .... 
Md oil ~1ft"-Gd - (No. :M) at 10.,.,... attn- n­
..,.._ t IOOX ). Notr at ...... y ol epodrnn• with aam>w· 
ills oi otratu• .,......-... and Upr·likr proirctiaM oi 
rew pep. Slipa auophy ol thr a-.1 stand duca •aim ........... 

40 

1&na tha11ime (ltt Figure :.!I). HislcMogical si~· 
of a biopn oC one oC tbeR la.ions Uiowed it to be 
a typical benip pigmented nevus. 

The residual cba11ga in the skin oC the Mar­
sballae who had sUSlained acute .. beta burns .. 
have shooiwn neither 6-are 1illue breakdown in !hr 
a&cted areas• .em in chronic radiation ~ 
titia ...- evidnlcr of malipa.nt changie. Only one 
cw mo-ct a lirw 4 ,, n'nprcia oi the occipital 
area oi the a:aip •a residuum oiepilalion. Figure 
?:.! shows hill~ l'ftiduaJ ch&Jlga in a lesion 
at 10)..:&naMr~.· 

.. I I I 5 

Summary tat11ea oi hematological da1a att ~ 
1rnted in the tabAcs and graphs in the test. and 
raw data on the individuals att preiented in the 
appendic:eo. The - heavily expmed lloqrlap 

'Dr ~A. w-•• c __ , a1c......_ ...... 
~.s-F ......... cWik~wwwtp• •-
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I Histolo!!•cal study 
.ions showed it to be 
•eVUS. 

he skin of the Mar­
acute "beta burns" 
"e breakdown in the 
... c radiation derma­
nt change. Only one 
pccia of the occipiual 
n of epilation. Figure 
l changes in a lesion 

NATIONS 

1logical data are pre­
phs in the text, and 
are presented in the 
.y el<poscd Rongclap 

. v of ~lifomia Medical 
~Kai 1n1~r1>r~u1uons. 

Males 9-15 •T 

Ronpp rxpl*<I• 
Ailin~ ellpl*d 
Utirik ""pl*d 
Ron'!"'lap unexpl*d 

Females 9-15 ~T 
P.,..iap ellpl*d' 
.'.dincnae ""pl*d 
l:tink ellpl*d 
Ron'!"'lap uMl<pl*d 

Main > 15--IO vr 
R~e"pl*d 
Ailincnae upl*d 
L' tirik ""pwed 
Rnn'!"'lap uneltpl*d 

F'emaln > 15--IO vr 
Ran~tap upl*d 
.\ilincnae ""pl*d 
l:tirik upl*d 
Ronl!"lap un<"•J"*d 

'.I.fain '-IO u 
Ronl!"lap rxp....d 
:\llincn.ilf' r-'tpnsrd 
L'1mk <"xfll"'<'d 
Romrdap un<"xpoiord 

F'emaln >-IO " 
Ron~elap "'poord 
\11in~nair- ("'(~ 

l'11nk .-fll"'<'d 
Ron9"dap unt"'(.posrd 

'.l.tai.-. <4 '" 
Of "P',.._.o parenis 
( )f unf"~posn:t parrnrs 

{ >ft"'tpovd par-'"mo;. 
( >f unexp>Srd parents 

\falM 4. 1 ~ \T 

Ron~dap <"•poor<!• 
\1l1ni{Tl.M' e~pused 

L'urok nfll"'<'d 
Ronll"lap unexfX*'d 

~-emalel 9· 15 vr 
Ronll"lap npoord' 
.\1hn~ae <'llpoior<i 
l:11nk exposed 
Ron~dap unnp<IS<'d 

P\aic. 
< xlO 'l 

:!87:!: 66 (91" 
194 (I) 

~19:!: 9'3( 12) 
2116:!: 78( 14) 

:IOO:!: 78 (8) 
2:!5 (:.!) 
-IO:!:!: 1ltif14) 
J7J:!: 99( 17) 

198:!: ii( II l 

_H·•- 78( 10) 

'.!!l-4:!: 66(:.!l I 

~'97:?:1:!7( 14) 
!27 <~I 

~10:!: 97( ltil 
~~::!: lib( 231 

!14.!: 87 181 
:!45 I 41 
IH:!: ;J( 191 

-"14 ::!: "61 2J I 

!.18:!: 98 171 
.!-I~~ ~i l~>I 

151>:!: '-Or Iii I 
118:!: 9~1l'l1 

\i.\~ 4=>r 1S 1 

Ii'>:!: 1141~"l1 

.181>:!: Ri1181 
18J :!: 101 r !I I 

8;uo 

Tablel8 

WBC 
(XIO ') 

8.47:?:2.18 (9) 
ti.64 (I) 

9.20:!:2.88( 12) 
8.37.::?:2.90( 14) 

8.50:!:2.49 (8) 
7.15 (;?) 

9.01:!:2.66(15) 
8.8'! ::!: 2.29( I 7 l 

ti.58:!:1.49( 11 l 

ti.55:!: 1.47( 10) 
7 i7:!:1.-H(21) 

8.02:!:2.18( 14) 
796 (4) 

7 17 = l.J9( 16) 
7 65:!: IH( 23) 

ti.Ho= 1!4 (8) 
ti . ..18 (41 
ti 88:!: 185( 19) 
titi5:?: 1-IO( :.!3 i 

5.82.!:0.tiO ( 71 
7!0:!:1.tiO (5) 
7 08:!: I .IO( lti1 
7!1:!:1-IO(l'll 

IOtiO:!:J.491161 
10.91:!:!.871-"l1 

12.20:!:: I 'llr 181 
1015:!::!.){)1221 

r XIO I Hct. 

0 79 \ 41 
u ti() I I ) 

0 X>( I I I 
0 b9( 141 

0 48 18) 
0 :.!8 12 I 
0 5Jf I 5 I 

OA81 l61 

0 74 I 91· 
0.0 I I I 

0 l8( I I 1 

OH1141 

0 4ti I 81 
0.0 121 I 
O.-IOi 151 
U.J51161 

\9 I :: ~ti 1 
111 

ll>U I I 1 

J79~:?I1 12 l 
194:!:14(141 

19 'j :!:2.0 I 81 

41.0 !!I 
.\8.0 :!: 2.1 ( 15 I 

J8.3:!::2 71171 

Neut. 
(XIO ') 

J.92:!:1.31 (9) 
2.79 (I) 

4.~7:!: 1.83( 11) 
4.07::!: 1.96( 14) 

H2:!:3.09 (8) 
J.69 (2) 
4.81 :!:2.04( I~) 
... 12.!: l.64( 16) 

3.27 :!:0. 74( 11 ) 

J.42:!:0. 76( 10) 
4.07=1.86( 21) 

Ll5:!:1.J3( 14) 
5.45 ( 41 
J.96:!:1.J5( 16) 
4.l3 = l.J4( 23) 

288:!:0.59 (8) 
123 (4) 
H9:!:1.09( 191 
J. I 7 :!:0.99123) 

2.86:!:0 '>8 : 7) 

J8:l:!::057 :11 
'347:!:1 I l1 lj) 
i 67 :!: I .'\J1 I'll 

449.!:ll'l: lh) 

.. 40:!::1.821.'91 

47ti:!:l92(181 
I H3:!:1 2J1 .''.'1 

RBC 
, XIU '1 

+~~,\j rQ) 

~ ;7 I I I 

+4.?::::.!J1121 
4J'l:!:HI 141 

H9=:H 181 
435 121 
427:!::!9( 151 
n4=:.w117J 

Lvmph. 
(XIO 'l 

3.25:!:0.~ (9) 
1.19 (I) 

J.89:!:1.17( II) 
3.27:!:1.11( 14) 

3.31 :!:0.80 (8) 
:!.97 (2) 
3.33:!:0.94( I~) 
J.86:!:0.77( 16• 

2.82 :!:0.89( 11) 

2.55 :!:0.115( 10) 
2.96:!:0.90(21) 

2.116.!:0.84( 14) 
!.05 (4) 

2.ti7 :!:0.66( 16) 
2.83:!:0.78(23) 

2.99:!: l.04 (8) 
Hti (4) 

2.80:!:0.91( 19) 
.'.115 :!:0.67( 23) 

2.56:!:0.63 (7) 
2.37:!:1.20 15) 
107::!.0.92( 15) 
296.!:094( 19) 

515:!:104( 16) 
j __ "l:cl 871:!9) 

frOi :!: J 00( 18 i 
j l I :!: ltiOl'.!21 

118:!:05 ,9) 
I .'.4 I 11 
110::1.!flli 
14 I :!:O 7( 14 i 

l.l 9:!:0.9 181 
15 0 12) 
14 O:!: I Of 15) 
IJ.7:!:: I.ti( 171 

M...,. 
(XIO 'l 

0.44 (9) 
O.Oti (I) 
0.24( II) 
0.lO( 14) 

0.24 (8) 
0.22 (2) 
0.29( I~) 
0.26( 16) 

0.19( II) 

027( 10) 
0.28(21) 

0.29( 14) 
0.25 (4) 

0.21( 16) 
0.22( 23) 

0.15 (8) 

0.27 ( 4) 

0.22( 19) 
0.20(23) 

0.18 (7) 
0.35 (5) 

0.22( 15) 
0.26( 19) 

0 39( 161 
0.-IO( 29) 

0 5'i( 181 
0 .16( 221 

~ 

protean.~ 

7 7:!:0.5 191 
7.5 I I I 

76:!:0Jfl2) 
78:!:0-ti 121 

8.0:!:0.4 (81 
8.0 ( 2) 

7 9:!::0 4( l4J 
i 9:!:0.5( Iii 

... 
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Table 18 lcocu'di 

Mairs > I .i--IO vr 

Rmuielap r•i:x-d 
Ailin""ar rxp<-.1 
U1ink r•i:x-d 
Ron"'lap unr•i:x-d 

f.,males > 15--IO vr 
R~lap rxi:x-d 
Ailinffllar rxp<..t 
Uunk <"•puord 
Ron"'lap unr•i:x-d 

~airs ,•-W vr 

Ronl!"'lap upuord 
.·\1linl{R"" np<..t 
U1irik ni:x-<t 
Ron"'lap un.,xpuord 

f<"maln >-1-0 \'r 

Ron"°lap <"•puord 
. \iliRll'Rilt" npuord 
L:urik np:wd 
Ron"°lap unr•i:x-d 

~1alf"'.ll ~" vr 
Of npusc-d parrnl! 
( >f unr"xpuscd parr"nts 

Femalin "'·'I vr 
Of <"•p<...-d parrn11 
( >f unr•p<..t paro:nl5 

£.min. 
(XIO ') 

0.:!8( 111 

0 ~'bi IO J 
U.-IO( 21 ) 

O.'•:!( 141 
0.19 ( 41 
0.1!( lbl 
u.ri1n1 

ll..11 18) 
O .. Vi I 4 l 
<U4(1lll 
0 .. 111, 2J) 

021 171 
Oti2 I j t 
u . .121 n1 
O.D1l'll 

0 °iti( lti> 
0 74( _><j) 

l) 7'11 181 
0 tttl :.!'.! l 

'lncludn ".! t·h1ld~n ex.pord '"utno 

Bua. 
(X 10 'l 

0.25( 11 I 

0.48( 10) 
0 . .10(:!1) 

0.:!51 Hi 
u.:12 14) 
0 17( lb) 
O!:l( 2.11 

0.08 18) 
O.Ob 141 
0.281 l'I) 
0 . .1712:St 

0.09 ( 7) 

02:1 ( 5) 
0 2'\( 151 
0.17( 191 

0 I'll lb) 
0 58( ~K)t 

02:1\ Ill! 
00 I( !2l 

.. Standard dr-v1auon and numbrr of pt"Oplr- m t{J'oup. 
lncludM I l·h1Jd expuord rn uln-u 

Hct .. % 

~5.5=:!.4( 111 

H.b=2.5i 101 
45.7=4.7121) 

.17.9=4.81 HI 
17 J ( 4 t 
J7.1 !:Jb( lb) 
18.J:::: 2.8(:!J I 

41.J=5.4 181 
H.0 141 
4t.J::::2.:!l 191 
42.l=.l . .112Jt 

18.1 !::!.5 ( 7) 
18.0!:2.b ( 5 t 
i8.U!: I. I I 161 
18 .. 1:!: I 7( I'll 

Sb.5 :!:JG( lb I 
lb.9 !:2 4( 2'11 

1118:!:2.2( 181 
'i h~ I ii 2~ I 

Tabl .. 14 

RBC 
(X 10 ') 

458=47( 11 l 

-ttiO=J4< IO I 
47:1=J:!(21 I 

-IO'l=&I( 14) 
-IOb 14) 
-!05=411 lb) 
421 !::l9\:!:S1 

4I0-:!:58 (8) 
46'1 14 t 
4:!8=.16< I'll 
4~><!-:!:HUJI 

.17n::::.18 I 71 
-!OJ !:41 151 
W) :!: 28( Iii I 
19:1:!:~><!( 19) 

4:18!:64( lti) 
4.H !:.lO( ~><!I 

424:!:J21 IR1 
.\ 1)-:::: ~ll ..! l) 

ltd :::I.JI 11 i 

lb.2::::0.71101 
Iii.I !:U.51 :!Ii 

l:l.2!:1.8(141 
L!.9 ( 4) 
l.l.2!:U(lbt 
1.1.h= 1.0( :!J) 

14.:.!:05 (8) 
15.8 ( 4 t 
IVl::::ll.9(19! 
14.7 !:0.5(2Jl 

IJ . .I !:l.4 I 7 I 
IJ.9!:1.1 (51 
IJ8::::1J.8( lti t 
l.U!:ll.9\191 

12 h!: l.11 lti) 
I! 5:!:10( !9) 

128!:1.0( 18) 
I .I 0::::0.4( 22 l 

\Iran Lr,rls uf Ron~rlap Prnpheral Blood Elrm<"nts bv .\If<' ands.-,_ I <JtW 

\lain 10-1-1 \r 

Ron~rlap r'post"CI• 
\lml{n.ir- r'\.posn::I 

Rorn?('loip Ullt""-pl~ 

Frm.t.IM 10-1-l .. r 

Ronl{rlap ("'\post·d 

\dm~a<' (':(puK'd 
Ronl{d.tp unt"'.\poe;~·d 

Main >1.i-·«> ,, 
Run~rlap npost"d 
\Jlln"nar- '"xposcd 
Rune., lap unr' pc-ct 

Pla1 ... 

'XIO I 

1-~ - )) (4J" 

'.:I~ I I I 

\ll'l:: lj81 I)) 

\'IR:: 110 I h 1 

4H 1I1 

\q7:: ll)h\ 18 I 

!87 ~ 78\ l l I 

117::1(}112tl 

WBC 

IX 10 ' 

801~.!!0rq! - ;-) 

I l ! ) - ~ -1) I l -, I 

-;- .) '~I Ill I h. 

11 08 I I' 

q 87 -:.I t)ll1 18 f 

H 12::: lilt I I I 

y ~) = J 401 !4) 

'.'.eul 
xlO I 

) l I = 1 ..!- 1 q \ 

\ \-:' 11 
-, ~~=-)()!, 1-, l 

) jq ::II ·1.! 't) I 

187 I , 
47L::..l.!j1\81 

Serum 
protein, g 

7 b=O.Ji IOI 

7.b=O.·H 101 
8.0!:0.4( :!11 

7.8=0.j( Ht 
7 7 ( 41 
7.6=0.4( ltit 
7 9::::0.bl :!JI 

7.ti::::OA I 71 
7.b 14t 
7.8::::0.4( 19) 
7.9::::0.512:11 

i.8~0.2 (tit 
8.4::::0.4 151 
8.1!:Obi161 
8.0!:0 5( 191 

73!:04 (bl 
i.J ~O . .! i'i) 

i 7 (Ji 
; 9c'.:0.J 15l 

L»mph. 
I XIO I 

i i'H-:: I Li' i 41 

.: 87 I I t 

4 17::: 1.22! (.)' 

\ .14:: I 06 1ti1 
4.87 I I 1 

400::0.941 IBl 

\ 42 :!: I 08( 11 1 

Femalrs > 15--IO "' 
Ron11Clap rxix-d I 
Aili....,ar nix-cl l 
Ron11Clap un<"•J'l* 

Mairs >-IO n 
Ron11dap npoord 
Ailinffl'K rxpc-.i 
Ron11Clap unul"* 

f.,males >-IO vr 
Ronl"'lap npuoed 
Ailincnar ••ix-d 
Ron11Clap unnpm 

Males< 10 vr 
Of exp<..t parmll 
Of unr•poocd pan 

~·emales < I 0 vr 
Of .. ,ix-ct pattnl 

Of UR<'•f"*'d paft 

!\.lairs I 0. I i " 
Roncrlap npc ..... 
.-\1lin~ar e.puord 
Roml!?;tlap unt-'<pti 

Ft"m.t.1~ IO-l-1··•r 

Ron~dap npuoed 
\ilinl{Ra< e'pooed 
Ron~lap un(''pGI 

~aln -, I "i-40 " 

Run!l'"lap npcionl 
.-\dmcnae t:"xpt.-el 

Ron'°elap unt':tpa 
Femaln >I 'l-4') vr 

Ron~lap t"'lpt-.et 

\1itnl{Tlar ('"'pot 

Roner-lap un'"'P' 
\ta~ ·-Ml"' 

Rorni:elap <"' por 
\1hn'lll.1r> <"'pier 

Ron~'"lap utlr'\ t=-
fr"maln ·40 \r 

Rontldap C'"'-PuK' 

.\tlm~4f' ('"itpo.w 

Roncdap unc'? 
\tales <., l 0 " 

Of ., posed pa ..... 

Of unn pord pll 

Females <., I U " 
Of expord para 
Of uncx pord Jl9 

~fnclucks ~ ch1M 

"SWldard de' 1.11 



~tiJ 

.~ 

.71 IO I 

.5(11) 

.8( 14) 
(4) 

..ff Iii) 

j 181 
141 

.91 I'll 
.512:!) 

A i 7 J 
.I (.l) 
81 llii 
9( 19) 

l1lli) 
.01 ~'91 

0( 181 
91:!2) 

So!rum 
protein, !f 

7.6=0.J( 10) 

7.6=0.4( IO) 

8.o=0.4(:!11 

7.8=0 . .l( 1-1) 

7. 7 (4) 
7.6=0.4{ 16) 
7 9:!::0.6( 23) 

7.6=0.4 (7) 

7.6 (4) 
7.8=0 . .f( 19) 
i.9=0.5(23) 

7.8=0.2 (6) 
8.-t=o.4 (5) 
8.1=0.6( 16) 
8.0=0.5( 19) 

i.3=0.4 
i.J:!:0.2 

7 .7 
7.9 :':O.:I 

Lvmph. 
I XIO I 

(6) 

(5) 

( J) 

( 3) 

I 78::: I 17 191 
~ 87 I 11 

417:::122i13i 

! .H:::l.06 1til 
4.87 I I I 
4 00 :::0.941 181 

T<11* 19 1con1'd) 

M.-an ~Is of Ronl!rlap Periphl"ra.l Blood Elemenb by Age and Sex, 1964 

Fem.les >I j.40 H 

Ron'!'Clap expooed 
Aili~ expooed 
Ron~lap unnpooed 

Males >40 vr 
Roniielap expooed 
Ailinl!llar .-xpooed 
R.xl'!'Cl&p unrx.,._.t 

Fema.lcs > ..0 vr 
Ron!fel•p expooed 
Ailin!!nar expooed 
Ron!!"l&p unexpooed 

Males< IOvr 
Of expooed parents 
Of unexpooed parenb 

F.-m.les <I 0 yr 
Of npooed parenrs 
Of unexpooed parents 

M<1les I 0-1 'nr 
Ron~lap expo.,.d• 
Aolinl{lla<" expuord 
Rontt:elap unexpuoed 

Fem<1l<S 10-15 H 

Rontt:elap expooed 
Aolinl!ll"C expooed 
Ron~lap unexpooed 

Male. > 15-.W H 

Ron~elap expoord 
,\,lominae expooed 
Rontt:elap unexpoJOttl 

Females > 15-40 \T 

Ronl{elap expooed 
,\1linl{llae expo:JOttl 
Ronl{el•p unexpo:JOttl 

\faiM '>-IQ H 

Ronl(elap expo...,.J 
.\dinll'Tlac C'"lf.(lOS("d 

Ron~elap unexposed 
ft"maJr"S ., +o "r 

Ronl(elap "f"....-d 
\1lm1enar t=Xpost"d 

Ronl{elap unexpooed 

Male. <ID'' 
Of l"xpoord parenis 
Of unexpoord parents 

Fem.l<S < 10 vr 

Of expoord parents 
Of unexpoord pa...,nts 

Plate. 
i XIO 'l 

Ji:!:: 73( 15) 
'182= 95 (5) 
.l82:!:: 110(29) 

J31::!:1~'6 (8) 
J23 (4} 
:HB=IH(I.) 

346::!: 159 (6) 
-141::!:148 (5) 
:MiO::!: 99(20) 

488::!:: 107( 21) 
.f70= 1:14( Jj) 

.">23= 119( ~'O) 
468:: IJ:I{ 24) 

Mono. 
IXIO 'I 

0.1'1 i9} 
0 . .fS (I l 
O.Jl1 l.l) 

0.10 (6) 
O .. n ii) 

0.21118) 

0.!3i 11) 

0.:!611:! I 

0.241l.f1 
0 20 ( 5) 
0.22i ~'91 

0.26 181 
0 il I+ I 
0.'.!01 J~J I 

()()<j 11>1 
0 11 I j I 

0 231 ·_'()) 

0.J3( 211 
028i:l31 

OJ'2i -'Ol 
0 2:11 2.f I 

'Includes 2 children expooed'" •In• 

wee 
(XIO '} 

8.25=1.90(15) 
6.80=1.60 (5) 
9.16=2.00(29) 

7.83::!::2.00 (8) 
659 (4) 
7.75::!:1.30( 19) 

8.06=2.20 (6) 
8.06::!::2.00 (5) 
8.29::!::1.9 (20) 

10.33:!::2.20(21) 
l I .H::!:2.80( 33) 

10.96=1.90(20) 
10.67 ::!: 2.80( 24) 

Eooin. Buo. 
(XlO 'l (XlO ') 

0.68 (9) 0.76 (9) 
0.98 ill 0.80 (I) 
0.661 15} 0.26( 15) 

0.65 (61 O.JB (6) 
0.89 (I) l.IO (I) 

0.88( 18) 0.38( 18) 

O.Hilll 0 -16( 11) 

0.57(~3) 0.50( !J) 

() 37( l.f) 0 J5f l.f 1 
0 .!J I j I 0 .lb I 51 
0 .f9i291 0.10i ~'91 

0.48 181 0 !9 181 
O . .l9 141 O.lO l.f} 
0 47i 19i 0 . .fHI 191 

065 161 I) ~) \ 

'" 0.76 j_)} IJ 82 1 JI 

0 -IOI 20 I 0.6J1 20 I 

0 73(21) 063(21} 
0 66( 33) OJ8iJJI 

0 76( .!O) O.J8120l 
0.62i2.f} c 70( 241 

"Stand<lrd dev1a11on and num""'r of people in group. 

Table 23 

Neut. 
{X 10 '\ 

4.32::!:'~.13( 14) 
3.04 =I.ti!- (~l 
5.29:!::1.87(29) 

3.60::!::1.20 (8) 
J.03 (4) 
3.93= 1.14( 19) 

3.74::!::2.02 (6) 

4.32=0.91 (5) 
.f.Ol:!::Hl(20) 

4.76:!::2.22(21) 
5 .03 ::!: 1.98( 33) 

4.-16::!:1.30(20) 
4.28::!:2.10(24) 

Ht.:t.~ '~ 

.f'.l.4:!::6.1 (9) 
J7.0 ii) 
37 . .f= 1.7( 151 

:19 j::!:2.4 (6) 
-HJ 0 II) 
J8 J::2.5( 18) 

4! 8:::3.Si 11) 

46 l:::J.l('HI 

-IO 0::!:2.3( l.f} 
J80::ti.1 i 5 I 
l7l:::.f )( !91 

4J 0:::2.i 181 
uo I+ I 
+I ti::: 2.bl IQ! 

37 I:::! 9 (0) 

18. l::: 1.8 I 5 I 
IY h::: I 01 20 I 

36.6.::::!.5( 21 I 

J7.J::2 4133 i 

J4 9::J 7(20) 
368::2.fU4J 

Radiochemical Urine .-\ruilv111 for Sr"" and Ca' ·, 1963 

31 

Lymph. 
( x 10 ') 

3.31 :!::0.96( 14) 

3.19::!::0.77 (5) 
3.ll:!::l.11(29) 

3.48::!:: 1.22 (8) 
3.03 (4) 
3.06::!::0.78( 19) 

3.53::!:: l.18 (6) 
2.80::!:: 1.15 (5) 
3.60:!::U5(20) 

4.65=1.38( 21) 
5.24:!::1.77(33) 

5.38::!:: 1.31( 20) 
5.47 ::!:: 1.50( 24) 

Hgb .. g 

12.5=0.4 (9) 
12.1 (I} 
125::!:0.8( 15) 

13.3::!:0.3 (6) 

l.f.0 (I) 
12.4=0.8( 18) 

14.7=1.0(11) 

15.!::I 1(24 1 

IJ.I ::07i 14) 
12 J::!:!.5 151 
12 . .f::!: I.bi 29) 

1l5::1.9 18) 
I+ 5 (.f) 
14 O::: I 0( 191 

I:.? 7:=1 -4 161 
I :.?.7~0.i I j I 
110::06120) 

121::!:11(21) 
12.1 ::0.9(33) 

11.S::: I 4( 20) 
12 I::: I 0(241 

\ 
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group who received 175 rads are designated as 
"Rongelap exposed," the Rongelap people who 
received a smaller exsx-ure of 69 rads as" Ailingnae 
exposed," and the larger unexposed comparison 
population of Rongelap as "unexposed." Becaute 
of the small number of people in the Ailingnae 
group, their data were not treated as fully as thoee 
for the Ron~lap groups. and are briefly summa­
rized in a separate paragraph. The Utirik data 
are summarized :ieparately also. Because of certain 
differences noted in age and sex groups between 
the exJIOICd and the -JIOICd. in addition to the 
co(U.fNH"isons of mean levels for entire groups, 
compari30ns are also made of age and sex groupa. 
Ages 9 to 15, 16 to 40, and > 4-0 years for each sex 
are compared. 

The hematological data are summarized in 
Tables 18 and 19 and in Figures 23 through 49. 
In Appendices I, 2, and 3 are presented summaries 
of the mean blood counts of the exposed popula­
tions and of the various comparison populatio~ 
since exposure in March 1954. In Appendices 4 
and 5 are listed the individual blood counts for 
1963 and 1964. In Appendix 6 basophil counts 
are prcsent<"d. 

lon9el•p Populcttion. LEUKOCYTES. Mean 
levels of leukocytes in both expoaed and compari­
son populations at 9 yean post exposure were in­
creased over the 8-year levels, and the 10-year 
levels were higher than thost for enher of the two 
preceding yean. The exposed group had only 
slightlv lower leukocytes than the unexposed 
( -4';() at 9 yean, and at 10 yean, lower by 9%. 
Most of the difference was due to lower neutroph1l 
levels in the exi:x-d group (sec Figure L:). 

tO- ......--....-- , 

* "' * ' .... l.t.t ..... 

Fi11ure 23. Mean neutrovh1l and whue blood counu of 
npmrd Ron~elap peopk from 11me of expoourt throu11h 
10 vean poat exposure Stan repr.,..,nt mean value> of 
companton population. 

NEuT!lOPHtLs. The neutrophil levels inc:eased 
slightly at the time of the 9 and 10-,·ear survevs in 
both exposed and comparison populations. At 9 
yean the neutrophil levels were about 5'7c lower in 
the cxJIOICd than in the com~·arison group, but at 
10 yean they were about 20'Y, lower. Neutrophil 
level! are shown in Figures 23 through 29. The 
neutrophil deficit was greater in the exposed 
younger age groups ( < 40 yean). The exposed 
older age groups ( >40 ycan) did not share the 
deficit as much as has been noted in the past (Fig­
ures 26 through 29). 

LYMPHOCYTES. Lymphocyte levels were slightly 
higher in the exposed :>nd unexposed groups dur­
ing the 9 and 10-yca ,,1rveys. In contrast to the 
8-year survey results, the lymphocyte mean levels 
showed little difference between the exposed and 
unexposed groups during the 9 and 10-year sur­
veys; however, some individual lymphocyte counts 
were lower in the exposed group. Lymphocyte lev­
els are shown in Figures 24, 25, and 30 through 34. 
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F1~rt' 25. Cumulative percent d1strtbuuon curves 
for neu1rophlls. lvmphoo..-.·tes. and platelets. 1964. 
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EouNOl"HIU. MoNOCYTU. AND BAsoPHIU. 11ie 
levels of these cells were not remarltably dilferent 
between the exposed and unexpoied groups and 
were similar to the l~ls in past surveys. 

PLATELETS. The platelet levels in the 9 and 
10-year surveys both revealed greater deficit in 
expmed males than in expmed females. Comparm 
with the unexpmed group1 the males had 20% les 
in 1963 and 12% lea in 1964, and the females 7% 
less in 1963 and 23 less in 1964 (see Figure 35). 
In the scattergTams (Figures 36 through 39) and 
the accumulative distribution curves (Figures 24 
and 25) the dilferences are clearly shown. 

E.aYTHaoPOIETIC ELEMENTS. As in the past sur­
veys no significant dilferences were noted in the 
red blood counts. hemoglobins, or hemaiocrits 
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Figu"' :!ti. Nnitrophil '"'"'u of expmnl Rongelap males 
plotted againSI age. Solid line rep~nll mean level of 
uncxpmnj male popula1ion, 1963. 
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Figu"' 27. Neutrophil coun11 or expooed Rongclap fe­
mak1 plotted against age. Solid line reprcscnu mean 
level of unexposed female populauon. 1963. 
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between the expoied and unex~d groups. Fig· 
ures 40 through 49 demonstrate this point. 

STATISTICAL ANAL'l'SIS OF RONCELAP BLOOD 
DATA Ovu. PAST Fot:a YEARS. These analyses 
are in progress, and the following represents a 
preliminary repon by Mr. Keith Thompson of 
Brookhaven National Laboratory. 

"A.factorial analysis of variance of unweighted 
m•R• wtt 'Dllll&~r each of four blood compo­
nents: platelets, white blood cella, neutrophils. and 
lymphocytes. For these preliminary analyses, the 
population was stratified into four facton: years 
( 1961, 1962, 1963, and 1964), sex, expoied Ron­
gelap venus nonexpoied, and age (5 to 15, > 15 
to 40, >40). Thus, for each of the blood compo­
nents, main effects and interaction effects were 
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Fi'!""' 28. Neuuoph1I counu of expmnl Ron~lap malet 
ploned aga1ns1 age Solid line reprcocnts mean level or 
unexpmnj male populauon. 1964. 
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Figure 29. Neutrophil counts of exposed Rongclap fe­
males plotted against age. Solid line represents mean 
level or unexpoocd female populanon, 1964. 
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Figure 31. Lymphocyte counts of exposed Rongelap 
males ploued against age. Solid line represents mean 
level or unexpmed male population, 1963. 
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Figure 32. Lymphocyte counts of expoeed Rongelap fe­
males ploued against age. Solid line represenu mean 
ln't:I oiunn:pmed r.,ma1e popula1ion, 1963. 

computed to obtain information about the effect 
of radiation over time in ~lauon to sex, exposu~. 
and age. 

"A generally similar pattern was observed in 
these analy!eS for all four componenu. The vari­
ation among yean was always highly significant, 
largely becaux of an increased count in all four 
components in 1964. This annual difference haa 
been commented on in previous reports. Differences 
existed in.1961, 1962, and 1963, but these were 
not chronologically consistent among the com­
ponents. 

"A clear-cut and highly significant decrease in 
all four blood componenu was obaerved for the ex­
posed population compared to the nonexposed. 
There was also a highly significant decrease in 
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Figure 33. Lymphocyte counts or expmed Rongclap 
males plotted agamst agoe. Solid l111t: repreoents mean levd 
of unapaed male popuJ.auon. 1964. 
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Figure 34. Lymphocvte counts of expoeed Rongelap f<e­
maies plorted agauw age. Solid line repr-eornts man ~I 
of uncxpoeed fcmai., populauon. 1964.. 
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counts of all four components with increasing age 
at the time of r;adiation. There was no evidence 
at the 5'k level of any sex di'.erence for any of the 
blood components except platelets, for which the 
male count was significantly lower ( 13: level) than 
the female count. 

"There was no evidence at the 13: level that 
any of the two- or three-factor interactions (years. 
sex, expmed versus nonexpmed, age groups) were 
significant. For lymphocytes there was evidence 
at the 53 level of an interaction between exposure 
and sex, and for neutrophils there was C\"idence 
at the 53 level of an interaction between exposure 
and year. The four-factor interaction was treated 
as error, an assumption which appeared justified 
upon examination of the variances. Since these 
da1a are being funhcr analyzed, no interpreta1ion 
as to biological significance of the above interac­
tions is juscificd at present." 
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Fisure 35. Mean platelet valun of c:xpooc:d Rongc:lap 
people from time of exposure through t 0 yean pool ex­
pmure. Stan repreoent mean values of unexpooed com­
parison population. 

5o-

40-

" 
"' ... 30,_. ... .. .. 

zo-

10~~ 

I() zo 60 7"() 80 'IO 

Fisure 36. Platelet counts of expooc:d Rongelap males 
ploned againlt age. Solid line represents mean level of 
u"""pmed male population, 1963. 
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Figure 3 7. Platelet counts of expooed Rongelap female 
plotted again11 age. Solid line represents mun level of 
unexpmed fc:mak populauon. 1963. 
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Figure 38. Platelet counts of expooc:d Rongelap males 
plotted a11ainst age. Solid line represcnu mean level of 
unexpoood male populatl'Jn. 1964. 
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Fisure 39. Platelet counts of exposed Rongc:lap females 
plotted against age. Solid line repre~nu 'llean level of 
unexpmed female population. 1964. 

47 

ranp 700 ID 1400 radl ). The fact that a part of the firmation of the diagnoaia. Atomic Bomb Cuualty 
,·.~H- 111.ri-•---------'"· ..,.. ___ .,d._ ... _ _. . ., . ..,., •.•• lil • ..__dl.li1.w_"..__..._i...ue-.--1,;c;.c=111m1.1= .. 111WM11·181t...1Mllll''fi1111jjrf•..J1MIMY'&JCCMlllMii111'ill*ll . .JjW•XLJi1411Silmlili99111:":..., ___________ _ 



48 

MILlS 19e3 ~ 

l 

20 30 40 '° 60 70 10 ., 
AGE' I •••r1 > 

F"apre 40. Hemacoc:rit veluea ol expmed mala plccted 
...- qe. Solid line repreRDIS mean level oi unezpmed 
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Figure 41. Hanacoc:rit veluea oC expmed females plocuod 
...- age. Solid liDc repreRDts mean level of unexpooed 
"'-le population, 1963. 
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Figure 42. Hematocrit valua of ellpmed males plotted 
apu. qe. Solid tine repreoents mean level oi unellpooed 
male population, 1964. 
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Figure 43. Hematocrit vllues oi expoeed females plocted 
apinsl age. Solid line repraents mean level ol unellpooed 
liemale population, 1964. 
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Figure 44. Hemoglobin valua of expmed mala plocted 
apimt age. Solid line repraenlll mean level of unexpooed 
male population, 1963. 
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Figure 45. Hemoglobin valua of expoeed females plotted 
apiJut age. Solid line repraents mean level of unellpooed 
female popul.tion, 1963. 
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Figure 4 7. Hemoglobin values oi expmed rcmales plotted 
againsa age. Solid line rq>rCOCnts mean level of uncxJX*d 
l"cmalc populaoon, 1964. 

Aili••-• l'epuloti-. The 16 people in the 
Ailingnae population that were examined during 
thoe two years showed blood counts similar to 
those of the higher dose Rongelap group. The I 0-
year platelet counts in the Ailingnae women were 
considerably higher than the previous counts; the 
reason for this is not apparent. The blood data on 
this group of people are summarized in Tables 18 
and 19 and Appendix 2. 

Uffrilr ,..pulafioe. The people .:if Utirik Atoll 
who had been exposed to a verv low dose of radia­
tion (an estimated 14 rads of whole-body gamma 
radiation) had leukocyte, neutrophil, and lympho­
cyte counts of about the same levels as seen in the 
unexposed comparison population of Rongelap 
(Table 18 and Appendico 3 and 4). However, it 
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Figutt 48. RBC values or ""'poeed males plotted apins1 
age. Solid line repraenll mean level or unexpaeed male 
popu!atian, 1963. 
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Figure 49. RBC values of cxpooed females ploucd against 
age. Solid line rcproents mean l~cl of unexpoeed ~male 
population, 1963. 

was ofinterot that the platelet counts for all age 
groui;- averaged considerablv higher in the Ctirik 
people than in the Rongclap unexposed populauon. 
The explanation !Or this is not apparent. The ervth­
rocytes, hemoglobin, and hematocrit levels were 
about the same as in the unexpmm Rongelap people. 

Cltildren of Exposed,...,.,..._ Blood courts of 
children of exposed parents compared with those 
of the children ofparenlS in the comparison popu· 
lation showed no significant differenco. These 
data are tabulated in Tahlo 18 and 19 and Ap­
pendices 4 and 5. During the 7th and 8th-year 
surveys these children had shown slightly lower 
levels of leukocytes and platelets compared with 
children of unexposed parents. This difference is 
not apparent at this time. 
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PRIVACY ACT MATERIAL REMOVED 
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The differential counts of bone marrow upira-
1iom on 6 indh·iduals. 4 expc»ed and 2 uneltpc»ed, 
an: listed in Appendix 18. The differential couna 
showed that in 3 of 4 expc»ed penona then: wu an 
alteration in the mydoid-ervthroid ratio mani­
fested by an incn:ued number of red c..11 pn:cur­
son. In addition 10 hyperplasia. abnormalities of 
chromatin material with double nuclei and in­
c-reascd numbcn of mi101ic figun:s were seen in 
1he normoblastic rries ( Figun:s 50 and 51 ). One 
of1hc eltpoecd (No. 63) and one of1he unnposcd 
(No. 9-48) showed incn::ucd lymphocy101is of 3:.1<;;. 
and nr; •Mp«"Cti•·clv. This was reftcctcd in the 
peripheral blood counts in which the 1ocal number 
of leukocytes was normal but the lymphocytes 
wen: incn:ard to 51 S and 56'l. The significance of 
this findin~ remains ot.:un:, but repeat bone mar-

39 

row euminationa will be carried out in boch thar 
cues during the 1965 rurvcy. 

IMCell._ ... ..._.V.._....._ 
During the 1961 and 1962 surveys blood volume 

studies were performed on a group of Manhallcae 
subjects and on a small number of Caucuians 
who had bttn living on the ialands for one year or 
longer. Sodium chromate labeled with Cr" wu 
11.cd 10 tag the erythrocytes. With body weight as 
a criterion, it appeared that 15 of 23 rubjccu, both 
Manhalloe and Caucuian, showed a significant 
reduction in red cdl m- and/or plaama volume. 

In order to establish the relationship of blood 
volume 10 lean body m- tritiated water was 
administered orally to each of 21 Manhallnc 
subjects during 1he 1963 survey. In addition, de­
terminations wen: made of red cell ~ and blood 
volume by uaing Cr"-labclcd sodium chromate. 

Tahir ~'ll 

Total Blood and Red C"..rll \'olu...., O.ta 
t \\T =itrom-ii!ht: TBW=total body watrT: FAT=C.at u ·~~-.~tu: 

LBM=laan bodv ,,,_:RC:\' ,,....i crll vulum<": BV=blood volume l 

Sui.,.ct RCV/LBM, BV/LAM, 
:'llu. \\T. k, TBW.I TBW.-. FAT.·~ LllM. kl! RCV.I BV.I ml1k« ml/q 

JofM H.H .18.I 68.8 ~~ s2.1. l.~l J.ltiO :.!6.9 62.6 
11:1! #> . .lb !)0 '>.1.0 !td 'H.I O.IH'l u~ 24.9 69.t 
II.Ill : ..... Ill I'>..! bl.7 l~ .. I "8.3 I.US :l.320 ~'9.b 68.7 
K.111 hlJ II H7 t>l.2 I Hi j7 I 2.108 4.053 36.9 71.0 
!Ml 1"1.111 II 'I HO H7 436 1.1 'iO :l.196 ~'6.4 73.3 
Hi I hi. lh H.! t1'H 16 ':19.1 I 670 J.ti:.11 lll.3 61.4 
1181 hll h.I ~!.8 1; I H.6 +u I 'l9b t.H7 +4.7 95.0 
KK:! ">.f. ii \9.q 71 8 O.J .'H.6 1.131 ] t26 ~'O. 7 62.7 
11115 hl.81 l 1.0 ti'U 9.J '>6.1 1.760 1.825 11.4 68.2 
HQ) .i~ 90 -~•o j( j !115 .f()O I 070 '!.-1811 ~'6.8 62.2 
1•lh til h.I ~:.!.b .'JO.~ IO.O +4.5 1.091 3.031 H.5 68.1 
~''!H ">'7 .!i _ .... , .. :,o 5 ·.'9.9 .f(),'! 0.927 2.'i05 '!:I. I 62.J 
4t'.! .W. .IO .!h .! 5~. 7 .!:.?.ti 15.8 1274 2.9tiJ 1~.ti 82.8 
'118 woo .!:!.U -,~.I .!-t<J .ICU 0.886 l.JJI ."I 4 77 .4 
<"'f'.! 

0

>'7 7 .! .!i h l7. I H.ti 17.8 0860 ! I 'iO :.!2.8 56.9 
~.iQ tiOOO L!.:.! l!.8 !6.7 ~.O I 1·.i !.1177 .!b . .! ti.) 4 
"NJ 111.h.I !l 8 ti.I.I l!.t 33.9 u 77-4 !. I 'iO .!'.! 8 hJ.t 

l(KJ"i ; I .\ti .fl..! -.0.9 21.0 '.>6.4 I 6lll l.155 !8. 7 7) 7 
1~.I ll Ill !6.~ b2.J I J:> 36.2 1.066 2.664 .!9 4 7:1.ti 
l'iOI hti.81 n .. 1 M.O 11.2 '>9.3 1.843 .1840 JI I 64.8 

63.18 39.8 61.9 14.0 >4.4 1.310 2.6n H.I 49.2 

.... ,. 13.5 1.303 .1.102 28.3 68.2 

\•RC\' 1 Ii 
,...,. TIW 1 I 1 =0.039: 

..o., BVtll 
Av TBW 11 I :0.09'! 
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Afie~ 4 hours, urine samples were collected and 
lyophilizcd. and tritium in the w•ter poMion was 
counted in a Nuclear-Chicago liquid scintillation 
counter. t'rom thac values of 1otal bod» water, 
fa1 was ntimatcd by 1hc formula '7r fa1 = 100 
-\3 TBW;0.72). The 3 TBW ia 1otal body 
wa1cr (in k11p aa pcrccnl of grma weighl. Lean 
body ~ \ LBM) was 1aken as the dilf<"rence bc­
; wttn grcm weiii:ht and fa1 (kg). 
~ da1a arc shown in Table 20. According to 

Siri (personal commumcalion) 1he values for iocal 
body W<ll<"r. fat. or lt"an body mass arc nol dilfcr­
<'nl from a\'<"rau:cs ft,r Caucasian subjects in •he 
San Franc1so1 area. Fiw:urc 52 sho .. -. the values of 
blood volume 1 li1cn) and red cell volume 1 li1en) 
plotlcd .lga11u1 iotal bodv water. Rc-w:rcssmn linn 
dra,.n for Cau<·aS1ans b,· Moor .. · anJ Sin \Un· 
publi.shcdl di.sci'*' that with rhe exception of one 
•·aac lh<" values of Manhallcsc fall far bclo"' 1hooc 
dncribcd b•· the authon. The averag<" r .. d cell 
vulumc fur Marshallcsc is :!8.J ml per kg LBM aa 
rnmparcd lo .15 mL kg tSiri. unpublished). 

WIK-1hcr 1hnc findin~ re~nt a gcneuc dif­
frrencc or arc 1hr result of cn,·ironmenl and or 
dire <·annol be s1a1rd al prCSt"nl. h is hoped 1ha1 
studiM will be «onlinurd in 1%.'.I "'i1h cxamina-

PRIVACY ACT MATERIAL REMOVED 

Table ll 

Proc~n Bound lodi.Jw. 1963 and 1964 

Subject No. PBI. 7 '1 

MAUHA1.u.sa JI • · HNC ON RoMOll.AP 

I 9.4 
6 7.9 

10 12.0 
14 8.2 
116 8.2 
17 6.8 
21 8.1 
69 10.2 

866 8.2 

Av 8.8 

12 8.8 
829 7.1 
944 2.0 
9'.lll 5.6 
9112 6.3 
950 6.7 

IOO!I 79 
1041 5.8 

Av 6.J 

AMl.&ICA.NS RUIDINC IN MARSHA.LL ls1 A.NI» 
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... 9tri 

NOEL.AP 

LL Isl.ANDS 

, bod,· "'atcr in 
nt' ~:car or motT. 

icopic cxamina­
ood culturn is in 

progreis. including chrom09Dlllc counu, cnumcra· 
tion of aberrations, and karyotype analysis by 
pastc·ups o{ photographa. A few diccntric chromo­
somes and certain oihcr aberrations have bo-cn 
noted in the examined group, but insufficient con­
trol material has been analyzed for any positive 
statements to be made at 1hia time. 
~ s-,. Sued on blood sugar deter· 

minations as pan ol the routine urine analy1e1 and 
fasting blood sugar determinations, it was found 
that 6 people had a diabetic tendency. The fol· 
lowing had elevated fasting blood 1ugan (mg 3): 
No. 853, 247; No. 893, 279; No. 936, 187; No. 
991, 248; No. 1042, 180; No. 835 had a 3+ urine 
sugar but no blood sugar dctcnnination was done. 
As has been no1cd, the incidence of diabetes ia 
fairly high in the Manhallcsc. his, however, o{ 

the type that develops in older people since no 
cases have been !ICCn in younF people. 

s-.le•atl ~ Paon1N 8ouND IODINE 
DETEUUNATIO"~- Protein bound iodine levels 
were determined in 9CVcral groups of people dur­
ing the put two surveys. The groups included 9 
Marshallcsc living on Rongclap Atoll. 8 Manhal­
lcsc living on Ebcyc Island ( Kwajalcin Atoll), IO 
mcmben of the medical team, and 7 Americans 
who had been residing in the Manhall Islands for 
at lcut a year. The results arc presented in Table 
21. Again the Manhallcsc values are higher than 
the Caucasian values. Though the number of sam· 
pies involved is too small for any positive state· 
mcnt to be made. the lower levels of the Manha!· 
Iese living on Ebcyc may have some meaning. 
since their environment is quite different from that 
oft he Rongclap residents (more westernized in 
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food, etc.). A difference between the medical team 
who had only been in the lalandl a few wccb and 
the Americana who had resided there for at lcut 
a year is probably not significant. It i1 an1icipated 
that thil upcct of the problem will be fun her in­
vestigated on the next survey. 

Fouc ActD DEnawtNATIONs. Folic acid levels 
were below or in the low range of normal in 293 
of the 129 Rongclap people teated. Fifteen per· 
cent were below 4 m111J/m1 and 163 in the border­
line range of 4 to 7 mll!J/ ml. The unexpoecd com­
parilon population had slightly lower values than 
the expmed population. The generally low level 
of these Island people i1 attributed to a dietary 
deficiency of foods containing folic acid, mainly 
leafy vegetables. The levels were not sufficiently 
low to result in any hcmaiological changes or ap­
parent clinical elfccu. The individual values for 
folic acid arc presented in Appendix I 7. 

THE AG SvsTEM. The following statements 
were made by Dr. 8.S. Blumberg•: "The scra of 
patients who have received multiple tranafuaions 
may contain antibodic- against normal human 
scrum components." The lint example of such 
antibodies wu reported in a patient (C.dcB.) who 
had received ::50 transfuaiona for the treatment 
of a refractory anemia of unknown etiology.'·, By 
meana of the Ouchterlony double-diffusion tech­
nique, it was shown that the antibody formed a 
precipitin with ::553 of normal U.S. white and 
Negro 9Cl'a. By twin, family, and population stud­
ies'" it was shown that the presence or ablcna: 

• Am.:1.acr Di~tor i:w Clin..::al llararch. lm1ttutr for f'.ancr:r 
~. Phii.dtlpfua. Pa. 

Table 'l:l. 

Scrum Tcsu 

Antiorra reacton 

C<k8 N""" Yort 

Populauon Locauon Taul No. ~POI. To1al No. % POI. 

Microneoian Ron~lap Au>ll 187 98 181 .l8 
US. Whitr Maryland 120 59 120 97 
U.S. Srgm ~ 149 68 149 99 
Greek G""""' 203 72 203 93 
Quechua Indian Prru IO'l 70 102 86 
Sioux Indian South Dakoca 143 91 143 78 
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of the reacting antigen waJ under genetic control. 
Individual& with a dominant gene designated .~.f' 
in single or doubled~ (genotypes Af"IA(•, 
A(• I A.() were reacton [phenol ypc Ag( a+) I and 
t~ homozygous for the recessive allele Ag non­
reacton [Ag( a - JI- The antigen or antigeru that 
react with the antibodies pl"C3Cnl in the scrum of 
1hc frequcndy lraruftned pa1icn1 are scrum low 
dcnsi1y Jf-lipopro1cins." A scrum from a second 
paticnl ( .), !he New York antiserum, was aim 
found to react with a low density Jf-lipoprotcin. 
Preliminary family studies indicated that reactors 
were homozygous ar heterozygous for a second 
gene, while nonreacton were homozygous for 1he 
ahernate recessive allele. Immunologic, generic. 
and popula1ion scudics showed 1hat 1hc lipoprotcina 
selccicd by 1hc 1wo antiscra were antigcnically 
distinct and controlled by different genes.'• 

"Scncollec1ed &om the inhabitants of Rongclap 
Atoll in 1962 were tested with both the C.deB. 
I anti-Ag( a+ JI and the New York antiscra. The 
total results compared with th~ on several a1hcr 
populations arc shown in Table 22. There is a 
much higher frequency of C.dcB. antiserum rc­
acton and a much lower frequency of New York 
anuscrum reacton in the Rongclap population 
than m U.S. whiles and Negroes. The reasons for 
these differences are nol known. but may depend 
on differences in pasl or presenl selective forces 
which affect the balance ofihe polymorphisms. 

"Because o{ lhc lower frequency of New Ycrk 
anlixrum :eacton, 1he Rongclap population was 
useful for family studies. From these studies ii was 
teniatively concluded 1ha1 reacton wilh the New 
York ant~um were either homozygous or heter­
ozygous k>r a dormant gene. and nonreacton were 
homozy~ for its altemaie allele.·· 

1-.0.llllical "'"91yws el Hte Uri-. Deter­
mmatoons of bodv burdens of gamma emitting 
isotopn (prinupalh Cs'" and Zn"') bv whole· 
tx>dv gammd •pet·troscopy were not done during 
1he past two sun·cn. Da1a m l 'lti I. b, 1hat tech­
nique, 1ndit·a11.-d that 1he txxh burdens of Cs'·· 
wcrr no1 S1gn11ic:anth· dilferent from 1hose of two 
vran beforr. and Zn"' le\'rls had dropped b,· a 
f.u:tor of abou1 10. It was decic!ed. therefore. to 
defer whole-bodv counts uniil the 1965 •urve\·. 

Rnults o{ radioch..mical urine anal~ for Cs'" 
and Sr~· on J8 urine sampln for 1963 and :!.7 sam­
ples for 1%_. are presented in Tables :!.J and :!-4. 
The data are di,·ided into 1hr follo-.·mg groups: 

exposed and unexpo•ed of a~e• < 15 and > 15 
yean. living on Rongelap, Ebeve, and l:tirilr.. 

Sr'" urine levels ror 1963 and 1964 have not in­

creased over the 1962 level•. In 1962. the mean 
Sr'" values from the individual aduh 24-hr .am­
pies were 12.45 pC/I or 114 pCig Ca. From these 
values, on the basis of previous calculations," '' 
the body burden was es1imated as 12.0 m,.C for 
adults and 28.4 ml'C for children. On the .amc 
basis, the csiimates for 1963 body burden levels 
of Sr'"' are 11.3 ml'C (adults) and 21.8 ml'C 
(children); and for 1964. 10.7 ml'C (aduhs) and 
23.1 ml'C (children). As shown in Table 23. the 
leveb of both C."" and Sr''" are lower for the 
people living on the uncontamina1ed island Ebeye 
at Kwajalein A1oll. 

Thus the re1um of lhe Rongelap people to 1heir 
home island was reflected in annual increases to 
1962 in estimated body burderu of Sr"" based on 
urinary excretion values. The annual estimates in 
m,.C for adults were as k>llows: 2.0 in 1958; 6.0 in 
1959;6.9in 1961; 12.0in 1962; II.Jin 1963;and 
10. 7 in 1964. The proenl body burdens are about 
'.'>to 63 (adults) to about 103 (children) of the 
maximum permiuible conceniration ( MPC) of 
Sr"'' (200 ml'C) for non-industrial populaiions. It 
appean now thal equilibrium with the environ­
mental conlamination of Sr~· has been reached in 
the people living on Rongel•p Island, and the 
prev10usly es1imatcd equilibrium value of2J m,.C 
will no1 be reached. 

No bone samples were ob1ained from autopsy 
ma1erial during the past two yean for Sr .. anaJ­
ysiL Estimales of body burdens from previous 
anal~ of bone samples had shown fairly good 
IXllT'Clalion with ~ obtained from urine ~ 

In view of the pauclly of the previous data on 
Cs·" urinary levels, it is di .. ;cult to interpret the 
prcscnl leveb in terms of body burden. However, 
the level• are gencralll' less than the mean 1958 
Cs'" urinary level ofabou1 ~ nCil. Thi• i• in ac­
cord w11h the finding bv gamma spectrographic 
dctcrminat1on5 1hat the whole-body burdens of 
Cs' m I 'lbl had nol increased. 

:\nalvscs of thrrc coconut crabs for Sr'" and 
Cs"' are shown in Tablr !S. Though the levels of 
Sr"" (pC/g Ca) are lower than in the: crabs ana­
lyzed in 1962, they are 5till 5ufficiently high tone­
cessitate continuation of !he ban on their consump­
tion by the people of Rongelap. It is interesting that 
the Cs'" levels are also quite high in these era"-. 
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Table 23 

i15 and > 15 
Radiod1emical u rinc: Analvtil for sr~· and Ca' ''' 1963 t U1irik. Group Subject No. ·"8e Sex Sample vol., ml Sr'"'.pC;I Ca, !J;I Sr'0

• pCi!JCa Ca"', nC/l 

have not in· 
2. the mean RONG UAP 

It H-hr sam· Unc:xpmed •• < 15 818 12 M 790 19.3 0.072 268 6.73 
820 14 M 1180 6.4 .020 320 3.32 t· From thae 814 II M 1490 12.0 .168 71 2.60 

ulations, .... 913 12 M 590 17.1 .188 91 1.52 

~om,c .. 
912 10 M 16.'.lO 11.4 .117 98 2.68 

n the same BU 13 M 550 4.9 .012 408 4.69 

rden levels 
911 10 F 1050 5.9 046 137 1.54 
955 10 F 465 4.1 .O'l2 186 3.14 

21.8 m11C 816 13 F 1050 6.3 .035 180 2.12 

~adults) and 821 14 F 705 12.5 .172 73 4.69 

able 23, thc Mean 950 10.0 0.085 183 3.31 
wer for the 
:land Ebeye Expad.qoc <15 19 12 M 1160 4.8 0.031 155 1.81 

23 13 M 987 5.6 046 122 2.24 

~k•··~ 69 13 F 987 9.6 .tJ31 310 6.11 
42 12 F 1060 17.5 076 230 2.84 

creases to 17 12 F 340 33.6 .076 442 3.08 
based on 8 II F 1150 16.8 .OH 227 l.10 

estimates in 
Me1111 947 14.6 0.056 248 2.86 t. 1958; 6.0 in 

Urocspmrd. awe > 15 822 16 M 1280 6.4 0.069 9'.l 2.02 m 1963; and 
_.is arc about ~ 30 F 795 11.8 .072 164 2.41 

1dren) of the Me1111 1037 9.1 0.070 128 2.21 
~n ( MPC) al 
:,Pulations. h Expmcd. ~ > 15 .fO 38 M 700 14.6 0.167 88 7.33 

:the environ· 7 45 M 875 9.1 .218 42 1.73 

breached in 
.JI 53 M I~ 2.0 .040 jO 0.57 
27 35 M 1400 6.3 .177 36 1.67 

'nd, and the ... .14 F 990 6.9 .038 182 0.48 
-~of23 m,.C 66 .18 F 650 8.9 .137 65 2.58 

J9 2.J F 530 .J.O 015 267 4.45 

rom autopsy 18 :10 F 725 7.2 .171 42 7.96 

'.or Sr•• anal· 
bl 17 F 1025 15.3 104 147 2.68 

om previous Mean 933 8.3 0.118 102 3.27 

!l fairly good 
Pool A 2060 4.5 0.051 88 1.58 

rine analyxs. B 1820 3.5 .071 -49 1.62 
·ious data on c 1990 4.7 .065 73 1.49 

11 erpret 1 he Mean 1956 4.2 0.062 70 1.56 
.n. However, 
! mean 1958 Ell£YE 

This is in ac· Pooled 1400 5.9 0.073 75 0.65 

xtro~aphic 
l:TI&Jr. I Ex.POSED I 

:r burdcm al 
·~<15 2256 14 F 62'"> 85 0.149 57 095 

~'251 12 F 350 1.9 031 ;2 0.15 
ror Sr'" and 

I I he levels a( 
Mean 487 5.2 0090 )j 0.55 

lC cram ana· ·~>15 2168 28 M no 2.6 0.363 1.26 

Jr high to l'IC· 2137 24 M 800 3.2 .178 15 0.70 

:rir comump- Mean 765 2.9 0.271 II 0.98 
teresting that 
l these era l:a. M'-A&Y 

llancelap. all < 15 11.8 0.074 207 3.14 
Rongrbp. all > 15 8.3 .114 107 :l.08 
~ 5.9 073 75 065 
t.:1irik. all< 15 5.2 .090 55 0.55 
t.:tirik. all > 15 2.9 .271 II 0.98 



Tabk24 

Radiachemical Urine AnalyW b Sr" and Cl''', 1964 

Group Subject No . ... Sa Sample vol., ml Sr".pC/l Ca, g/I Sr", pC/1Ca C."', nC/l 

RoooallLAP CnbNo. 

Unexpcmd, qe < 15 818 13 M 2000 22.4 0.16S 136 6.90 
Liwr 

Eapmd.qe<l5 19 13 M 1280 4.5 0.020 m· 4.12 
&!I 14 F 490 21.1 .071 'Bl 12.0 M 

Me.I 8115 12.8 0.046 261 8.06 .. 
Unexpcmd. ate > 15 82'l 17 M 2880 9.0 0.114 79 2.97 

865 31 F 3260 6.7 .on 87 2.96 2 Liwr; 
896 24 F 2180 7.4 .040 185 3.62 E-w 

Me.. 2773 7.7 0.077 117 3.18 
M_. 
Remoil 

Eapmd..., >15 15 17 F 1100 6.6 0.008 236 2.94 ... 
41 54 M 1940 3.5 .035 100 2.34 
40 39 M 2000 9.5 .230 •1 4.59 3 Liwr· 

7 46 M 1890 I I.I .206 54 4.33 u.. 
16 49 M 1880 4.6 .069 67 3.55 M...t 
50 44 M 2100 6.0 .122 49 3.14 Ranii 
14 35 F 1580 8.7 .032 271 4.52 1 
18 31 F 860 14.5 .181 80 6.40 
77 36 M 1340 3.6 .083 43 2.95 
59 44 F 1000 7.2 .200 35 3.60 

Man 1569 7.5 0.119 98 3.84 

Pooled A 8920 3.7 o.om 46 0.96 
B 2050 9.3 .107 87 2.94 

Man !1481) 6.5 0.093 66 1.95 Medical cval 

Eaan exfX*d Rong>el 
accident has rn 

Unespmd. • < 15 909 14 F 770 4.4 0.130 34 0.15 illnes and da 

Eapmd.•<15 32 13 M 1160 9.0 0.083 108 1.49 with the exccpli 
23 14 M 285 16.3 .189 116 3.34 and nutrition ha 

Mean 722 12.6 0.136 98 2.41 comparable to 1 
population. Al 

Unespmd. qe > 15 895 34 F 1180 3.5 0.030 117 0.08 s1udies have rt 
843 35 F 2000 8.6 .130 66 2.80 cells and plateli 
893 46 F 3680 5.3 .052 102 1.25 exposed group ~ 

Mean 2287 5.1! 0.071 95 1.37 of the uncxix-i 

Exp-.1.. >15 28 78 F 1200 2.4 0.092 26 1.17 
again demonsu 

39 25 f 740 76 .078 97 1.86 
and can be rcac 
bution curves ( f 

Mean 970 5.0 0.085 61 1.51 Bone marro .. 

SUMWA&Y at 9 and 10 veai 

~all<l5 
myeloid~rythn: 

1257 16.0 0.085 219 .6; mature red anc 
~all>l5 1846 7.5 .IOI 102 3.69 has been no inc Etie,e, all < 15 738 9.9 .134 76 1.99 
Etie,e, all >15 1760 5.5 .077 81 1.45 impaired the ge 

in the cxpmcd I' 
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Table~ 

Analytil of'Coconu1 Crabl ilr Sr- and C."' 

Pa-"' 
CrabNo. r- Sr-,pC C."',pC 

Li_. 4,400 2,679 
E ''am 172"'412 94,074 
M..:le (edible) .5,7.57 •.994 

·--···· lllft: .... 
.5,631 ... oo 

Toralcnb 70,703 39,292 

2 Li_. ..... 28 2,287 
~ 123,318 9.5,n• 
M..:le (edible) 3,980 .5,7.57 
Remaining lllft:...,,,. .5,711 3,•H 

Toralaab .57,766 4.5,318 

3 u_. 8,6.50 .5,431 
E:c=k I 146,956 143,7.58 
Mmcle (edible) 6,010 12,716 
Renaining ....... •.316 6.•7.5 

Toralc:nD 64,847 66,234 

Medical evaluation or the health ltatua of the 
exf>C*d Rongelap people over the yean since the 
accident has reva1cd about the same incidence al 
illnaa and dileue u in the unexp!*d population 
with the exceptions noted below. General health 
and nutrition has mntinued to be satisfactory and 
comparable to that of the unexpmed comparison 
population. Annual hematological follow-up 
studies have revealed that the leveb or white 
celb and plateleu of the peripheral blood in the 
expmed group have never quite reached the levek 
or the unexp!*d compan.on population. This -
again demonstrated in the 9 and 10-year surveys 
and can be readily ~ in the accumulative diiltri­
bution curves (rigun:s 23 and 35). 

Bone marrow examinations oi· a few individuala 
at 9 and I 0 years post expomre showed a reduced 
myeloid~ ratio with slight increue or im­
mature rut and white celb in some cues. There 
has been no indication that theme findinp have 
impaired the generJJ health or nspome to dileue 
in the exp!*d fCOple. 

Toral 

C:., I Sr-, pC C."',pC C:., I Sr-,pC/gCa 

6.88 999 608 I.~ 6l9 
198.39 68,le 37,239 78~3 -6~7 1,7 .. l,48'l I." 876 
6.~ .516 •10 0.60 858 

81.71 71,..508 39,739 82.6" ~ 

.5.80 .571 295 0.7.5 76" 
197.7.5 •.5.287 3.5,1.54 72.62 623 

BO 937 1,3.5.5 1.30 723 
6.92 •97 297 0.60 825 

91.94 47,292 37,101 7.5.27 628 

10.21 335 .50'2 0.48 847 
187.90 30,817 30,146 39.40 782 

7.74 978 2,0li9 1.26 776 
6.23 211 316 0.30 69'l 

83.09 32,341 33,033 •t.44 780 

MOnAUTY 

There - 10 deatha in the exp!*d populatiDD 
over the JO-year period. orme.e. two deaths -
due to malignancies. Neither of theme could be 
ucribed reuonably 10 radiation exposure. The 
IOlllewhat higher death rate in the expmed group 
is panly oftiiet by the higher proponion or older 
people, thme >65 yean of age being 20'lb in the 
expmed group and only 73 in the unexpmed 
group. This mortality rate is aha higher · an in 
the Manhalleme as a whole, but not significantly 
90. Evaluation of effects of expoeure on longevity 
in this group must await future findings. 

No specific aging studies were carried out dur­
ing the past two surveys., but attempts were made 
during several previous surveys to put on a quan­
titative buia various criteria of aging ( wn elutic­
ity, akin lomenea, hand strength, blood pressure, 
anerimclermia, accommodation and arcus sen.ilia 
or the eyea. greyness of hair, degree of balclnes, 
etc.). No detectable radiation-induced aging ef­
li:cts have been noted. Aging 9COl"CI evaluated at 6 

-~~------------------....................... ? .... 
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Md 7 ,an aftao the accident were about the same ir 
eKpmect Md unexpc«d penona of ampmrabie age._,, 

flllftlTY, MIK>lalAGll, SW1HS. 
AND -.rlC 8'IC1S 

Effects on fertility were not apparent u judS"d 
by compari9on of birth rates for the expo1ed and 
unexpmed populations. During the 6nt 4 yean 
after expoeure an increue in mixarriaga and 
stillbirtha wu noted in the expoeed women, 41% 
of the birth.a ( 13 in 32 birth.a) in this group termi­
nating in nonviable offspring compared with 21 % 
(8 in 38 birtha) in the unexpo1ed women. Since 
that time, the incidence has been about the same 
in the two groups. One cannot be certau: that thil 
effect is actually due to radiation expoeure b..'C&UR 

of the mWI number olwamen inYOhd. 
No specific genetic studies have been carried 

out, but differences in incidences of abnormalities 
in chi~ of expmed compared with thoee of un­
expoeed women have not been ot.erved. The gen­
erally negative results of ~--=ale genetic studies 
on the otipring oC expmedjapaneie-' 1 indicated that 
delaila::l lllldaon the Manha.laewould not be &uitid.. 

GllOW1H AND DIYBOPMBn 51UDllS 

C.oinparimn of expmed with unexpoeed children 
of the same aga indicated slight retardation effecu 
in the expoeed males. The boys expoeed at ages l 
to 5 showed retardation of statural growth u well 
as bone age. This was most marked in thoee ex­
posed at 15 to 18 months of age. The average 
skeletal maturation in the expoeed boys was about 
7 months behind 1hat of their unexposed peen. 
Though weight gain abo appeared slightly re­
tarded in this group, it was not statistically signifi.. 
cant. The expmed girls showed no significant dif­
ferences compared with unexpoeed girls. 

The slight retardation of growth in the male 
children who were expmed when <5 years of age 
as compared with unexposed males of the same 
age suggests that radiation may be a causal factor 
although pmaible mechanisms are not clear. The 
~ to bones from internally at.orbed isotopes is 
believed to have been too 1mall to have affected 
bone growth. Adwnr efliects on growth and de\lel­
opment of Japanese children expoeed to the 
atomic bomb have been reported by Greulich," 
Reynolds," and Nehemias.'' However, the evalu­
ation of such effecu in these Japanese children 

was complicated by physical and psychic trauma 
and by malnutrition factors not operative in the 
caae of the Marshallese children. The I 7 5-rad 
gamma dOIC would seem to be too small to caUle 

any direct effect on bone growth, and the esti­
mated doee to the bones from internally at.orbed 
isotopes probably can alto be disregarded since 
this IOUn:e contributed only about 3 to 4 radl over 
a 10-year period. Bone growth studies in weanling 
rats given sublethal expoeures have shown an in­
direct effect on sut.equent growth of shielded legs, 
but thia appean to be hued ~ly on a radiation­
induced lowered fOod consumption.'., It is of inter­
est that 25 of 31 expoeed children were noted to 
lame leYet"al poundl of weight during the first 6 to 8 
weeb following expoeure. However, the influence 
of chan~ in environment in producing this effect 
cannot be ruled ouL 

DIVBDPM8IT Of THYlOID NCXMUS 

Thyroid nodules were removed from 3 teen-age 
expoeed girls after the 10-year survey. Most pa­
thologilts comulted did not feel that radiation 
could be implicated aa the etiologic agent on the 
bui1 of the pathological findings alone, though 
some considered the findings typical of the lesions 
seen in children treated medically with radioactive 
iodine. However, the evidence is strong that the 
thyroid nodules in the Manhallese girls were in­
duced bv radiation. Correlation of the thyroid 
nodules _:.,;th radiation expoeure was substantiated 
by statistical analysia which showed the difference 
in thyroid nodule incidence between the exposed 
and the unexpomed children to be significant at the 
13 level.• Moreover, Sheline et al.'" and Lindsay 
et al." have reponed the development of thyroid 
nodules 5 to 11 years after treatment of children 
with radioiodine for thyrotoxicosis. Dr. Lindlay 
reponed that the sections of the glandl removed 
from the Manhallese girls were similar to the 
glandl of children who had been given I'" 
therapy. On ihe basis of a calculated dOIC of :::; 150 
rads' to the adult thyroids from isotopes of iodine, 
it was estimated that the smaller thyroid glands of 
the girls exposed at 3 to 4 years of age received a 
total dose of the order of 1000 rads .. (probable 
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range 700 to 1400 rada). The fact that a part oft.he 
total doee to the thyroid ( 175 rads) wu due to 

whole-body gamma exposure (including the pi· 
tuitary gland) may be ohome significance . 

The fact that all three Manhallese developing 
the thyroid nodules were girls ii in accord with the 
experience of othen that thyroid neopluia and 
goiten predominate in females. In the repon by 
Sheline et al.'" referred to above, 8 cues among 
256 patients treated with I'" developed thyroid 
nodules. All 8 cues were femaJea: the ages at the 
time of treatment in 6 were < 18 ( 4 &Fd < I 0 and 
2 ~n 20 and 30). In the ManhaJlese girls, the 
•re11 of puberty may have been a factor in the dc­
velopnent of the nodules. 

Non:: During the 11th-year survey now in pro­
gl'Cll (March 1965) 3 new C&ICS of thyroid nodules 
in the exposed grou? have been detected. Two 
were in boys 12 and I 7 ycan of age and one in an 
adult woman 41 yean of age. The nodules a~ 
peared groaly similar to thome described in the 
teen-age girls in this repon, and these cases will 
receive study and treatment. 

M~ 

Two older women who had been exp09Cd died 
with a diagna.ia of cancer, one at 67 yean of age 
of ovarian malignancy at 5 yean post exposure 
and the other at 60 yean of age of probable cancer 
ofthe cervix at 8 yean post exposure. The diagnom 
in the latter cue wu not confirmed by autopsy or 
biopsy. One unexp<»ed older woman died poaibly 
of cancer of the cervix, but the diagna.ia was not 
confirmed. No other cases of malignancy have 
been noted in the unex)>09Cd population. 

No cases of leukemia have been detected in 
either the cx)>09Cd or unexp<»ed Rongelai-c. Pe­
ripheral blood smears were audied cla.ely for leu­
kemic cells, including examinations for alkaline 
phosphawe and basophil counts. 

The three cases of thyroid nodules plus the two 
earlier cases of cancer in older exposed women 
raix the question whether an increued frequency 
of cancer may be expected in future yean. How­
ever, in evaluating the role of radiation. it mua be 
kept: in mind that one cue of cancer in the ex­
pmed group occurred at 5 ycan after exposure -
too 100n, it is believed, to be related to radiation 
exposure - and in the leCOnd case it was not pm­
lliblc to obtain autopsy or biopsy material for con-
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firmation of the diagnolil. Atomic Bomb CasuaJty 
Commiuion nudies have conclu1ively demon· 
strated an increued incidence of leukemia in J~ 
aDC9C exp<»ed to the atom bomb radiation.'"·'• An 
incrcued incidence hu at.> been noted in paticoll 
who had received radiation therapy for ankyloming 
spondylitia.'' There are many repons of the late 
development of neopluia, particularly cancer of 
the thyroid gland, following radiation exposure of 
infanta and children.,,_,. lncreued instances of 
cancer of the thyroid gland and adenomata have 
been reponed in the Japane.c heavily exposed to 

ionizing radiation from the atomic bombs."-'" 
The ManhaJle.c will be carefully observed for 
such a pomibility in future aurveys. The qUCllion 
of increased incidence of malignancy in the ir­
radiated Manhalle.c must be left open for the 
pracnt. 

"IUA_.. 

During the past 11CVeral yean, increased num­
ben of pigmented nCVU1-like lesions have been 
noted in previously irradiated areu of the skin, 
but these have appeared to be quite benign. 
Neither chronic radiation dermatitis nor cancen 
of the akin have been noted. 

Radiochemical urine anaJyxa and whole-body 
gamma spectrometric analf9CS revealed that the 
level of body burdens of radioisotopes in the ex­
posed Rongelai-c fell rapidly, !ID that by 2 and 3 
yean post exposure the levels were far below the 
stated maximum pennillible level."' The return 
of the Ron!(elape9C to their home island was as­
!OCiatcd with a rise in their body burdens of Cs'", 
Zn"', and Sr"". By 1961, the whole-body content 
of Cs'" had apparently reached an equilibrium 
with the environment at a value of about 14.7 
m,£/kg body weight or about 300 times the mean 
of the medical team measured at the same time. 
Zn'', which had riacn to about 9.9 mµC in 1959, 
fell by 1961 to 1.5 mµC/kg body weight, or about 
100 times that measured in membcn of the medi­
cal :cam. The levels of Sr"' in 1962 and 1963 hov­
ered around the 12.0-mµC level in adults and 
about 22 mµC in children, about 5 and IO'll>of 
the maximum permissible level (for membcn of 
the population at large). It thus appean that body 
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burdens of Sr" have reached equilibrium with lhe 
environmental Sr"". Little or none of the present 
body burden of the expmed group can be conaid­
ered residual from their initial expmure, since 
little difference bu been noted between the body 
burden1 in expmed and unexpoted populations 
living on Rongclap laland. The pOlllible relation 
of internal at.orption ofradioiodines initially in 
the fallout to the recent development of thyroid 
nodula bu been rrf.:rred to above. No other ef­
liectl o( such expmure have been detected. 

Ophthalmological elll:aminations showed no 
clear-cut evidence o( radiation-induced changes 
in lhe eya. Slit-lamp studies ~ no increa.e 
in incidence of lens opacities which might be attrib­
uted to radiation. Cytorenetic studies of the ch~ 
m010ma of leukocytes and peripheral blood cul­
nua obtained in 1964 are in progre11 and will be 
reported at a later date. Anthropometric studies 
revealed that young adult Rongelap males were 
superior in mll8CUlar development compared with 
many populations. This wa not t~. however, for 
the young adult females. Blood volume and red 
cell 111a11 determinations wiing 1ritia1ed water and 
Cr'" revealed values in the Manhallcsc which 
were a>nlidcrably lower than found in American 
Caucaliam However, there ii 1e>me indication 
that American1 living in lhe Islands for more than 
one year may aim have slightly lower values. This 
finding will be further investigated on future sur· 
veys. Protein bound iodine studies during the put 
two ~ conlirmec:I the previous findings of levels 
higher in the Manhallcsc than geneTally found 
ebewhere. No explanation ii apparent. Folic acid 
lcvd1 were found to be 10mewhat low in the 
Rongclap population and probably reflected ICM< 
dietary folic acid. Scrum studies for the Ag system 
reveal that the Rongelapcsc compared with o«her 
world populations have a high frequency of C.deB. 
anti.crum rcacton and a low frequency of New 
York antilerum n:acton. 

The cooperation o( many agencies and penons 
wu neccaary to carry out these surveys succea­
fully. The authors an: deeply grateful to many 

individuals, too numerous to name, for valuable 
auiltance. 

Many officials of the Atomic Energy Commis­
sion, panicularly Dr. Charles L. Dunham, Dr. 
H.D. Bruner, and many o; their staff of the Divi­
sion of Biology and Medicine, and Mr. W.H. 
Brummett, Jr. and Mr. G.P. Steffy of the San 
FranciKo Operatiom Office were most helpful in 
the coordination of arrangcmenu with various 
governmental agencies and in supporting these 
surveys in every pomitHc way. 

We are grateful to the officials of the Depart­
ment of the Interior, particularly to Mn. Ruth 
Van Cleve and lhe officials of the Tn.11t Territory 
of the Pacific Islands, including the High Commis­
sioner, Mr. M.W. Goding; the Director of Medical 
Services, Dr. J.W. SamJman; the District Admin­
iatrator for the Manhall Wands, Mr. Peter 
Coleman; the Director of the Manhall Islands 
Memorial Hmpital, Dr. John Iaman, and mem­
bers of hil staff; and the Representative of 1he 
High Commillioner at Kwajalein, Mr. R. Mc­
Kay. Mr. Don Davis and hil crew of the Trust 
Territory Ship R1111 A111m and Mr. L Robens and 
the crew of the RotfW ~ moat helpful. 

As in the past, the Depanmert of Defen1e, par­
ticularly the Department of the Navy, contributed 
most vitally to the million. The Pacific Millile 
Range Facility at Kwajalein wu of great aailt­
ance in furnishing necesu.ry airlifts and materials 
to be used on the survey. Ors. G. Temple, C. Cun­
nington, and Y.C. Smith at the Kwajalein Hospi­
tal ~ extremely helpful. 

On. L. Donaldson and E. Held at ihe Univer­
sity of Washington have aided in coordination of 
their studies with these. 

We arc grateful to Dr. K. Tsuhamoto, Director 
of the Japanese National ln11itute of Radiological 
Sciences, and to Dr. Dunham for arranging the 
'Uit <>fthe senior author to Japan to observe the 
annual examinations of.the irradiated Japan~ 
fishermen and for having Dr. T. ·~umalori visit 
Rongclap for the 10-year surv~. 

Al Brookhaven :-.lational l..aborator'f coniribu­
tions were made by many individual' in many de­
partmenu including Medical, lnstrumen1a1ion 
and Health Physics, Photography .me Graphic 
Aru, the Shipping Section, and othen. We arc 
grateful to the following people for 1heir suppon 
and advice: Dr. Maurice Goldhaber, Director; 
Dr. J.B.H. Kuper, Chairman of the lnstrumenta-
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~~~~~~~~~~~~~-R-ongelap Group and C~~~~ .Mean Blood Counta at Varloua Tl11e1 ~ft•~-~~~ 

Postexpoaure day 

3 
7 

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

6- mo •IU"Vey 
1-yr survey 
2-yr llU"V•Y 
3-yr survey 
4-yr survey 
5-yr •IU"V•Y 
6-yr SIU"Vay 
7-yr •W"V•Y 
8-yr •IU"V•Y 
9-yr •lll'V•Y 

ll>-yr aW"Vey 
Majuro cootroh 
Rita cont. 6 110 
Rita coot. 1 yr 
Rita cont. 2 yr 
lk>nl· coot. 3 yr 
Rone.cont. ll yr 

t:l:~g:t: ~ ~ 
Rolil.coat. A yr 
ftonc.cont. 9 yr 
Rolil.cont.10 yr 

•include• all aalea >7, 

wee 
(xlo"3> 

Neu tr ophila 

( xl0"3> 

<.5 ,.. ' <.5 •• , 

9.0 
li.9 
6.6 
5,9 
5.9 
6.7 
7.0 
5,7 
7.6 
6.5 
5,7 
5.2 
5.9 
6.7 
1.0 
1.1 
7.6 

8.5 
10.l 
11.8 
8.6 
8.9 

13.5 

13.2 
10.7 

14.g 
it2 
13.7 

tl.2 
6.2 
7.1 
6.3 
6.5 
7.2 
7.I• 
6.1 
7.8 
6.2 
5.5 
5.2 
5.8 
5.6 
6.o 
6.o 
6.5 

b ...... 7 

3. 5 4. 5 
3.5 3,9 
3.2 4.1 
3.4 4.7 
4.3 5.0 
3.0 3.9 
4.o 5.3 
3.1 3.8 
3.0 3.3 
2.0 2.6 
2.6 3.3 
2.6 3,5 
3.5 3.5 
3.9 3.6 
3.8 4.o 

6.6 li.6 
8.1 ll.7 
8.6 5.9 
6.9 li.l 
7.5 3.3 
9.5 6.9 
6.5 

li.2 
li.8 
li.8 
3,7 
3.4 
4.8 
3,5 
3,9 
3.6 
3. 7 
3.8 
4.8 
5.2 

7.4 
6.9 
7.4 
8.2 
9.7 11.8 
7.6 5 ... 

~:~ 
8.o 

10.l 
7.8 

l:l 
9.1 

Z.o 
.0 

li.o 
6.2 

.. j:~ 
.6 
.2 
.2 

4.2 
3.9 
4.8 

Lyaphoc:ytea 

(xlo"3> 
Plateletl 

(x10 .... ) 
"-tocrU, 

~ 

aoc 
(xl0-6) 

Male Mele P .. ale Total Male Male fe .. le Male Male P .. ale 
<.5 >' <10 >10 all a, .. 1roup <U :o-U all ., .. <U >U all a1ea 

l.tl 2.2 

2.6 
2.1 
2.11 
2.li 
2.6 
2.3 
3.2 
3.2 
2.6 
2.9 
3.1 
3.li 
3,7 
3.·r 
3.3 

2.1 
1.7 
1.9 
2.1 
2.1 
1.8 
2.1 
2.0 
2.0 
2.3 
2.4 
2.1 
2.11 
2.3 
2.2 

26.2 22.7 

27.1 21.3 
21.8 19.1 
16.8 lli.6 
13.2 12.9 
14.l 12.3 
17.9 16.6 
25,5 22.0 
26.8 20.9 
l!ll.6 ao.6 
22.1 17.5 

23.1 18.2 

at..9 ----
21. 7 
21.8 
15.2 
10.9 
u.8 
15.l 
22.11 
23.2 
23.9 
21.2 

20.2 

26.2 21.7 2'.7 
3.6 2.2 l!ll.li ao.3 23.2 
4.6 2.e 26.6 19.5 21.6 
li.7 3.1 30.0 21.li 25,5 
3.7 2.7 32.0 22.1 28.1 
li.6 3,6 32,5 21.1 30.8 
6.o 4.o 32.3 2'.4 27.6 

2. 7 ---- ---- a ----
2.9 ---- ali.6b 27,3 
2.6 ---- ]2.8c 32.1 
3.0 ---- 23.1 alU 
3. 5 ---- 32.8 n .2 

7.4 4.1 111.2 a'·' ]6.5 

~~? ~~? 1:0 :I:~ i:t 
5.6 3.6 • 21iJ .2 '·i 2. . 26. .o ~~~ ~:i :!J •:I: &:i --- 3.t ---- ~. l c 32J 
--- 3.5 ---- 35.1i n.9 

blacludes all ••le• >I. 

21 .. 8 

22.5 
21..0 
15°3 
11.9 
12.3 
16.o 
22.8 
23.2 
23.1 
ao.3 

ao.1 ----
llt.1 
22.6 
at..9 
2'.7 

33.li 

fi .11 
.6 
,5 

n.5 
]6.3 
n.9 
n.li 
n.8 
n.3 
39.0 

38.0 
n.5 
38.7 
35.6 
35.6 

n.6 
38.5 
39.1 
Ila.II 
39.6 

113,9 
111.6 
1i2.1 
"2.2 
1i2.li 
111.8 
113.li 

1i1.7 
li1.1 
1i1.a 
38,7 
1i1.o 

li1.7 
113.0 
li3,7 
113.5 
116.o 

ll.g 112.1 
.fi 1i1.o 
,5 1i2.8 ---- ----t{ ·2 ....... 

i:l t;:l 
n.i. 1111.1 

39.0 
n.5 
n.1 
]6.8 
n.1i 
JJ.6 
38.3 

38.a 
]6.9 
38.1 
35.li 
35,8 

n.o 
~:l 
39.3 
39.9 

~~:8 
J5.t 

i .o 
.o 
.3 

38.3 

li.li5 li.71 ---- ----
... ,.. li.li5 
li.68 ll.67 
li.29 li.38 

li.6o li.8o 
li.52 li.68 
li.fiO li.90 
li.33 ... '° 

li.21. 

li.U ....... 
li.12 

Ii.Ila 
li.12 
li.li7 
li.13 

~ acludH all -le• >9. 
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APPJ.NDJI 2 

~ Al llnsnae Group and Control Mean 81004 Couate at Yarloue Tl .. • After lblpoeun 

WBC Neutrophil• Lyaphocytea Platel•te ,.._tocdt, UC 
(x10-J) (xlO-l) (xlO-J) (1110 .... ) I (xlO-'> 
--------- -·--· ---- ----

Male Male P .. ale Total Male Male .... 1. Male Male ...... 
Poatexpoaure day <5 >5 <5 >5 <5 >5 <10 > 10 all .... ''°"' <15 >15 all .. ,, cu >U all .,,a 

3 6.o 7.0 3.0 5.0 2.8 2.2 

~· iJ ti ~j --- ---11.2 l.r 2.2 22.5 21.6 ao.9 21.5 
li.7 3. 2.2 ---- ---- ---- ----

15 7.1 7,0 2.3 li.5 11.2 2.2 29.0 ao.2 211.6 :l·9 18 6.8 ~.8 2.9 5.0 ~·5 2.11 a:; q:1 211., ---- ----
~ 8:~ 1:i z:a z.11 ·I 2·1 12. ft'.f iJ U:I 1:1 .Ii 3. 2. .o l . ~:a 

I r ··· .. i 6.2 1·1 •.• g·5 12., 1'.2 j:i 1:1 1~1 ·J l·8 a· z.2 . 2.2 .o 15. ··i ~· • .2 . 

~:I . l.f .5 ao. B:l ·' ·~ ~·5 2. l 2. .o ~· .o .o 11 .a 
7. ,7 3. • 2. 21.0 .o 211.5 ---- ·' .a 

~ t~ ~:~ l8 ~-6 11.0 2.2 ~.o 18.g "·B fl:I '-" . 5 3.2 2.5 .o 19. 23. 
"' 6-., eurv•J' 7.7 6.5 li.6 3.9 2.7 2.2 2'.2 19.2 23.9 22.7 37.5 ll0.1 rr.3 

1-J'I' •urY•J' ll.l 7.8 4.2 4.7 6.5 5.6 38.7 21.11 18.3 11.5 33.0 "·6 )6.a 
2- )'I' eurv•J' ll.O 9,1 4,9 5.1 11.8 3.2 51.2 11.11 a6.li a6.7 35,7 "·' rr.5 
3-- )'I' aurv•J' 12.l 1.0 5,5 3.9 5.6 2.6 ll0.8 22.11 31,2 ---- rr., ll0.6 35.6 
Ii- J'I' •urY•J' 11.5 7.5 2.6 3.7 7.0 3,3 33.2 211.7 33,6 ---- )6.1 1t3.1 35.7 
5- J'I' •urY•J' ---- 9.7 --- 5.1 --- 3.7 ll0.9 a6.3 a6.8 ---- ---- ---- ---- It. li6 5.15 11.31 
6-1'1' •urY•J' ---- l · ~ --- l-6 --- ~-0 ---- ---- )6:0 il:i ---- ---- ----
7· J'r aurv•J' ---- . --- .1 --- .1 ---- 2'.6a 18.1 ---- rr.o 11.56 5.u 11.19 
8-:rr •urY•J' -- -- 6. 5 --- J.4 --- 2.6 ---- 33,llb 31,7 ---- rr.o 1ia.5 n.8 ll.51 5.12 11.35 
9- :rr IW"l•J' ---- 7.1 --- li.o --- 2.li ---- 23,5c 23.6 ---- ]6.o "·o 38.3 3,77 ll.69 11.10 

lC>-yr •urY•J' ........ 7, 5 --- 3.6 --- 3.1 ---- 32.lt 111.5 ---- rr.o ~.o 38.3 
Majuro controh lJ.2 9.7 li.8 11.8 7.11 li.1 111.2 25.8 )6.5 33.ll 39.6 .o J9.9 
Rita cont. 6 llO 10.7 7.6 5.li 5.2 4.7 3,7 ff :o rl:j f :l fi:~ Rita coat. 1 yr ---- ---- ---
Rita coat. 2 J'r lli.O 8.9 7.0 Ii.Ii 5.6 3.6 J 211. ·' ,5 38.9 lil.l 39.8 

Rema. coat . ' .Y1' r·8 6.g li.o ~-" 
Ii.~ ,,, 

l:i ~:' Je·o ---- n·' '1·B n:r Rema· coat. :rr 1 .2 8. 4.0 .6 6. 3, .o ---- .5 "· 
Ro1141. coat. 5 :rr 13.7 10.1 6.2 5.2 6.2 li.1 35.8 18.o 33.6 ---- ---- ---- ---- ,,60 li.8o II.Ila 
Rone. coat. 7 11' ..... _ ... 7.8 --- li.2 --- 3.1 ---- aa.5a 31,lt ---- i'' "·' 37.0 '·" ,,68 

,,l2 
Rone. coat. 8 J'r ---- l·l --- li.2 --- 2.r ---- J;·8 b t:; ---- :l ~:l •. 0 lt.60 It.~ '·'I Rone. cont. 9 .Y1' ---- . --- 3.9 --- 3. •••• .1c ---- .3 '·33 It. ,,1 
Rone. cont.10 1'1' ---- 9.1 --- 11.8 --- 3,5 ---- 35,, rr.9 ---- Jr.Ii "·l 38.3 

-
-i ncludea all •ale• >7, blncludea all ul•• >I, 'iacludee all Mlea >9. 

---------_______________________________ ..... 



Ron&' com. ' '+ . 
Rong. coot. 5 yr 13. 7 10.l 6.2 5,2 6.2 1.1 j,.o ~ .... , JJ•-

Ilona. coot. 7 yr ---- 7.8 --- 4.2 --- 3.1 ---- 26.~ )l.li ---- /.2 "·" 
37.(' ... ,.: ........ 

Rong. cont. 8 yr ---- l:l --- 4.2 --- 2.~ ---- ~ab t·5 ---- ~:l ~:A •• 0 4.6o 4.~ .. 4l 

Rong. cont. 9 yr ---- --- 3.9 --- 3. ---- .1c .5 ---- .3 4.33 ... 4.1 

Rone. cont.10 yr ---- 9.1 . -- 4.8 --- . 3,5 ---- 35.4 37.9 ---- 37.li "·l 38.3 

~nclude• all •alea >7. blncludea all .. i.a>I. ;ncludu all .. 1u >9. 

APPBNDJI 3 

Uthill Group Mean Blood COunta U Varioua Ti•• After •JIP0911R 
·----- ----. ----- ·---· -

WBC Neutrophil1 Ly•phocyte1 fllteleu ..... toerit, UC 

... (•10-l) (lllO-l) (xlo-3> (xl0-4> ~ (xl0-6) 

! 
;l 

"" 

------ ----·· ·-- --- ·-- --···- .. ·----------- --- __ .. __ .,. ___ 
Nale Male •-le Nale Nale Pe .. le Mal• Mab Pe•le 

Po1texpo1ure day <5 ... , <5 >5 <5 ,.., <10 >10 all., •• -cu >U all ., .. -cu >U •11 .... 
i:: -----· • ... 
I > 
:: !I 
i I ..... 
e : 

4 9.4 8.2 lq 4.2 4.9 3.2 
'-'' VO 

14 10.0 8.6 4.l 3.2 5.1 2.9 

19 ]8.9 ae.1 35.6 

29 10.1 9.7 4.9 5.8 4.8 3.2 ~.5 25.6 31°7 J,1.9 .. ,.1 J.1 ... .. ... 
! 
I 

3-yr 1urvey 9.8 ti.9 4.o 3,4 4.7 2.9 32.6 26.9 30.0 35.6 i.1.0 35.9 

9-yr 1urvey -- . 7.0 --- 3.\1 --- 3.0 ---- 36.5• ]8.9 37.9 i.a.i. rr.1 4.43 4.lt 4.U 

• . ... 
f 

.-------
Include• all .. 1e1 >9 • 

'' • 

! . . 
, 
'! 

~ 
~ 

' 
--~. 

-"'-' 



UPIJllDIX 4 

IDdividual Heaatolo1ic:al PindiDC•• 1963 

SYbject Plate. WBC Neut. L)'llllla. Moao. IO•iA. Buo. Hct., llBC lflb. t Ser• 
No. (lLl0-3> (lLl0-3> Cx.10-J) (:al0-3> (lLl0-3) ClLl0-3> ClLlO~) .. (:al0-4) I protda, 1 

l!!lelae Blll!!Md llalea1 Al! 9-U 

2 - 8.03 5.o6 2.-1 o.1' o.ar. 1.60 n ll(JQ 13.2 e.o 
3 285 9.71 •.66 3.20 o.118 1.1' l.~ 39 3'l'O 13.6 8.8 
5 ~ u.90 6.0T -·· 0.95 o.3' 2.38 38 381 13.6 1.8 

19 251 6.03 2.89 2.'1 0.30 o.~ o.o •1 508 lle• 7.3 
23 3114 7.12 2.71 3.~ O.OT 1.00 o.o 36 _..., 12.8 1.-
31 - 7.29 3.-3 3.o6 O.OT o.66 0.10 39 •13 1-.o 6.8 
~ 'Yn 6.91 2.72 3.69 o.aa o.28 o.o •1 .,, 1-.o 7.6 
8]4t 253 u.90 5.12 3.•5 0.95 2.38 o.o •1 1122 1-.8 7.8 
8,. 257 7.29 2.61 3.•3 o.66 0.58 o.o liO •56 1 ••• 7.6 - rlJT 8.•1 3.91 3.25 o.~ 0.'1'9 0.7' 39.1 ~ 13.8 ! .... ta.18 1.1 tl.31 :t0.'9 t2.o * 45 * 0.5 !O.S 

Aili ..... IXDOMCI llalea 1 !I• t.U 

6 ~ 6.Q 2. 'l'9 3.19 o.o6 o.60 o.o 3' m 12.• 7.5 - 1~ 6.Q 2.19 3.19 o.o6 o.60 o.o 36.0 m 12.- 7.5 

l!!l•!:!I! D:&i Hd lwle•a !I• 9-U 

lT ~ 1-.70 12.20 2.o6 0.15 0.29 o.o •3 ~ 15.2 8.3 
21 3'l'O 7.15 2.72 3.00 0.21 l.l- 0.70 '2 "71 l•.8 7.• 
33 355 8.25 2.91 -.21 o.os 0.91 o.ao 39 •57 lJ.2 8.8 
'2 328 8.31 3.66 •.at. 0.25 0.17 o.o 39 li09 i•.8 8.o 
65 268 7.92 3.Q 3.•1 0.32 o.118 o.ao 36 li03 12 •• 7.5 
69 203 7.05 2.61 3.81 0.21 0.35 0.70 39 432 13.6 7.8 
72 203 7.27 3.27 3.'2 o.-.. o.ar 0.70 39 456 i•.o 8.5 
86• ~7 7.33 •.25 2.35 0.29 o.-.. o.o 39 ~ 13.• 7.5 - 300 8.50 4.'2 3.31 o.~ o.118 o.~ 39,5 *'18 :t 2.119 :: 3.09 t o.ao 4Jo9 13.9 8.o 

! 2.0 ! 34 ! 0.9 ! o.4 

Aili ..... Ill~ Nd l'WlHt Ale 9-U 

8 203 7,05 3.38 3.03 0.21 o.'2 o.o liO 415 14.4 8.o 118 2118 7,25 3.99 2.90 0.22 0.15 o.o li2 456 15.6 8.o - 225 7.15 3.69 2.97 0.22 o.28 0 •1.0 435 15.0 8.o 

*Sll:pomed in utero. 
••standard dev:i.atioa. 
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Heb •• Ser.a Subject Plate. -= 1te11t. Lflll* • ..-. loaiA. .... Ket. t UC lflb., Ser• 

I proteia, c "°· (&10-l) (.d0-l) (:&10-l) C:slO-l) (:slO-l) (:slO-l) {:sl0•2) " (:sl0-4} I proteia, 1 

ll!!!!lel•e bP"'aed Malea, -'I• >u-40 

11.2 8.o 9 1218 7.25 3.26 3.1T o.u o.or o.o ..., 518 1.6.o 8.o 
._.6 8.8 10 32D 5.91 2.~ 2.~ o.11 0.30 o.6o li6 ~ 1,.a 8.0 
lJ.6 7.8 20 lOI ••• 2.~ 2.o6 0.25 o.ao o.o '° 531 17.9 8.0 
lJ·• 7.3 2T ll3 7.81 3.JS •.30 o.o o.1.6 o.o •3 •1.6 144 
12.8 7.i. JS 231 5.CJO 2.35 2.05 0.15 o.i.5 o.o lia li86 15.2 7.5 
i•.o 6.8 3T 2'10 6.•1 3.JS 2.116 0.13 0.51! o.o i.5 i.116 1.6.o 7.• 
14.o 7.6 liO 231 7.98 •.31 3.i.3 o.1.6 o.oe o.o i.3 ]git i•.8 1.1 
ii..8 7.8 •T 231 ~.•5 2.83 2.13 o.1.6 0.33 o.o .... 395 1.6.9 1.1 
1 .... 7.6 73 183 5.17 2.95 1.16 o.26 o.1.6 o.,, 50 - 17.4 1.1 

16 138 9.73 •·1T 3.99 0.29 0.58 1.00 •5 •16 15.2 7.6 
TT 230 6.71 3.56 2.55 o.~ o.ao 0.10 li6 ~ 1.6.• 8.o lJ.8 1.1 

0.5 !O.s - 198 6.58 3.27 2.81 0.19 o.28 0.25 •5.5 •58 16.l 1.6 rri :tl.~ *°·~ t0.89 :t2.• :ti.7 :t1.3 :to.3 

12 ... 7.5 
119.iy l!pO!!d i=e-1u, Ap >~ 

12 •• T.5 12 625 7.80 •.16 2.65 0.39 o.o o.o 25 2ilO 9.1 7.1 
14 250 7.10 •.i.7 2.85 0.23 0.15 o.o 38 373 lJ.2 8.i. 
15 ~5 7.66 3.98 3.1• 0.38 0.15 o.o liO i.15 13.2 1.1 
lB 208 •.88 2.78 1.81. 0.20 0.10 o.o JS liOl lJ.2 7.3 
22 208 7.1• •.21 1.93 o.or 0.93 o.o 39 ~ 14.i. 7.7 

15.2 8.3 ~ 260 5.78 2.25 2.;9 0.35 0.52 0.60 liO 477 14.8 7.8 
14.8 7.i. 39 133 7.liO 4.37 2.15 0.22 0.67 o.o ~ liOO u.8 7.5 
13-2 8.8 ~ 322 6.39 3.20 2.75 O.lJ o.26 o.60 36 ~ 11.• 7.8 
14.8 8.o 61 373 8.87 3.64 •.10 o.o o.4i. 0.90 43 li89 14.4 8.5 
12.4 7.5 64 193 8.87 5.~ 2.ai. o.44 o.18 o.o 33 331 10.9 7.1 

.6 7.8 66 219 8.39 3.69 3.78 0.59 o.~ o.o 38 419 13.6 7.3 
14.o 8.5 71 265 9.ii!lli 5.93 2.32 0.37 0.65 o.o 41 456 15.2 8.o 
13.6 7.5 ~ 1165 14.30 7.4i. 4.15 0.14 2.i.3 l.liO ~ 469 14.4 8.8 

75 SI 7.97 4.78 2.39 0.32 o.li8 o.o 45 456 14.4 8.5 
13.9 8.o - 297 8.02 4.35 2.86 t 0.9 ! 0,4 :tl22 t 2.18 

0.29 0.52 0.25 37.9 li09 13.2 7.8 !1.33 :to.84 !4.8 !64 !1.8 !0.5 

14.i. 8.o 
AU.i: rumae J!X?)oaed Females z A1e > l~ 

15.6 8.o 51 ~l 6.55 4.00 2.29 0.13 o.o 1.30 ~ 390 15.2 7.3 
53 291 7.53 3.54 3.n 0.15 0.15 o.o 41 445 14.4 8.8 

15.0 8.o 10 2113 8.82 7,23 l.o6 o.26 o.26 o.o 30 442 9.4 7.4 
81 131 8.94 1.o6 l.O'T o.45 o.]6 o.o 35 3li6 12.4 7.3 - 2'ZT 7.96 5.45 2.05 0.25 0.19 0.32 37.3 li-06 12.9 7.7 
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' 
' Subject Place. llllC Neuc. L.,.... *-II. JIOai•. aaao. Hc:i.' UC fflb •• s.rm 

Subject Plate., 

"°· (:al .. -3) (x.10-3) (:slo-3> csio-3> (:ir.10-3) (:irJ.0-3> csio·2> ' (&10-4) I proteia, I 
llO. (s10·3) i 

a!!lelap lll:poHd MalHt A19>40 
~ 

4 a5 8.oe 2.'1) 5.21 o.oe o.o o.o 47 5C71 1.6.4 8.4 ea ' 
t w 5.86 2. '10 2.81. o.o G.29 o.6o 38 381 14.o 7.8 323 

11 103 5.~ 2.liO 2.ie 0.05 o.u o.o 43 403 15.2 7.1 89 358 

" - 5,]6 2.51 2.lll o.16 0.21 o.o 30 291 10.9 7.0 90 34T 
61 293 i..75 2.00 2.oi. 0.19 o.43 o.o :A lllD 14.4 91 293 
19 ~ 7.m. 3.51 2.8T 0.21 o.41 o.o ~ 1.6.t 8.1 93 310 
8D 8.oo 3.6o 3.61 o.ae o.64 o.o 42 ~ 14. 7.3 g8 2IOI 
81 ~ 6.19 3.51 2.oe 0.31 0.38 0.0 3' lioe 14.o 7.7 102 

104 39'2 - 214 6.33 a.ea 2.99 o.oe 41-3 
109 478 

t8T 0.15 0.31 410 14.5 7.6 110 283 •1.a :o.,, n.oi. !5.4 !59 ·-0.5 !o.i. lU 51' 
113 lia3 

Ailiaoae 11:x ..... .s Malea 1 !I• >40 
115 453 
116 "90 

16 303 4.'18 1.96 2.53 o.o 0.29 o.o ~ 543 14.4 7.4 U8 272 

29 356 9.10 5.55 2.116 0.55 o.]6 o.18 42 419 15.2 7.8 U6 •11 
Ill 104 •.10 1.91 2.ar 0.19 o.4T o.o ~ 453 1.6.o 1.1 - ~ 

'° ~ 6.,i. 3.47 2.ie 0.35 o.ae o.ar 116 1161 17.4 7.i. !95 - 2'5 6.38 3.23 2.116 0.2T 0.35 o.o6 ~.o 1169 15.8 7.6 

aO!!felap bpoaed ~Hz Ap>40 
8T 352 

13 404 5.37 2.]6 2.42 0.21 0.38 o.o 37 ]llO 12.4 8.o 91 258 
34 226 6.31 3,34 2.40 0.25 0.32 o.o 38 362 13.2 8.1 ,. li85 
5T 286 5.69 3,76 l.82 o.u o.o o.o 37 358 11.8 7.5 95 •1• 
58 115 6.71 2.ea 3. 56 0.20 0.14 o.o 39 389 14.8 101 438 
6o ~ 6.]6 2.48 3.a 0.25 0.32 o.64 ~ ~3 12.1 7.5 l03 ass 
63 135 4.66 2.14 2.00 0.23 o.:ae o.o 43 459 16.o 7.8 105 3e6 
'18 219 5.62 3,09 2.47 o.o o.o6 o.o 39 381 1).a 1.9 1o6 ~ 

108 lia3 - 238 5.82 2.86 2.56 o.18 0.21 0.09 38.1 376 
U2 458 

!98 to.6o !0-58 !0.63 13.3 7.8 117 343 !2.5 !35 !1.4 !0.2 119 ~ 
120 305 

Ailiynae l!xpoaed Feealea, Age >40 l22 419 
~ li68 

1 206 8.20 4.42 3.26 o.oe o.41 o.o 4o li02 14.4 8.3 125 220 
127 520 26 20ll 6.4o 2.94 2.43 o.26 0.10 o.64 35 459 15.2 9.2 iae 319 43 268 5.34 4.17 o.64 0.21 0.27 0.53 42 426 13.6 8.4 

45 330 7.11 3.96 1.85 0.21 l.07 o.o 36 363 i3.6 8.o 386 59 235 8.96 3.67 3.67 0.99 0.63 o.o n 365 12.8 7.9 - ~ - 2119 7.20 3.83 2.37 0.35 o.62 0.23 JS.o 403 13.9 8.4 ::47 !l.6o !0·5T !l.20 :2.6 !41 !l.l :o.4 
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Heb., Sena 
S11bject Plate. wee Ne11t. L,.pll. Mallo. IOaia. Buo. Hct., UC Hsbo t Ser• 

I proteia, I 

"°· (&10-3) (xl.0-3) (slo-3> cuo-3 > cs10·3> cuo·3> csio-3> '" (xl.0 ... ) I proi.ia, 1 

Male Cbildrea of .... Md hnata, !I! <t 
16.4 8.4 

88 4.22 5.116 o.o 0.51 1.03 35 li03 12.2 7.2 14.o 7,8 ~ 10.30 
15.2 7.1 89 9.18 4.6o 3.SL o.ao 1.17 o.o 38 438 14.4 7.0 
10.9 7.0 90 '11-7 u.10 5.15 3.7' 0.35 2.116 o.o 36 ... 12.8 1.2 
14.4 91 2'3 9.51 6.09 2.1' 0.19 0.38 0.95 ~ 395 12.4 1., 
16.9 8.1 ;i 310 10.90 6.oo 4." o.~ 0.33 o.o 391 12.8 
14.4 7.3 - 7.18 3.09 2.87 0.71 o.'° o.o 3' • 12.4 7.2 
14.o 1.1 lOI 8.23 3.19 3.19 0.33 0.33 o.o 41 4,_ U.2 

1°' - 8.oo 3.28 4.32 o.16 o.ai. o.o 38 483 13.6 T.8 
109 4'19 19.ao 4,99 12.29 o.n 1.15 o.o 32 4~ 10.6 

14.5 1.6 110 283 7°93 5.00 2.6e O.:Jt o.o o.o , 510 12.8 
·-0.5 !o.4 111 51' 1.65 2.91 4.13 o.3' 0.30 o.o ;,, ~ 12.8 

113 ~ 10.'° 5.67 4.41 0.21. o.u 1.05 41 489 13,2 
115 453 17.8o 3.91 12.81 0.71 o.36 o.o 3l 369 u.2 
116 '90 9.31 2.89 5.~ 0.19 o.ae o.o 3T 4'9 13.6 

14.4 T.4 118 212 13.6o 6.53 5. 0.95 o.68 o.o 38 419 12.8 
15.2 T.8 126 417 8.03 ).69 3,85 0.32 o.1.6 o.o 31 471 10.0 
1.6.o 1.1 - 37' 10.6o 4.119 5.15 0.39 0.56 0.19 36.5 438 12.6 lT.4 7.4 m !3.li9 !l..19 t3.04 !3-0 !Q 

7.3 
n.1 !o.4 

15.8 7.6 
"-le au ldrea of Bxs •eel h.reata 1 "•• d 

8T 352 9.19 4.41 lt.6o 0.119 0.29 o.o 37 414 13.2 7.9 
12.4 8.o 91 258 7.73 4.02 2.lio o.62 0.70 o.o 3T i.45 12.4 7.8 
13.2 8.1 ~ 485 13.ao 7.45 4.69 0.69 0.97 o.o 39 478 14.4 
ll.8 7.5 95 414 12.50 7.25 4.63 0.50 0.13 o.o 3T 456 13.2 T.3 14.8 l01 438 25.80 7.74 1.6.oo 1.03 1.03 o.o liO ~ 14.o 
12.l 7.5 103 268 11.10 5.88 4.oo 0.22 l.00 o.o 36 412 l].2 
16.o 7.8 l05 386 11.50 5.64 5.41 0.23 0.23 o.o liO 436 13.2 13,.a 7.9 lo6 PT 8.52 3.ar 4.6o 0.51 o.26 o.o 35 432 12.1 

1.08 ~ 19.liO 8.15 5.~ 0.58 5.~ 1.~ 36 ""2 12.l 
ll2 458 9.o8 lt.99 3.54 0.36 0.09 0.91 36 ll05 12.8 13.3 7.8 117 343 8.78 4.04 3.95 0.53 o.26 o.o 35 341 10.9 

!1.4 !0.2 119 508 13.70 5.62 5.89 0.69 1.51 o.o JS 1t35 12.l 
120 305 10.30 2.37 6.59 0.72 o.62 o.o liO "8 12.8 
122 419 12.20 2.56 8.42 0.61 0.61 o.o JS 413 13.2 
~ li68 12.90 3.23 8.64 0.13 0.90 o.o 38 398 11.8 

14.lt 8.3 125 220 9.35 3.1.8 5.89 o.26 o.o o.o JS liOl 12.8 
127 520 12.50 3.75 7.50 , .00 0.13 1.25 30 398 10.6 15.2 9.2 128 379 10. 70 2.35 7.26 ll.75 0.32 o.o 38 438 14.8 13.6 8.lt 

13.6 8.o 
386 12.20 4.76 12.8 7.9 - 6.ar 0.55 0.19 0.23 JS.8 ~ !87 12.8 !lt.29 !1.92 !3.00 :2.2 :32 13.9 8.4 !l.O 7.7 

:1.1 !<).4 

..... ________________ ~619 --
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Subject Plate. -= Metlt. Lfllllll. -· JIOaia. aa.o. Ket.• UC' H1b., Ser• Subject Pl• 

"°· (:s10"'3> (d.0-J) (d.0-3) (d.0-3> (d.0-3) (:slo-3> (d.0-2) ~ (&10 ... ) I proteia, 1 "°· (JIJI 

~trol Mal .. 1 9• 9-U 

SL3 a,a. 8.at. 3.71 3.116 o.;? 0.119 o.81 31 316 l].2 T.11 8a II 
~ ~ 11.ao 11.,, 5.31 o. 0.11 1.11 3' 1115 111.0 8.11 1113 lt 
81.5 al 5.69 a.a 3.crr o.u o.• o.o 31 - 13.6 8.11 8JI) 21 

831 31 818 ~ u.60 6.'° 3.911 o.aa. 0.35 o.o liO lllll 13-2 7.5 833 • - li60 ll.5T 1.6' a.a 0.05 o.,, o.o 31 - lliO T.5 8311 JI 8IO 183 6.91 a.a 3.11 0.111 1.38 0.69 Ila li60 11111 T.5 8]6 23 863 309 U.]O 7.35 3.16 o.o 0.19 o.o lia lt.li8 15.2 1.1 1)8 21 913 310 1.11 5.115 1.95 O.Jl o.OI o.o 319 1172 111.o 7.8 8lio • 919 - 5.25 1.11 1.68 O.Jl 0.31 1.05 liO 1119 111.o 7.8 8111 ... - 133 8.10 4.a 
~·· 

0.31 0.'6 o.aa. Jf 1151 13·2 7.3 872 3' 931 35' 11.90 5.83 :$.Of o.~ 2•96 1.19 3' i.ao 111.11 8',a. 

= 981 258 l].60 6.3' 5.58 o.5'l l.Of o.o ill lie 15.6 881. 1033 m 5.29 2.ca 2.86 0.11 o.16 o.~ Ill -- 111.11 8.3 - 11 10]6 351! 5.81. 2.03 3.31 0.11 0.29 o.o 3' 1169 111.8 8.1 885 21 - 1116 8.31 II.OT 3.21 0.69 
9114 31 0.30 0.1111 3'-11 433 14.1 7.8 9'9 3! !78 ~.90 *1.9' u.11 :tl.11 ·~ :0.1 :to.II 967 :; 
971 ~ 

Coatrol "-lea 1 9e 9-lS 1500 ~ 
1501 ~ 

81.1 527 10.60 3.81 5.61 0.21 0.95 o.o 35 35' 12.4 7.5 
81.2 3lD 6.68 2.81. a.81. 0.27 0.73 0.67 319 li05 12.7 7.8 - 21 
816 3lB 7.38 2.tlo •.o6 0.31 0.15 o.o liO * 14.0 1.6 !' 
81!1 2311 9.65 5.'° 3.76 0.10 0.19 0.91 31 389 12.1 7.4 
891 ~3 l].60 8.]0 •.a8 1.a o.o o.o liO .,, 15.6 1.2 
909 560 8.83 3.61 2.91 0.35 1.8' 0.89 39 11111 14.o 7.5 
911 3'l 6.03 1.69 3.g8 o.o o.]6 o.o 31 i.15 13.2 7.6 
915 ru 7.•1 3.41 3.'6 o.a 0.22 o.o 39 410 13.6 8.• - 383 l].60 1-~ •.a8 0.14 o.~ o.o 41 520 16.• 9.0 825 3 931 w 8.66 37 lio5 12.8 1.1 &!6 3 9116 lia8 9.•3 5.66 3.68 o.o o.o o.,,i. 113 li6l. J.6.o 1.6 829 3 955 3lB 8.'9 3.216 •.90 O.(Jf o.~ o.o 38 399 14.• 8.2 832 2 
959 335 7.Q 3.51 3.13 0.22 0.69 0.76 liO •33 14.4 1.9 841 2 
960 250 8.9Q 4.38 •.37 o.o 0.27 o.o 36 395 12.• 8.o 843 2 
962 ~ 5.51 l.g8 2.76 0.119 0.22 0.55 ~ li(l8 u.5 8.1 865 4 
99' li66 9.68 4.65 4.45 0.19 0.39 o.o ~ 367 11.5 7.8 095 
1035 263 7.77 3.11 3.57 0.23 0.78 0.78 113 1153 15.2 8.5 896 

91• - 373 8.82 i..12 3.86 o.26 o.118 0.35 38.3 ~ 13.7 1.9 916 
!'99 !'2.20 !'l.61. !0.77 !2-7 !lio !1.6 !'o.s 

92'2 
932 
9~ 
938 
950 
951 
965 
993 
996 
1001 
lall3 
1502 -

' I 
r 

~~.__-----~----------------------------------------------------a.-=:=:~=-~ ....... .___ 
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Jsb •• Sub_i-c:t Plate. me Neut. Lyapll. --· loaia. ..... Rct., UC lflb •• s.n.. 
Sena 

(lll0-3) (lll0-3) (:&10-3) (alo-3> (:&10-3) c.io-3> (lll0-2) c.io-4> 
proteia, 1 "°· " I prowia, 1 

I 

! Coatrol Male•1 !I! >15-40 
l - 186 6.0ll 2.19 2.96 o.ia o.u 0.0 .. 4)6 1'90 8.o t·a 1.• 8IS 195 5.61 3-• 2.lO o.o6 - 0.13 o.6o Ila 118' 1'91 7.4 .• o 8.• 8JI) 293 7.66 '·°' 1.13 0.31 l.OT o.o Iii ~ 16.4 7.i. ,.6 8.• 831 3flT 7.6o 3.'° 2.~ O.JI) l.o6 0.0 51 '°' 17.t 8.o ).2 7.5 :1 ..., 5.66 2.66 2.19 0.0 0.11 o.o 47 ?ti 16.o 7.4 
~ 7.5 ]llJl 7.2' 2.• 3.69 o.a l.~ 0.12 .. 15.1 8.o 114 7.5 83' 13] 8.73 •.19 3.75 0.35 o ... o.o 4, 4JI) 14.I 8.5 J.2 7.7 IJI - 8.19 2.55 5.11 o.ia 0.3' o.o 51 '°' ia., 8.3 
~.o 7.8 Mo afM 6.~ 3.37 2.97 o.liO o.o o.o .. sm. 16.o 8.o . ') 7.8 ai.a liOO 8.81 2.81 4.1' 0.53 1.1' 1.1' ~ li9f Ul.4 8.o ;.a 7.3 872 ,., 7.31 '·'° 2.66 o.21 o.o o.o 47 1186 16.4 8.i. 
••• 8'J' 293 l].liO 10.,, 2.61 o.o 0.13 o.o 3T -~ 13.I 7.1 ,.6 8111. - 8.63 5.19 2.2' 0.35 o.a6 o.o 4T .,, 15.6 8.a 
~.- 8.3 - 119 5 • .,. 2.3' a.in 0.13 0.17 o.o 33 4~ 15.2 7.1 ~.8 8.1 895 ., 9.a6 6.11 l.'1 0.65 o.o O.tJ 116 1113 16.o 8.o 

~-1 ~ 310 7.89 3.55 3.16 o.2' o.16 o.o 47 Z'J 16.• 8.8 
7.8 9'8 3'8 8.67 5.ao 2.51 0.35 o.43 1.73 41 14.o 7.7 

.D.7 !() ... 9'T ]llO 8.~ 3.li. 3.,, o.3' o.n o.o " * i7.i. 1.a 
971 •13 7.20 •.116 2.16 o.43 0.14 o.o •1 "" 16.t 8.6 
l'°° 283 7.31 3.91 2.66 0.15 0.67 o.o '° '°' 17.i. 7.8 
ism. 283 6.16 2.83 2.90 0.31 o.o6 o.6o ~ 1199 16.4 8.0 

2.• 7.5 
2.7 7.8 - 29' 7.77 •.01 2.96 o.28 o.liO 45.7 \.o 7.6 !66 !l.~ 

O.JI) •n 16.1 8.o n.86· !0.90 2.1 7.4 ~ 4.7 !JI !0.5 !O.• 
5.6 7.2 
~-0 7.5 
- 2 7.6 Coatrol "-lea 1 Ar >l'-40 
3.6 8.• 
s.• 9.0 825 355 e.oe 3.93 3.69 o.liO o.o o.o liO li66 12.8 8.9 
2.8 1.1 81!6 358 5.39 3.56 1-35 o.16 0.32 o.o ~ llCl8 12.4 8.2 
S.o 1.6 829 330 7.23 3.98 2.89 0.07 0.29 o.o 33 355 12.1 8.o 
~.4 8.2 832 2tlO 6.o6 2.85 2.97 0.12 0.12 o.o 37 451 14.o 8.3 
l.4 7,9 8111 ~ 6.~ 2.98 3.0ll 0.13 0.19 o.o 36 ~ 12.8 8.o 
2.4 8.o 8113 253 6.43 2.96 2.96 0.19 0.32 o.o 35 31' 13.6 1.0 
' 5 8.1 865 263 6.17 3.58 2.3' o.o6 0.12 o.6o 313 396 12.8 7.2 
.... 5 7.8 895 33> 6.69 2.5' 3.~ o.a:> o.47 o.o 45 li8T 16.4 8.5 
5.2 8.5 896 393 7,35 3.68 2.87 0.29 o.~ 0.10 '2 4.,_ lit.I 8.7 

914 268 7.88 4.33 2.811 0.32 o.16 2.36 37 407 a• 7.2 
3.7 916 378 4.811 2.•1 1.79 0.15 0.39 o.'8 36 42' 13.6 7,5 7,9 

922 411 9.73 7.01 l.85 0.39 0.1!9 o.o 41 li67 i•.o 8.7 l.6 !o.s 932 198 9.21 6.45 2.30 o.o o.li6 o.o 43 330 12.1 7.1 
9~ ~ 7.39 3.99 2.73 0.30 0.37 o.o '17 414 12.8 7.9 
936 170 10.8o 5.llO 3.13 0.5' 1-73 o.o 39 li02 l•.o 8.7 
950 2BO 8.83 3.36 5.03 o.o o.~ o.o 38 4a! 14.o 7.8 
951 ~ 9.75 6.~ 2.~ 0.59 0.39 o.o 36 396 12 ... 7.1 
965 218 7.16 •.8o i.93 0.07 0.36 o.o 39 367 l•.o 7.8 
993 308 7.51 3.76 3.313 0.15 0.23 o.o 43 li62 15.6 7.8 
998 2iJ5 6.29 3.116 2.45 0.19 o.o6 1.26 J8 419 ia..8 8.9 
1001 258 9.2iJ 5.82 3.05 o.18 o.18 o.o 37 ~ 12.• 70 
1.0ll3 •1• 9.78 6.26 2.64 0.39 0.119 o.o liO •55 13.2 7.5 
l5oe 265 7.88 3.78 3.86 o.16 o.oe o.o 3B 451 13.6 8.8 

- 29' 7.65 4.23 2.83 0.22 0.35 0.23 313.3 1121 13.6 .o6 :1.•1 7,9 - :tl.~ !0.78 !2.8 :t39 ;tl.O !Q.6 



fiO 
Sullject Plate. WllC 

Sullject Plate. me ...,. L,.... --· ..... ....,. Hct. 1 llC 11111. S.r• "°· cuo-3> ( 

No. (d0-3) (XlO-J) c.io-3> <x10-.>> (s.10-a> Csl0-3> ca10-a > ,. (alO .... ) I pnteia 1 1 

CDaUOl l91ea1 Al! >40 801 551 lD. 
80t .. ,, 8. 

8119 m 8.'8 •.ia ].86 O.lT o.•3 o.o ~ '61. 16.9 8.o 8o3 ]88 9. 
853 - 6.a 3.15 3.n. o." o.~ o.o 31 • 13.6 8.5 806 .,, 12. 
855 253 6.38 3.31 2.55 ::~ 0.31 o.a -.a. - 1•.o 8.o 8t1r 'Pr u. 
8" .,, ,.,. a.a L'IO 0.55 o.o ! ~ "·o 7.8 8o9 liOO 12. 
8'I * 7,09 -.a LJf o.• o.crr 0.10 liaD ""'~ 7.5 870 336 10. 
813 = 10.10 5.89 3-9' 0.31 o." 0.0 ~ .. 16.o 7.1 - .,. "· ~ 5.16 1.73 LlT o.:ao o.:ao o.,. ~ :J 11.• T.• 905 - 12. 
871 .,. '·" 2.119 LTT o.~ O.o6 o.o .... "90 8.o ,,. = 12.311 
8l!ID - 1.66 3·JZ 3-8 0.31 :::i o.o .., 

= 16.• 8.o 100I 19.311 ., 131 ,.. 1. 3-05 o.e o.o •s "·I 7.5 ~ l" 16.JI - ~ ... •.o6 ].~ 0.33 0.33 0.13 -.a. Id l•.o a ... 1006 330 8.~ - ]88 

==~ 
... , ].-.a. o.o o.8' 0.0 31 - 13.a 8.1 1009 .. , 8. 

915 - 2.a, 1 • .,, 0.05 0.97 0.0 ~ - 1•.1 7.1 1010 5'5 10.1' 
911 1" 6.15 3·'° .... O.l9 0.13 o.o ~ a.a ~ 313 12.81 
911 l&o 7,31 a.11 3._. 0.15 0.73 Lm .., 16.• 7.8 1015 167 12.a 
935 - 5.12 a.15 L~ o.~ o.:ao o.o ; .., 16.• 8.• 1017 •1' 9.6t ,.., 331 1.n •.Oil a.12 o.16 0.11 .J.11 "' 12.I '·' ~ 213 6.09 ,.. lTT 6 •• 3.13 3-13 o." o.n. 0.69 ., '61. 15.a 7.6 1DIT 3U 9·1' 
9'1 ., 5°TT a.31 a.09 0.23 1.0ll 1.15 ., •11 15.6 1.1 1030 1166 i•.ae - UI 5.l8 a.119 1.1' o.a 0.67 o.,. .... 31' i-.o 7.5 lOJT 235 7,~ 
9" -.a.1 '·" 3.crr a.12 o.u o.u o.'6 3' 31' U.I 7.1 1031 3'1' 9. 
100T m 5.wr a.a UIS o.ll o.ll o.o 31 .. l].I 1.1 10llo 2'8 8.61 
~ 351 6.51 a.al 3.97 o.26 o.m o.o -.a. ~ "·· 1.6 1Dll5 5'5 12.1' 

1Dll6 - 10. ?I - .,.. 6.65 3-lT a.85 o.ao o.]15 0.31 -..1 -..1 "·T 7.9 lDilT .,, 7.21 
.'6 :tl ..... t0.99 !0.6T :t3°3 ~T :t0.5 :to.5 1'°3 251 8.,, 

150il 3li6 9°5! 

Si!!!!trol '-lea1 !le >40 - m 10.91 
:tu9 ~.e, .. u. 6.•3 3.60 2.1'0 o.o6 o.o o.a 31 3fi6 12.8 8.T 

8116 514 7.19 3.a 2.88 o.'° o.'° 0.12 -.a. ~ 1•.• 8.5 
851 2'l 6.119 2.53 3.31 0.32 0.19 0.65 35 3'° 12.8 T.li 

2'!!!!!!l 851 •51 10.IO 5.~ 3.89 0.65 0.31 o.o 31 383 12.8 7.8 
8" •10 5.88 2.~ 2.65 o.o 0.29 o.o 39 319 1•.o 7.7 808 ,., 9.,. en ~3 5.86 3.~ 1.99 0.35 o.ia o.o 36 ~1 12.• 8.0 8lO 2183 10.J 
893 317 9.60 6.•3 2.11 0.29 O.TT o.o l9 398 15.2 8.7 866 368 6.i; 
~ 298 7.32 4.61. 2.ZT 0.15 o.o 2.93 .. ~ 14.0 8.• 900 8.& 
8!18 333 8.65 4.41 3.81 0.09 0.35 o.o liO l93 15.2 8.6 90l - 12.& 
908 lliO 6.12 3,JB 2.36 0.31 0.31 0.61 liO 361 111.o 7.5 9CJR 298 10.-. 
911 368 5,91 1.119 3.81 0.36 0.30 o.o 31 m 13.2 8.7 903 ]118 8.7 
9Q9 :!'•3 6.ai 3,JT 2.16 o.o6 0.36 o.6o liO 4li8 15.2 8,5 906 269 7.6 
936 253 8.26 3, 72 3.88 0.111 0.25 o.o JT 319 1).6 8.1 9R3 1193 8.8 
~l 283 8.90 5.16 3.12 o.)5 o.18 0.89 38 413 14.0 7.5 930 414 10.• 
~ 1.60 6.~ 11.11 1.73 o.26 0.39 o.o 39 392 13.2 7.4 995 293 9-3' 9'6 315 5,19 3.ai 2.25 o.)5 0.17 o.o JT 3'1'0 12.8 7.5 J.Ql2 )68 7, 5: 
9'T 473 6.59 2.90 3.30 0.13 o.216 o.o JT 410 14.0 7.8 lOlilO 433 u. 7' 
91'0 l9T 8.-. 2.10 5,51 o.oe o.ol o.o JS 419 12.8 7,5 1021 ~ 15.• 
10li2 331 6.32 3.16 2.ie 0.19 0.19 o.o JT 440 13.6 8.o um 'Z97 7.) 

l1B 
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lOli6 508 10. 'l'O 2.89 6.1' o.a o.86 o.o 35 ... u.s 
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11auea am vam. ti .. ia Manllall .. e l'Ollold.Jlc l:llpoeure to Pallout, 

Muell 1. 1954 

"-· Subjeat VomitiJll, 

"°· ... (1954) s- Ouet Duratioa OaMt 

2 2 II 3/1 (1200) f 
3 1 II 3/2 3 day• 3/2 nd 3/3 
4 38 II 3/2 1 day 
5 2 II 3/2 1 day 3/3 
9 22 II 3/2 ? 3/2 

10 24 II 3/1 (1600) l day 
11 50 II 3/2. 1 
14 25 r 3/2 (1200) 2 boun 
15 7 r 3/2 1 
19 3 II 3/2 ? 
20 7 II 3/2 l day? 
21 3 r 3/1 or 3/2 1 3/1 or 3/2 
22 17 r 3/2 (0700) 5 boun 
24 u r 3/2 (0700) ? 
27 26 JI l/1 or 3/2 ? 
32 :, II J/2 ? 3/2 
33 l r 3/2 3 day• 
~4 45 r 3/2 (1200) 12 bcaan 
36 7 " 3/2 2 day• 3/2 
37 20 II 3/2 l day 
39 15 r 3/1? 1-2 dey• 
40 29 II 3/l (1200) 2 dey• 
42 3 r 3/2 2 day• 3/2 
43 66 ' 3/2 l dey 
49 15 ' 3/l or 3/2 l day 
54 l II 3/l or 3/2 
58 59 r 3/2 (0800) 4 houn 
61 8 ' 3/2 (1200) 4 boun 
62 57 ' 3/2 (0600) 6 houn 
63 36 ' 3/2 (0800) 4 hours 
64 30 ' 3/2 l hour 
65 l ' 3/1 or 3/2 l day 
66 29 ' 3/2 (1800) 12 boun 
67 14 r 3/2 (1200) l hour 
68 45 'II 3/2 (0800) 4 hours 
69 4 ' 3/1 2 deya 
7l 28 ' 3/2 (1000) 5 hours 
72 6 ' 3/1 or 3/2 
74 16 r 3/2 
75 12 ' 3/2 dsy 
77 26 II 3/l or 3/2 day 
78 37 ' 3/2 (0800) 4 boun 
80 46 'II 3/l (1800) l day 
8~ 50 'II 3/2 1 day 

mn: Total of 44 c•M• (691.) of 64 people recel<rfmal7S r reported a.au••• 1.n the 
fi nt 2 day• after •SlN>aun. Wo nau .. a v•• reported 1.u tbe 18 Ailinsn&e 
people (recei•ing 69 r) """ in tbe 157 Utirik people (receiYiug 14 r). 
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APPBHDll 11 

Pe~iatric Anthrop<i.etric Data {Hei1ht and Wei1ht) on 10111elap Control {Unexpo...Sl Cbildr••• 

19'7 throush 1964 
---

19,7 19'1 19Sll 11160 11161 11162 1963 11164 
-----· -..------ ---·-· ----- ----

Birth Ht. I Wt., HI,, WI,, Ht., Wt., Ht. 1 Wt, ti Ht,, Wt,, Ht, t Wt. 1 Ht. 1 Wt., Ht. 1 Wt., 
Ho, Sex date QI lb ca lb ca . lb ca lb ca lb ca lb Cll lb ca lb 

·------- -
801 11 69 17 l!l 21 117 25 92 2, 97 ,1 100 '4 lOll 35 106 39 
110<-' II 66 19 79 24 !!ti 211 - - 101 ,5 106 'a lll i.1 118 "8 
tlO' 11 71 20 t15 26 91 29 100 - lo4 ,7 1()11 '11 lU a.3 118 li6 
llo4 11 74 23 - -- - - -- - - -- - - ·-- ·- --- .. 
ll05 , tll! n 96 ,6 l~ 40 112 49 1J9 49 121 52 la6 56 130 61 
ll06 II 79 25 II'} 30 96 ,4 lo4 .59 lOll 4o - - 118 "8 --- .. 
t107 II tl4 25 90 29 95 211 100 H lo4 '4 l.Oll ,, 112 40 117 41 
8011 , tll 23 u 211 96 .52 l~ }6 109 '9 11} 43 118 li9 -- . --
t109 II 76 22 ~ 2') 9-} 29 102 ,2 107 .56 u, ,, 118 a.3 12' li8 
1!10 , 91 n 99 ,2 105 '4 112 .59 1111 44 l21 46 126 52 132 57 
till , 115 21! 9, ,2 99 '4 105 'I! 111 4l ll4 46 118 50 125 57 

- 1112 , !!ti n 96 '' 102 ,7 - - 115 42 - - l2li 511 .i.)O 59 
:t: Ill' II II'} 29 95 " 102 '5 109 4o ll' 44 ll7 411 122 52 126 55 

1114 w 99 36 105 40 112 4, 1111 50 122 5, 125 57 1)0 62 l]li 69 
Pl5 w 11' 43 119 46 125 50 129 57 1'.5 6} 1'6 66 llil 71 lli9 6') 

1116 , 116 47 122 52 127 59 l" 70 1'11 76 144 llO 150 911 152 lalt 

tll7 II 110 49 121 50 - - 1,0 69 l.511 
11111 w 1V1 43 119 411 125 51 1'0 511 1'4 65 1'11 70 lli2 75 1"6 62 
1119 w 132 57 - 66 1,5 71 140 711 145 119 149 95 155 111 165 123 
1120 II 1211 5, 1211 56 1211 61 1'4 72 146 79 152 90 157 lo6 1.61 109 
"21 , 122 5ll 129 f,a 135 76 14, 9, 146 10, 148 107 lli8 111i lli8 127 
1122 II 132 66 1'6 69 141 79 146 91 l~ lo4 1511 112 159 120 16o 169 
82, w 145 ~ 152 9~ 1511 109 162 124 165 126 165 126 
1124 II 141 77 -- - - -- - - 160 124 164 1'1 

825 ., 151 101 152 107 152 115 15.5 124 
826 ., 154 711 -- -- - - - -
1127 w 157 121 157 122 l,il 12.5 - - -- - - - -·- -- --- -- lJ 

::r; 
11211 II 150 l '6 151 103 -- -- - - - - - - --- -- --- .. 

~ 
-0 1129 F 152 104 -- - -- - - -- - - - - --- -- --- --
:XI 11,0 w 16o 1211 162 141 -- - - - - - - - ·-- -- --- -. 0 

-< < "'l II 152 <l'! 157 11' l6o 122 16o 125 - - - - --- -- --- -. > 
)> 80) w 112 w. 117 49 12.5 55 127 6o 1,, 64 1.56 70 h4t zz 147 65 0 
0 
-< 1166 F Ill 19 115 25 91 }O - - 105 '7 110 41 ll9 47 -j 

~ 1169 11 1,0 57 134 64 140 74 147 811 155 911 - - --- -- --- -- $ 
)::> 

~ 
-j 
rn 

~ 
::r; 

~ 
:t; 
r-

m 
~ 

:n 
rn 

)> 
r s: 

0 
:J] 
m < rn 
~ 0 
0 
< m 
C) 



,. __ 

-0 
:JJ 
< 
:J> 
0 
-< 

~ 
s 
~ 
m 
:D 
~ 
r 
:D 
m s: 
0 
<: 
m 
0 

---------------· ---- --- ------------ --------------------------
19'7 19'8 1959 1960 19U 1963 196J 1964 

----- -- -~---- ---··-- -··--- -- ---- ------ ------ ------
Birth Ht, 1 Wt, 1 Ht., Wt,, Ht,, Wt,, Ht., Wt,, Ht,, Wt., Ht., Wt. 1 Ht., Wt,, Ht., Wt.1 

No. hx dat~ °" lb °" lb ca lb ca lb ca lb ca lb ca lb ca lb 
------ -- -------

117 r 
118 II 

71 16 78 20 8') 25 
68 1' II 26 92 29 

120 r 76 ft --· 27 93 32 
116 M -- al 95 33 

~~ 
r 
r 

85.8 29 92 32 .. ·-- --:aw r 
12, , 
l~ r 
125 r 
126 • 127 , 
l.26 , 
l]O M 

n 22 --- a6 ~ lO 
56 - -- 11 ~ 
66 16 7' 23 -·- --
71 17 81 23 88 29 
6'. 16 73 21 81 ~ 

17 --- 21 
17 

131 M 
132 M 
l]li r 

--
lJ 

~ 
\J 
:0 

~ 
0 
-< 
)> 
0 
--1 
s 
~ m 
:0 
j;; 
r 
:0 
m 
s 
0 
<:: 
rn 
CJ 



-·--------- --·-·----
1957 19'8 19,9 19CK> 1961 19112 19113 19114 

----- --- --- ----
Birth Ht., Wt., Ht., Wt.' Ht., Wt., Ht., Wt., Ht., Wt,, Ht,, Wt,, Ht,, Wt,, Ht., Wt., 

No, sex date Ol lb Ol lb ca lb ca lb m lb m lb m lb ca lb 
----- -- ···------------------- -- -------
1017 Ill -- - - -- - - - - ~ 22 90 29 96 29 
1011 Ill - - - - - - - - - - 71 22 ... -- 93 31 
1019 , - -- - - -- - -- - - - llO - --- .. 95 31 
1020 r -- -- -- -- - - -- - - - - 23 &cJ 27 95 29 
1021 , -- -- -- - - - -- - - 32 - - ... -- .. .. 
1022 , - - - - -- - - - - - ~ lll6 ... )() 99 32 
1024 II - - - -- - - - - 76 25 15 31 92 35 100 39 
1025 , - - - - - -- - - - ~ 11 24 87 26 ~ 29 
1026 , - - -- - - - - - - - 80 21 90 26 97 )() 
1027 II -- - - -- - - -- - - - 71 11 112 23 87 27 
1028 Ill - - - - - - - - - - 71 16 ... 22 -- .. 
1029 , - -- - - - - - - - - - 17 ... 26 91 32 
1050 II -- -- - - -- - - - - - 72 22 ... 26 91 29 
1051 , 

"' - - -- -- - -- - - - - 75 20 86 26 -- 31 
105' II - -- - - - -- - - - - 97 78 lit] 86 150 105 .... ..... 1034 , - - - - - - - -- - - 96 ,2 106 36 113 19 
1°'5 

, - - - - - -· - - - - lli5 92 1116 96 lli6 107 
10,6 II - - -- - - - - - - - 127 56 131 6o l~ 67 
10'7 II - - - - - - - - - - 65 lli --- ao --- 25 
l°'I II - - - - - - - - - - 66 17 7' alt Sit 27 "tJ 
1°'9 II - - - - - - - - - - - ll ... .. --- 22 :D 
lo40 II - - - - - - - - - - 66 17 ... 2' 87 29 ~ loofl , ... .. 95 32 0 
1013 M ... .. .. .. -< 
lOltlt , ... 16 .. 20 )::o 

loli6 M ... lit .. lB (') 
-{ 

-u 10lt7 M ... .. ... 19 s: ::0 1051 , ... -- l2li 59 ~ § 1052 M ... -- 132 68 rn 
Cl 1053 N ... -- 99 ~ :0 
-< 105lt M --- -- ... 15 ;; 
)::o 

1056 M --- -- --- 9 r-
Cl 
-t 1057 r ... .. --- 15 :0 

m 
s: 1058 M --- -- --- 9 s: 
~ 1503 M &cJ 27 96 )() 0 
m 15olt M --- 21 85 2' < m :D CJ 
;?;; 
r 
::0 
m 
;:::: 
0 
< m 
0 



APl'PDll U 

Pediatric Anthropo.etrlc Data (Hel1ht and Wel1ht) Oii Cllll4rea lor• to lllpO-.d Pareat1 1 

19'1 thro111h 1964 ----------
1957 19'1 19'9 19IO lffl 1963 HU 19t4 

---- ----- ----- -----
Birth Ht., Wt., Ht., Mt., Ht., Wt., "'·• Wt., Kt., Wt., Kt., Wt. 1 Ht., Wt., Ht., Wt., 

No. ... date Cll lb ca lb Cll lb ca lb ca lb Cll lb - lb Cll lb 

tr7. r 76 Ill - ~ -- - 97 '° 1°' " lll - u' ~ ua '8 
111• • 70 21 •1 26 99 ,1 911 " 1°' '9 10I l&J u' ua ~ 119. l! l'l 21 -- • 87 28 9' • 100 n 1°' r, '°' ~ u' 90* II 71 22 116 18 ~ ,2 101 " 109 llJ 1JO '1 1IO ~ 
919 II •5 26 90 29 97 ,i. im. ,. 110 4' U6 ,.. U9 r, Ufl " 91 r 71 22 l!l 26 16 28 ~ " 101 " lo6 "1 Ul UT lt9 
93 II 50 II 7il 21 116 'Z7 9' ,. 100 " 106 " uo lil u6 ~ 
91. r 64 16 - - • 26 - - 9' ~ 100 " ~ ri 10'1 ~ 
95 r 69 111 113 2, 91 211 911 '2 105 ~ 109 ,. ... .. 
96 II 51 9 71 23 113 19 ' 90 ,,, ,. ... .. 106 lil 

11& 97 II - 16 7• 2, - - 96 '1 - - ... .. u, lil 
98 II 71 20 - - ., II 91 ,. 9' " 101 n 

100 r 71 22 e' 25 • " 96 " lGI i.o - - ... .. 
~ '1 

101 r 99 21 - - 101 " "' 102 II 75 1' .. • 9' II 99 JO 105 " lll n 
10, r 70 l6 - - - 16 .. JO 

= 
'1 106 ]6 

l<IL II 69 17 - - 116 16 - - '1 105 ~ 105 r 65 l6 - - ., 1116 91 19 99 " 101 
106 r ., 16 96 " ID' 3' -o 

l~ r - It - - ... .. . .. -· :D 
r - • tr7 - " 

,. 98 " :;; 
109 II - 21 - - 9' " Ult 

~ 0 -0 110 II .. 16 xg '1 98 -< :0 

< 111 II IJ "' 16 96 lO )> 

l> 112 r IO ., 81 rr 91 lO 0 
0 -i 
-< 11' II - IO ... "' . .. lO s: 
):> 115 II - n 9o 1118 87 " ~ 0 
-i m 
s: :D -·-------- 'i> 
~ *Data for 19'6 on the firat flwe dlildr•n •r• •• followaa No. 17, 11 lbl "°• II, SI•• .lJ lb1 I 
m No. 19, U 1b1 "°• 90, U c:a, 11 lbl llo. 11, 1' Cllo U lb. :D 
::JJ m 
l> s: 
I 0 
:0 < 
m m 
s: 0 
0 
< m 
'"::J 



PRIVACY ACT MATERIAL REMOVED 

APPIHDU lJ 

Pedir.tdc Aatbsv~tric Data (Heipt a.ad .. ipt) 011 IGafelap lbqloffd ChildnA • 

1954 tlUClllfll 1964 

1954 (Mar.) 1954 (Sept.) 19'5 19'6 1957 

----
No. t A1e at Birth Ht., Wt., tit.' Wt •• Ht., Wt., Ht •• Wt., Ht •• Wt., 

MJl ezpcuiure date ~ lb ~ lb ca lb ca lb ca lb 

13. I a utaro 66 l) 74 20 II& 2S 90 31 
84 • 96 29 
UM 7 66 17 96 88 n .... 5l! 16 !3 25 

54. l ., 23 go 28 90 36 98 39 
65 ,. l.,. :z. 21 23 79 ~ 83 n SI! 26 
'. l ., 4 • 20 eo 25 !5 27 SI! 29 93 .n 
l • l ., '. 22 !3 25 II& 28 90 31 93 31 
2. 1 ., 4. 22 26 !5 29 90 31 95 31. 
6*N l ., 4. 2il !l 27 90 30 95 32 
ll'"P l ., •• 23 25 II& 26 91 30 99 35 

33 F l ., 7 • 22 25 Sl!l 28 95 32 99 " 42 ,. J ., 25 27 912 28 97 31 100 36 
21,. l ., Ill 29 91 32 99 35 101 39 17 ,. J ., 4 • 90 31 32 99 35 102 38 l09 I.al 
23 .. J ., '. 38 95 31 100 40 105 47 110 49 
32 .. 3 ., 6 • 29 29 95 32 100 36 105 311 -- 4 ., 32 99 32 lU7 40 ll2 40 
69 F 3 ., 7 • 95 " 100 31. 100 31 105 42 113 44 
19 ll '., :z. 99 " 1°" 32 105 31 l.09 39 113 42 
41"1' ' ., .. I.al ll6 43 117 44 l2l 48 l26 50! 
72 p 7 ., 108 44 113 40 112 44 ll6 49 121 53 
1' F 7 ., 106 35 ll4 37 113 I.al ll6 48 123 47 
20 ll 6 ., 9 • 110 43 lll 43 115 49 lU 57 l25 59 
36 ll 7 ., 4 • ll6 50 120 51 119 57 124 64 129 64 
61 F a ., 124 66 120 7G 130 79 139 99 145 115 
47 .. a ., 5 • 120 55 123 54 124 56 130 64 133 611 
Sl•F a ., 2 • 114 43 48 119 50 124 55 130 56 
.5:S-F a ., 2 • 11~ 411 122 46 l26 49 130 51 133 56 
76 .. 10 ., 7 • l2S 63 130 64 135 65 13! 73 143 79 
75 F l1 ., 6 • 135 79 1311 !2 145 91 145 loo 11.,6 108 
26 ll l2 ., 4 • 143 104 150 llO 155 13! l.63 140 
?4 F 13 ., .5 • 96 .lJ..2 100 99 ~ 100 145 103 
3.5 • 13 ., .5 • 138 98 147 94 155 105 155 ill 156 ll4 
67 F 13 ., 7 • l;l 115 150! 117 152 108 152 116 154 123 
39 F 13 ., .5 • 148 l~ 149 102 150 103 150 lOll 151 109 70 F 1.5 ., .lJ..2 96 l~ l~ J.50 ll6 
74 F 1.5 ., 9 • 151 134 151 142 151 137 151 l4l 
22 F 1.5y9a 151 120 154 120 154 116 154 110 
4'1 F 1.5 ., ll. 150 120 150 123 150 lZ7 150 145 150 JU, 
7J • l! .. 170 l.6o 170 15l! 170 156 
lZ F l'l y 147 96 147 112 
J7 ll 19 ., 155 1.211 165 132 

•A.U.~e c=up. 

PRIVACY ACT MATERIAL REMOVED 
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19'8 19.59 1960 1961 1962 1963 1964 

Ht., Wt., Ht., Wt., Ht., Wt., Ht., Wt:.' Ht,, Wt., Ht., Wt., Ht., Wt., 
ca lb ca lb ca lb ca lb ca lb ca lb ca lb 

98 :514 105 .39 ll.3 45 117 48 123 55 l27 58 131 64 
914 " 99 .35 105 '9 llO l.l. ~ 58 
96 .30 101 " 108 '7 ll.3 40 l2l 48 
91 2IS 97 .30 l~ " 108 '6 ll2 4l U6 44 

107 45 113 47 U! 55 l24 57 127 62 l~ 73 140 82 
9' 31 98 " 103 38 109 40 ll4 l.l. 119 
96 35 99 36 102 40 105 lJ.4 111 48 U.4 51 
99 37 l02 40 107 ~ 109 50 llO 51 U4 65 U.4 68 l°' 40 10!'! 42 116 46 120 52 125 56 126 61 133 65 

100 .38 lo6 41 112 lJ.4 ll6 50 120 5' ~ 59 126 61 
105 .39 lll 4.3 118 45 122 52 125 57 132 63 140 75 
107 .39 '-16 ~ 1.21 50 ~27 55 132 60 141 72 147 Bl 
108 40 11' 42 ua 47 123 50 127 54 132 58 139 68 
110 lJ.4 115 49 121 56 127 76 140 79 145 87 
117 48 122 '" 128 60 1.33 64 1'9 70 lli6 Bl 152 100 
ll.9 52 123 60 129 6S l~ 75 138 79 142 87 147 97 ll.3 l.'3 l.llS 46 121 ':i4 125 56 129 58 132 6k 131 71 
ll7 47 122 52 127 511 l.31 ~ 
l20 50 126 54 130 62 138 09 144 TT 150 90 155 101 
ll9 4S 1.23 51 128 60 l.32 63 1.37 66 lkl 76 149 si. 
1.3.3 61 1.39 69 14:1 82 15l 92 154 96 154 103 155 lok 
132 63 1.39 75 :u..s 93 153 115 154 llS 16o 1.26 157 137 
130 58 136 65 144 75 152 116 155 99 157 U.3 158 120 
132 64 135 67 l.40 !!O 148 S'7 155 104 158 ll2 159 118 
l}I. 76 139 !!() ~ ~ 149 97 156 115 163 ~ 
152 124 1:)2 l.42 154 152 173 156 151,. l6l. 
140 n 145 79 152 98 l6o 119 165 l.30 167 137 
135 66 145 g3 152 92 151. 107 !<;<; lOS 
142 67 149 83 155 90 154 92 151,. 94 154 98 155 102 
153 97 162 113 166 127 138 
151 103 149 99 150 94 
173 lS~ 175 151. 175 165 175 168 

l.07 14! 96 149 100 
12.3 l.6.3 122 117 

156 121 158 U! l6o 127 
155 U6 155 155 lo6 
., =") 



APPENDIX 14 

Supplementary Anthropoeietric Data on Ron1elap Control Children 
-- --··· ------------------------ ------- .. -----··-- ------- ·--

19.57 

Lower Upper Ara Hud Cti.n Rut to.-ka 
- Suhject Si ttlng eKtrrmlty eJllrPOlity apan, Biacr<>aohl Jntercrhtal circ:., circ: , Left calf circ., 
(.,• No. ht., in. leni;th, in. leni;th, in. in. width, in, width, in, in, ••• clrc., in. in • ... 

-------------- ------- -- -----·------ ----
llOl 16 12.~ 10.2 26 6.5 5 11.0 17 1.0 17 
1'02 17 11 11.5 33 7 5 1.6.5 17 6.5 u 80, 11! 14 11 27 6.5 4.5 ll 17o5 7 u .. ~ 17 15.5 12 29 7 5.5 ll 11 I 19 

' al !!05 20 l'- 14.5 3, 8 6.5 18 19.7 6.5 19 
ll06 19.5 1.6 13 '1 8 6 19.5 19 7.7 19 
!!07 19 17 13,2 32.5 8 6 l.11.7 11.7 7-7 11.5 
eoe 19 15 12 30 7.5 6 11 ll.5 7.5 14 
l!09 19 14 12 2' 6.5 5.5 17.5 19 6.7 17 
1110 20.5 19 14 33,5 8 6 19 19 7.2 19 
SU 19.5 19 14 n.5 7,7 6 19 19.5 7.7 19.5 
1112 20 lS.5 14.2 ,5 s.5 6 19 21 7.5 19.5 
1n3 19.5 le.5 14.5 '4.5 s.o 6.5 19 19.5 8 19.5 
1"14 21 21.7 16.7 ,a 9 7 19 22 8 21 
!115 23.5 25 19 42.5 lo 7.5 19 22 9 22 
!11.6 25.2 26.5 19 44 9.5 7 19.7 21.7 9 22.5 
1117 24.5 2f..5 19 43 10.5 6.5 20 22.2 9 ~5 
~l!I 24 26 19 4, 10 7 21 22 9 2,.5 
!119 27 25.2 20.7 47.5 10.5 8.5 19.7 24,5 10 24.5 
820 25 ?Q.5 21.5 49 12 7.5 19.5 2,.5 9.5 24.5 
821 26 28 20.5 46 10.5 8 20.7 24.5 10.5 26.5 
1122 25.5 ,0 22 51 11.7 9 20.5 25 io.5 " 823 30 ,4 25 99.5 1' 10 20.2 16.5 12 29.7 
824 27.7 '' 24 55 l' 9 20 25-5 11 28 
!!25 ,1 ,5 25.5 59 14 9 21 ,0.5 11.2 2fl 

1126 30 37 25 57 14 !I 21 26 10 ,0 
827 ,2.5 37 211 64 15.5 9.5 22.5 '4·5 13.5 '4 
82t! 26 ,4 2f. 5 58·5 14.5 10 20.7 '4 12.5 ,2 
s,o 33 '7 21!.5 65 1.6 11 21.5 .5'.5 14 '6 
11,l ,0.5 ,6 26 60 14.5 I 22 '° 12.5 32.5 

1!6' 22.5 25 18 43.2 9 6.5 19.5 24 9 22 
1!66 19 14.5 12 29.2 7.5 5.5 1' la 7 17.5 
1169 26 30.5 22.2 50 ll 7.5 20 24,7 10 26 
1170 111 14.5 12.5 29 7 5 17.5 11 7 17 
872 29,5 ,7 27 61.5 lj.5 9 20.5 211.5 ll 29 
1!74 26.5 ,1 2,.5 54 12 8 20 24.2 10 26 
876 33.5 ,7 21! 6,.5 13°5 10 21 '° 13°5 '4 
879 19.5 17 12.5 .'1 8 6 18 18.5 7 19.5 
1111~ " 37.7 29.5 67 15 10.5 22 ,,.5 13.5 '6.5 
Sll7 211.5 33.5 24 54.2 12.5 8 20 25.5 10.5 27.2 
1191 25 27 20 47 10 9 20 2,.5 9 29 
1192 27.2 211.5 21.5 411.5 ll 8 20.5 24,5 10 26 
1196 ,2 - 24 - 14 11 20.5 29 12.5 '' ---- ------- -- - ------- --- - ------ ---- ------------ ·--------



----- -- -- -------- -· ------ ---------------------
19511 

Head Head Heed Chut 
Subject ctrc., width, length, Sitting clrc,, Leh caH Blacro.ial Bl-iliac Buttod:a 

No. ca ca CJI ht,, ca ca clrc., ca dia., ca dla,, Cll ctrc. 1 m ------ - ---- - ---- ---
l!Ol 45.7 n.5 15.1? 47.0 45.5 18.2 17.4 13.3 !t6 
eo2 45.2 12.6 15.4 47.6 45.5 18.2 17.3 14.1 47., 
t!O' 4g.5 1' 16.11 - 48 19 11.l 1'·7 -805 47,5 1,.6 15.4 ~-1 49 21 20.1 11.6 56.5 
&.l6 49.1 n.4 17.l 53.3 49 20.2 lJl.5 15-9 49.5 
t!07 47.2 13.1 16.3 49.6 49 19.5 18.5 15., 41 
l!OI 4~.2 12.7 16 5'.2 50.3 20 19.7 15.2 49.7 
809 46.5 12 16.7 50 50.5 11.5 19.7 15.~ 47 
110 47.7 12.6 16.7 56.9 49.4 20 21.2 16 51.5 
en 49.4 12.7 17.2 53.5 51,4 21.2 19.1 15.6 ~.o 
1'12 411.1 12.2 17.4 5'·7 52,5 21.5 20.4 16 52., 
!!13 47.5 13.6 16.l 53.11 52.1 20.7 20.9 15.7 52.2 
,.14 4g.7 14 16.4 515.3 55,7 22.4 23.9 16.6 54.2 
1'15 49.3 13.7 16.5 62.5 'l1 22.9 23.2 11.3 58 
!!16 50.2 13.6 17.5 66.6 'l1 ~.l ... 19.5 62.5 
1117 50.3 14 17.3 67 'l1 2.3.5 ~.a lJl.7 60.1 
r111 51.2 13.9 111 65.6 58 2.3 • .3 a,.6 1' 60.5 
1119 51.4 14.9 17.l 72.2 65.1 27.1 e'1o3 ll0.4 66.4 

:; 820 411.3 14 16.4 66.7 60.7 .. , 27,1 a.1 63.3 
"' 1121 53 1'.9 l!!.7 71.4 62.1 21.5 26.6 22.4 67 

1122 52.5 14.6 111.o 72.5 63.6 27.4 28.I 13.1 69.9 
1123 52 13.4 17.7 71.3 70.2 30.7 >'0 25.4 711.1 
1125 53.1 13.6 111 14 - 31.6 >30 25., 
~ ~ 14.4 111.ll • 15.1 ,,.9 >'0 :z-J 1128 52.4 14., 111.2 11.7 n ,1.2 >'0 n.1 
11,0 55.9 11t.5 19., 14.1 116.l. "·' - 17.1 -1131 55.7 15 19.l 113.1 76 ,2.5 >JO 25.7 79 
1163 50.5 14.3 17.1 62,9 59.2 23.9 25.2 18,7 '9.4 
866 46.~ u·l 16.l 52.7 41.4 19.l 1' 14.4 49 
1169 50. .2 16., 70 6.3 26 27.3 21.1 67.2 
!!70 46 1' 15.5 47 46.4 19 19.J 14.5 46.5 
1172 53.2 14. 7 17.7 711.6 75.6 JlJ. >30 a5.3 19.l. 
1174 51 14.6 16.9 71.4 62.9 26.5 n.5 20.1 69.l 
e79 46.11 12.3 16.11 5'.9 50 20.2 21 16.2 49 
885 56 15.2 111.9 15 .. '4.6 - n.6 ., 

u; 887 51.3 13.11 17.9 75.1 67.7 ~., n.5 11.0 69 
""' 191 50,3 13.1 17.5 67.3 !W ... 3 ... 9 19.5 '4 

"92 52 14.2 11 71.4 64,5 as.~ 27.2 IO.I 66.5 
1196 51.6 1.3.I 17.2 75.6 - U.4 - -
900 4.3 11.11 14.11 - 42.5 l6.7 16 12 
901 41.7 1.2.l 13.11 - 41 17 13.6 u.9 
902 4o.6 11.3 14.o - 39.4 11.:? 13.7 12.4 
903 36.5 10.5 12.4 - J6 13.5 - 10.5 
904 39 - - - '1·5 

' 



-- -----·. . -- - - - ---- - . - ---- - ------·--- --------·---- -----. -----·--·---
19'1 (cont.) 

Hod H•ad Hud Chut 
Subj•ct clrc., width. hnsth, SI tti"I clrc., Ldt calf lhcr•ial ll-Uhc l11ttocll• 

No, ca ca ca ht,' al ca circ. • a1 dla. • ca dh., ca clrc, • ca -- - -- ----------. --------- ·- ---· .. ..._ ________ 
905 40 -- -- -- 40 
909 i;n., 13.4 11.1 61.l 51 22 21.5 11.0 
9ll 49 n.8 16., 56.2 5'·5 22.5 22.1 17.0 ~ 
912 49., 13.2 17.5 59.7 52., 21., 20.7 17.9 " 91, 49.6 n.4 17., 62.8 52 22., 2,.2 19.1 "·' 919 48 12.5 16.7 67.1 55., 22.6 26.4 20.1 " 921 49.9 12.S 17.8 56.7 55.s 22.6 21.6 17.0 ""' m 47.s 13.1 16.7 48.5 47.0 17.4 u1.2 14.o 
924 4111.8 n.2 16.8 50.7 48 19 17.11 14., 
925 51.0 13.5 17·" 6,.1 55 :?l.t 25 t:' 56.5 
9'!6 49.4 12.5 17.6 6,.2 51..5 21.11 ie., 1 57.5 
9,0 47.2 u., 16.2 50 48 19 18.7 0 -9H 4s.1 13·1 16.5 51.5 51.5 21.2 20.6 15.5 50.5 
9H 48.I~ H 16.6 55., 52.5 21.5 21.2 16.4 56.7 
9,9 51.4 14.;! 17.7 74.9 67.5 n ,0 n.1 .,.. 
~ 4s.6 13.4 16.7 65.5 61 25.2 26 20 62 
u. 49.7 l,.o 17.2 6,.1 54 22.5 2,.7 1'.4 57 
950 51.. 7 14,9 18.2 80.6 - '1·5 >'0 21,,.6 15.5 

t 952 47 12,8 15.9 51., 47 19.2 18.5 14.5 47 
955 411.5 n.1 16.s 62.2 52.7 2,.2 22.9 11.5 56 
959 51.2 14.4 17.0 69.1 61., 26.a 27.9 20.4 61 
960 50., 1, 17.8 6,.5 56.6 ~.2 2,.4 ll.7 60 
962 51.1) 1,., 17.9 58.4 54,5 21.6 21.9 1' 57.5 
965 52.7 l~.l 18.o 76.2 - 29.1 25.2 - 79 
967 52.5 14-4 17.s 79.7 78 ,2.7 >'0 2,.5 
971 51. l 13.9 is.a 1s.9 69.6 '° >JO 22.1~ 75.5 
972 4s.9 12.4 17.7 5,,, 52 19 20.11 15.1' -<T(6 51., 14. l 1/.4 71.7 65 21.ii 28 21.1 70.5 
m 51.7 14.1 17., 76 60.5 27.5 19.5 fl.I 69,9 
978 50.1, 1,.5 16.7 66.1 56., ~ ~-7 18.o 60 
979 47 12.6 16.6 41!.~ 45 17.8 18.0 14., 46.5 
980 50.7(hdr) 13.9 17.1 58.4 51 22., 21 ll 57 
9111 45.s 12.7 16 52,9 49 21 20.4 14., si.5 
985 49.5 13.s 16.s 56,, 52 20.2 22.1 16,5 53.5 
916 46.8(hair) 12.9 16.2 54.5 48.5 20.2 20.1 15.2 49 
988 45.~ 12,S 15.0 52.5 48 21 21 l;.1 50.5 
989 52., 14-3 111 72 66.9 27.6 19.4 20.6 (J/;J.7 
990 47,2 12.9 16.2 48.S 47 18.o 19 13.9 47,5 
99, 52.2 Pi.5 11.6 71.2 59 2li.6 26.5 19.t 6J 
995 4,.6 - - - 42.5 - - - -
996 47,4 l}.o 16.2 55.8 49.2 20.8 21.7 16.8 52 
997 49,7 13.2 16.S 61.2 55 2,.2 24.J 17., 55.5 
991 52 n.1 18.1 7' 6, 25., 20.5 :u.o 61 

ta•• 



1959 

Hud Hod Hud Cheat 
Subject circ., width. lenath, Si ttin1 circ., Left calf ,eiacroaial 11-iUac ButtOUI 

No. ca ca ca ht., ca ca circ., Cll '11 •• Cll 411., ca ch:c., ca 
-------

l!Ol 46.6 1,.9 15.5 50·?, 47.5 19.0 ' 18 :u..1 47 
802 46.3 lJ 15.7 50." 49.l 19.1 19.6 lf.7 49.5 
l!O' 411.6 13,5 17.l 54.4 49.4 19.6 20.5 14.9 49.4 
!!05 411.3 lJ.11 15.5 511.1! 54.2 21.4 21.2 u.o 55.5 
l!06 ~·' 14 17.5 57., 51.5 21.5 20 17 ~.5 
807 7.7 1,., 16.5 52.5 - 19.7 20 16.J -
l!OI! 46.11 12.11 16.2 !j6.6 50.4 20.6 21.4 17o2 5'o5 
1!09 47.2 12.2 11.2 ;..ti 49 19o5 19.4 16.4 47.2 
1!10 41!.2 12.6 16.9 511.3 50 20.1 21.4 16.5 '2·5 
1m 49.6 13.0 17o5 55.5 50.7 20.tl 20.6 1'.11 5R 
1!12 49.5 12.3 17.LI 51!.I! 53 22 12.2 11.6 ~ 
111' 41 13.5 16.4 56. 7 52.7 20.6 22., 17 51°7 
1!14 49 14 16.5 61.4 56 22.J :05.9 111 '6 
1!15 49.2 1,.7 16.7 61!.6 56. 7 25.9 25 111.1 " 1!16 51., 13.1! 17.6 61!.2 59.4 25.5 25.6 21.5 l4 

:; 118 51.2 13.9 11! 61!.5 511.J 2,.6 a..1 19.4 61.5 
"' 1!19 ;i.5 14.1 17.1 74.6 66.5 21.4 211.5 11.9 66 

1120 411.5 14 16 69 6J 25.5 27.9 19·• " 1121 "'·' lJi 19.1 1'·1 64.s 29.4 211 112.2 71 
122 52.1! 14.7 11!,.2 74., 66.5 21.9 30.1 23.7 66 
1!2' 52.4 13.4 l".6 a,. 1 76.5 J2.9 >JO •·5 ''·' I~ 5,.0 lJ,I 111.2 IJ,O - J2.I - 16 16 
1127 53,5 14.2 11!.5 IJ,l - ,i..o >JO >'° 1!'1 56.2 15 19.1 115.1 79 ,,.6 - 25.0 15 
86, 50.6 14.2 17.l 65.4 67.2 a..1 25.1 19.l N>.5 
166 47.4 13.J 16.J 52.1! 51 19.1 20 15.2 ~l.O 

1169 51.3 14.4 l7o2 72,, 6607 fl7o6 28.t 21 "·' 1!70 46.6 1' 15.7 52,5 48.4 19.7 19.4 15.7 47.1 
874 51.e 14.6 17.6 74.4 61!.I M.2 ,0 .. , .,.. 
187 51., 1,.1! 17.fl 71.7 69.6 :·1 50.1 KO 72 
1191 50.5 13 17., 70.1 '9·5 .7 25.4 19.I 61&.6 
1!92 52.2 14.2 l".l 7J.5 J6.2 ll7 1l7.7 21 69 
196 52.2 lJ.LI 17oJ 1'·1 - n.1 Jl 15.0 llt.5 
900 45.7 12.11 16.o - 46.2 l,.l 16.1 1,.7 -
901 45.5 13 15.2 - 44.5 17 14·5 47., 
902 44.5 12.2 15.7 - w,., 111 1£.6 lJ.2 46.9 
90, 42.7 12.l 14.6 - Jd,l 1.6.o 16.15 12.o -
9dl 45,1! 12.7 15,5 - 45.6 l7o5 1.6.2 24.2 Wt 



1959 (co1tt.) 

Head Head Hod Cheat 

Subject circ., width, length, Si ttin1 circ., Left caH Blacr•hl Bl-iliac Buttoclll 
lio. ca ca ca ht., m ca circ. 1 ca clla., m clla. 1 ca circ., m 

905 44.e 12.4 15.7 - 44.!! 16., 15.7 1,.3 42.5 
906 42 l' 15.t' - 4o.5 ,9.5 16 12.6 ,9.5 
911 49.5 14.o 16.7 61 5,. 7 2, 2,.7 ia.o 56.0 
912 49.g 1,.2 17.7 6j.5 ;1.2 21.2 23.1 17.1 55 
91, 50.5 l~.6 17.5 6).6 :)4.4 2,.0 84.Ji 20.2 59-4 
921 49.l' 12.9 17.9 59., 55.7 22 u.6 ~.o ;..5 
92, 49., 1,., 17.0 49.5 415.g 19.2 19 15.5 49.7 
925 51.7 l,.6 17.e 65.4 57 12.7 25 19.5 '9·0 
9,0 41'!.2 1,., 16.5 54.e 48.9 ao.4 l9o7 14.6 49.5 
9,9 51.7 14., 17.6 78 72.5 32.4 30., 2,.5 ·15.5 
940 48.7 1,.5 16.15 68.1! 62 25.6 -..1 20.4 63.1 
952 47.4 12.7 16.6 5'·' 48., 19.4 19.& 15.4 47 
954 1,7 12.li 16.5 - 46 11'.2 16.2 14.6 -
955 49.4 1, • ., 16.1! 6,.4 55.5 24 23 1'.I '9·5 
959 51.6 14., 17 71.6 65.5 28.5 2fl.I! 21.7 69 

~ 96o 50.4 1,.2 17.I! 66 57 24.7 25.3 19.5 61 
962 51.9 13.4 11'!.l 62.5 i;b.9 22.5 22.4 ie.o 51!.I! 
967 52.t 14.1- ll'.O a,.5 112.5 '4.1 >'O 13.7 13.5 
971 51.6 14 11! 12., 74., n.1 >'O 2' a' 972 49.4 12.6 17.9 55.3 52.6 19.5 2l 16.5 51.2 
976 52 14.2 17.5 75.5 71.1! ,0.1 29.6 22.e 76.5 
911 5,.1 ~.5 17.6 e1.5 - ,0.9 30 IM..4 81.2 
971! 51 l,.9 11.1 68.l 57.e 26.2 :u.z 19 65 
979 47 12.7 17.2 50 47 19.6 19.5 15., 48 
9110 51 14 17.4 60.2 52.5 2, •• 21.5 JJl.e 57.2 
9111 46., 12.7 16.o 58 50.5 :u.s 21 16.ii 51.5 
988 46.5 12.9 15.6 54,5 49.5 21., 21.4 16 ~-5 
992 45., 12.9 15.5 - 45 16.2 17 13.5 
993 52.7 lJ,. 5 17.5 7').6 61.5 ::l 27.7 21 66 
995 49 12.7 17.5 - 49., 16.4 14.6 1'>-5 
996 47.e 13.0 16.4 57.~ 50.2 21.1 2?.1 17,a 52.7 
998 ~.5 l,. 7 11'.l 75-4 65 26.5 27., ~.4 70 

1002 47 14 15.5 )j '°"' 19 11.2 15.9 49.9 
1003 44.2 12.5 15.5 - 44.5 - - -
10o4 45.3 12.4 15.e - 4, - 16.2 13.0 
1006 42.1! 12.2 J.4.5 - 41.5 - 15.0 11.1 
1009 31'.2 lo.e 12.6 - ,e.7 - 1' 11.7 
1010 ,7 9.1! 12.6 - 35.tl 



1961 

Head Head Head Cbcat 
Subject ~ire., width' len1th, Sit tins circ., Left calf lhcromal Ii-iliac Buttoclla 

No. ca ca ca ht., ca ca chc., ca dia., ca dh., - circ., ca - ---
801 47.5 14.2 15.7 54.7 49.5 20., ao.2 16., 50e0 
l!02 47.4 13.5 1.6 56 52 22 12.1 17.5 52 
803 50.2 13.9 17.4 59 52.7 21.7 a1.7 1'.I 5'·5 
ear 48.3 13.8 1.6. 7 55,2 50.9 20.6 22 17 51 
sog 47.!! 13.l 1.6.6 62.4 52.6 ·22.5 a3.a 17.5 56.5 
1'09 41!.5 12.7 11.2 6o 51.5 20.5 21 18.l 5C>.5 
!!10 48.6 u.9 17.2 61.9 53,2 22 •• 2 U.4 51 
1111 50.2 13,2 17.7 62.l 54.5 22.5 ao.6 17.7 55.5 
!!12 50.1 12.7 17.9 64.2 56J. 23.0 -..1 18.2 57.0 
1113 49 14.l 16.7 62 55.3 22.7 at..4 17.9 "' 1!14 50 14 16.7 64.6 6o 11,.4 16., 19.3 61.5 
1115 50 13.9 16.9 71 62 25.6 17.5 20 66.5 
l'l.6 52 13.9 11.! 74 64 17.! 17.6 13 7'.5 
1117 52.3 14.3 17.5 75.5 72.8 29.2 19 21.6 71.5 
1!18 51.5 14 11!.l 11.2 63 25.9 26.7 20.7 61.o 
819 52.3 15 17.2 19 10.3 31 ,0 13.3 77 
820 49.3 14., 16.4 74.3 68 21.a ,0 21., 71.5 

:; 1121 55 14.3 19.2 81 - " '1 16J. .,.5 _, 
822 54 14.7 18.7 79 74.5 J2.5 11.1 I0.5 -
!!23 53.5 13,7 19 117.3 11.5 '4.4 - 29 17.5 
1124 53 14.2 111.2 15.2 IO ,,.6 - 25-2 15.8 
1163 51.5 14.4 17,3 69.4 61.5 26.3 21.e ao., 66 
866 411.1! 1,,8 16.4 60.2 52.2 21.1 22 17 '6.4 
1!69 52,3 14.5 11.5 71.5 73.5 Jo.5 '1 .... 77.5 
1!70 47,9 14 16,1 57,5 il.5 11 12.5 17o5 51·5 
81!7 52.5 14 18 114.5 17.5 'a - 15.5 I0.5 
891 51.2 H.4 17.7 75.4 - 11 21 21.a 74 
892 53.3 14.5 111.6 111.3 72.6 ,o., ,1.0 21.~ 76.7 
901 47.5 13.4 16.5 55 49 20.5 19.9 16.a 51·• 
902 47 13 16.4 51.5 49.2 21.1 lt.6 15.0 51.0 
903 45.7 12.7 16 - - - - - -
904 411.7 13.4 16.5 54.4 50.5 20.4 ao.4 l6.o 49 
905 47., 13.2 16.5 51.5 49 19., 18., 15.a 45-5 
906 45.5 1,.5 14.6 50 !i6.• 19.5 19 15.J !J6.5 
909 51.s 13.6 18.0 69.7 57.1 a5.5 a,.s ao.o 67.1 
911 51 14.2 17.l 61!.2 6o.5 116.7 26.l 19.0 ,,.a 
912 50,5 13.5 17.s 68.S 55.5 2J.4 IM..4 19.7 !j!J.O 

913 50.7 13.7 17.7 70 57 .. , 16.1 21.5 65-0 
919 48.8 12.5 17 71 6o.5 •• 6 27,J 21 67.a 
921 49,1! i,.2 11.s 65.2 59 23.6 23.7 18.6 '1·5 
923 50.4 13.6 17.S 57.2 50.5 ao.5 11.J 16.9 g.5 



g 
1961 (cont.> 

HelMI He..S HelMI Olelt 
Subject circ,, width, le111tll, Sitti111 clrc., Left calf lt.acraat.al ll-t.Uac luttodl• 

No, m m m ht., m m ct.re., m dh .. - 4la.' - ct.re., cm 

925 5l.7(h"1r) 1,.11 11.6 ~.6 59.5 ai..a 17,5 19.1 115.a 
9'?6 50.6 12.1! 17.7 70.6 51.0 ai..a as.a 19.7 64 
9,0 49 1,.6 16.5 51.5 52.2 aa 12.5 l6 " 951 50 1'.9 17.2 60., 55,2 a,., IJ.5 17.5 55.5 
9'7 50.o(bra11)15., 17.ll 65.6 59.2 ai.,5 15.J 11.a 64.o 
9,9 52.8 14.6 18.2 8,.c; 77.11 n.1 - 17 is.o 
~o 49,4 u.1 11.0 70 66.7 27.9 17.1 11.7 70 
91'6 51,, 1,,, 11.6 70.4 59.5 25 25,9 ao.1 65.1 
950 55 15.2 18., 81.9 - "·' - 116,1 ., 
952 48 1'.1 16.7 511.2 51.0 11 21.6 17,0 z; 954 48.5 1'.l 16.7 55,4 48 18.9 19.l 16.J 
955 49,5 1,., 11.2 68.8 60.! 27 as.s I0.5 :_, 
959 5' 14.5 17.5 11.1 - ,a.a Jl .. 
960 51., 1,., 18.0 71.2 6,,, 27.7 15.7 11.1 66 
962 52 1'·5 18.5 64.5 56.5 1,.5 ai..1 1'.I 61 
965 52(braidl) 13 18.1 78.j -- ,0 - 26.5 11.5 

& 
967 5'·5 14.5 11.4 84.9 ... , " - ai..5 • 
971 52.2 14.2 18.1 16 79 ,1.5 - 15.J .., 
972 50.2 13.l 17o9 61.1 55 ao.1 21.5 17 "·' 977 5'·5 1Jh2 17.7 II - ,1.5 - 17 •r.o 
971 51. 5(hair) 1' .8 17.4 73.7 63.1 17.1 26.2 ao,1 70 
979 48., 1' 16.4 55,1 50 I0.5 11.1 1'.5 ,,., 
980 51.7 14.2 17.7 6'.2 56 25.1 .,.6 19.6 61 

981 47,4 1209 16., 62.1 52.1 12.9 21.4 17.7 55°7 
986 411.5 u.2 16.5 61.6 2,., 21.J "·' 1' " ~ 411., 12.8 17 58 5'.2 21.5 ao.1 16.6 " - 46.5 1' 15.7 60 5'·5 " 2'·1 17.6 " 992 47.6 1'·5 16.4 52 ,, 19 20.J 15.5 4' 
cm 5(.(hair) 14.7 11.8 Ill 72.5 29.9 'l 2'.I ID 

995 50.5 13.'? 111.2 56 51 21 20.6 lS.6 51.5 
996 49 1,,, 16.7 61,2 55.2 2, 25.1 1'.9 ~., 

99' 54 14 111.4 113.8 - 29.7 29.6 116.J '19 
1002 47.11 14 15. 7 5(1,2 5, IO.t 2J.I 16.1 ~·I 
loo4 48.! 13,, 17.l 51, 48.5 19.2 19.6 15.1 7.5 
1006 46.9 1,,2 16.2 50. 46.5 11.5 19.0 15.0 4k 
1009 48.8 13.5 16.5 -- 49 20.5 11 15 ,, 
1010 47 -- - -- -- - - - -
1012 47.6 12.5 17.li 54 50 20.5 19.9 16,1 50.5 
1014 411.5 1' 17.2 57.2 50 19 ao.6 16.6 49 
1017 45.4 12., 16 - 48 17.9 
1025 46.2 12.'l 16.6 



----
1963 

Hod Head Head Olea* 
Subject clrc., width. len1th, Slttln1 circ., Left calf lhcrmhl 11-illac luttod.a 

No. ca ca ell ht., ca ca circ., m db., .. dia., • clrc., m 

801 48.2 14., 15.8 ,5.4 51., 20.4 21.1 16.7 51.0 
802 47.8 1,.5 16.4 57.4 54.4 22.5 22.5 ia.5 5,.0 80, 50.4 14 17.5 60 5,.4 21.5 22.11 17.4 52 
805 49.8 14 16 62.lf 57.a 2,.6 ai..5 IO.l -807 48.6 1'·7 u •. 5 56.6 52 21 12.11 11.• 51., 
808 48 n.2 16.8 6,.8 55.0 22.a .,.I 11.6 ,, .. 
809 4~.8 12.6 17.'5 62 '5' 20.9 22.5 17.6 51.2 
!110 49., 12.9 11.2 6, 54.7 22 2,.7 u., " 1111 50.7 1'o2 11.6 6,.'5 56 2' ''·' 111.1 '1.9 
81' 49.2 14 16.7 62.7 57.4 2'.6 15.1 1'.5 " 814 50.4 14., 16.7 64.4 60.r; l!ft.~ 26.11 19.4 61., 
1115 50.2 14 16.9 71 6,.2 26.2 17.5 ao.9 66 
1116 52.2 14 17.9 75.1 - 17.e 19 .,., 74.5 
8111 52 14.2 l~.2 11.5 66 16.2 27.5 11.4 611.5 

~ 1119 52.9 15 17o5 79.9 11.5 '1·5 ,1 ••• 711.11 
820 50 14., 16.6 76.t. 71 "·l - 11.7 76., 
1121 55.4 14.l 19., IO - ,2.9 'l 16 79.5 
1122 ~.2 15 19.7 8, 76.5 ,2.9 - 16.7 15.0 82, 5,.5 l}.6 Ul.6 16.5 81.5 Jl..5 - .. , "·' 116, 51.8 ii.. 5 17.4 67.6 65.6 16.1 "·l 21., ... , 
1166 411.9 1,.6 16.it 61.5 ~ 21.1 aa.7 17.1 !16 
870 411,4 l}.5 16.4 60.9 52.7 21., 2J,6 1'.o 51°9 
892 54 1Jh5 18.5 80.5 1'·' ,1.1 - 111..4 1i..1 
900 48.l 1'.5 16.2 55.5 51 21.5 ao.7 17.7 "·' 902 47.l!l(brald)l.5.t 16., 55.2 4a.9 21.4 20., 16.1 !51., 
911, 46.5 1, 16.l ,,.1 5,.2 '°"' IO 16.5 51 
9111. 49.2 1'-7 17 55 52,5 21 ao.a 17 51.5 
905 ~.2 1'.4 16.1!1 5'·' 49., ao.1 ao.6 16.o 47.4 
906 46.2 1,.6 11..4 'a·' 49~1 19.6 19 16.a .... , 
911 51.7 (lrairl)4.1 17.1 67.l!I 61.5 27.2 16.7 ID 64 
912 50.7 u.5 17.2 69.1!1 56 .,., "·' 19.6 60 
91, 51 1'.9 17o7 69.6 50 25 11.0 a.o 65.0 
921 50.7 n.2 11!1.o 65 '°·' •·2 25.2 19.5 61,J 
92, 50.6 u.6 i7.5 5f!.4 51.5 20.4 22.4 17o5 "·' 925 52.4 1,.7 11!1.0 70 6,.'5 25.5 27.2 21., 67.5 

!! 
9,0 49.5 u.1 16.1!1 6.?.2 53.9 22.0 a:s.o "·J ~ 



----
1963 (cont.) 

Hod Hud Hod Cheat 
Subject cl re., width, len1th, Sit tln1 clrc., •. eh calf Biacr011hl Bi-iliac Buttoclla 

No, ca ca Cll ht,, ca ca circ., ca dia., ca dia., ca circ,, ca 
-- -- -·--·--- --- .... - .. -·- ------------··----· 

9,9 5-'.6 14.6 111.4 e1 111., ,5,5 - 27.7 86 
~o 50 H.5 17.1 72.e 69.6 29 ,o., '-'·1 1,.0 
952 411.2 15.1 16.5 58.2 5,.6 21.it 22.6 20.5 70.0 
955 50.2 1'.4 17 69.2 6,.2 27.6 26.6 20.5 70.0 
959 53.4 14.5 11.6 711.4 - '-'·' - a6,5 16 
960 51.7 1,,4 11.1 74.11 65 211.9 211. 7 21.a 72 
962 52.6 1,.6 111,, 67 59,5 25.5 25.1 19.5 6,.o 
971 52.5 14 111.2 115.5 711.5 ,2.2 - 25.5 ,,, 
992 4,,,,,, 1,,7 16.6 55.7 50,2 19.2 21 16.a 51 
99-' 54,2 14.11 11.11 112., - ,i.a '1 a6 16 
995 50.6 13 111,4 57.7 54,2 21.l 21 l6 5'.0 
996 49.~ 13.3 16.6 62,2 57.r; 23.a 25.5 19.0 6o.o 
9911 54 14 111.6 91,3 - 30., ,0.5 27.0 u.o 

~ l~ 49.6 1,,2 17.3 50.2 50 20 20.3 u..11 50 
loo6 411 n.2 16.6 52 49,, 19 20.2 16 47 
1009 49,7 1,.5 16,1'! 50.2 51,5 11., 19.l 16.2 50., 
1012 41'!.4 12.5 11.1 55.7 50.2 20 21.4 11.5 51.1 
1015 47,2 l?..6 16.6 - 46.5 111.5 11.11 13.7 47 
1017 46.l 12.3 15.9 52 46.fl us.6 19.l 15.a 45.7 
lOlfl 47.1 12.5 16.5 -- 45 17.5 lfl ... l4 .... 
1022 45 12.7 15.2 - 4fl 19.l lfl.11 14.1 41 
1025 4!.l 1..5 17.5 - 47 17., - - -
Io26 44.2 12.5 14,9 - 43.5 17 17., 14.5 4.5 
1027 46.2 - - - -
10211 43.3 10.fl 15.l - 42.4 
1029 4M - - - -
1030 46 12.0 16.; - 46.5 lfl.2 16.6 l}.O W-4 
10'1 45,11 12. 7 15,7 -- - - - - -
lOH 53.11 14.7 18.3 69.7 66.5 o:s.7 26,1' ~.o 73.0 
10j4 4e,5 12.9 17 5,.5 50 l'].l 20 16 50 
1035 51.0 1'·9 15.1! 74.5 - 21.9 51.2 ~.2 78.0 
1036 52.2 14., 17.11 67.7 62 25 25., 20"4 6,.o 
10'7 40.11 12.0 1,,3 -- 39.5 
10,tl 42 11,4 14.6 -- 42.2 
la40 41. 7 11.5 14.o - - 4.5 

--·- ------- ------- ·-- --- - ------------------



--·------ --------·----- __________ ., __ -----
1963 

Head Head Head Cheat 
Subject circ., width 1 length, Si ttin1 drc. 1 Left cell Blacr-iel Bi-Uhc Butt ode 

No. Cll Cll Cll ht., Cll Cll circ., ca dh. 1 m dla., m cl.re. 1 m 
-~----------

8o1 48. 3 14.) 15.6 57.0 52.0 21.0 22.l ~.l 53.3 
8o2 48.2 1).6 16.5 56.7 55.3 22.5 23.5 .1 56.3 
8o3 --- - 14.o 17.6 58,5 55.5 22.6 at..o 17,9 56.0 
8o5 li3.5 lli.l 16.3 62.5 58.7 ati.1 25.0 ao.9 63.0 
8o6 52.0 lli.l 1.8.o 63.1 57.3 23.0 23.8 ~.o 51,7 
607 i.a. 7 1).9 16.7 59.li '.°)j.5 22.0 a3.5 ,5 55.0 
808 48.li 13.2 15.9 60.9 57.0 ati.8 ati.1 18.6 '9.0 
8o9 li9.2 12.7 17.4 62.l 51'-T 21.3 ~·1 18.5 ,i..5 
810 50.2 1).0 17.li 67.5 51.7 23.li .6 19.5 62.2 
Bu 51.1 13.5 17.8 61.8 56,5 ati.o ~·5 19.0 '9.0 
812 51.1 12.7 18.l 66.1 ~l5 25,0 .5 18.6 63.0 
813 li9.8 lli.l 16.8 63.5 .3 ali.1 25,9 19.0 60.o 
Blli 50.5 lli.2 16.9 68.7 63.0 50.li 27.0 ao.11 66.o 
815 50.5 1).9 11.0 71.5 611. 5 21.1 28.a 22.0 68.o 
816 53.2 lli.o 17.9 8o.5 ---- 30.0 21.0 25.5 81i.o 
818 52.2 lli.2 18.3 72.1 65.0 26.8 ---- 21.5 11.0 
619 53.5 ~5.0 17-6 81.0 1'6. 5 33,5 >]0.0 25.li eo.a 
820 50,7 lli.5 16.7 78.6 711.7 31.li ···- alt.6 81.2 

U• 821 55.8 14.3 19. 3 8o.3 ---- ]11.8 ---- 27.8 90.0 
822 55.0 15.0 18.9 82.0 77.5 35.0 ---- ae.5 83,5 
863 51.B 14.4 17.5 70,5 68.2 27.9 29,5 21.6 10.li 
866 49.2 14.0 11.0 63.5 55,li 22.3 23.li 18.a 56.8 
870 49.0 14.0 16.7 60.0 51t.o 22.11 at.. 7 19.1 55.2 
874 51t.o 14.8 18.3 -- -.. 19.0 31.7 ---- rr.o 81i. 3 
891 52.5 l].4 17.7 78,5 ---- 28.2 28.7 ~.o 8o.5 
900 i.a.e l].O 11.0 -..... - 53.5 21.2 23.1 .o ,i..5 
901 48.6 13.) 16.5 58.5 51.J 21.3 21.li 17.3 53.5 
902 48.2 13,3 16.6 57.5 50,0 21.5 21.0 16.0 52,5 
903 46.8 l].0 16.o 55.5 53.0 20.7 20.6 16.5 ,i..o 
904 49,8 13.8 16.4 58.4 ,ii.a 21..5 22.0 18.o ,i..o 
905 lia.6 1).5 16.9 58.2 50.0 20.8 ao.3 16.9 "9. 5 
906 46.8 14.3 14.5 55.0 li9.li 20.2 21.2 17.0 51.0 
909 52.0 lJ.6 18.l 7).3 ---- 27.6 a6.2 21.0 75.0 
911 51.2 14.2 17.2 68.5 62.2 28.2 a6.8 ao.o 68.o 
912 51.2 13-5 18.l 69.7 58.8 ati.l a6.J 20.6 63.0 
913 51.4 13. l 11.B 69.0 61.5 25, 26.9 22.7 67.8 
919 49.3 12.6 11.0 77.0 62.5 27.7 )1.0 23,7 72.5 
921 50.8 lJ. 3 18.2 66.0 62.8 211.0 26.a ao.o 62.3 
923 50.7 1).2 18.o 58.4 52.1 21..5 22.5 11.6 56.6 
925 63.0 13-9 18.l 74.2 ---- 27.2 29.5 23.3 n.o 
926 51.0 12.8 17.9 73.0 61.7 25.3 27.1 20.5 68.5 
930 48.6 13.9 16.7 60.9 511.0 22.9 23.0 11.6 '9.0 
931 50.4 14.l 16.9 62.5 57.2 ali.8 a6.o 18.6 58,7 
937 50.5 13.5 17.0 69.0 61.8 25.1 26.5 21.a 72.0 

·- ···--·------ -------- ----·-·-- ··-· ~------



----------- -- --- -------------- --- ·------
1963 {cont.) 

H~ad Hr ad H~ad Cheat 
Subj~ct circ., width, lrngth, Si ttlnc drc. 1 Ldt caH Biacr-hl Bl-iliac BuUocllla 

No. ca ca ca ht.• ca ca clrc. 1 ca dla., ca di Ao I QI circ., DI 
--· -· ---- ----- ---------·-- ----- --- --·---- .. -

939 53,6 14.6 1.8. 4 87.0 81.3 35,5 ---- 27.7 86.o 
946 52.2 13.5 17.8 74.1 ---- 28.o 27.2 a3.a. 73.0 
950 56.5 15.2 18.6 82.3 --·- 33,5 ---- ---- 91.0 
952 48. 3 13.1 16.7 58.8 53,8 21.8 22.9 1.8.5 55,3 
955 51.2 13.5 11.4 11.6 68.5 29.1 27,5 n.1 7li.5 
959 54.0 14.8 17.8 8o.6 ........... 32.0 31.0 a6.5 92.li 
960 52.1 13.5 18.3 77.0 ........... 30.7 28.3 ,3.1 77-5 
962 53.0 13.6 18.4 67.0 58.8 211.1 26.o ao.o 61.5 
972 50,4 13.0 18.3 62.1 57.1 22.5 211.2 18.4 57,5 
981 47,7 13.0 16.3 65,0 54.6 23.2 21..9 18.5 i·o 993 54, 5 14.9 18.o 85.0 ---- )2.6 31.0 25.0 .o 
995 51.6 13.4 18.2 59,3 54.0 21.5 21.9 17.0 55.0 
996 49.7 13.2 11.0 62.0 58.4 25.5 26.4 20.li 63.0 
998 54.o 14.l 18.5 81.9 ---- 31.5 30.6 27.l 81.. 5 

1002 48.lt 14.3 16.2 59,0 56.2 21.2 21.. 7 11.5 53.3 
1004 50.0 13.5 17.5 54,9 50,0 20.5 21.5 17.6 50.8 
loo6 49.0 13.5 ---- 55,8 50.0 20.5 21.3 16.3 50.8 

u; 1009 50.2 13.8 11.0 ---- 51,7 21.7 19.6 16.5 53.3 

'" 1010 49.0 12.6 17.3 53.0 50,5 20.1 18.l 16.7 50,5 
1012 49.0 12.7 11.4 57,0 52.0 21.2 20.5 1.8.2 54.0 
1014 48.9 13.0 17.3 58.0 52.7 19.8 22.6 17.l 50.8 
1015 ---- --- - ---- ---- 49.6 ---- ---- ---- ----
1017 46.5 12.6 16.5 54.2 50.3 19.3 20.0 16.3 a.7.5 
1020 48. 5 12.7 11.0 --.. - 47.5 19.0 19.0 lli.3 a.7.1 
1022 45,9 12.7 15.5 ---- 52.0 ---- ---- ·--- ----
1024 50.0 l].4 11.1 54.2 51.0 22.2 20.0 17.5 50,5 
1025 49.2 \2.5 17.6 -- -- 46,5 18.1 17.8 15.6 a.5.3 
1026 45.0 --- ... ... -- .. ---- ---- ----
1027 47,7 12.1 11.1 ---- 45.2 18.2 
1026 45.0 ... --- -- -- ---- 117.3 
1030 47,7 ---- -- -- --- - -- --
1031 47.6 13. l 16.8 .. -- - 48. 7 19.2 17.5 15.0 i.1.0 
1033 54. 3 14.7 18.3 72.4 68.6 27.4 29.0 23.8 n.6 
1034 49.6 13.0 17.1 57,8 51.2 20.0 21.6 16.5 53.2 
1035 51.6 14.2 16.tl 74.9 ---- 29,3 30.0 23.7 ----
1036 52.8 14. 5 18.o 69,3 6o.5 21.. 7 26.6 20.5 66,5 
1037 44.6 
1038 45.5 
lo44 41.7 -- ..... ---- ---- 41.0 
1045 41.9 ..... -- ---- ---- 4o.4 
lo46 4o.6 -- ..... --- .. ---- 4o.o 
1503 48.2 13.6 16.4 -- -- 48.2 ---- 19.3 15.5 48.2 
1504 46.2 -- -- ---- --- - 46.5 



APPENDIX U 

Suppleaentary Anthropo111etric Data on Children Born to lxpoaed Parenti 

1U7 

Lower Upper Arm Head Cheat Buttockr 
Subject Sitting ext realty extremity span, Biacroaial lntercriatal chc., circ. 1 Leh calf clrc, 1 

No. ht., in, length 0 in. length, in. in, width, in. widtl1 0 in, in. in. clrc., ia. la, 

87 18 14., 12 29.5 7.5 s 18,5 18.5 7 17 
88 16 • .5 15 12 27 1.s 9 17.7 18 1.5 11.s 
89 17 14 11 27.5 6.5 5.5 16 18 7 17 .7 
90 18 15 12.2 30 8 5,5 18 • .5 19 1.s 11.s 
91 20 16.5 13.0 31.5 7.5 6.0 19.0 20 1.5 8 
92 17.5 13.5 11 27 6.5 6.0 17.2 18 • .5 1.2 19.7 
93 -- 9 8 20 5 4 14.7 12 • .5 4,.5 11 • .5 
94 15 12.5 10 24. 5 5.S 4,5 16 14. 7 .5.2 1.5 
95 17 14 11 25 6 s.5 17.2 16 • .5 7 17 

100 
u• 

111.5 12.7 10 • .5 27 7 6 11.5 19 7.2 18 • .5 

"" 
-

11158 

Head Head Head Cheat 

Subject cil c., width, hngth, Sittln1 c1rc. 1 Left cal( Biacroalal Bi-iliac Buttocb 

NO. ca ca ca ht., ca ca circ., m dia., ca dia,, m circ., m 
-- . ----------------- --~ 

87 47,5 13 16.2 -- 47.1 18.l 16 13. 7 47 
88 47.0 13.5 16. l 47.9 49,8 20.s 19.0 15.0 48.2 
89 48. 5 12.9 17 .o 47,3 46,.5 lll.5 18.5 14.1 44.6 
90 48. 5 13,3 16. ~, .50.7 49 20.s 19.8 15.2 48 

991 49.3 13 • .5 16.6 52.2 .51. 3 20.0 20 . .5 1.5. 3 48.2 
92 46 12.5 16 -- 48,3 19.0 18 14 • .5 
93 46.3 13.1 15.5 44.8 44 • .5 17 • .5 16 13.5 
95 45,9 12.7 15.5 -- 41'.5 20.1 17 .6 14.7 

; 

96 36,0 -- -- -- -- -- -- --
97 40.2 12.0 13.2 -- 42.2 16.5 16 13 

100 46 13. !I 15 -- 4H • .5 18.2 17 14.3 



I.I' • 
19'9 

Head Head Head Clint 
Subject circ., width, length, Sitti"I cll'c., Left cal( Biacr1111lal Bi-iliac lluttoclla 

NO, Cll Cll Cll ht., ca Cll circ. 1 a1 dia,, ca dia,, ca circ,, ca ------
88 4R,4 13.4 16,7 50,9 52,0 21.3 20.0 16.0 50.3 
89 49,6 13.3 17.o 49,4 48,4 19,4 19.8 15.7 46,4 
90 49 13,4 17.2 5?..0 -- 21.4 20 16,2 --91 49.5 13.6 17 .o 56.3 54 .o 21.4 21,6 16,8 .50.' 
92 4h. 7 12.7 16,3 50.0 -- 19.5 19,4 15.3 --93 48 13.6 16.2 51.9 48.9 19,4 19,2 15.0 48.0 
94 46,7 12.;), 16.7 49.2 47.5 19.2 18,8 14.3 49.3 
95 47 12,8 ls. 8 51. l 48,2 20.2 18,8 16.4 48,5 
96 44 .8 13. l 14.8 -- 46,6 19.7 18.0 13.6 47,0 
97 44.5 12.5 14.7 -- 46 18,4 16.6 13.1. 44 
98 45.2 12.7 15,4 -- 44.5 18,7 17,4 14,2 47 

100 47.8 14. 2 15.7 52 : 2.) 21.2 19.6 16,3 52.8 
102 42.1 12.9 13 .4 -- '-!4. R -- 17.0 13.7 
103 43. 2 12.2 15,0 -- 41..'i -- 14 .s 12.8 
104 41,5 11. J 13.8 -- 39 -- 13.8 13 
105 40,S 11,3 14 -- 41 -- 15 .o 12.1 

--------------
1961 
------- - --· 

87 49,5 13,5 16,7 59,6 51. 5 20.7 22.5 15,9 53,0 
88 49, '.I 14. 0 17.2 57 55.'.I 22,8 23.0 17,5 54.5 
R9 51. 0 13. 7 17,R 55,5 50.5 21 20.fl 17 .3 53.0 
90 50.5 13.8 17 .ti 60 55.5 23.6 2J. 7 lf..• 54,5 
91 50.R 14. 2 17. 5 60,7 51 23.6 24.2 lf',.'i 55,.5 
92 4R,5 13.3 lti. 9 57. 3 53.3 21.6 22 16.11 .54.0 
93 50 14.2 l h. 9 Sti. 3 ~2 21. J 21.s 17 .5J.O 
94 4R. J 12.2 lll.9 53.S 51 21. 3 19.9 16,3 n.' 
95 47.4 1) .o 16.5 SH.8 51.4 21. l 18,5 17 .o 55.0 
96 48 14 15. ll 52.3 54 23 20,6 16.2 ~J 

97 4ti.) 1.1.) 15. ~ s:i so 21. l 21.3 lo 53,5 
QR 47,7 1 l. 5 15.S -- 48,8 20.4 lY 14.7 50,5 



Head Head Head 
Subject circ. t width, hn1th, Sittln1 

No, al al Cll ht.' al 

--------·-------
87 49.5 
88 49.7 14.o 11.2 58.2 
89 51.0 13.7 18.l 57.8 
90 51.2 14.o 11.6 6o.6 
91 51.li 14.2 17.5 63.0 
92 1t9.o lJ.5 16.8 59,9 
93 50.J 14.2 11.0 57,7 

> 911 48." 12. 5 17.l 56.J 

I 95 48.o l].2 16.1 6o.5 
96 1+8.9 14.J 16.1 53,5 
98 48.2 lJ.5 16.o 52.0 

N 102 "6.8 14. l 11+.8 53,li 
c; 10] 48.o lJ.l 12.0 ----

105 "6.8 lJ.O 16.5 52.6 
lo6 48.o 13.l 11.0 -..... -
lo8 "6. 5 ...... -- 15.J "6.o 
110 ... --- 13.3 16.9 -- --
111 47.0 12.8 16.o 1+7,9 
112 "6.o 12.2 16.2 ----
113 45.6 --- ... ... ........ ........... 
117 li2.0 13.5 --- ... ----us 1+5.0 12.3 15.2 ----
120 "6. J 12. 3 16.J ........ -
122 "6.8 12.I+ 16.6 -- -.. 
124 41.J 11. J lJ.9 ... -... 
125 1+4. 7 11. 7 16.3 -- ..... 
126 42.5 11.2 15.l ----

I I 

1962 

Cheat 
circ., Left calf Blacr-lal 

al circ., a1 dla., c:11 

- -- ·----- --
56.8 23.5 23,7 
52.6 21.2 23.0 
58.0 ~-2 25.3 
58.8 ~.2 as.o 
55.0 ~.3 23,5 
53.1 21.5 21.0 
52.5 21.7 21.1 
52.8 21.2 21.1 
55,5 23.2 21.lt 
51. 5 21.0 19.8 
50,9 19.li 22.6 
"6. 5 20.1 19.8 
1+9.0 20.0 IO,l 
lt8.l 20.1 20.5 
52.0 19.0 ----
"6.o 19.7 19.0 
"6. 3 11.0 11.6 
lt8.l 18.li 18.o 
"·o 
i.2.0 
Ii]. 5 16.8 11.2 
"6.o 17-8 ----
44.o 18.2 15.8 
42.5 
lil.O 
J9,7 

ll-lUac 
dla., m 

~-8 .o 
19.0 
18.7 
11.1 
11.1 
16.6 
18.o 
16.7 
16.5 
16.8 
15.li 
15.8 
15-1 ---· 
15.0 
lli.9 
lli.5 

13.a ----
l].O 

Buttocllt 
clrc., ca 

'6.0 
53.0 
55.5 
'6.5 
57.0 
53.2 
51.1 
5'.o 
56.3 
51.0 
"9.8 
"8. 5 
1i9.5 
"6.li ----
"6.o 
li3.8 
li5.o 

"2.o ----lili.o 

"" "" 



~ 
. ·----·--------- -- ·- --· -·---·--

1963 

Head Hrad Head Chut 
Subject circ., width, hn1th, Sittln1 circ., Left calf Biacra.ial Bl-Ube Buttoc .. No, Cit C9 C9 ht., c• Cit circ. 1 c:. dia., C11 dla., ca drc., C11 -----------··- ------- --· -- ·--·------. ---------87 50.2 lJ.5 17.J 63.5 511. 7 22.2 2tl.o Ul.2 56.o 88 50.2 14.l 17.J 58.2 59.0 25.0 2t1.2 Ul.3 ,a,, 89 51. 5 14.0 18.2 58.o 511.o 21.8 25,3 Ul.o 51,0 90 51. 5 14.l 17.7 62.3 6o.o 25,7 16.5 ao.o '9.T 91 51. 5 lli.5 17.6 65.1 6o.li a.9 16.1 19.i '9.9 92 li9.1 13.5 11.0 61.0 56.0 23.0 23,r. is. n.a 93 50,8 llt.3 16.7 58.l 55,0 22.0 21.r. is., 5".3 911 "8. 5 12.5 11.2 56.7 51. 7 21.5 22.0 16.6 

~·' 95 "8. 3 lJ.li 16.lt 61.0 51i.O 22 2tl.o 18.5 ,7 96 48.5 llt.7 16.o -.... - 51.J 21.2 20.0 17.3 ~·" 101 "8.4 12.8 16.6 57.0 50.2 20.6 20.9 15.2 ·' 102 117.2 llt.2 15.6 51i.6 50.6 20.0 22.5 11.0 r,·' 103 "8.7 13.2 17.0 56.o li7.6 20.2 21.2 15.8 1.0 lolt lt7.l l].O 16.o ---- li9,1 20.2 21.0 16.o 51.0 105 47, 7 13.2 16.7 55.8 51.4 21.2 21.J 16.8 ~.8 lo6 li9,5 lJ.lt 17.6 ---- 50.7 ---- 22.1 15,7 .5 10/:I 1t7.9 12.5 11.1 56.2 49,7 19.5 18.9 17.5 53.0 109 49,0 13.7 16. 5 55.2 51.8 20.8 22.3 15.9 51.1 110 49.8 13. 7 17.0 ........ 51.lt 20.5 17.6 1.6. 3 "9.8 111 1t7,7 lJ.O 15.6 -....... "8. 3 18.o 19.5 15.6 li5,5 112 46.8 12.J 16.li -.. -.. lt7,1t 19.5 19.0 1.6.o r.a.o 113 "8.o ---· - --- ---- "8.o ---- ---- ----115 47.2 12.9 16.1 .... -- 52.0 20.J 19.li 15.1 117 44.J 12.0 15.4 .......... "6. 5 ---- ---- ---- ~.o 118 1t7.2 lJ.O 16.5 ---- 1t7.6 ---- ----119 46.8 12.l 16.8 ---- li7.6 20.2 11.2 120 48.o -- -.. -.... - -....... 49.0 
122 47.7 --- - ........ .. ... -- ----
~ 45.0 --- - ..... -- ---- "8.2 
125 "8. 2 12.2 16.7 .......... lili.5 
126 li7.4 12.6 17.0 .. --- 46.7 
127 lt4.o ........ ... -.... ---- lio.o 

L 



APPl!NDlll 16 

Supplrmentary Anthropometric Data OD ao111elap lapoa.d Children -------
-~ Sept .. ber 1954 

Lo-r Ara Upper Olelt 

Sub Ject Sittina extrr•i ty •pan, Biacroahl extreaUy clrc. • left calf 

No. ht., in, lrng th, in, in, width, in. le111th, ln. la. clrc,, ln. 

---- ------~--
-~ 

2 11!.2 9 27.5 6.2 21.a 19.5 7.2 

' 20.2 12.2 ,0.2 7.1 2' IO 1.1 

5 20 12 51.5 6.o 15.5 19.5 lleO 

15 22.5 2, 44 7.0 '7 11 11.0 

17 21 21 H.5 7.5 ,0.5 20.7 11.0 

19 21 19.5 ,9.5 7.0 ,2.5 u.o •·5 
20 24 20 44 7.5 '6·5 2'·1 9.5 
21 19.7 15.7 '14·5 7.2 21.a 21.5 7.5 
22 n ,0.2 6,.2 10 53.2 ,2.7 1' 
2, 17.5 21 n.5 7 ,0.5 22 9.5 

~ ,0.5 26.2 57 ll 46 ,1.7 12., 
26 ,0 27 511 9 49 'l 1' 
32 22 15 ,7.2 6.7 ,0.5 19.7 11.a 

'' 21 21 42 5.5 ,7.5 IO • 
3~ 29.2 29.2 62.7 u.a 51-5 29.5 U.5 

~6 2, 25.5 47 • '9 24 10 

39 ,1.7 27.7 62 a.5 5'·5 ''·5 ll 

42 21 14.7 j5,5 5.2 '°'I 19.a 7.5 

47 J().2 2,.e 49.a 1!,5 '9·1 
,, 9.5 

u 27,, 23.2 50.5 • 42.5 27.5 U.5 
65 17 7 ,0.5 5.5 25 11.5 • 
67 ,2.5 211.2 62.5 11.5 51 '8.5 ll.5 

69 21.5 11!.5 4o 6.5 34,5 ao.5 9 
72 2,,2 22.2 ,9 II ,1 21.5 1.5 
75 2,,5 ,1.7 57. 7 11.2 46.5 M.7 11 

76 26.7 25,2 5,.7 9.2 44.5 15.5 10.5 

Ill* 1' 1' 25 4.5 ao.5 17 1 

A_!!l"fn&e 

I! 25 15 30 5.5 24.5 19.5 7.5 
44 21 18 ,9 5.5 34.5 20.5 a.5 
48 25 20.5 47 7.5 39e5 21 9.0 

53 25 23 45.5 7.2 ,a.I II 9.5 
70 'i!9· 7 27.7 511.5 9.7 49.1 ,2.5 11.5 "" 
81 ~.2 2, 47.2 9 ,8.1 20.7 9 

..... 

--
•Rxpo•ed in utero. 



19.55 

Lower Ara Upper Clleat 
Subject Sitting extuaity apan, Biacroaial extrealty circ., Left calf "' = No. ht., ln. len1th 1 in. ln, width, ln. le111th, ln. ln. drc., ln. 

2 21 17.7 '4 7.7 12.5 19.5 7.7 
3 20.7 15. 7 32 8.5 13.5 21 7.5 
5 19.0 17.5 31.5 7.0 12.5 19.5 7.0 

15 26 26.5 45 9.2 u.o 21.0 a.o 
17 22 21 '1 a.5 16 20.2 7.2 
19 22 22 38 9.5 14.5 22 8.o 
20 25 25.5 44 lO 16.5 22.5 9 
:u 22 19 '5 11.5 1' 20.5 6.5 
23 30 35.7 61.5 13 ~.7 " 12.7 
23 21.5 20 39 20.7 16 2'·5 9.2 
24 32 35.5 w.2 13 2'·5 29.5 l0.2 
26 31 - 62 1.5 26.5 .51.5 12.7 
.52 22 19.5 ~I! 8 14 20 • 
" 22 111 32 1 13.2 u.1 • .55 " 35 61.5 u.1 24.5 .51 12 
.56 24.5 26.5 47.2 11 19.2 ~J. 
39 .50 36 6o 12.2 24 31 ll.~ 
42 22 19 32 7.7 12 19 7 -
47 - 27. 7 50 10.4 20.7 24°5 9.5 ... 

"' 54 19 18 .51 7.7 12 20 7.7 
61 30 .51 52 11.5 20.5 21 u.7 
65 19.5 16 28 7.2 11 19 7.a 
67 .54 .54 56 14 2.5 '1 10 
69 2.5 22.5 39 8.5 18 20.5 a.7 
72 26 22.2 44.5 9.5 18 21.5 a.5 
75 '1 32 55 12 2.5 27 10.5 
76 26.5 29,5 55,5 10.5 23 26.5 10.5 
S.5* 16 12.2 2.5 6.5 9.5 u 5.2 
114* 19.5 17.5 32.5 7 13.5 20 8 
~ - 12.5 26.5 5.7 9.5 17.5 6.5 
86* l:?.2 10 20 5.2 • 15.5 6.5 

!!!!!!l,nu 

6 20.5 17 .50 8 12 20 7.25 
I! 18 18 '1 6.5 12 111.5 7.5 

48 ~ 26.7 46.2 10 11!.2 21.5 8.2 
5.5 25.5 28 48 10 19 27 9.2 
70 .52 " 56 13.5 2.5 " 11 
81 26 27 47 10.5 18 ,, s.5 

--
*l!xpoud in utero. 

-·------ . -- - --- --·----------------------



.. - ------ ---·---·------ - -------
19~6 

LOI 'r Ar11 Upf>er Chest 
Suhj.,ct Sitting extr.,mlty apan 1 Blacr-lal eatre•ity clrc,, Left calf 

No, ht, 1 tn, lencth, tn, in, width 1 ln, length 1 in, ln, clrc, 1 · in, 
·---- ----- ----

2 21,5 Ui.o " 11.5 10.5 ao.o 

' - 17 34 9.5 14 21 e.5 
4 21 - '-'·5 11.5 1,.5 IO 11.0 

15 25.5 26 47 9 111.5 11 9.5 
17 2,.5 24 4,.5 10.2 111 21 11.5 
19 25.5 2!i 40.5 9.5 16.5 21 8.5 
20 25.5 26 47 10 20 2' !f·5 
21 2, - ,6,5 8 15.5 20.5 8 
2? ,1 38.5 62 14.5 27.5 " 12.5 
23 25 21 39.5 9.5 16.5 22 9.5 
24 31 34.5 61 14 27 31 12 
26 '1 ,6.5 64 14 28.5 ,2 14.5 
32 24 21 38 • 16.5 ~>.5 1.5 

" 22.5 111 ,7 - 14-5 20 • 35 31 ,6 64 16 27 31 lJ 
,6 29 27.5 49 12.5 21 26 11 
,9 ,2 34,5 62.5 13 27.5 ,2 12 
42 22.5 21 ,5,5 8.5 1!1.5 19 • 47 27 29 50.5 9.5 22 ~.5 10 ,.. - 17 34 • 1,,5 21 9 
61 - ,2 56 13 ~ 27.5 1, 
65 20.5 16 n 8 12.5 19.5 7,7 
67 - ,5,5 61 15 26 ,2 la 
69 21.4 24 42 10.5 18 21.5 9.5 
72 - 24 44,5 9 111.5 22 9 
75 '1 ,2 51! 10 26 ,0 11.5 
76 211 '1 57 10 2'M 25.5 10.5 

11,. 21 17 30 1.5 12 20.5 .. , 
8~ - l.6 31 • 12 19 7.5 

~ 1!.!!I!'.!! 

6 22 17.5 ,4 9 14 20 • • - 19 '4 • 13o5 21 • 44 2,.5 22.5 42.5 - 11 22.5 9 
411 26.5 29 4• 10.5 - 2' 9.5 
5' 27.5 27.5 51 9.1 22 23 9.5 
81 - 26,5 50 10 l!l 11.5 9.5 ~ 

-------· 
·~xpoaed in utrro, 



________ .., ____ 
1957 

Lo-r Upper A111 llHd Cheat luUoc:lll 
Subject Si tti111 ext realty extrealty •pan, Blacroahl lntercrlatal circ., clrc., Left cal( circ., 

No. ht., ln. le111th, ln. len1th, ln. ln. wldth, in. width, ln. • •• • •• clrc. t l•. • •• ~ 
·--- -- -·---

2 22 21.1 15.7 ,7 7,5 6.5 20.5 20.5 1.5 20.5 

' 21 20 15 26.5 1.5 5.7 19 to 1.0 
5 20 20.5 15 '5.5 9 1 19 20.5 1.0 to 

15 24. 7 29 21.1 49 u 7.5 19.1 22 9.0 ., .. 
17 2,.5 24 18 4,.5 10.2 6.7 19.7 22 1.5 15.1 
l~ 24 26 19 43.5 9.5 1.0 19.2 22 .. , •·1 
20 26.2 ,0.2 20 50 12 1.0 20.5 ~.a 10 16 
21 22.5 2, 17 311.5 10.5 1.0 19 11.5 9 •. , 
22 ,2 '6.2 27 61 lJ 9 19.7 27.5 11 -
23 23.5 24.5 18 42 11.5 1.5 i0.5 23 10 15.7 
24 29.2 '6 26.5 59 14 9 21 '° 12 ,, 
26 ,,.2 ,9 ,0 67.5 14.5 10 21.7 ,,., l4 " .52 22.2 2, 16.5 41 10 6 19 11 1.7 11 

" 21.5 22.5 17 31.5 •·5 7 19 to 9 IO 
.55 ,52.2 ,6.5 21 63.5 15.5 9 21 n.5 ia.5 JI 
36 28 ,0 22 50.5 11.5 1.5 19-7 15.5 10.5 .. 
39 31.5 ,7 211 62 14 9.2 11 29 11.5 -42 22 22 16 37.5 9.5 1 19.5 to I 11 

4J. 27 ,1.5 23 5' 12.5 - 11 ~.5 10 16 
21! 21.2 16.5 ,. 1.2 7 19.5 22 9 11.7 

61 ,1 '4 26 51! 14 9.5 11 29 1'.5 " 65 20.5 19 14 " 7.7 6 11 IO 1 IO it 
67 ,2 ,7.5 ;n.5 6o 14 10 .. , ,2.5 12 ,.. 
69 24.2 26 20 45 9 I 19 21.5 9.5 2'·5 
72 26.5 21 21 47 11 7 20.2 21.5 9.5 ., 
75 n.1 '4 25.5 51! 1'-5 a.5 11.a '1 11 " 76 2t-.7 '5.2 26 511. 5 12 a.5 to 17 11 .. 5 

13• 21.2 19 14 '4 9 6.5 19 19 1.5 IO 

84• - 111.5 14.5 '4.5 e.5 6.5 19 20.5 I to .,. 19 19 14 35 7.5 6.5 18 19o5 7o5 19.5 
86* l!!.7 17o5 12.5 31 7.5 5.7 11.2 i9.a I 

fill_~~ 

6 21.5 20.5 15 23 9.5 6 19.1 20.5 • 21 

• 22 19.5 15 35 7 6.5 19.5 19.~ • 11 

44 ~.2 24.5 19.7 43 10.5 7.5 19.5 2,5.5 9.5 23o5 
4,. 30 21.2 49 11.5 8 to 2'·5 9.2 15 

53 ;n 32 22.5 52 10.5 7 19.2 24 10 ... 5 

10 29.5 36 25 57 14 10.5 21.5 ,2 12 ,. 
111 26 30 22.5 50 11.5 I to 2tt 9.5 26 

------
•&..anoa~d in ut•ro. 



Heed Hud Hr ad Cheat 
Subject drc., width. length, Sittinc circ., Left calf Biacromial Ii-iliac Buttoc .. 

No, aa aa m ht. • Cll aa circ., aa dta., e11 dla., aa circ,, ca 
-

2 52.Jt 14.0 111.2 59,2 54.5 22.5 21.• 17.0 55.0 

' 49.2 12.7 17.4 56,, 54,0 21.7 I0.8 15-9 51.9 
5 41 n 16.11 5,,9 "·' 21.1 ao.6 16.5 51.5 

15 49.5 n.2 11.1 69 58 25 25.5 19.5 61.5 
17 51 1,.6 17.5 61.. 7 57 2,.1 ... 5 11.J '905 
19 49.1 14.1 16.5 66.9 58 2,.0 ... 5 11.• '9·5 
20 52.5 15.1 11.0 10.9 64 16.5 17.7 • 16,5 
21 49.5 1,.5 17 61 55.1 22.7 .... 1' " 22 50.5 n., 17.lt 79,7 - 17., >JO 2'·• -2, 51.5 1,,11 111.1 65.11 61 17.5 15 t'7 " ~ Pr"I• 52 1'. 7 17.1 71.1 - ,O,J >JO 
26 z5-~ 14.4 19,1 90.J 115.9 J6 >JO 18.6 
,2 11,11 n.2 16,9 62,9 56.5 2J.J 21..2 17.6 " " 49.1 1, 17.5 6o,6 51.5 2J 21.9 17.5 " " 53.2 14,7 17.7 ~.6 82 J2.5 >JO 25-2 -
,6 ;;Z J.4.11 16,5 74.l 65.8 29.6 116.9 11.• 71 
,9 14 17,9 ea.a - 52.1 >JO 11.4 -
42 50.2 14,1 16.5 61.1 51.5 a1.5 aa.a 17.lt 55 
47 !)4.2 14.4 19,0 74,5 '6 17.J 29 11.7 70.J ,. .. 50.7 13.lt 17.5 61,, ,. .. 2'·• 11.• 51o7 ' 
61 ,,,, 14,2 14 a..2 - 54.7 ,o.a 11.5 " 65 46,7 12.9 15.6 52.5 52 19.7 19.5 lJ.5 !.ii 
67 55 14.2 14.o ~.4 - Ja >JO 17.1 -
(fl 49.4 1' 17., 65 57 15 *'-9 19.l '° 72 51.5 14.1 17,5 72,7 61 25-6 17.6 11 '1 
75 53, 7 14,4 17.5 111., - 19.9 >JO 16 -
76 50,6 14.4 17.l 79.4 75 Jl >JO .. 1ft .,. 49,6 12.9 17.6 54.6 50.7 aa.• 21.1 15-9 9 
d4* 48.2 14 16.2 5.M ~.5 21 11.5 16.4 51.5 
115* 45.7 12.7 15.6 53.1 50.1 ao.2 .. , 16.9 51 
116* 47.5 1' 16,3 52 49.7 IO 11.1 15.I 

lil1J!e!! 

6 49 14 16.lt 57 '4.J aa 11.7 16 55.7 
8 50.7 n.4 17,7 58,9 51.5 11.a 21.8 16.9 " l.!i 49 llo3 16.o 6).6 56 21.5 aia.6 11.6 ,, ... 

411 52.1 14.l 17.I 68.9 6o.7 15 26.6 IO:? "'·' 5J 49,, 13.2 16,7 75.4 62.7 17., 211.5 21 67.5 
70 5),8 (ha1r)l4,, 18.1 81.6 - JO -c'O II - CJ> 

81 50.5 14,7 16.o 72.1 6J 26., 2'h5 11 67.5 

-
•axpoaed ta utero. 



19'9 
~ 

lie ad Head Head Cllut 

Subject clrc •• wldth, length, Sitting circ., Left calf Biacr•hl Bl-iliac Buttoc .. 

No. Cll ca Cll ht.. Cll Cll clrc., a1 di•.' al dla. 1 a1 clrc., a1 

---· 
2 52.7 14.2 111.4 '°·' 51..5 22.6 ••• 18.0 51..6 

' 49., 12.9 :i.?.4 57.4 56 22.6 22., 16.9 56 
5 411., 1,.2 16.7 51..6 51k5 22.0 n.6 17.0 5'.4 

15 49.6 1,.2 17.l 72., 6o 26.l 26.5 n., 68 
17 51.1 1,.7 17.7 66.l 58.l 2,.5 25.7 19.• 62.5 
19 49.6 14.1 16.11 67., 58.5 2,.4 25.7 llO 6o 

20 52.6 15., 17.l 71 64.5 26.1 29 llO.I 66.5 
21 50 1,.6 16.9 61.i., 59 e,.6 25., 18.8 61 
2, 51.9 1,.7 111.l 68.l 61.7 'l1·1 26.2 20.5 65 

21. 51.5 1,.7 17.2 76 - 29.4 >JO 15.4 -
26 55., 14.5 19.4 90.11 '11 "4.4 - 21 92.5 
,2 49.1 l,., 16.9 61.i. 2 56 2,.7 as.a 11.2 ~ 

" 49.11 1,.2 17.7 6,.11 52.6 24.1 21 18.l 56 
}6 50.1 14.7 16.4 75.5 68.4 ,0 29.1 21.1 71 
42 5C>.5 14.2 17 6'.9 52.7 21 23.1 l&.l 51..1 

47 51..2 14.5 111.11 75.5 66 'l7o7 ,0.5 .... 70 

" 51.l 1,.9 11.11 6,.1 59.4 24.2 24.6 19.3 '9.4 
61 "·' 14.5 111 l'4 - }6.4 >'0 - 9' 

65 47.2 13.2 16.1 55.11 5C>.5 20.1 20.1 17·5 52 
69 50 13 17.4 67.2 ,,, 25.6 25.5 llO., 6o.5 
72 52.2 14., 17.9 76.9 65 'l7o9 'l'f.I 21 68.7 
75 -- 14.3 11.2 81 - 2t 'l 2'.2 -
76 51.5 14.6 11.2 8,.5 76.1 " >'0 25.1 74.1 

II'• 50 1, 17.9 59.5 5'.l 2,.6 22.} 17 9.5 
84• 411., 1,.9 16., 55 5'.2 21., 21.• 16.5 51.5 
85* 46 1' 15.9 56 51 20.1 22 11.• !12 
116* 48.4 1,.5 l.6.2 ~.5 49.4 20.1 22 16.6 41.4 

Allinpae 

6 49., 14.l 16.6 59., 55 22.4 2' 17 56.2 
8 51.6 1,.7 17.9 62., 5'·5 22.1 ••• 18.6 55Ja 

44 49., 14.4 16., 66.5 56.5 24.2 26., 19., 61.5 
48 52.1 14.l 17.I 72.2 61.2 25.6 211., 21.5 69.5 
5' 49.7 13.5 16.9 79.2 68.4 29.7 29.0 22.a 74 
Ill 51., 14.8 15.9 76.2 - 211.0 29.9 22.9 74.0 

-
*llxpoaed in utero. 

----·----- ·---··----------·-----------------



----------- ----· ------------------
1961 

Head Head Head Cheu 
Subject circ., width, le1111th, Sitt ina circ., Left calf Bhcrcalal ll-iliae- Buttoclla 

No, ca Cll Cll ht •• Cll Cll chc., aa dia,, aa dh., ca circ. 1 aa 
--·-----··-------------·---··---~ 

2 5'96 14.4 18.S 6, ~.4 114,5 5,5 lf .O 6o.O 
' 50., 1,.2 17.6 60., 6o.a 25.0 ''·5 19.0 61 
5 49.5 1,.4 17.0 ~.l 57.5 2,.7 12.9 17·4 57.4 

15 50.5 1,., 17.4 7ll.4 - 21., 8'-2 114 7' 
17 51., 1, •• 11.0 71., 62.6 25.9 27.5 ao.1 66.5 
19 50.7 14.2 17.0 11.5 6'.5 2!;.4 27.1 21,I 67.0 
20 51. 15.5 11 74 10., 29 'o.4 12.5 75 
21 51 1,.7 17.2 68., 62 25.2 26.4 ao.a 67 
2, 5,., 14 11.4 72.4 66 ,0 28.l • 71 
26 56.1 14.• 19o5 91.• 11.5 n.2 - '° V1 
,2 49.5 n.4 17..0 67.6 6o 25.5 27 19.a 61 

" 50., 1,.2 17.9 68.6 57 25 •• 25.a 19.5 61.7 
,6 52 15 16.1 IOol 74.2 ,a '°·· 15.5 75 
42 51 14.4 17.2 68 5' 25.5 ., lf.5 '°·' k7 56.2 14.4 19.5 ., >80 ,. - ... , ... 7 
51. 51.6 14 18 68.7 62.5 25.• 26.5 llO ~ 
61 51. lli.4 18.4 15.5 -- " - - 100 
65 49,5 n.2 16.4 6o.9 514 21.2 22 11.1 ,., 
69 50.5 13.2 17.7 72.5 6o.5 21.1 t7.4 • 67.9 
72 5,.5 14.5 18.2 82.4 - ,, n 16.7 ., 

.,,. 51.1 u.2 lll.2 65., 56 25o5 a..1 11 " Iii* 49,4 14.5 16.1 6o.7 511.2 12.5 a.1 1' ,., 
ll5* 47.1 1,.2 15.1 61., 5'·7 22 2,.7 19., 5lt 
116• 49 15.5 16.5 59.5 51.5 21., 115.5 17o5 " 

1111 ..... 

~ 50,4 14., 16.4 64,5 ,.,,9 ala-5 ..... ll.l 61.lt 
8 52.5 lJ49l 18,l 67 '6.5 a..1 25.1 19.I 61.5 

44 50.6 14.5 16., 70.1 ,, 15.1 "·' ao.6 67 
48 52.8 14., 18.l 78 - 19 '1 ai.., 79.5 5, 50 1'.5 17 81,5 - ,0.5 ~:Z 2'.t 76 
81 5' 15.l 16., 112.11 - ,0.5 .,.1 •5Ja 
---------
•Bxpoaed in utero, el 

'; 

c ' 



i 

---·-
1962 

Head Head Head Che•t 
Subject circ., wldth, le111th, suu .. clrc., Left ulf Blacrmlal ll-Ulac Buttoda 

No. Cll Cll Cll ht.. Cll Cll clrc., ca tU.a., • dla •• Cll clrc., Cll 
---~--4--

2 5'·" l.4.6 19.0 66.o 59.3 24.• a6ol 19.1 61.5 
3 50.2 13.2 17.8 61.6 61.l 24.2 •• 5 l9ol 62 

15 51.5 l3o5 17.5 eo.2 - 30.0 29.1 25.1 19·• 17 52~4 13.11 17.11 73.1 6,.4 a6., 28.5 21.lt 68..lt 
19 to.6 14-3 11.1 72.2 63.1 a..1 21 1106 67.0 
20 54., 15.7 111.0 79.2 76.5 '1 - .. 7 79 23 52. 7 Holl lllo5 71.1 67 ,0 29.3 ••• 72.5 ,2 50.1 13.4 17.l 67.7 59.3 16 27.7 ao.o 61 

" 50.7 13·3 111.0 69.4 - - 27.5 11.6 
36 52.7 15 16.9 111.5 79.2 '405 - 25 .,.5 
42 51.5 14-5 17.l 68.2 56 23.5 15.6 19.4 6o.7 
~ 52.J l.4 • .1 lll.l . 66.6 62.8 26.J 27-4 21 64 
61 54.5 :u,.4 111 94.4 - 39.3 - - 99.2 
65 411.6 13.2 16.5 60 55.5 21.1 23.5 l9o2 58.0 
69 51 Uel l7o7 73.7 64.6 29 211.7 25.4 72 
72 54.5 l.4.5 18.o eo.1 - "·' 31 16 eo.o 
113. 51.4 n.5 111.3 67.3 511.8 27 25.6 11.• 61.5 
116* 49.3 13 16.6 59.5 5' 21..1 114.11 17.6 55ol 

UlinanU 

6 50.5 14-4 l6o';il 65.1 59.1 .. , 25.7 19 61.5 
II 52.9 l4 111., 611.2 511., 114.9 16.5 11.4 6}.9 

4• 5,.4 14.2 lll 75.5 - 29 ,1 
:.6 

80 
53 50.1~ 12.4 16.9 112.5 - 30.y ,0 75 
111 52.4 15 16.5 II' - ,0.1 - 16 13.5 

---
*Expoaed in utero, 



196:J 

Head Head Head Cheat 
Subject circ., width, length• Sitting circ. • Left calf Biacra.ial Bi-iliac Buttocka 

No, Cll Cll ca ht.' Cll Cll circ, • ca dia, • ca dh •• ai circ., ca 

2 53,7 14.7 18.9 65.3 &2.0 25,5 26.2 20.7 63.0 
3 51.6 13.4 18.0 62.8 70.3 26.7 26.2 21.5 70,3 
5 49.5 13.6 l"f.4 6o.3 59.0 23.6 211.0 1.8.8 59,3 

15 52.0 13.7 17.7 81.8 ---- 31.li 30.4 26.o 83.8 
17 52.8 13-9 18.4 73-7 ---- 28.o 29.8 20.3 73.0 
19 51.5 14.3 17.4 n.o 66.0 27.0 29,7 22.4 72.0 
20 55.1 15.8 18.o 79.2 77-5 31.1 ---- ---- 81.0 
21 52.3 14.1 17.7 72.0 63.0 27,2 30.0 23.8 7li.5 
23 53.2 14.o 18.4 73-5 69.2 31.li 29.0 211.o 7li.o 
32 50,0 13.5 11.2 68.7 63 27.2 28.o 20.li 65.3 
33 51. 7 13.3 18.2 74.5 50,9 26.2 28.4 21.2 68.5 
36 53.0 15.2 11.2 87.3 79.0 ]4.5 ---- 27,2 85.0 
42 51.8 14. 5 17.1 70.3 57.0 211.8 25,4 21.4 64.o 
47 57.0 15.0 19.6 89.1 79.8 34,5 ---- 26.8 89.o 
54 52.7 14.2 18.4 69.1 69.5 28.1 29.0 21.8 70,5 
65 49.7 13.5 16.6 65.0 56.5 22.9 23.6 20.0 62.5 
69 51.8 13.2 18.o 76.4 ---- 30.3 ---- 24.5 76.0 
72 54.6 14,5 18.o 83,8 ---- ]li.o ---- 26.o 85.0 

83• 51. 7 13.4 18. 3 87,5 59.5 26.7 26.2 19.l 62.5 
85• 47,5 13.3 15.7 61.0 57,5 23.0 25,3 20.li 58.o 
86• 49,3 13. 7 16.8 62.3 .. 53,6 23.0 24.5 18.2 56,3 

Aili!!pae 

6 50,9 14.4 17.1 67.2 61.3 25.0 26.1 19.2 65.0 
8 53.0 14.o 18.6 10.0 58.5 25,5 26.1 20.8 66,9 

48 53,5 14.3 18.1 77,5 ---- 30.0 ---- 25,5 83.2 
53 50.0 13.5 17.0 81.0 ---- 30.8 30.0 25,0 79.0 

-
*Bxpoapd in ut•ro, 

~ 



APPlllDlX 17 

Ser• Polic Acid Lewla, 1,.3 

(normal • 7 to 20 -..a/Ill; borderliae • 4 to 7 -..c/111> 

Subject S11bject S11bject 

1111. iw/111 No. ~a/Ill. No. .... /al 

1 12.2 72 10.5 895 l'.).0 
3 30.0 13 5.8 896 9.3 
4 17.0 75 2.8 900 25.0 
s 1.s Tr 15.0 906 4.2 
7 se.o 81. 6.8 915 2.6 

10 10.7 83 5.8 916 16.o 
ll 10.0 87 1.4 919 19.0 
13 13.0 95 u.o - 22.5 
14 9.4 813 16.0 9216 u.o 
16 13.0 81.4 27.0 928 29.0 
18 9.9 81.7 9.7 932 3.0 
19 18.o 819 u.o 938 6.2 
21 2.1 821. 18.o 940 31.0 
23 30.0 823 <l.O ~ 5.0 
~ 8.6 824 3.1 943 16.o 
26 22.0 825 22.0 944 4.8 
27 5.4 8:!6 8.2 9116 U.7 
26 9.1 828 19.0 9118 18.o 
29 21.0 829 7.9 950 14.0 
JO 11.0 830 8.7 953 7.7 
32 12.0 833 <l.O 955 28.o 
33 J'T.O 8~ 17.0 956 5.2 
~ 14.0 835 11.0 959 13.0 
37 11.0 841 6.5 961 10.0 
39 12.5 8112 5.4 963 6.9 
42 18. 5 84J. 6.5 9E)I. 4.o 
43 10.0 8li6 4.1 965 22.0 
44 33.5 852 4.0 967 3.7 
45 6.5 853 16.o 969 10.5 
i.6 3.8 856 15.0 970 10.5 
48 5.l 859 7.2 975 2.2 
49 22.5 860 24.o 991 10.5 
50 < l.O 864 25.0 993 37.0 
52 8.2 865 13.0 996 61.5 
53 4.7 867 17.0 996 14.0 
55 5.4 868 9.5 1001 l.7 
58 8.9 876 <l.O 1005 12.0 
59 12.0 882 14.o 1007 2.0 
6o 17.0 883 < l.O 1035 10.3 
01 15.0 ea. 3.1 1036 47.5 
66 20.0 885 12.2 1041 15.0 
68 11.0 886 7.6 
69 10.0 887 12.J 
70 25.0 892 4.5 
71 10.3 893 23.5 

ltiti 



APPlllJlll 11 

8oee .. rrow Oif f •,.•ti&l Couata 

S11bject llO • 

4 u .. 7l , .. 1007 

SIC PMt 9.n 14.2'.I. 1.5.°' 19.1'.1. 16.1'.1. 22.21 

SllC M 0.2 o.8 0.4 0.2 

S!C PME 0.6 1.8 2.6 2.8 2.2 0.4 

BARO lf!IJT 10.6 6,4 6.6 10.0 5.8 10.6 

BAND DASO 

BARO EOS 0.6 0.2 0.6 0.4 0.2 

HET' lllllT 16.2 6.4 11.8 13.2 9.8 11.8 

META BASO 

HETA EOS 0.4 

M"nt.. NEUT 10.0 4.6 9.8 7.2 5.2 7.0 

Hnt.. llASO 
0.4 

HTEL. EOS 2 .0 0.2 l.O 0.8 0.2 0.4 

0.8 0.6 
MYELO!LAST 

LtMl'!'IOCYTE 18.0 l3.0 14.8 21.2 27 .o 16.4 

L n:PllOllLAST 0,8 0.2 0.2 0.2 

P«>NOCYTE 0.2 0.6 0.2 0.6 0.8 

P«>N08LAST 

~IU9J8LAST ORTH<' 18.0 23.2 24.2 21.0 21.6 17.0 

llOIUtJll LAST l!ASO 8.2 !i.8 5.4 2.0 5.0 2.8 

l!I. YTllllOl!IAST 0.4 l.2 1.8 0.2 l.0 0.6 

MEGAL08U.5T 1.6 1.4 0.8 0.6 

PU.SW. CELL 
2 .4 0.8 1.8 0.4 2.0 1.2 

It. E. CELL 0.6 1.6 0.4 1.0 0.2 



11 
IL 

'! 


