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U. S. NAVAL RADIOLOGICAL DEFENSE LABORATORY ogtrer "27e%
SAN FRANCISCO 24, CALIFORNIA

Report by Dr. V. P. Bond on Project 4.1
Research Management Council Meeting, & May 1954

= 14
% % Project 4.1, a joint RMRI-NRDL endeavor with CDR E. P, Cronkite as
£ 2 Project Officer, was organized after Shot 1 of the CASILE series to study
& > and evaluate the effects of radiation on human beings exposed to fall-out
= % from that shot. The exposed groups of human beings and data pertinent to
2 {%g the incident are indicated in the table below:
29
5 % Group Number | Distance | Time of | Time of | Estimated
>0 in from Fall-out Evacua- Total
z & EFQ‘ Group Bikini {approx) tion Gamma Dose
B Z ﬁg (naut. mi.) {approx) (r)
AR
2 & 5o Rongerik 28 135 H plus E plus 75
k= g ég (Americans) 7.8 hrs 30 hrs .
S=53 :
Rongelap . 64 | 105 | Hplus H plus - 117
(Marshallese) |- ' : " 5 hrs 50 hrs |
“ 4ilingnae 18 83 H plus H plus 58
g}Q (Marshallese) 5 hrs 58 hrs
s8% EE Utirik 157 270 H plus H plus 12
22 %2 | (Marshallese) : 22 hrs 65 hrs
JEESEED®
:;zg; 3:?;25 e —
TCTAL 267

6. CLASSINIED #
1.OTHER (SPEC]

A1l exposed individuals were brought to NAVSTA, Kwajalein, where clinical
and laboratory studies were carried out by Project 4.l personnel.
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"\ Doge Egtimgtes: Total-dose estimates given in the table were derived frem
doge~-rate readings (gamma)} taken 3 feet above the mean island surface with

,&.ID' e a TIB monitering insirument soms hours after the fall-out began. The TIB
ig% §§ reading, the time after detonation it was obtained, and a decay exponent of
ER e 0.92 (obtained from the Chemical Technology Division, USNRDL) were used in
23732 !l the well-known decay function:
=g 1
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I=I; /&% where I is the intensity or dose rate at
(t]) time 4, I; is the measured dose rate at
time t7, and g is the decay exponent.

Total dose for each exposed group was obtained by integrating the decay
funetion between the limits of fall-ocut time and time of evacuation.

Glinical Findings: A large percentage of individuals in the Rongelap group
were naugeated the day of the fall-oui, and a few vomited. In the Ailingnae

group only one was nausested and none vomited In the remaining lower-dose
groups there was no nausea or vomiting.

Agide from skin and hair manifegtetions to be described below, there was
no further clinical findings in any of the groups that could be unequivocally
attributed to radiation. Sick call was held at least once daily and the usual
variety of common diseases was seen in all groups. All illnesses were treated
as they would have been in unexposed populations, and at no time were antibi-
otiecs or other drugs given prophylaciically because of the radiation received.
In general there was no malaise or lethargy that could be aseribed to radia-

tion.

Skin find ilation: Itching and burning of the gkin on the night of the
fall-out wss reperted by the Rongelap group., Skin lesions and depilation ap~ -

' peared during the sarly part of the third post-exposure week in this group, and
within a few days essentially all persons evidenced skin lesions and/or depila-
tion. Depilatiocn was spotty and was confined to the scalp. Skin lesions were
confined almost exclusively to areas where the fall-out was in direct contact
with the skin, and were common in the sealp, neck, axillary, antecubital fos-
sae and dorgal foot areas. The lesions were superficlal in nature, and pro-
gressed to desquamation followed by rapid healing in essentially all cases
with a tendency te hyperpigmentatlon.

Biopasies of these leaions showed very superficial changes characteristic
of beta lealons. These findings, coupled with the long latent perlod before
their appearance, and the c¢lose correspondence between scalp lesions and
depilated areas, indieate conclusively that the eticlogy of the 1esions is
agsoclated with radistion and not chemical damags.

The Ailingnae group showed skin findings and depilation similar to those
of the Rongelap people., However the incidencs and severity was considerably
less, and lesions appeared later and healed mors rapidly. There were no skin
lesiona in elther the Rongerik or Utirik groups ascribable mmequivocally teo
radiation, and no depilation oeccurred in thess groups.

A bluish discoloration of the nail bed was 2 frequent finding in the
Rongelap group, less common in the Ailingnae group., In the Rongerik group,
only the four negroes evidenced this finding.

tological F ¢ The Rongelap group showsd severe depression of the
total white comnt, the lymphocyte and neutrophils counts, and of the plate-

let comts. The lowest mean platelet count cceurred in the fourth and fifth
i e e = 0010546
S,




W - :isiaEesaD DEEI . 0010546

post-exposure weeks, and many comnts foll below 100 ooo/mm3f The total white
count was severely depressed into the fifth end sixt.h week, with some neuntro-
phile counts below 1000. The lymphocyte count fell early tc a level of
2000/mm3, which was mainteined throughout the period of cbservatiom.

Hematological changes in the Ailingnae were similar to those in the
Rongelap groups; however, all charges were considerably less severe. Blood
counts on the Uiirik group were lower than control walues; however, 1t is
doubtful that the small changes seen are of asignificence statistically.

Internal Hazard: Insufficient data are as yet available to seveluate the ex-
tent of internal contemination. Bets and gamma activity was present in the
urines of all exposure groups. Animals recovered from Rongelap Atoll showed
extensive deposition of beta and gamma emitters in the long bones. This
problem is under intensive atudy.

Conclusiongs Although final conclusicns cannot be drewn unitil data are com-
pletely analyzed, it is certain that the results of this study will bear
heavily on a number of problems of milliary importance, A very preliminary
discussion of some of these problems follows: :

1, Gemma radiation from fell-out obvicusly can be a very serious prob-
lem. A northern islend of the Rongelap Atoll, where these pecple frequently
live for weeka at g time, received total gamma doses in excess of 1000 r.
Bad these’pecple been on that islend at the time of fall-eout, 100.per cent
mortality would have been wirtuslly certain.

2. Seriocuas fall-cut can occur 7 hours or more after the detonation, and
at great distences., At thia late time, the early, very-steep fall in dose
rate bas already occurred end the dose rate is relatively constant. Hence
there may be adequate time for countermeasures. ZEarly evacuation or other
effective evasive action wlll reduce the total dose by a large factor.

3. Beta rediation from fell-cut can definitely be a problem in the ab-
sence of lethal doses of assoclated gamma radiation. Although late in appear-
ing, acme of the skin lesions seen in the Rongelap pecple were sufficiently
serious such that they very probably would have been admitted to the sick list
under ordinary circumstances. Of equal Importance, however, 1s the ease with
which such lesions can be avelided with simple coumtermeasures. All lesions
apparently resulted from material deposited directly on the skin; none from
beta radiation on the ground, bulkheads or even clothes. A single layer of
very thin cloth was sufficient to protect. Thus it would appear that ade-
quate covering, or early skin and halr decontamination, would ccmpletely
eliminate this hazard,

The skin lesions were superficlal, healed repidly and gave no indications
of deep involvement. This was borne out in the histological sections. 4lso,
some cliniecal evidence, and eapecially hematolegical data, indicated a large
component of penetrating gamma radlation., There was no clinical or labora-
tory evidence of an appreciable contribution from radiation of energies be-

tween these two extremes, 00 1 05 u 5
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The degree to which these findings apply to fall-out in gereral, or to the
Bravo shot only, should be investigated. The high relative Neptumium activity
in the Bravo fall-out material may have been responsible for the beta lesions
obgerved. In addition, the decey exponent of 0.92, nsed insteed of the usual
1.2 in calculating the totel doses, was derived from consideratiocns of the
growth and decay of Neptunium over the time periocd of interest. These con-

giderations are under study at present.

4. Although data are very preliminary, some degree of internsl contemi-
nation ocecurred in all exposure groups. It is in a sense fortunate that
there were two exposure groups, both receiving approximately the seme total
gamma dose from fall-cut (Ailingnse and Rongerik groups), whose actiona fol-
lowing the fall-out were entirely différent, The Ailingnae took essentially
no precantions, and ate and drank obviously-contaminated food and water. The
Rongerik individuals ate and drank only from closed contalners. 1t is hoped
that a careful study of these groups may shed light on the ingestion problem
and perhaps yield: information on the inhalaticn problem as well,

5. The degree of hematological chenge, snd the presence of nausea in
the group calculated to have received 117 r do not appear to be commensurate
with that dose level., It is possible that further study will indicate that
a decay exponent cleger to 1.2, rather then the 0,92 used, should be employed.
This would raise the calculated dose by some 30 r, Also, the degree to which
internal contamination could have contributed to the findings remains %o be
evaluated. A further difficuity is that the exposed individuals received the
total dose over a perled of hmany hours at a low, but constantly charnging dose
rate. There are no previcus comparsble studies on man or animals with which
the present findings can be strietly compared.

6. It is significant that at doge levels high enough to give severe hema-
tological changes, there was no impairment of functional ability and no in-
erease in the incidence of iInfections thet could be aseribed to redlation. As
with other clinical leukopeniss, the individuals feel quite well until infec~
tion is contracted. The infection then may be quite severe and debilitating.
The relative absence of Iinfections in the present gtudieas should not be gen-
eralized to indicate that infections in irradiated populations may not be
gerious. Although not hospitalized, the Marshallese were maintained in clean
quarters. There was no lack of excellent sanitetion, and water was available
for frequent showering. The Marghallese are meticulously cleanly. In addi-
tion, the chance of exposure to pathogenic organisms was minimized by their
physical location on a relatively isolated and cleesn Pacific Atoll,

7. The mean platelst count decreased and returned towards normal in a
more regular fashion than did other peripheral elements. The relative merits
of this endpoint 2s an index of the degree of exposure in a group deserves
investigaticn.

8. The significance of these studies witb regard to radiac instrumenta-
ticn requirements should be evaluated. In particular, the studies bear on
the energles an ingtrument should record, on whether a dose-rate or lntegrat-
ing meter is most useful under the conditions encountered, and on whether an

ostimate of beta-ray dose would be useful, 001 0 5
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