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Group Numbr Distance Time of T h e  of 
in from Fall-out Evacua- 

Group B i k i n i  (apprux) t ion 
(naut. m i . )  (appro4 

Rongerik 28 135 H plus B plus 
(Americans) 7.8 hrs 30 hrs 

. a. 

_ _  .- . 

Estimated 
Total 

Gamma Dose 
(r 1 

75 

IN ILPLI R L I U  U. S. NAVAL RADIOLOGICAL DEFENSE LABORATORY TO F!Lr, 

SAN FRANCISCO 24, CALIFORNIA 

aOngelap 
(Marshdlese) 

Mlingnae 
(Marshallese) 

u t i r ik  
(Yarshauese) 

Report by Dr. V. P. Bond on Project 4.1 
Research Management Council Meeting, 6 May 1954 

Project 4.1, a joint  RWI-NRDL endeavor with CDR E. P. Cronkite as 
Project Officer, nas organized af'ter Shot 1 of the CASTLE series t o  s t q  
and evaluate the effects of radiation on hman beings exposed t o  fall-out 
from that  shot. The exposed groups of  human beings and data pe r tben t  t o  
the incident are indicated in the table below: 

E .. 
c 

105 H plus Plus ll.7 6 4 .  . ,  

5 hrs 50 hrs 

18 83 H plus H plus 58 
5 hrs 58 hrs 

157 270 H plus €I plus 12 
22 hre 65 hrs 

. .  . 
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where I is the intensity or dose r a t e  a t  
time t, I1 is the measured dose r a t e  at  
time tl, and 3 is the decay exponent. 

I = I' @a 

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

C l i n i c a l  Findings: A l a rge  percentage of individuals in the Rongeelap grow 
were nauseated the day of the fall-out, and a few vomited. 
group o n l y  one was nauseated and none vomited. In the remaining lwer-dose 
groups there was no nausea or vomiting. 

no further clinical findings in any of the groups that could be m q d v o ~ a l l y  
attributed t o  radiation. Sick ca l l  was held a t  l eas t  once daily and the usual 
variety of common diseases was seen in all g r o q s .  All illnesses were treated 
as they would have been in unexposed populations, and a t  no time were antibi- 
ot ics  o r  other drugs given prophylactically because of the radiation received. 
In general there vas no malaise or lethargy that could be ascribed t o  radia- 
t ion,  

Skin findinas, deD i la t ionr  Itch- and burning of  the skia on the night of the 
fall-out was reported by the  Rongelap group, 
peared during the early par t  of the third post-exposure week in this groap, and 
within a fw days essentially all persons evidenced skin lesions and/or depila- 
tion. Depilation was spotty and was confined t o  the scalp. 
confined almost exclusive4 t o  areas where the fall-out was in dl rec t  contact 
w i t h  the skin, and were comon in the scalp, neck, axillary, antecubital fos- 
sae and dorsal foot areas. 
gressed t o  desquamation followed by rapid heallng in essentially a l l  cases 
w i t h  a tendency te hyperpigmentation. 

of beta lesions. 
the i r  appearance, and the close correspondence &.tween scalp lesions and 
depilated areas, indicate conclusively tha t  the  etiology of the lesions is 
associated with radiation and not chemical w e .  

In the dilingnae 

Aside from skin and hab mnifestations t o  be described below, there was 

Skin lesions and depilation ap- 

Skin lesions were 

The lesions were superficial in nature, and pro- 

Biopsiss of these lesions showed very superficial changes chatacterist ic 
These findings, coupled w i t h  the long latent period before 

The Aillngnae group showed skin findings and depilation similar t o  those 
Howwer the incidence and severity was considerably of  the Rongelap people. 

less,  and lesions appeared la te r  and healed more rapidly. 
lesions in either the Ronger ik  or  Utir ik  groups ascribable unequivocally t o  
radiation, and no depilation occurred in these groups. 

A bluish discoloration of the nai l  bed was a frequent finding in the 
Rongelap group, l e s s  common in  the Ailingnae group. 
only the four negroes evidenced this flnding. 

: The Rongelap group shored sevBre depression of the 
t o t a l  white count, the lpphocyte and neutrophile counts, and of the plate- 
l e t  counts. 

There rere no skin 

In the Rongerik group, 

The lowest mean platelet  count O C , X U T ~  in the r- d futh 
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post-exposure weeks, and many counts fell below lOO,oOO/mu?! The t o t a l  a t e  
count mas severely depressed into the fifth and sirth reek, rith sme neutro- 
phile counts below 1OOO. 
2000/rmd, which was maintained throughout the period of observation. 

The lymphocyte count f e l l  early t o  a level  of 

Hematological changes in the Bilbgnae were similar t o  those in the 
Rongslap group; however, a l l  changes were considerably l e s s  severe. 
counts on the U t i r i k  group were lower than control values; however, it is 
doubtful tha t  the small changes seen are of significance s ta t i s t ica l ly .  

Internal b a r d :  
t en t  of internal contamkration. 
urines of a l l  e q o s u r e  groups. 
extensive deposition of beta and gamma emitters i n  the long bones. 
problem is d e r  intensive study. 

Conclusiong: 
pletely analyzed, it is certain that the resul ts  of t h i s  study sill bear 
heavily on a number of problems of m i l i t a r y  importance. A very preliminarg 
discussion of some of these problems follows: 

G a -  radiation from fall-cut obviously can be a very serious prob- 
lem. A northern island of the Rongelap Atoll, where these people frequently 
l ive  for weeks a t  a time, received t o t a l  gama doses in excess of loo0 r. 
Bad these.'paople been on that  island a t  the time of fall-out, 100 per cent 
mortality would have been vtrfually certain. 

Blood 

h d f i c i e n t  data are a s  yet available t o  evduate the ex- 
Beta and gamma act ivi ty  was present in the 
Animals recovered from Rongelap A t o l l  showed 

This 

Although'final conclusions cannot be dram until data sre com- 

1. 

2. Serious fall-out can occur 7 hours or more after the detonation, and 
a t  great distances. 
r a t e  has already occurred and the dose ra te  is relatively constant. 
there may be adequate time for countermeasures. 
effective evasive action w i l l  reduce the total dose by a large factor. 

3. Beta radiation from fall-oat can definitely be a problem in the ab- 
sence of lethal dose6 of associated gsmms radiation. Although late in appear- 
ing, some o f  the skin lesions seen in the Rongelap people were wff ic ien t ly  
serious such that  they very probably would have been admitted t o  the sick list 
under ordinary circumstances. Of equal importance, however, is the ease with 
which such lesions can be avoided with shple countermeasures. All lesions 
apparently resulted from material deaosited dlrectlg the skin; none frm 
beta radiation on the ground, bulkheads or even clothes. A shgle layer of 
very thin cloth was sufficient t o  protect. 
quate covering, or early skin and hair decontamination, would completely 
eliminate this hazard. 

A t  t h i s  late time, the early, very-steep fall in dose 
Hence 

Early evacuation or other 

Thus it would appear that ade- 

The d c h  lesions were sqe r f i c i a l ,  healed rapidly and gave no indications 
Also, of deep involvement. 

some c l in ica l  evidence, and especially hematological data, indicated a large 
component of penetrating gamma radiation. There was no c l in ice l  o r  labora- 
t o m  evidence of an amreciable contribution from radiation of energies be- 

This was borne out in the histological sections. 

tn&n these two extre&. 
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‘fhe degree t o  which these findings apply t o  fall-out in general, or t o  the 
The high re la t ive  Neptunium actiYlty Bravo shot only, should be investigated. 

i n  the Bravo fall-out material may have been responsible f o r  the beta lesions 
observed. I n  addition, the decay exponent of 0.92, used instead of the usual 
1.2 in calculating the t o t e l  doses, was derived from considerations of the 
gronth and decay of Neptunium over the t h e  period of interest .  
siderations are under study a t  present. 

These con- 

4 .  Although data are very preliminary, sme degree of internal c o n h i -  
nation occurred in a l l  exposure groups. 
there were two exposure groups, both receivhg approximately the same t o t e l  
gama dose from fall-out (Ailingnae and Rongerik groups), whose actions fol- 
liming the fall-out were entirely different. The Ailingnae took essentially 
no precautions, and a t e  and drank obviously-contaminated food and water. 
Rongerik individuals a t e  and drank only fran closed containers. It is  hoped 
that a careful study of these groups may shed l igh t  on the ingestion problem 
and perhaps yieldr information on the inhalation problem as w e l l .  

the group calculated t o  have received 117 r do not appear t o  be comensurate 
d th  tha t  dose level. It is possible that further study w i l l  indicate that 
a decay exponent closer t o  1.2, rather than the 0.92 used, should be employed. 
T h i ~  woad raise  the calculated dose by some 30 r. 
jnternal cmtaaination could have contributed t o  the findings remains t o  be 
evaluated. 
t o t a l  dose over a period of h a y  hours a t  a low, but constantly ch-g dose 
rate. There are no previous comparable studies on man or animals w i t h  which 
the present findings can be s t r ic t ly  compared. 

It is significant that a t  dose levels high enough t o  give severe hema- 
tological changes, there uas no bpairment of functional ab i l i t y  and no in- 
crease in the incidence of  infections that could be ascribed t o  radiation. As 
with other olinical  leukopenias, the individual8 feel qui% w e l l  until infec- 
t i on  is contracted. The infection then may be quite severe and debilitating. 
The relative absence o f  infections in the present studies should not be gen- 
e rd iaed  t o  indicate that infections in irradiated populations may not be 
serious. Although not hospitalized, the bfarshallese were maintained i n  clean 
quarters. There mas no lack of excellent sanitation, and water was available 
for  frequent showering. The lsarshallese are meticdlously cleanly. In  sddi- 
tion, the chance of  exposure t o  pathogenic organisms was minimized by their  
physioal location on a relatively ieollated and clean Pacific Atoll. 

The mean p la te le t  count decreased and returned towards normal in a 
more regular fashion than did other peripheral elements. 
of th i s  endpofnt as an index of the degree of exposure 121 a group deserves 
investigation. 

It is in a sense fortunate tha t  

The 

5 .  n e  degree of hematological change, end the presence of nausea in 

Also, the  degree to which 

A further dFfficdlty is that the exposed individuals received the 

6 .  

7 .  
The relative merits 

8. The significance o f  these studies w i t h  regard t o  radfac iastrumenta- 
tion requirements should be evaluated. 
the energies an instrument should record, on whether a dose-rate or integrat- 
ing  meter i s  most useful under the conditions encountered, and on whether an 
estimate of  beta-ray dose would be usem.  

In  particular,  the studies bear on 
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