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ABSTRACT 

The amount and distribution of radioactive mater ia l  re- 
maining on severa l  atolls and incorporated into plants and 
animals  of the  Marshall Xslands was determined two years  
a f t e r  their  contamination by fallout from the March 1, 1954 
nuclear  detonation of Operation CASTLE, 

Readily detectable amounts of radioactive contamination 
were  found i n  animals,  plants and soil. 
i n  the edible portion of plant specimens was  contributed by 
cesium- 137 

Most of the activity 

The major  radionuclides found in the t i s sues  of f i sh  was 
zinc-65, and that in c lams,  cobalt-60. 

Residual soil contamination remained confined to  the 
surface. 
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The Problem 

To determine the amount and distribution of radioactive mater ia l  re- 
maining on s e v i r a l  atolls and incorporated into plants and animals  two 
yea r s  a f te r  their  contamination by fallout from the 1 March 1954 nuclear 
detonation of Operation CASTLE. 

. Findings 

Readily detectable amounts of radioactive contamination were found 
in  Marshall  Island animals,  plants, water and soil  samples. 

An increase  was observed in  the activity of coconuts, compared with 
the resu l t s  of a survey made one year ago (about one year  post-detonation). 

Some samples  of portulaca, coconut husks, pandanus keys, pandanus 
air roots,  a clam, and cc :tsin potable water contained levels Oi- 
strontium-90 which exceeded the maximum permissible  concentration. 

' 

The g a m m a  radiations over  the atolls decreased by 80per  cent over  
the pas t  year.  This l o s s  of activity was attributed to radioactive decay 
ra ther  than the m i g r a t b n  of nuclides to deeper layers  or their erosion 
into the surrounding water. 

The activity in  fish * v s s  a l m o s t  25 p e r  cent of that determined a t  the 
one-year post-detoaatlon. wrvey .  
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INTRODUCTION 

The object of this  study was t o  determine the pers is tence and fate of 
radioactive mater ia l  in ('12 biolcjgical systems a n d  in the physical en- 
vironment of those M a r :  -.ail Islands contamin:t:ed by fallout f rom tlIz 
1 March  1954 nuclear c.?fo:iation. F o r  this puruose a resurvey of the 
is lands was conducteci - t  L'ebruary 1956 by a g roup  of scient is ts  from 
the  U.S. Naval Radio:c.C;:al Defense Labor2.tol.y. Specimens of animals  
(land and marine)  and !,,ids, and samples of plants, so i l  and water were 
collected for analysis .  Cadi0 assays for  gross  beta and gamma activity 
w e r e  conducted and in 5 ?dition radiochemical determination of individual 
f iss ion products and i:id.iced activit ies were mads. \ 

A few weeks a f t e r  ti-.? 1354 inci lent  a survey -;*as made of the contam- 
inated atolls,' and s (  d, kii.;er, and biolotical  sp-c i rnens  were  collected 
f rom Rongelap and r!c:~-;112. These s a r n ~ l e s  w e r e  analyzed and the re- 
sults were  given in :ht* Opezaticn CAS'i'LE, Project  4.1 report.' Soil 
and  w;-.ter sam?les - - 7 1  ain-tl n- i c  rocul-;e smoti  Its of activity: barely 
detectable quanzitic 3 ":re  :oar,d in p lac t s .  Ap?roxinate!y one year  
following the n u c l z  _, i t : t a . L 5 . : i t , z T ,  J su :vey .-~f ' c i:; i.~n*ls indicatsc tha t  
the acztivity -.vag ;1*2.;:nt iil nwtzbollc jjstrrn:, i t i t 1  was s t i l l  in the en- 
vironment at  lower hut significant levels.3 The present study, conducted 
two years post-c - t t+nzt ion,  pzovides 'ur6t : r  icd'ia on the p.2rsistcnce and 
distribution of t?,r f,;!Inut, ?.c-ivity. 
be made of the Fotenti;i 'Lszard frorn the izgestion of ccntaminated 
mate r id s  . 

F r n m  three data an evaluation can 

C I  .I 
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CHAPTER 2 

CROSS ACTIVITY IN PLANTS, WATEX AND SOIL 

PR OC E D U R ES 

Plant  specimens wer? .>sckaged and shipped in individual plastic bags, 
so i l s  in stsiilless stcr:  :..re tubes, and water samples in 1-l i ter  poly- 
ethylene bottle s. 

With the exception ri' tt;Lter samples, the samples were  prepared  for 
analys is  by the proceLALes  described in the piey;ious report' which con- 
s i s t e d  of ashing biolo,.;ic 11 samples and counting soil  samples  as received. 
W a t e r  specimens w e r e  reduced to  the smallest possible volume con- 
s i s ten t  with maintainir-; the salts i~ solution. 
trate was p k c e d  on i ;;snchet and  hzated to d r y n e s s  under a n  infrared 
lamp prior to count it.^,. 

.4n aliquot of the concen- 

G a m m a  dose rates ci the  is lands a: L f i  ALIJ- , ,~  groirnd were  determined 
with AN/PDR 2'7C sur-~/ey meter  betveen h'ebruary 7 and 14, 1956. 

Plants 

The g r o s s  beta activity of the pL.fi. L2,ccimens analyzed is recorded 
in Table 2.1 accordilrg t o  the isisncl frcrn which the sample w a s  recovered. 
The data w e r e  cor rcc ted  for the counting efficiency of Sr9' and  presented 

- 3  - 
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Pandsnm 

Ripe Cocanut 

Green Coconut 

sproudng Coconur 

coccaut 

Banana 

Taro 

Part 

Whole Rant 

Stem, Leavu 
Tubus 

Alr Root 

qcsn Ke-p 
bpe Keys 

mpe Qeen 
Leaver, Trunk 

Milk 
M a t  
Shell 

- 

Lave8 

m k  

Whole 
Mlk 
Meat 
Shell 
Husk 
Shell, Hu!k 

Milk  
Meat 
Shell 
Husk 

Leave8 
Frond 
Laves, Frw.d 

Fruit 
Bark 
Leaves 

~ c a * i e l ,  St.:Ib 
Tutcr, i7c;i.i 

with S0:i 

19.2 

4.6 
0.37 

0.17 
1.02 
0.37 - 
- - - 
- 

0.38 
0.38 
0.65 

Or29 
0.33 

0.11 

1.61 
0.38 
0.29 
0.73 

0. 94 

- - 

15.4 

- 
- - - 
- 
- 

3.05 

0.32 
0.69 

1.05 
5.28 
0.70 
0.53 

- - 
0 

- 
1.97 
0.72 
1.57 

0.11 
0.25 
0.80 
0.48 

- 

- 
0.76 
0.40 
0.41 
1.57 

0.88 
0.51 - 

- - 
- 

1.26 

0.25 
0.55 

0 3 2  
038 
0.22 
0.17 

0.12 
0.25 
0.09 

0.54 
0.24 
0.44 
131 

0.05 

0.12 

- 
- - 
0 

0.79 
0.12 
0.35 
0.88 

- - - 
- - - 
- 
- 

- 1.71 

0.21 - 
0.08 0.14 

0.98 0.08 
0.15 0.21 
0.10 0.C9 - 0.07 

- 0.11 - 0.09 - 0.18 

0.63 0.12 

0 2 8  0.06 
0.77 0.21 

0.13 - 
0.11 0.11 

0.17 0.08 

- - 
0.08 0.07 
0.37 0.08 - - 
0.71 0.11 
0.30 0.07 
0.18 0.04 
0.68 0.20 

0.84 4.1 
0.23 0.09 - - 

- - - - - - 
- - 
I - 

1.33 

0.03 
0.03 

0.02 
0.03 
0.03 
0.02 

- 
0.04 
0.06 

0.09 
0.06 
0. ti2 
0.07 

1.58 
0.u 

0.M 
0.07 
0.18 

0.06 
0.19 

- 
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TABLE 2.1 (continued) 

;*. 

s w c s  

C l l t C r n  

- 
0.008 - - NDAH - 

0.03. 
NDA 

0.09 NDA 0.08 
0.08 0.09 NDA 

- 0.1, NDA I -  ; well '  ... . . 
. 1. 

. -  
Ocean 
Lagoon 

NDA 
NDA 

NDA 
NDA 

0.08 
NDA 

0.06 
MIA 

Depth (hLJ 

0- 1 
12 
18 
24 
33 
36 
4-45 
48 
55-58 

4.97 4.43 NDA 
f 
9 - - NDA 

0.M 0.51 - 1 

- - NDA - - - 
NDA - - - 0.70 - 

e) A l l  counts were conected for the countlng efficiency of do-Yg0 .  
@) Gross beta activfty of plant u m p l u  w a s  determhed In April 1956 and that d 

soil and water in May 1956. 

i 

(c) NDA indlcarei no detectable activity. 

1 .  
_. - .  J 

a .  

, .  
_ .  

I 

. -  
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t-orrection4 f o r  i l '  f -  , i * . , a *  8 ,  C ' .  . I , ,  x .  j - -  . I , ,+ 
most sample8 was 90 low at4 t o  prevenr such  evaluation with expediency. 
Fu r the rmore  since the nuclide camposition var ied  Z-rnong plants and even 
within d i f fe r ta t  sections of the s a m e  piant, a blanket correct ion w a s  im- 
possible. 

The g ross  gamma activity of these  samples  is shown in Table A.1, 
Appendix. 
a r e  essentially the same AS those calculated for the beta activity. 
exceptions a r e  portulaca, the leaves of a r rowroot ,  and the coconut palm 
where the beta activity 6 2 . 3  consistently slightly g rea t e r  than the samma 
activity. Data preser.tca L? Chapter 3 show these exceptions a r e  express -  
ions of the nuclide comp )::ition. 

Tha zctivit.ie3 cor rec ted  f o r  the coun:ing efficiency of Co60, 
The 

Portulaca was many t l ies more active than other plant specimens 
recovered f rom the sa:- I: island. 
active than their  f rui t  c9cnterpart. 
not decontaminated p r i J r  to analysis  may account a t  least in  par t  for 
this difference. 

Leaves of plants were  generally more 
The fac t  that sur faces  of leaves were 

I 

Three  s tages  of coccnt:ts - green, r ipe,  and sprouting nut - were  
analyzed. Both green . i i t l  r ipe  pandanus k e y s  w e i c  examined. No dis-  

I tinct differences betw.:: . :A:  t h z  stage of gro\ , th  ar:d activity were discernible. I 

Where possible the r i lea t ,  mil::, shel l ,  aid hnusk of coconuts were  
analyzed separately,  
equally distributed 2 . i ~  :1g these Tractions. 

- ' L:hin the limits c-~f t h e  ;I.nalysis, the activity appears  

The o rde r  of plnzr: ct , tivities r t h t i v e  to  ?!I : islarid f rom which they were 
recovered was: Cejen ,> "cuiwetak , Eniaetck > Rongelap > Sifo, 
Utirik > Likiep. 
pective soi ls  as 5!1o-.vn i? Table 2.1. 

' A  r.esc r e s u l t s  agree well \ "LA tile activit ies of the res- 

An accura te  cm-iparison of the g r o s s  be t s  activity of samples  analyzed 
i n  the cur ren t  svrvey witl; :>&e da?a secured one y e a r  ago w a s  not possible 
s ince self-abro:;tion * o r r ? r t i o n s  were ap?!i?d in the prs-1ou3 S L I ~ V ~ Y .  
It was, however, iptrt-2 iti;: ta  note t b - t ,  .!t\ol:eh such correct ions w e r e  
not made, coconuts e,:!sIhited greater Y 2ta ac t iv i ty  in  thc FreserrL, stcdy. 
This  finding, as will he discussed Istr:,  su?i;es*rs that coto7rits possess 
a n  u n u s u a l  capacity tv c3r?cen;rate a : C I C  L:onznt of tl:e r e s i d a i  activity. 

Water - 
The gross beta activity of well, c i s t e r 7 ,  ocean, and lagoon water is 

shown in  Table 2.1. Gamma measuremen t s  of these samples  a r e  recorded 
i 

i 
-6 -  
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TABLE 2.2 ' 

Average Gamma Dose Rates from Previous and Current Surveys 

1 1  Months 23 Months Remaining Activity 
- 

Is land ( m r / W  - b r /W (per cent) 

u Likiep 0.04 (0.05 ' \  

, .  O m 1 4  0.05 35 
Om7 0.16 23 

2.4 0.28 12 

Utirik 
Eniwetak 
Rongelap 0.7 Om09 13 

Eniae tok 
4.2 0.96 23 Kabelle 
5.4 1.5 28 Ge jen 

Average: 26 

-7 - 
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in Table A.l, Appendix, The activit ies were ei ther  imperceptible or of . .  
.I A<,.. -.:Ger 0,' :,, .',:i-z'.iGC* 

Soil - 
To descr ibe the downward movement of the activity, profile so i l  sam- 

ples were  obtaimd in increments  t o  a depth of 56  in. 
Table 2.1, the grea te r  pa r t  of tile beta activity aFrJeared fixed to the upper 
sur face  of the soil; the rernaininq pa r t  diminished sharply and p rogres s -  
ively a t  deeper levels. 
absorbed t o  the soil  since it res i s ted  the downward migration of tke heavy 
r a ins  to  which these is1ands.are subject. 

As shown in 

The bulk of the activity appeared to  be f i r m l y  

Table 2.2 lists the g a m m a  dose r a t e s  found on the island survey; levels  
observed 1 ycar before a r e  included, The gamma activity was reduced 
over the 12-month period by 74 2 8 pe r  cent. Calculations based on the 
Hunter-Ballou curves for  beta decay of mixed fission products' predict  
that  80 p e r  cent of the gamma activity is lost  by radicactive decay over 
this interval. 
of the gamma field r a the r  than the leaching of nuclides to  deeper  l aye r s  
and their  eroding into the adjacent waters. 

This decay was obviously the significant factor in reduction 

. .  

I 
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NUCLIDE COMPCSiTION IN PLXL'TS, WATER AND S0:L 

The long-lived isotopes of mixed fission products,  which present  the 
grea tes t  internal  rzdiation. hazard t o  human inhabitants of a contaminated 
a r e a ,  were  analyzed in  pl;:it, soi l  and water samples. These isotopes. 
were the total  r a r e  e a r t h s ,  Sr90, CsI3', and R.u"' and comprised the 
total detectable fission p r  : , ~ - i ~ c t  activity remaining 2 yea r s  after the 
nuclear de t onn. t i  on. 

P r i o r  to nuclide ax\alysi:i, samples  of sufficient activity were  sub- 
mitted to gamma spectru?: analysis in a single cha rae l  analyzer  to  
es tabl ish whether L'T. :x?ected isotope was contributing to the acti-  

- vity. 

The nuclides were iso!.";ted3 f rom samples which exhibited the great-  

i 
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TABLE 3.1 

Plant - 
Portuiaca 

Papaya 

Part 

Whole 

Fruit 

Husk 
Meat 
Shell 
Milk 
Leaves 

Keys 
Leaves 
Air Root 

Tuber 
Leaves 

-- P U N T S  

1 48.9 

1 79.8 

3 98.2 

2 99.5 
1 99.6 

- 2  92.6 
2 72.7 
2 88.9 

I 7 5.4 
1 11.7 

2 98.9 

2 8.3 

! 

i 
39.2 11.8 

17.8 

1.1 
0.05 
0.4 
0.2 

86.5 

2.2 
13.3 
10.3 

16.8 
33.9 

2.5 ’ - 
0.7 0 

1.0 
0.1 
0.2 - 
0.4 5.1 . 

0 - Coconut 

! -  

i:! 5.5 
5.1 
0.8 

- 
8.9 Pandanus 

i 
I 

1.0 6.8 
3.0 1.4 

Arrow Root 

SOIL 

2 
- i 

0.34 83.8 Depth, 0-1 in. 5.6 10.0 

Source 

Cis tern 
Well 
Lagoon 
Ocean 

WATER 
2 0 

2 - 
2 e. 

2 - 
64.4 35.6 - 

100 0 
94.5 5.5 0 .  

100 0 - 

t 

. .  
- <  

i ’  
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RESULTS AND DISCUSSION 

In Table 3.1 the relative contribution of the nuclides recovered f r o m  - ?  

plant, soil  and water a r e  recorded, The data f r o m  which these values 
were computed a r e  shown in Table A.2, Appeadix. 
sum of the separa te  nuclides exceeded the g r o s s  beta activity, a r e s u l t  
expected f rom the self -absorption of radiations which were  uncorrected 
in the gross  beta determinations. 
of arrowroot ,  pandanus and coconut, where only 57 to 8 5  p e r  cent of the 
gross  beta activity was represented by the nuclides sought. 
emi t te rs  other than those anticipated were  not in  evidence. 
insufficient active samples  precluded clarification of this discrepancy. 

In m o s t  c a s c s  the 

The notable exceptions were  the l e a v e s  

Gamma- 
Unfortunately, 

The pr imary  contaminating isotope in coconuts, papaya fruit ,  pa n2a- 
Significant,quantities of the 
w e r e  recovered  f r o m  papaya 

nus keys and ar rowroot  tubers was C S ' ~ ' .  
rare ear th  components' (16 to 18 per cent) 
and arrowroot  tubers  and only a small f ract ion from coconuts and panda- 
nus keys. The Sr9* concentration in these specimens was uniformly low. 

The nuclide composition of the leafy s t r u c t u r e s  in the coconut palm 
and the arrowroot  plant differed markedly f r o m  the respect ive nut and 
tuber. 
ingly grea te r  concentration than Cs'". 
the observed gross  beta-to-gamma ra t io  previously mentioned. 
containing a preponderance of the rare ear th  radioelements  would he 
expected to give a higher beta-to-gamma ra t io  than those composed 
a lmost  entirely of C S ' ~ ~ .  

These s t ruc tures  accumulated the r a r e  earth isotopes in exceed- 

Samples 
These relaLionships account for  

Table 3.1 shows further that plant leaves contained varying percent-  
ages of Rulo6 and that the concentration of this isotope' represented  only 
a small fraction of the total activity. 

In portulaca, a widely distributed plant, the nuclide composition was 
49, 39 and 12 p e r  cent Cs13', r a r e  ear ths ,  and SrPO, respectively. 

Despite the inactivity of the water samples ,  rare e a r t h  and Sr90 
determinations were  performed s ince self-absorption as well as the s ize  
of aliquot used m a y  have obscured the activity. CS'~'  and Rulo5 were not 
determined because self-absorption does not play an impor'ant role  in 
the detection of these gamma-emitters.  The r e s u l t s  of these analyses 
a r e  shown in Tables 3.1 and A.2. 
c is te rn  water which had a s i p i f i c a n t  quantity of S r o 9 ,  the o b s e r v e d  
activity was attributable to the rare earths. 

With the exception of zi sample of 

With regard to  soil,  the avera  e of two complete a s s a y s  gave 84  p e r  
cent rare ear ths ,  IO p e r  ceht Ru' ', 5 p e r  cent  Sr90  and l e s s  than 1 per  

~ .... 
s 

cent  cs i3?. -4- 
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Sunshine Units of Plant, Water and Soil Samples 

Pcxt l lhu  EnLaetck 
&fen 

2 3  
23 

240 

200 
23 
360 

450 
160 
190 

90 
120 
85 

140 

1 3- 

33 

1.7 3 

3 os 
230 
io3 

178 
398 

338 

162 
58 
47 

28 
40 
20 

1% 

23 

19 

39 
153 

a 

19.5 

1140 
383 
1 14 

1 L I O C O ~  ;oil 
53802 106 

2402  33 

3402 28 
1502 34 
4202 24 

1102  60 
182 29 
2 8 2  23 

2 5 2  18 

hPA 
N E A ( ~ )  

412 %I 

I 9 7 2  3 7  
NIsis 

157 + 22 

2 5 0 2  26 
732 16 

1982 35 

- 

253 x 250 
61402 EO 

WW. 

Coconut Husk 

Rongekp 3222 44 

9 5 0 2  78 
1 2 0 0 2  I90 

I S O ~ +  mo 

4060+240 

200 2 320 
1 6 3 5 2  520 

7C6 2 500 
0 
0 

9 5 5 2  500 

7330 t 250 
0 

3600 2 520 

1 0 3 2  10 
8 6 2  19 

780 i 140 

-- 

-- 

Rongehp 
Enlae:ait 
Ge fen 

I 

Coconut Meat Rcngehp 
Eniaetok 
Gejen 

'1 
i 

Coconut Shell Enirstok 
Enkerok 
Gejen 

Coconut Wl)r 

Coconut L a v e s  

Gelen 

Eniweuk 
UtLrlk 

Coconut. Whole 

Arrowroot Tubu 

Gejen 

. 
Enfdetok 
SifO 
Gejen 

385 7902  44 3402 5 0  Gcjen 

Pandanus Keys EnLaetok 
2dae:ok 

Enlaetok 
Gejen 

3200 2 300 
0 

16 
32 

48 
30 

23 
14 

Enlaetok 
Ge jea 

390 2 650 
33602 810 



a 

TABLE 3.2 (Continued) . .  

t 

3 18 
.. 341 

3-52 
350 
360 
263 

5.26 x 10625.2 x 103 

1.3 1 0 4 ~  1.0 x 103 1 7 2  1 

4.8 x io4 - + 3.0 103 6 2 2 6  

1 x 1@+70 
2.1 id+ 2.2 x 103 sz3 

5.8 x 1042 2.3 x 103 7 3 2 3  

. .  

Srg0(d/m/lite9 

11802 10 
2 0 2  14 

Calclum In Liter (mg) 

1.1 x 1 0 4 ~ ~ 0  
14'72 104 

Rongelap 
ULirik 

(8 
61 

88 
80 

2300 

Cistern 

. 
Well Uririk 

Utlrik 
Eniaetok 

392 10 
NDA 
NDA 

2012 M 
0 
0 

NDA 
HDA 
NDA 

Ocua Rngelrp 
Utlrik 
Eniwetzk 

352 
408 
402 

0 
0 
0 

1902 68 1882 68 

2042 150 208 2 150 
XDA 0 

Rongekp 
Enfwetak 
Uthlk 

4% 
137 
441 

(a) NDA indlertes no detectable activlv 
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in :!ic cur ren t  s;::-,-.:v !- I' - t , . * I .  .:'t 4," , ,P ' ' > t , 0.. .,,.i," 
?he only sharp diiierence was the higher percentage ot Gat'-" in the one 
papaya analyzed in the present  study. 

In the previous chapter i t  was mentioned that coconuts exhibited 
g rea t e r  beta activity in the p;.rrr;cnt survey than i n  the 2revious m e .  
Interpretation of the nuclide data in  coconuts a n d  soils irxlicates that 
this phcnomenon is concerned with the a p p r e n t  capacity of coconuts to 
concentrate cesium, Analyacv rcveal that &e activivf in coconuts was 
contributed almost  cntirely by CsX3'.  
made available to the root sy ; tem in grea te r  concentration by preieren-  
t ial  translocation during th is  rae year  interval is uiitenable since ;he 
concentration of Csl" in relct 'ion to other nuclides in the upper surface 
of the so i l  is ess entially uncha,lged. 

The argument that this nuclide was 

Fur the r  substantiation of :!ic concentrating caF acity of coconuts is 
found when the quant i ty  of C3I3? in the coconut is compared with that of 
the soil. The so i l  concentr-ilicn in &he a r e a  of tlie root sys tem which is 
situated well below the surface is lower than thzt of the top inch of soil. 
Yet, as shown in  Table A.2, the Csi3' concentration of coconuts often 
exceeded even that which W ~ S  present  in the surface soil. 

The sunshine units arc L*v:coidcd i n  'Table 3.2 for the plant, water and 
Ti J *  h b l e  inclktdes t h e  d/m Sr5' for the samples  

The standard e r r o r  was large 
T-vo ins:r:tirlents were used in 

so i l  samples  analyzed. 
and the s tandard e r r o r  of ni?asurement, 
in  samples  with less than i i . C  d.,':-.? Sr93. 
counting the activity: a : j f > .    lo=.-^ proportioritli coui.;r Lith a background 
of about 4 0  C / ~ Z  a z d  Gei,; :, : . ~ I : - I > C : ~  -.vi-:. 5;c!:i.:. , - j 1:: 23 nr,d 25 c/m. 
Although the cou~lting ti:::e (3s routin:!y ?e [xi?, A .;izable statist ical  
error was involved in r~*~e?.3urernentu of samples \.?hose ra te  was only 
one to severa l  counts ~ L : . O Y L '  bacKsround. 

i, 

i 

I 

i 

T o  improve the cc'iating strrtistics, a number of 3aniplcs with low 
activity was permit ted to s t t nd  until Sr90 and Y J J  were in equilibrium. 
Both radiations were  cour;:cd, an  appropri i rz  correction was a?plied for 
self -absorption of Sr93, ar..' t\c Ypo contrI':-::ion T..; mathematically 
subtracted. 

Of the plant sam?les er.\rr?ined, portul: c- I had the Iiighes t sur,shine 
units: values were 6142 L L . ~  LS,;CC for tE., - . , I  s ; i , :c~n~ens analyzed. In 
cocontts the activity L,: aLAt. - ; : ,  ., L L :  %mi J~ i -f,l I . . ,>t  : , ~ t i b t i c a i I y  
significant, whereas the vtlue l o r  ' t ~ ~ t t s  1 ?:'; .d fro71 1200 to 4000, Fan- 
daws keys and pandmils air root \.aiues 1.. 13 ieil %vithin this range. 
Arrowroot  leaves, stalks ar,d tubers w e r  z sig.iificcnntly lower, ranging 
f rom 86 to 780 sunshine units.. 

! . 
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7 ino . . - : f < -  :,> Lh.. q * .  1 : 1 t-.**-r of ?oil on five islands were w*. 

;7  9 ' ;  \ I * \ ;  C . : C " , F ; - - .  1 -  . > - .  ' I  4 1 r: ? I  I L ' U J .  

Strontium-90 was not detectable in m o s t  water samplest however 
four samples showed some activity with sunshine units bettveen 150 to 
200. A sample of cistern water from Rongelap, the notable exception, 
had a value of 10,000. 

Noteworthy i s  the fact that t h e  activity in portulaca, coconut husks, 
pandanus keys and air roots, as well a s  a sample of potable water, 
exceeded the maximurp tolerance level of Sr9' (Ref.6). 
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RESIDUAL RADLOACTIVZ CONTAMINATION IN FISH, MARINE 
IPIVERTEBXATES, RATS AND BIRDS 

PROCEDURE 

Pish  and birds w e r e  collected f rom the following islands of the Rongelap 
Atoll: Rongelap. Eniaetok, Cejen and Kabelle. In addition, four ra t s  
and one rooster were  collected on Rongelap Island. 
ver tebrates  were a l so  collected from Sifo Island in the Ailingnae Atoll: 
Eniwetak Island in the Rongerik Atoll; Utirik Island, Utirik Atoll; and 
Likiep Island, Likiep Atoll. 
lagoons off the shores of the islands. 

Fish and marine in- 

Marine specimens were collected in the 

The fish were collected following the detonation of depth charges of 
dynamite. 
traps. 
bags and immediately frozen with dry  ice. 
transported to the USNXDL where they were analyzed for gross  radio- 
activity and for the presence of their  specific radionuclide content. 

The small  f i sh  were analyzed whole and the marine invertebrates 
were analyzed ei ther  whole or after removal from the shell. 
of the large fish were :;eparated into skeleton, muscle, head, gills, liver, 
skin and v':scera for a study of the distribution of tbe internally deposited 
radionuclides. 

The b i rds  ( terns)  were shot. The rats were collected in 
All  the specimens collected w e r e  placed in individual plastic 

The frozen samples were 

A number 

. The samples were dried, ash.ed and the gross  beta and g a m m a  activity 
determined in the m?.nner prei*iously described.' The gamma activity is 
reported i n  d/m (Co"' eqt:i\*sl,znt); tb.e beta activity in d/m (Srr' equiva- 
lent). 
the activity of s tandard: ;  o f  5 ~ ' ' ~  and Cobd counted in an identical ma.nner 
with the samples  2 . 5  descriI;.ecf in Chapter  2. 

These "equivalext uni?s" were de rived from a comparison with 

Radiochemical : n a l y s L s  w e r e  performed to determine the concentra- 
tion of several  I;' ..-si. ;c!:r::d :-i,dionuciides azd of others whose presence 
w a s  indicated Lv a sin>;le-ch:ilinel gamma analyzer. 
termined with a i1arr.c spectrophotometer. The radiochemical tecliniqlics 
employed are descr i5c. l  i n  an ea r l i e r  r e p ~ r t , ~  Coba l t40  was determined 

procedure. 

.- Calcium was de- 

. by a method previousiy ilcscribt.d7 and Zn65 by the mercuric  thiocyanate 

-17- 
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Rmgelap Atoll 
North: Gejeo 8 24.5 

10 14.9 
5 19.3 
6 17.7 

78.8 2 
65.4 
45.1 .1  
32 6 

28 

4.5 
26.4 

2.8 

I f 0  

87 

14.1 
24.5 

183 

14.6 

4 
* 1  

66 2 
8.8 

17.7 4 3.9 

31 :r 1 
1 4 6  
2 2 3  

Rmprlk Atoll  
Eniweak 8 2.2 7.8 1 

Alllngnae Atoll 
. suo 6 4.6 227 a 1 6.4 16.0 

UtFrik Atoll 
Utlrik 

. .  

0006 * 2.8 8 l.6 2 1  

Lildep A toll 
L W P  8 2.8 1.9 

, . 1 .  .I. 
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RESULTS AND DISCUSSION 

Readily detectable levels  of radioactivity i n  land and marine animals 
of the Marshall Islands contaminated by the I954 nuclear detonation 
were  detected in Fcbruary 1555. 
expressed  in term3 of sross Est3 and g a m m a  activity of the tissues of 
85 f ish and marine invertebrates is presented in Table 4.1. 
data appear  i n  Table A.3, Appendix. 

The residual radioactive contamination' 

The complete 

ConsideraSle variztion was observed in the concentration of activity 
per unit weight of individual f ish and marine invertebrates from the s a m e  
a r e a  as well as f rom different geographic locations. 
t ion may be attributed to  differences in feeding habits. However, no 
correlat ion between t h e  level of radioxctivity and the eating habits of 
the f i s h  (carnivorous, herbivorous, omnivorous) could be ascertained. 
Of course,  currents  and k c a l i z e d  concectrations of radionuclides m a y  
also play a, role in determining concentrations of residual activity in the 
lagoon fish, In Table 4.1 an average value for  the analysis of the fish in 
each locality is reported, . 

F i s h  and invertebrates caught in the northern section of the Rongelap 
Lagoon had the same level of beta activity but twice the gamma activity 
of f ish f rom the s0utk.t:i-n section of the lagoon (Table 4.1). 
of activity in marine invertebrates  between the north and south ends of 
the lagoon w a s  considera3ly lower than t b t  observed one year following 
the detonation. This finding suggests a redistribution of activity f rom 
the higher concentrdi iar, g r ig i i in l ly  e:cisting in the northern end of the  
lagoon. T12 p t t e r r -  of t!ie 1954 fallout was such that the activity on the 
northernmost islands w3~s tesfold higher than on Rongel?.? Island, a t  the 
southern end of the atoll, 

Pa r t  of this varia- 

The ra t io  

The iuternally depvsited activity in the fish was only very roughly ?ro-  
portional t o  the externzl radiation dose over that island. 

Crabs  and clams were fourzd to have a residual concentration of beta- 
emitt ing radionuclides of about the same level as fish from the co r re s -  
ponding locality (i 'able 4-11. 
noted between crabs  a1:d clans as compared to  fish at  one year Fost - 
de tonation. 

This is in coctrast  t o  the l a r g c r  tliiferzr.c24 

Snails f r o x  F j c ?  32.ca c* rciderably !iigher concer.trations of act ivi ty  
than fish f r o m  : , g . r . ~ e  'Lcs:~.Lity, a3 1455 noted io the one-year r e s a d  * e y e  
The highcr 1r:v: !. -at  - r t i  I::\* QC rhe snails may be rclrtted to their habit of 
feeding on thc: ~ ~ 3 f . t ~  TI o!. tJ.2 Lgocrr where h ighe r  concentrations of raJio-  
nuclides wcrc fou;:ti. The: relatively 1o;Jer values of activity in clams is 



- .  - *. , . : *  .=. . , 
I.. 2 
* . .i - - _  
. . .  

TABLE 4,2 

Ran@.¶p Atoll, Nodi 
Ge en Smppx 11% 26.3 87.0 1.0 11.8 6,6 24.7 6.4 16.8 5.5 15.7 1.9 2.1 6.1 '5.9 

1957 N.8 7l.3 1.1 8.9 8.5 20.9 2.4 6.8 7.0 23.4 0.8 2.9 &';- -g Kabdle 
SD&~CI 735 12.3 18.5 1.0 11.2 4.6 1.9 1.0 0.9 2.4 4.4 0.5 1.1 2.'. 6.3 U O e l l C  

Average 21.1 5a.o 1.0 10.6 6.5 16.8 2 e  40 6.0 14.5 LO 2.0 4.7 Lo.3 

Puccatof toulacdvity 100 100 4.8 17.3 80.8 25.0 l3.7 lhl 23.7 23,7 4.8 3.3 22.3 16.9 

- 

AilLnppe. Atoll 
Snapper 640 3.2 38.9 0.9 6.9 0.7 9.9 Q6 6.2 0.8 lo? ; 0.1 2.7 0.9 3.6 

puctotd~oulacdvity 100 100 0.7 15.2 226 25.4 19.3 lb9 l6-1 27.2 S.2 7.0 10.0 0.4 

Eniweu)t Squirrel 987 0.41 2.0 .02 3 6  .23 .65 .01 227 .08 8 0  .02 .08 -04 0.4 

PucaatoftouAactivlry 100 100 4.0 17.9 US. 27.2 R8 lW l4.6 19.3 4 9  . 4.0 ' 9,8 18.8 

I 

SifO 

Ron-erlk Atoll  

.o( -3s 0.1 
Utirtk Atoll , 7 i G i r .  Pura 425 0.86 0.87 0 .24 0 . .09 .16 -21 .19 .13 0 . r 

Fer cem d r o d  rcdvlry 100 100 0 27,s 0 10.9 22.7 26.3 ' 19.7 16.0 0 4.6 I 57.5 17.1 
.. . 

Llkkp Atoll 
.a 0.1 0.2 0 0 o o i 2  0 0 

0 

U e P  SMpper 453 1.1 2.2 0 

0 0 0- 90 - -  
o o.a Q Q 0 0  

-cc_. 

Re txnr of rota1 acdvlty 100 100 0 
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The beta-to-l:;arnma r t t i o  (as determined b y  tlie method used hcre)  in 
whole f ish var ied consideraijly b u t  w a s  a.;prowimacety l : t  in  m z s t  of the 

year  post-detonation. This ra t io  1:2 is approximate:y the r a t i o  of the 
beta.-to-gamma activity of ;abS , the princiFa1 r a d i x u c l i d c  fouild in fish. 
Physical and radiochen1icc.i analysis of a nun;ber of fish indicated, a3 
previously noted,' that the high gamma-to-beta ra t io  was accounted for by 
the gamma f rom the inducer'; activity, Zn6'. 

. specimens analyzed. T h i o  is i n  contrast  to the 1:4 .ratio observed a t  one 

The internal distributia?. 3f radioactivity in the t i s s m  s of fish (primarily 
carnivores)  collected in t!i,: various lagoons indicated tha t  a n  average of 
20 per  cent of the total 3: : ; .::id gamma activity W A S  found in the skeleton 
(Table 4.2). 
beta and 21 p e r  cent of the ;;z.mma activity. 
14 p e r  cent of the total  b-tr:. and g a m m a  activity. 
and contents var ied considc rably but contained on the average about 
33 p e r  cent of the total  bzti: activity and 16 Fer cen.t of'the total  gamma 
activity. The remainder  of the activity w a s  found on tbe skin and gills.The 
internal  distribution of >,I: :i.;-ity, psr:icularly the rncscle activity concentra- 
tion, was very  similar L. :ha t  found in the fi:ih collected and analyzed at 

The head cG:-.t;ijned a n  average of 30 per  cent of the total 
hiuscle contained approximately 

The activity of the v iscera  

one year  post-detonation. I ,  

The r e s u l t s  of the r.cl..J',.chrmicaf analys  3s for specific radionuclides are  
r . ~ e  mobz 11r;purtnlrt ! i ~ . ~ i x ~ ;  is the v e r y  high p e r -  presented in Table 4.3-  

centage sf the tcta! ar t :  
manner  in which this i r f L  .rzcC. acti;rity is concc ;?r;-tzd has not been deter- 
mined. 
t issues .  This cont;-sts w i L L  L ~ L  loc;li;:.;tic 1 u ) C  Zrr6' in the l iver  of mam- 
m a l s  following ingest:on. 
with the exception of cne helmet snail  {yarn %.Del!e Island. 

- y  ' 1 -  f i s h  w "  LcEr 1s c:rt**;b :!,:d by Znb5. The 

The Zn65 in f i sh  is distributed fairly evenly among the various 

The Zn" w a s  noL four:d in clams, c r a b s  or  snails, 

The rare ear th  groti? of f i sr ion produc t s  constituted a s m a l l  percentage 
of the total  beta zctivits- i? clzms and fish. 
a group do not aypear tr; t4e selectively :.-calized. The rare e a r t h  activity 
of the crabs was h igh ,  :*' average of L f )  -ier cent ot ehe total beta activity. 
Snails concentrated the la rges t  amoun!- di race: e a r t h  c!.emen:s. 

The rare earth elements as 

The sr'' coiicer.:--:!i..: 2 - 3 - 7 . 5 '  Ir , 
of 1 per cent of the totai  k t 3  activit'r, 
im ortance, since i t  is +!le ~ a d i ~ r . a c : i  r: c !  grcatest  potentrsl hazard ,  '"he 
Sr8 hazard der ives  prirrcipaily iron1 ~ t a  lcmg radioactive half-life (26 y ~ * )  
and also f r o m  i t s  high fission yield a d  i t s  availability to  biolozicai organ- 
isms.  
ples in Table 4.3. 

nt is of p r t i c u l a r  

Sr90 activity and  sunshine units a r e  reported for  a number of s a m -  

I' - .-_ 
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TABLE 4.3 

Radiochemical Analysis of Biological Specimens from Rongelap Atoll 

wet Beta Activity C a m  Activity Nuclide Actlviry PU Ccnt Of 
umple Sample Tiulle Wr. Ca (d/m umple) jd!m/~rnple Nucllde (d/Woampk Total E.n .budto( 
NO, (s) (m& x 10-4) x 10-9 10'~)  Activity 

Rmgclap i%kd 

1:czc G O A :  i.l+l LE.@) NDA(C) Eo-m 29 660 1.5 2 17 0 

37.s 4.0 

SLfn 28 .337 0.2 

Mwle 87 111 1.1 

2.8 

2.4 

2.1 

d o  11+L,7 ' 73 t -I -go, 
&os 240 8 3 -  . . 

sr90 NDA 

i 

R. E. 0.68 0.14 
0 .( 

aGS 250 63.3 . 

RE. 2.5 

230 
sflo 0.34f0.28 

R.E. . NDA 
~ $ 0  0.48 2 0.76 
zaea 190 

12.5 - 

9L8 
1.7 - 'W 

0 
0.4 

00.8 

b . . 
I 



TABLE 4.3 (Continued) 

Radiochemical Analysis of Biological Specimens from Rongelap Atoll 

Sample 
N d  

1509 20 33 R. E. 
Sr9O 
COG* 

31 83 7 '7 
83,s 2 0.90 
7370 

28 
NDA 

37 
0.W + 0.07 

15 

- 
1.202 0.u 

26 
0.58 

2.5 
2.7 U; ;. 31 

89 

Ir R. E. 
srgO 
coco 

Sr90 
R. E. 1 5 S A  L s n g O m  

Crab 
1.3 

0.76 

2.1 20 
0 I 

h' 
w 
I 152OC 

0 

Soft TLuue 67 2343 3.8 R. E. 
sr90 

49 
0.2 

20 
1.7 

7.4 
16.5 

Red Eye 
Cial t i ' L  ,. 

1 .  3 

W 

15200 RcdSpottcd Soh Tissue 73 2900 
Cr;b 

0.76 

8.5 

0.43 

3.1 

RE. 
st90 

CI  137 
RE. 

16208 COCrnUt 
Crab 

Soft Tbuc 114 

0 

Kabelle bland 
15358 snapper 

Ptrh 
Murlo 281 86 0.60 R.E. 4.1 

~ r 9 O  NDA 
a65 68 

4.2 
0 

84.2 

0.95 

1 ao 981 4.1 RE. 2.4 2A 

82.7 a 6 5  380 
. S,S0 0.53f.O.76 0.5 3 

. ,  

.. .. - 1 . 
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Radiocamica Anal ya 
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TABLE 4.3 (Continued) 
I f  * * > I  

of Biological Specimens from Rongelap A ~ l l  - 
Wet Beta Acdvity Gamma Actlvity Nucllde Actlvity Fer Cen: d 

S;lmpk sample Titrue wt. (d/rn/hmple (d/m,kampb Nuclide (d/m,krnplc T m l  Sur.2. ~ s U n i u ( ~  
NO. x10-4  x 10-3 x 10-4) Activity -- 

fraob 141 1842 2.4 4A R. E. 10 74 Q 

Z n a  640 100 
Srg0 3.020.36 13 732 3 

Vkccra 2419 2.7 

la0 " Groups Wholo 178 1630 0.75 
Ffrh 

1544 PUrOt Rma 449 1905 7.0 
P W  

6 R. E. hPA 0 
srQO 0.79 - + 0.17 1 .o %22 i 
d5 680 97 

23A E. E. 6 0.7 
w;t '43 SI90 13.72 LO 2 

70.8 Znaa 1870 

Gil l  60 420 0.89 a.7 R. E a  9.0 4.7 
SrQo 0.562 0.44 0.7 6s 1: 4 
Zn66 180 06.8 . .  

S8* 0.872 4S2 0.1 . c i  J 

H a d  200 7920 8.S 30.9 RE. 9.7 1 '  OA . * :  ! 

. . .  ho5 1070 80 

I 
I 

! 
i 
I 
! 
! 

I 

I 1 
I 
, 
1 
i 
! 

! 

I 
! 
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TABLE 4.3 (Continued) 

Radiochemical Analysis of Biological Specimens from Rongclap Atoll 

-.-. - 
wet cI 2 :ii ACdv'ity Gamma Actlvity Nuclide Acrlvlt) k r  Cent of . he 

P) amplo SuqJIc - Lib- . .<  ?5'L (4/rrl,k- .Q>!.* (~!rbl;ulnple Nuclfda (d,h/Panrple Toul 
NO. X l u -  , :. $0':) x 10-4) Actlvlty (2 

".... .-, 
-- - 

8.3 R. E. ::EA 0 ' i W F %  3 8  i145C 5 

I J +  5 0.3 s?O z.sz.38 
93 820 

11.9 R. E. 69 12.3 
z Q.3 SXA; ~ 1 9 0  1.35 2 0.34 

S1.6 

737 Nehm A f t  Time 271 224 4.8 

2: " -9 
N tn05 1090 ln 
I 

Ccjcn Island 

B3M 173 3270 6.5 

A:ursle 511 100 UA 

a .7  

11.8 

16.7 

16.8 

R. E. 
SI00 

R. E. 
Sr90 

ma4 
1.65 + 2.4 

NDA 
0.68 2 0.48 

biA 
1.5 + 0.44 
1 3 6  

3.5 

1600 

- 

- 

6.22 2 0.35 
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TAELE 4.3 (Continued) 

Radiochemical Analysis of Biological Specimens from Rongtlap Atoll 

Gill 28 

2190 1.8 77.0 R. E. 13.3 
, 1.7 5 0.92 

7.4 
0.1 4 , 2 1 8  
80 

0 .a 
i .  +25 2.0 - 

19.2 
+so 6b -. 

0 3  

118 
0.02 : .+a1 .- 

lGU 

zd65 

SrOO 
R. E. 

Rulo8 
R. E. 
srQO 
R. E. 
GI90 

623; . 

0.8 
4.72 2 0.69 

360 
1210 
6.28 2 0.47 

11eoo 
1.95 2 0.60 

ry 
1000 

113 

1.3 

18.7 

'26 1629 

9 

1637 
a 

18 

1838 I76 68 

, '  . . .  

. 
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lism to caicium metabolism. The skeleton of a f i s h  from Rongelap nad 
587 sunshine units, the highest  observed in  any fish. The highest n>~xi- 
b e r  of surshine units in  any of the samples  analyzed appeared  in a c l a m  
from Rongelap (2.43 x 10' units). 

In general, snai ls  had a hiph number of sunshine units (276 to 502). 
A relatively high level of RuigJ (19.2 p e r  cent  of beta activity) was also 
found in  a snai l  f rom Gejen. 

A high level of Cs13' (with a 37-yr half -life) was found in a coccnut 
crab. A similar finding was noted at one year  ost-detonation. In fit 
analyses f rom previous island resurveys ,  C ~ ' ~ ~ w a s  the m a j o r  ra,tiio- 
nuclide found in land food plants and a l s o  in the t issues  of land arii:r?Llq. 
The coconuts, which had high levels  of CsZ3', w e r e  undoubtedly Lhe 
source  of the CsI3' activity found in the coconut crab. 

The presence of Cobb in two samples  of clams was noted for the first  
time in the two-year period s ince the detonation. The Cob accounted 
f o r  the major  fraction of the total activity in these samples.  The C o s  
was detected by gamma s p e c t r a l  analysis,  and confirmed by them-ical 
separation and absorption measurements. '  
concentrate Co& selectively was verified in laboratory experiments  
using clams obtained locally.. 

The ability of clams to 

Comparison of the f ish and mar ine  specimens collected immediately 

T1:e fish 
after detonation and one y e a r  l a t e r  with those studied in t h e  present 
r e p o r t  ( two y e a r s  af ter  detonation) indicarc a d r c p  in activity. 
from the Rongelap lagoon had approximately one fourth the activity of 
those analyzed orle year  post-detonation. Based on radioactive decay 
of Zn65, the change in level is about what would be expected. 

- The total activity found in  the te rns ,  whose diet  is p r i m a r i l y  fisS, 
was low. 
atolls varied considerably, but was generally less than half per  unit 
weight of the activity in f ish f r o m  the s a m e  locality (Table 4.4). 
activity of the te rns  collected f r o m  the nor thern  islands of t k z  Ron2elap 
Atoll *.vas higher than that oi t e r n s  collected on the southern island. 
t e r n s  collected on Rongerik, however, had a hight?r averaze ccslccn!rritian 
of acti-;iP{ t??zn those from Ronqelap, in  spi te  of the lower levels of r zd io -  
active contamination of Rongerik and the fish in i ts  lagoon. 

The level of activity in the te rns  collected f r o m  the various 

The 

The 

The tibia of the terns ,  except for that of one t e rn  f r o m  Kabellt ,  C O J -  
tained no detectable activity a t  this time, 
tibia of the Kabelle te rn  had a high value when m e a s u r e d  p e r  kilogram 

Unpublbhed ObServatIoru, J.K. Gong, W. Shlpnun, S.H. Cohn, and H.V. Web.  

Although the activity in the 
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TABLE 4.4 

Summary of Cross Beta and Gamma Activity in Birds and Eggs 
P L Z  

Averrgo Radioactivity 
tlurd sample NO* of Weight Bi?U ammr 

(g) (d/m/umple x 10'4)(d/m/kgx 10-4) (d/m/mmpk x 10-4)(d/.n/kgx IC-4) Sampler 
.-. - 

I -bello 
h, 
& 
b 

A f l l n ~ a e  Atoll  
suo 

Teru 
Egg  shell 1 
Egg,mfttlrrus 1 

Tern ' 1  
Vlccera 1 
Mlucle 1 
Tibia 1 

Ten - 1  
MUCIC ' 1  
Tlbk - 1 
E&g shell 2 
E&g,mfttltrus 2 

Tern 7 
Murclc 7 
VkCfXA 7 
Tiblr 7 
Era hell 1 
E l a d t t l r u r s  1 

Tern (. 2 
hiuxle 2 
T!LL 2 
Vlrcera 2 

6 
33 

' 9 2  
101 
141 

. 145 
16.9 
0.9 
6.3 

, 23.8 

116 
11.7 

NDA , 0 0.62 10.3 
0.26 ' 7.9 C . i l  9.3 

0.03 : . 10.1 0.32 3.5 . . 
0.38 *. 3.8 I 0.025 0.25 

.. 
NDA '.' ' - 0 ' 1 : .  - 0.019 
NDA ' . o  * .  NDA 

1.1 7.8 - 1.7 
0.1 5.9 0.13 
0.07 79 .027 
NDA 0 .* 0.13 

.03 0.16 6.7 - . .  

,.. 

Q.14 
0 .  

12 . 

30 
26 

7.7 

1.3 ' 

a .  

0.38 a 3.3 1.7 14.7 , I  

0.057 . . 4.9 0.43 39.7 . ' 

0.08 0.14 
0.31 NDA 0 
6 NDA . o  
33 0.26 , 7.9 

. f i  1 .Q 2 1.0 
10.7 0.04 . ' 2.3 
.23 NDA 0 

0.05 

NDA 0 : 
0.06 10 
0.11 3.3 

0.9 9.8 

NUA 0 
0.09 

0.03 . LO '. - 
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"nc 73)sn:1!ib- ;.ctivit-r vaq cutr-mylv !ow and therefore  of donb:fi!I statis-  
+-.:a1 r, l=?;{.cx?cc..  
varying f r o m  2.3 x lo' to 5.9 x10' d/m/kg, depending on tne island oa 
which the birds were  collected, 
7 x lo4 to 8 x lo' d/m/kg, while the shel ls  showed no detectable acti;ity, 

Radioanalysis of a roos te r  caught on Ronzelap Island indicated a 
beta activity of 6.05 x lo' d/m and a gamma activity of 1.19 x 106 d/m 
(Table 4.5). The level of beta activity of this roos te r  was 40 per  cent 
of that of a rooster  f rom the same locality analyzed a t  one year post- 
detonati0n.l The rat io  of beta-to-gamma activity in  the rooster  was 
1:2 a t  two years ,  as compared to 1:l at one yea r  post-detonation. About 
86 per  cent of the total activity in the bcdy was concentrated in the skeie- 
ton. The distribution of residual activity withi3 k\e skeleton is shown in 
the autoradiograph of the roos t e i  tibia (FiG. 1). The activity is diffusely 
spread tbroughout the diaphysis. 
diaphysis and i ts  absence in the ends of the bone indicates that the p r i -  
mary  deposition occurred soon a f t e r  the detonation while the chickens 
were young and growing. The radiation dose to the skeleton from the 
internal emitter is obviously considerably higher than that to any other 
tissue. The muscle contained 8 per  cent of the beta activity, and the 
l iver,  4 per cent. 
beta activity, and about one fourth of this w a s  found in the respiratory 
tract, 
t rac t  a s  compared with the resp i ra tory  t r ac t  suggest that ingestion was 
the primary route of cur ren t  entry of the fallout mater ia l  into the body. 

?'he m9.1sc;i- 311 the terns  coil;iiqed Izvz.ij ot T . - ? ~ . J  !, 

The soft  t issue of te rn  eggs had 

The conccntration of activity in the 

The gastrointestinal t r ac t  had 1.3 per  cent of the 

The relatively higher levels of activity in  the gastrointestinal 

The average activity for  individual t issues  of four r a t s  collected OA 
Rongelap a r e  presented in  Table 4.5. 
0.095 pc/kg body weight. This is very close to the activity of the rooster. 
0.12 pc/kg body weight. The distribution of activity in the tissues of the 
r a t  differed f rom that in the rooster  in  that the skeleton and head together 
contained 6 5  per cent of the total beta activity, while the gastrointestinal 
t rac t  had 24 per  cent. Thc distribution of res idual  activity in the r a t  
skeleton is i l lustrated in the autoradiograph of the femurs  of the four 
ra ts ,  Fig. 2. 

The r a t s  had a beta ac t iv iv  of 

The activity is diffusely sp read  throughout the bone. 
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Summary of Grrn?i n ~ t 3  and Gamma Activity in 
K on g e lap Is land Anima 18 % .  

Rooster 
Skeleton 
M u c k  
Gasaobitestliul 'itact 
L i Y U  
Respfrr wry Trr cr 

Total Acttrity 

Rata 
Skeleton 
H a d  
MuScIe 
G3atroLtestiml T : x t  
Uvet 
Rcspfratoty Tract 

Total A c t l t 3  

1 2250 
S O  

1050 
185 
192 
32 

4 62.9 
4.1 
5.4 

33 
i3 
3.8 
0.5 

52 
5.1 
0.8 
2.4 
0.2 

60.5 

0.7 3 
%I5 
U.C3 
I, .5P 
0 .cs 
0.03 

1 .:I4 

93 
4.9 ' 

4.3 
12.5 
8.7 

173 
36 

7.3 
'1?.3 
?1.7 
62.0 

101 
6.9 
L6 
9.4 
0.4 

119.3 . 

0.15 
0.1 
0.04 
0.27 
0.06 
0.02 

0.64 

, *  

181 
0.6 
8.1 

49.0 
17.4 

35.5 
18 
10.2 
n 
15.8 
36.0 

- 3 0 -  
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Fig. 1 Autoradiogaph of Tiblr of Roagelrp 
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The residual  radioactive contamination on t h e  Marshall Islands and 
in the surrounding water  v:ss evaluated two y e a r s  af ter  the ntlclear 
detonation oi Operation (Z.YSTLE by an examination of plants, soil, 
water ,  fish, ,marine invertebrates ,  b i rds  and land animals  a d  by gam- 
ma survey of the islands,  

In plants, readily d t ~ ~  :table levels  of gross  activity weze found. 
activity of portulaca exceeded that oL other plants. 
s t r u c t u r e s  were more 2 c’:--,re than their  f rui t  counterpart  in the coconut 
palm, pazdanus and ar .*r :~ ,~root .  The pr imary  contaminating isotope in  
coconuts, pandanus Iccqs 2nd a r r o w r o o t  tubers was cesium-137. On the 
other  hand, structura! p i i t s  accumulated t!ie r a r e  e a r t h  radioelements. 
The relative nuclide co:-itposition i2 these plants \;as similar to that of 
a y e a r  ago. Cocor.uls ’.,’ere more radicactive in the c u r r e n t  survey than 
in the previous one, I.-+tcrpretztron of the uata ir.Lcated that this f ru i t  
possessed  a n  unusu3i ,-.,pacity t s  cmcentr?-te cesium-A37. 

The 
In general ,  leafy 

1 
- !  

I c 
I 

I 
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contributed less than one per cent of the total beta activity in 311 marine 
:dpJI11MCr?9 <.C..:t :8L 0 L - C  :.- L . l l \  

The most striking fact &as that about 90 per  cent of the total activity 
in fish was contributed by t h e  induced activity, Z d 5 .  
activity, Co60, was found in hizh concentration in the soft tissues of 
clams. 

Another induced 

.. 
, 2 '  

. . .  
, I '  

' .  , 'I 

. .  Approved by: 

P. c. TOMSKINS 
Scientific Director 

. * ,  . .  - . .  

i .  

-34- 

' I  
i 
! 
! 
I 



1 1  

* - .  ....- ": 1 : ( t .  - *%. .<  * 6 I _  

RE FER E PJC ES 

3' 

1. Cohn, S.H., Rinehart, R.W., Robertson, J.S., Gong, J . K . ,  

I !  ' I  

f i :  f 

Milne, W. L., Chapman, W.H., and Bond, V.P. Internal Radio- 
active Contamination of Human Beings Accidentally Exposed to  
Radi0actik.e Fallout ?,fate rial. U. S, Naval Radiological Defense 
Laboratory and Navzi Medical Research Institute Technical 
Report USNRDL-TII-86, 9 May 1956. 

2. Cohn, S. H., e t  al. Study of the Internal Radioactive Contamina- 
tion of Human Beings and Animals and Contamination of the En- 
vironment Resulting from Fal lout  in Operation CASTLE. Naval 
Research Institution and Naval Radiological Defense Laboratory. 
Operation CASTLE Project  4.1 Addendum Report No. WT-936, 
1955 (GONFIDEXTIA L). 

3. Rinehart, R. W., Cohn, S. H,, Seiler,  J.A., Shipman, W.H. , and 
Gong, J. K. Residual Contamination of Plants,  Animals, Soil, 
and Water of the h b r s h a l l  Islands One Year Following Operation 
CASTLE Fallout. U. S. Naval RadiolGgical Defense Laboratory 
Report USNRDL-454, 1 2 A u g u s t 1955 (CONFIDENTLAL). 

4. Hunter, H. F., and Ballou, N. E. Simultaneous Slow Neutron 
Irrdividual and Total Rates of Decay 

U.S. Navai Iiadiological Defense h b -  
Also, Nucleon'cs - 

Fission of U235 Atoms. 
of the Fission Products. 
oratory Report AD-65(C),  24 February  1949. 
9, No. 5 ,  pp. c 2  - c '? ,  November 1951. 

I. I 
1 

- -  
5. Shipman, W . H . ,  Sziler,  J.A., and Rinehart, R. W. Sample 

CoJ.lecting Tec'icic, :er a d  ETadiochemlc?,l Procedures  Used in t h e  
Atoll Resurvey T r  3j;:ct FclIowing Operit ion CASTLE. 
Radiological $-.fen 5 2  Laboratory Technical Report USNRDL-?'R-68, 
6 December 1955. 

U.S. Naval 

-35- 



. I 

. .. . .  

-36-  



I 

j 
i 
I I 
I 
I 

8 
I 
I 
L 

i 
. 

I 

APPFYDXX 

I 
. 

' > .  . I  

GROSS BETA, C?OSS Cr-AM*MA, AXD ?IijCLIDO, ANALYSES OF 
SPECIMENS RCCOVXRED FROM THZ :~LAKS*XALL ISLANDS 

TWO YEAXS AFTER OPERATIOK CASTLE FALLOUT 
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TABLE A.l 

Part - 
6.33 

2.68 
.88 

.20 

.72 

.48 .. 
- - - 
- 
.E3 
.30 
1.25 

2 3 
.27 

-32 

1 , 4  . A4 
3 3  

1.22 

.71 

- 
* 

10.6 - 
* - - 
- 
- 

Whole Plant 54.3 

5.31 
2.67 

2.82 
2.58 
1.78 - 

- - . 
3.17 
2.29 
5.3 0 
5.66 

4.17 - - 
- - 

1.28 .89 

.02 

.G3 

.01 
e02 
.c2 
.02 

Stem, Leaves 
Tuber, 

Air R w t  
Leaves 
Grecn Keys 
Npe Keys 

%En 
Leaves, Trunk 

Milk 
Meat 
Shell 
Xusk 

.14 
-48 Anamoot 

Pandanu 

03 
.OS 

.08 

.M 

.04 
3 0  

.53 

.04 
0 0 2  
.07 

I 
Ripe Cocoam 

- 
.10 
* I3 
.32 
.18 - 

- - 
.OO Green Cocaauf Shell 

H u h  
Shell, E L &  

.03 

.06 

hffik 
&!eat 
Shell 
Hupk 

.03 

.G4 

.02 .os 
SpoutIng Coconnt 

.ll 

.OS 
32 
.ll 

.55 
-33 

2 3 0  
.os 

- 
1.57 

Fruit 
Bxk 
Leaves 

.10 

.02 .os 

Taro 

I 



I 

i 

I 

- - - Cistern . : .006 - .oa - 
HcU .05 - .ow, .os .. - - 

.m, 

.06 
.a NDAH NIIA .%$ 2 2  NDA .09 
.03 )IDA NDA ,008 .W 23 .lo 

Ocesn 
, 

0-1 
12 
18 
24 
99 
38 
44-45 
48 
55- 50 

(a) AU C O L ~ W  were c m e c t  2 ' 
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Nuclide Analyses of Plant, Soil and Water SamplesiaJ - - - a -  - 

/ I  

Eni.etok Soit (0- 1 La ) 
PartUlaCr 
Coconut Husk 
CocLWUt Shell 
Cocoriut Meat 
Coconut Shell 
A m f f m c  Tuber. 
Pandanus Kzys 
hcc?;n;ia Kcj-2 
PancLina Lave?. 
Pandanus Air Foct 
Water, W e l l  

3.7 x 105 
1.5 x 105 
2.2 103 
?.C x 102 

5.2 I:  103 
1.: x 1Q3 
?."5 :: io3 
3,i x 7.04 

5.6 x 103 

!iDA 
NDA 

1.3 x 

Rougekp 

i 



i t  

Slfo Soil (0-1 In.) 2.1 ICS 1.3 x 104 3.6 x 103 7.2 10s 
Arrowroot Tubers 1.3 x lo3 2.6 x lfi 2.8 x 104 . _ .  

Utirik Soil (0-1 fh) 4.1 105 4.8 x io4 3.3 103 6.7 x 104 
3.2 x 105 NDA 2.4 x lo4 9.9 x lo9 C@cr)nut Leaves 

Water, Well 2.5 x 1G2 39 

Water, Cfstern 1.8 x 102 20 
Water, Ocean 5.9 x 102 NDA 
Wa. ter, Lagoon 1.5 x 102 204 

Water, Well 70 NDA 

(a) Rare earth, Cs137, and Rulo6 tr?alyses of plants were performed In May 1956 and those of 
water and soil in June 1956. Samples were amlyzed for Szgo in July 1956. 

@) kta counting efficiency for Ru!s. ~ 3 ~ 3 ~ .  and total rare earths was compared with U3Q 
standard. Absorption correctlcns were computed from A I  CUYU fot RulN and Cs137; 
corrections for totai rare emis, from A1 absaption of Cc14. 

(c) NDA indicates no detectable activiry. 
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. .  RONGELAP ATOLL 
Rongekp b h n d  i. : 

Fish 
1 S X A  Mullet 
1505 Grouper 
1512 Surgeon 
1502c G a t  

- 
26 
7.0 

43 

!a4 
95 
280 
190 
l30 
200 

n 

13.0 
2.9 
36 
l5 
2% 
20 
6.8 

. >  

4.7 
0.07 
1.7. 

15.5 
2.1 
2.7 
2.8 
2.2 

. 3 3  
2.4 
6.7 
0.5 
2.6 
1.4 
0.35 
0.7 
0.26 

1.8 
0.2 
0.3 
8.8 
1.1 
1.5 
4.9 
0.8 
0.45 
0.2 

5.2 
0.4 
1.4 
1.9 
0.3 

0.4 
0.8 

8.9 

7.5 
20 

40 
12 
52 
490 
52 
17 

12 

19 
21 
33 
22 
11 

5.1 

2.3 

'rv!lclc 
Whole 
Ylholc 
Whole 
M a r l e  
Bone 
V W I a  
Glllr 
Head 
Skin 
Whole 
Muscle 
Bone 
Viscera 
G i l 3  
Ha3 
Skki 

182 
10 
40 

218 
a1  
29 
10 
12 
20 
28 
452 
172 
73 
50 
B 
36 
39 

1507C Grouper 

C- 
1509 Klller 33 

83 

l8 

94 

soft 

SO n 
t fuUt 

thuc  

1800 

8 83 

20 

31 

11 

35 1513 Klllef 

Scaib - 
1522 Snatl 

1530 Snail 

1.1 

100 

o.ca 

6.3 

1.3 

60 

6.M 

12 
0 3 3 L t  

------.------ 

(Continued) 

i 
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Gross Beta and Gamma Activity of Animal Specimens -- -.- - 
W e  - G:ou Eeu - rfloss C m r n t  

0 
sa m*le ~ J r n p ~ e  Thruc Wt (d/m/um?le (d/m/kg {d/m/wmple (d/m/kg 

1 0 ' ~ )  10-4) - 
N% 

RONGELAP ATOLL 
Rongelap bland 

Cr;lbr 

15028 Coconut safc 114 3.5 31 3.1 '27 
tlssue 

tissue 
1520A Langousta Soft 79 1.3 16 2.1 2.7 

152OC Red eye Whole 57 0.75 19 3.8 67 

1 ~ 2 0 ~ '  Reef whole 61 0.25 4.1 0.99 16 

1520D Red Sported Whole 73 0.75 10 0.43 5.6 

1529 Grapsus (2) Whole !M 0.88 9.3 3.8 41  

I533 Humit Whole 88 8.9 100 1.3 w 
Eel - 

15028 Moray whole 136 1.3 9.2 8 A 62 

Blrds - 
1020 Noddy tern Egg shell 6.0 NDAC') NDA 0.62 103 

Egg. soft 33 0.26 a 0.11 3.2 
rfrsue 

1520 Rooster Whole 2250 
G.I. tract 185 0.80 4.3 1.6 8.7 
Muscle 1050 51 4.9 9.9 6.8 
Liva 192 2.4 12.5 9.4 49.0 
Rerpiratxys 2*3 6.20 8.7 0.4 17.4 

SkcLctca 560 52 93 1 c z  133 
tyrtem 

(a) KDA :. No detecublc activtty 
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Gross  Beta and G a m m a  Activity of Animal Specimens 
c 

Wet C*osi Bea G:o:s-_Ct,~ma --- SlrIlpIo 
No. Sample TFuuc Wt (d/n- /a n ple (d /m / kq (d /m/s: n-ple (d/m/!!g 

0 x 10-4) x 10-4) x x 10-4) -- 
FDNGELAP ATOLL 

Rongelap bland 

hdarnmab 

1514 Rat Whole 
G.I. tract 
Skeleton 
Sktn, 

musccle 
Head 
Llva  
Respiratory 

tract 

whole 
G. 1. tr:c:T 
Skelerolz 
Skln, 

rnwle 
t i a d  
L l v u  
RrsFiratory 

Ut"t 

Yhiholt 
G .  1. tract 
Ske!eton 
Head 
Skin, mwc:c: 
LIvff 
Reipira t0.y 

t r x t  

l Y h 9 t C  
G.I. V3C8 
Skeleton 
SkIn, m u c k  
Mead 
L l v a  
Resplratocy 
tncc 

4 8.5 
7.65 
3.1 

30.0 

0.25 
0.15 
.046 

32.7 

15.0 
48.3 

0.38 

0.39 
0.58 

43.a 
187.0 
13.0 

4.2 
2.86 

.39 

0.14 33.3 
.063 22.1 
.os 74.3 

.oa6 

.OS2 

. o u  

20.5 
18.3 
38.5 

1515 at 65 
10.5 
4.2 

40.2 

. '34 32.3 
0.74 176.0 
0 11 :,I .5 

.19 2 . 3  

. o n  19.2 
* M I  73.0 

36 
0.51 
.073 

2'3.7 
121.0 

1.8 

5.6 
3.7 
0.52 

.os5 

.061 

.023 

15.2 
16.5 
42.3 

1516 Rat 91 
14A 
5.8 

57.0 
7.a 

5 3  . 
4.73 

0.20 
.74 
.I5 
38 

.oa 
u2 

14.3 
127.4 
19.3 
6.4 
17.3 
37.4 

.025 

.4 3 

.08 

.w 
,061 
.022 

1.7 
74.0 
10.2 
2.3 

11.9 
30.1 

.4 7 
7.4 
2.1 

29.4 
4.1 
2.7 
0.38 

48.8 
363.0 
222.0 
31.8 
32.6 
95 

.34 

.30 
0.14 
0.14 
.049 
.Oll 

4*kW 
11 1..0 
48.8 
34.1 

29 
18.1 

(Continued) 
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TABLE A . 3  Cont'd 

RONGEUP ATOLL 
Enlaetak Islanrl 

FIB -- 
1523 Angel  
60 Mullzt  

152X Parrot 
l525A Parrot 

15258 Gast 
Clam 

1527 K.iller 

Bud - 
1004 Plover 

Gejen Islrnd 

Fldl 

1620 Snappcr 
1630 Grouper 
1623 Squirrel 
16SA Squirrel 
1623B Squ!rrel 
1624 &itreffly 

- 

W h O l S  

Whole 

Whole 
Head 
Gil l  
Viscera 
Bone 
Muscle 
Skin 
whole 

pf hole 

soft KhUe 

Soft tissue 

Whole 

Whole 
whore 
SYh',!e 
Wb I I re 
b':l.,le 
t I  I. .?IC . I  e. 

48 
80 
55 

1140 
135 
56 
164 
210 
338 
131 
87 

736 

82 

281 

169 
3.0  
:89 
f 13 
115 

0.98 
2.38 
1.38 

0.45 
0.55 

0.78 
0.67 
0.46 
0.39 

18.8 

15.9 

3.3 

.37 

1.25 

1.7 
1.8 
1.3 
3.6 
2.5 
7.1 

20.5 
29.7 
25.1 
16.5 
3.33 
9.9 
97.2 
3.6 
1.99 
3.47 
4.5 

4.5 

4.5 

2.78 
1.05 
2.0 
36.9 
7.0 
4.1 
11.5 
7.1 
4.1 
3.07 
7.5 

6.5 

1.2 

4.4 5.3 

5.3 
10.4 9.6 
5.8 7.1 
19.2 12.3 
21.2 10.3 
02 21.2 

51.4 
13.2 
36.7 
32.4 
52 
73.2 
70 
33.8 
12.1 
23.4 
66 

8.8 

14.1 

18.3 

57 

,3.9 
87.7 

x.8 

1FS 
I 

(Continued) 
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TABLE A. 3 Coat'd 

i 

. ' I  ' RONGEWP ATOLL I 

Gejen bland 
4 

I Fish (cont'd) 

Surgeon Whole 
Snapper whole 

H a d  
GIU 
Viscera 
Muscle 
Bone 
Skin 

9.9 
26.3 

6.6 
1.7 
6.1 
5.4 
5.5 
1 

1625 
1621 

! 136 
1154 
219 
28 
a7 

511 
173 
73 ,.. 

28.5 
23.0 
30.1 
58.9 
70.1 
10.5 
31.8 
13.7 

7.2 
a1 
24.7 
2.1 

15.0 
16.8 
15.7 
11.8 

53 
7s 

113 
74.2 

184 
32.9 

907 
161 i 

I 
f 

. I  

1629 
1632 

Whole 
whole 

46 
32 

1.3 
0.88 

28.3 
27.3 

2.3 
4.3 

39.1 
134 

Sa rid 
Red eye 

i 

9 
Spidet 
Spider 
Spider 
Scorpion 

1636 
1637 
1638 
1639 

Soh tissue 
Soft tissue 
sort tluue' 
soft tissue 

91.6 
90 
56 
39.5 

11.3 , 124 
18.7 207 

102 1820 
17.7 440 

6.5 
18 
68 
23 

71.4 
201 

1210 
580 

BkdS - 
Fairy tern 1035 Whole 92 0.93 10.1 

0.38 

0.32 3.5 

10 1 
14 1 

3 8  
NDA 
NDA 

.a5 

.019 
NDA 

0.25 
0.13 

W l O S  Fnhy tern Vhcerr 
Muscle 
Tiblr 

Kabelle Irknd 
3 
! 

? 

s 
t 

I 

Fish - 
1540 Grouper whole 176 0.73 13.4 6 107 

.(Continued) 
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TABLE A.3 Cont'd 

L- 

Kabelle Island 

Fish (cont'd) 
Red snapper Whole 

Skin 
Muscle 
Bone 
Gill 
Head 
Viscera 

Whole 
V k e r a  
Murcle 
Heid 
Skin 
Gills 
Bone 
WtIOiC 

i f 0 ~  . e  Y .  

73s 
89 

281 
14 1 
'24 
60 
14 0 

u s 7  
258 
691 
280 
233 

-. S6 
443 

3; 
G9 

12.5 
1.0 
0.95 
2.4 
C . 6  
4.5 

24.8 
S 
2 .4 
8.5 
1 .I 
0.33 
I 
9.335 

1.5 

2.9 

17.0 
11.2 
3.4 

16.8 
18.7 
75 
29 

12.7 
19.4 
3.5 
30.4 
5.0 

r4.7 
25.6 

4.7 
2L.7 

18.5 
4.1 
0.69 
4.4 
1.1 
1.9 
6.3 
71.3 
8.8 
6.8 
20.9 
8.9 
2.7 

23.4 
1.9 
3.8 

25.0 
45.7 
2.4 
31.3 
44 
91 
64 

36.5 
34.3 
9.5 

74.8 
39.9 
49 
86 
53.6 
34.9 

1541 
-3 

Butterfly 
D a m e l  (6) 

SlU3ll - 
Helmet 737 17.7 11.9 43.9 

I 

Blrdr - 
Fairy tern 1010 7.6 

0.3 
11.2 
023 

1 4  5 
16.9 

-3 
21 

c 35 

4.3 ,012 
MDA 

,045 
rm44 
1.7 
0.13 
0.c37 
0.13 
0.03 

1.6 

4.0 2.5 1011 Faby tern 

7.e 
5.9 
7.5 
NDA 
3 

13 
7.7 
20,2 

21.3 
1.4 

1012 
1013 

Noddy te:n 
Noddy tern 

1014 Noddy tern I 
I 
! 
i 

I .  

(Continued) 
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RONGEWP ATOLL 
Kabelle Island 

Bkds (cont'd) 

Noddy tern 1017 Egg shell 
Egg, Soft 

tlrrue 

4.5 
24.5 

NDA 
0.21 

NDA 
9.5 

28.4 
1.4 

0.13 
0.03 

RONGERIK ATOLL 

Eniwetak bland I 
i -  Flrb 

1559B Sutgeon 
- 

whole 

Whale 

105 0.41 

0.03 
0.03 
0.11 
0.15 
0.41 
0.23 
0.M 
0.02 
0.61 
0.08 
0.02 

0.69 

0.46 
0.16 
0.24 
1.2 
2.0 
0.55 
0.27 

0.38 
0.39 
0.35 

0.08 

6.1 9.9 

1.0 
1.2 
4.4 
1.4 
1.1 
3.6 

1 .a 
1.1 
0.96 
0.19 

-36 

1561 Half-be:ik 
1563 Butterfly 
1564 Damsel (3) 
1565 Squfrrel. 
1560 S~,uine:k--- 

30 
28 
so 

102 
387 
GI 

13.3 
13 
38 
65 
76 

15.3 
5.9 
2.1 

11.8 
5.2 
8.6 
2.3 
6.5 
9.9 
6.0 
4.5 

who1 t 
Whole 
H a d  
Muscle 
G i l l  
Vfscera 
F0ae: 
Skln 

i 

60 1028 Redeye Whole 0.17 2.8 1.1 18.3 

B Irdr - 
1025D Noddy tern WL - r) 3.1 1.9 
1X5D Falry tern ;rY 7 , $ e  0.75 NDA 
1G25.4 h k y  tern i Y i ,  :e 

h!GClC 0.033 0.026 
Tibh NDA NDA 
Vkcerr 0.075 0.12 

_I_- 

(Continued) 

31 
8.3 

2.22 2.1 
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TABLE A.3 Cont'd 

RONGERIK ATOLL 
Enlwetak Island 

Birds (cont'd) 

1025C Noddy fern 

ALLNGNAE ATOLL 
Stfo blad 

FlSb 
1551D Surgeon 
15510 Damsel 
1552 Angel 
1555 Butterfly 
1551A Xed snapper 

I 

1551c Squirrel 

Crab - 
670 Hermlt 
672 Coconut 
1021 Reef 

. 

whole 
Muscle 
Tiblr 
Viscera 

whole 
Whole 
Whole 
Whole 
\Vhole 
l i u d  
C i a  
viscera 
Muscle 
Bone 
SkIe 
Whole 
Head 
Gill 

MUSClC 
Bone 
Sklo . 

VhCtr8  

Whole 
Soft tlrrua 
Whole 

10211 Hermit Whole 

211 
27 
0.23 

4s 
25 
203 
134 

640 
115 
18 
24 
283 
110 
75 
373 
57 
12 
36 

107 
53 
84 

52 
150 
121 
35 

0.05 
NDA 
0.09 

0.37 
0.18 
0.68 
0.32 

s.2 
0.73 
0.12 
0.92 
0.60 
0.53 
0.31 

0.28 
0.035 
0.012 
0.067 
0.061 
0.052 
0.051 

2.1 
1.2 
0.30 
0.81 

v 

8.2 
7.1 
3 20 
2.4 

5.0 
6.3 
6.7 
38.2 
2.1 
4.8 
4.1 
0.75 
0.61 
1.0 
1.86 
.57 
.98 
.61 

40.2 
7.9 
2.5 
23.2 

0.038 1.45 
NDA 
0.05 

0.55 
0.42 
5.0 
1.6 
38.9 
9.9 
2.7 
3.6 
6.2 

10.6 
5.9 

3.5 
0.96 
0.19 
0.41 
0.41 
0.12 
0.03 

0.86 
1.5 
1.7 
0.44 

12.2 
16.1 
24.7 
r2.s 
El 
E6.1 

153 
151 
21.7 
98.7 

9.4 
i6.9 
15.0 
11.5 
3.8 
13.6 
9.9 

78.7 

16.5 
30 
14.4 
12.6 

(Continue d) 
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TABLE A.3 Cont'd 

Crosr Beta Grots G a m m  wet 
Sample - .- Sample T h u s  Wt (d /n /u  mp!e (d/rn/ka (Urn / t J  a p l e  (.3,'rz, 'icg 

(9> x 10-4) x lo-') x IO'J)  
No. 

AILINGNAE ATOLL 
Sifo Island 

C A  

1549 Killer 

B Irds - 
1018 Falry tern 

1019A Nod.Jy tern 

101% Fafry tern 

101% Noddy tern 
1022 Noddytun  

1020 Noddyrua 

sort tluue 

Carcau 
Mwle 
Vlscen 
Tibia 

Carcass 
Vbcera 
Muscle 
Tibia 
Whole 
Vbcerr 
Muscle 
Tibia 
Whole 
Whole 
VLscer. 
Muscle 
TIbh Q )  

Eg3 shell 

tissue 

Egg 

Egg, soft 

1104 

99 
16 

.2 9.r 

98 

10.7 
0,263 

163 

7.9 
0.34 

185 
94 

10 
0.72 
39 
8 
33 

7.1 

1.0 
0.078 
0.03 
NDA 

.038 
0.012 
0.05 
NDA 

NDA 
0.05 
NDA 
0.18 

0.24 
0.04 
NDA 

NDA 
0.26 

6.4 

10.1 
4.9 

3.9 

4.68 

6.3 

0.86 

4.1 

7.9 

. I _ ,  

17.1 

0.17 
0.46 
.o( 

NDA 

3.3 
0.20 
0.56 
NDA 

0.14 
0.016 
NDA 
0.025 

0.175 
0.44 
NDA 

0.06 
0.11 

15.0 

1.77 
28.9 

33.9 

5.3 

2.1 

3.37 

44. 

10.3 
3.2 
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TABLE A.3 Cont'd 

UTXRIK ATOLL 
Utlrlk bland 

Flth 
1573 Squirrel 
1576 Angel 
1581 Goat 
1583 Darnrcl 
1584 Butterfly 
1596 hiaulnl 
W97 Half-beak 
1580 Gray parrot 

- 

. 

S S  

1590 Ghost 
1591 Reef 
1585 Sptder 

Mrnmai 

1571 Rat 

Whole 
Whole 
whole 
who1 : 
Whole 
Fvhol,: 
W?lO!C 

Whcle 
Had 
Gill 
Viscera 
B O K  
MUS:': 
Skln 

S3ff * iit*K 

Soh t lr tLe  

So3 r k s ~ e  

Tfbfi 

23 
44 
48 
48 
68 

129 
13 

425 
32 
10 
82 
65 

172 
47 

1.9 
195 

NDA 
NDA 
0.3 
NIYA 
ND A 
0.88 
NDA 
0.66 
NDA 
NDA 
0.38 
0.13 
0.15 
NDA 

!?L) % 

h ' D A  
o.ci:a 

NDA 

0.12 
0.07 

6.5 0.14 
NDA 
NDA 

8.8 0.58 
NDA 

1.5 0.87 
0.09 
0.04 

4.6 0.16 
1.9 0.13 
0.81 0.22 

0.24 

0.075 
1 
NDA 

NDA 

5.4 
1.6 
2.9 

4.5 

2.1 
2.8 
4.1 
1.8 
1.9 
1.3 
5.1 

3.3 
4.6 

- 5 1  - 
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TABLE A.3 Cont'd 

, .; .. 

LIKIEP ATOLL 

Liklep Island 

Filh - 
1605 Butterfly whole 
1607 hrrot Whore 
1611 Damsel (3) Whole 
1612 Surgecln Whole 
1613 Grouper Whole 
1609 Gray mapper Whole 

Head 
Gil l  
Vbcerr 
M w  !e 
Pone 
Skln 

11 9 
249 
61 
5 1  
76 

453 
38 
14 
18 

144 
99 
63 

0.25 
NDA 
0.38 
NDA 
0.38 
1.1 
NDA 
NDA 
1 
Q.1 
ElDA 
BDA 

23 

6.2 

4.9 
2.4 

12.8 
0.7 

0.31 
0.38 
O S  
0.02 
,012 
2 3  
0.931 
NDA 
2 
0 3 1  
ND.4 
NDA 

2.6 
1.1 
2.1 
0.39 
.16 

4.9 
5.5 

25.1 
1 .s 

-52-  * 
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1. Pkno-hdla t lon  efftcu 
2. Animals- bd. eff. 
3. Soil - Rjd. eft'. 
4. Water - Rad. eff. 
5 .  F J U O U ~  - Rdd;dtlOil from 
I. H . V .  Weirs 
I:. S.H. Cohn 
1x1. Title 
1V. CASTLE 
V. NS 081-001 

. 

I .  

. 

I 
Naval R;rdlologlc~1 Defense Lpboratory. 

t's:!P,nL.-455 
RLSIDUAL CONTAM1NAT:ON OP PLANTS 

ANIMALS, SOIL, AND WATll i  OF THE BlirX!!AU, 
ISLANDS TWO YEAiG FOLI-OVIING OPERATION 
CASTLE FALLOUT, H . V .  b'clss, S.i1. Cchn and 
othzn. 15 Aug. 195C. i v .  :3?.tdi);i:o CO;j.'I3~NTUL 

rLniaicing on scvcral 
pkrits and aniindl; of rl?r khrstzll  I:lmd% wit; d e t u -  
tnlncd :YO yerrr aftcl tlielr cunrrn:Inatiw 
by fallout from the March 1, 10% 
nuclear deronariai of Opzration CASTLE. 

{uverj 

Thc amount and dlrtriblli131 of r ~ d l m c t l v e  mWL1 
aiid I n c o r p ~ 3 t ~ d  into 

Naval Radiological Defense Labarato~. 
USNRDL-455 
RESIDUAL CONTAMTEA??ON (x: PLANTS 

ANIMALS, SOIL, AND WATER Oi: T H E  MARSHALL 
ISLANDS TWO YEARS FOLLOWING OPERATION 
CASTLE FALLOUT, H.V.  Welsr. S.H. Cohn and 
others. 15 Aug. 1956, fv.  g p .  wbler COXTDENTIAL 

The amount and distribution of radicuctive numb 
remaining on several atolk and L ~ ~ e p c a t e d  inw 
ptznu and anlmalr of thc W a h ~ l l  b h L s  w a ~  dater- 
mined two year; after their conxamlnarlon 
by fallout from the March 1, 1954 
nuc:car detonation of Operation C A S T U ,  

(OVGI). 

1. P1; I :  bdkrloneffect 
2. An 
3. SO - a d .  d f .  
4. W: . b d .  eff. 
5. Fa r. - R a d L d o a f r w  
I. H.' . .'ciss 
IX. s. I .  '3ohn 
rn. 1; 

N. C LE 
V. N: !, L-001 

s - h d .  Cff. 



. " *  
Readily detectable amounts of radloactfve cont;dnrnrtlon WE= I,. ,I ! ln animrlr. 

pknu and roll. Most of the activity k the edible p a t h  of pkn: y dmuu w u  
conrributed by ceslum- 13?. 

clams, cobalt-80. 
'l3e major radlaruclides fwnd & die tlwca of fl& w a s  zicc-6s c i r h t  In 

%::d!ui soil contamination rcnained conflucd to the wfaca, 
! 

Readlly detectable amounts of radioactive conumlrutioll =re ; L I ln antnu4 
plants and mil. Most of the rctivlty in the edible pa-tlon of plan 
contributed by cesium-137. 

The major radionuclides found in the timu of flsh was zinc-& - J that in 
ckms. cobalt-60. 

Residual loll conumimtlon remrincd confined to tho wface.  

~ A r i e r ~  W u  

. .  t 

I 

I 
j 
1 
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I 
I 
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h'3 val Radiologisrl Defense  blborrtaly.  
UStiLDL-455 

W S D U A L  CONTAMINATION CY PLANTS 
Ab;IMALS,  SOIL, AND WATER (3F THE MARSHALL 
i5Lib.DS TWO YEARS FOLLOLVIXG OPEUTION 
i : J  ST1.E FALLOUT, H.V. WcL\s, S.ii.Cohn and 
L'. . 1:. 15 .4~g. 1926, iv .  53p.ti1bku CONFiDENTIAL 

'I'.a. 3;ilOCI'rt aild diruibui lw o f  r;ldi+acti\'e mate- 
i ! . i i  ic:iiainiag on several rtoils and irlcorporated Into 
;.:~:ia a d  inimalt  of the M a r h 1 1  Ll&h wal deter- 
ri.iixd two ycirr  a f t e r  their  cor i tan iw: ion '  
5 ,  f A i i u u t  from the Xizrch 1, 195.1 
~ ~ u r i a t  detonation of q>erdtion CASI LE. 

(over) 

U v a l  bdiological Defense laboratory. 
USNRDL-455 

t.TSIDUAL CONTAMINATION OF PLANTS 
A:sIhC4LS, SOIL, AND WATER CP T H E  MARSHALL 

\NUS TWO YEARS FOUGWEVG OPERATION 
Z;.STLE FALLOUT, H.V. Weiu. S . H .  Cchn anh 
~>:. .cs.  15 Aug. 1958. iv. 53p.tal)lCS CONFIDENTIAL 

?'he amount and dlrrdbutisn of radioactive m a t e r i a  
hL:-:airmg on several atolls arid incor jxrs ted  into 
;,,.is and aniiruls of the hlarslull Islsndr was d e t u -  

r.1, <:d IWO y e w  af te r  thcu caiwrnb~srioo 
; i J l o u t  from LIZ March 1, 1954 
.,Li :ar detonation of Opcrat ion CASTLE. 

( O W  - -  --. 

1. PLnu-RadIotIon effecu 
2. Animals- bd. eff. 
3. Soil - Rad. elf. 
4. Water - Rad. eff. 
5. Fallout - b d k t i o a  f r o m  
I. H.V.  Welu 
11. S. H. Cohn 
111. Title 
1V. CASTLE 
V. NS 081-001 

1. P l a n u  - RadIation effecti 
2. Animals - Rad. eff. 

4. Water - Rad. eff. 
5. Fallout - RadIatlon from 
1. H.V. Weisr  
I! S.H. Coha 
III. Title 

3. Sol1 - Rad. cff. 

N. CASTLE 
V. NS 081-001 

Naval Odlologlcrl Defense Laboratory. 
USNRDL-455 

RESIDUAL CONTAMINATION OF PLANTS 
A N I U I L S ,  SOIL, AND WATER 
ISLANDS TWO YEARS FOLLOYILNG OPEMTION 
CASTLE FALLOUT. H.V. Welsr. S.H. Cd~i i  and 
others. 15 Aug. 105G. iv.  53p.tabler COWIDENTU 

Thc amount and dirtrlbutisn 6; rJdiclctive mate-lr, 
remaining on wveral atolls and inccrparated i n t o  
plana and animala of he hlarJiall Islands w u  deter -  
mlncd two years after dwLr ccgluirilnrgon 
by fa l lou t  from the  M r c h  1, 1954 
nuclear detonatlan of opeation CASTLE. 

(over) 

THE MARSHALL 

Naval  R a d i o l o g i d  Defense bbarrtory.  
USNRDL-455 

RESIDUAL CONTAMINATION UF P u w s  
ANIMALS, SOIL, AND WATEX CF T i I E  MAXSHAU 
ISLANDS TWO YEARS FOLLUA'ING OPERATlON 
CASTLE FALLOUT, H.V.  Wefsr, S .H.  Cohn and 
others. 15 Aug. 1955, Iv. S p .  tables COWIDENTUL 

The amount and dlrtributlon of radicnctive materia 
remaining on several a to l l s  and hcorpcuated into 
p k n u  and anirn;Jr of the h'~nh11 Islands was d e w -  
mined two years after theh conuminrtion 
by fa l lou t  from t h e  htarch 1, 1954 
nuclear  detonation of Operetlon CASTLE. 

(over) 

1. Plaao - i.adlrtloDefkctr 
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,,uJdlly derectrblc imounti of rrdiorc:ive contamination were found In animals, 

Lnu and wtl. Most of the nctlvlry in Ihe edible portioa of pknt C~CC~IIICN w a s  ? [  

:t ~tnbuted by C~UTI-137.  
3 
7; 

i 

-<he majcr radloauclldes found In the t h u u  d fhb was zinc-65, and that ln 

,,cLp~ua1 Cou canumlr~ciar rermtned corfinui to tht wrfrce. 
5 L. J i b .  cohlt-60.  

9 

Fkadily detectable amowti d r a t i i s c t h  contsmlnrdon we..: i .,und In anisnab, 
plants and roll. Most of the activlty in the cdlble paiim of pi c ;  rpecimear w u  
contrlbuted by cerium-137. 

chm, cohlt-60. 
TIie major radionucllder found la the tlsnttr of fliir w a s  zinc- ~ 3 ,  and that In 

Rcrldual roll caatamtrutloa remPiDed confined to the surface. 

Readily dttcctrbls rmounu of radioactive conumirutloa M 
plants and roll. Mort of the activity In the edible pmloon of p: 
contrlbuted by ceslum-137. 

The major radlocluclldes found ln the tfrruu of flah w a s  eiac ' 
clam,. cobalt-80. 

Retidurl roil c o n u m h t i m  renubed  conflned to he rurfact 

. md In anlmlr, 
pcclmeor WU 

and that in 
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c4 3 
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USNRDL-455 2. Animals- Rad. eff. 
USIDUAL CONTAMINATION OF PLANTS . -  

?' :S:l!ALS, SOIL, A N D  WATER OF THE MARSHALL 
~ ;& ..'i.d 7WO YFARS FOLLO?YIE;G 0P.XATION 

L i  F:,LLOUT, H.V. Viel-6, S.H.Cohn and 1. H.V. Welss 
. 15 Aug. 1956, iv. 53p.rablec COKFDENTIAL 

:! T I L  oir,ciint and dibtribution of racliuctlve m t e -  
i I r i;ii rcmsiaing on several atolls arid lricorporated lnro 
3 '  - k; a a d  onimalr of the M ~ n l a l l  blahds wai deter- 
i 

3 
bni,:cd w o  y e m  after thcir conumIna:ion 
''y f a l l a d  f!am rhe March 1, 193 
i.ui1c.u dctonarlon of Operation CASTLE. 
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Naval Radlologlcal Defense tibarrtory. 
USNRDL-455 
RESIDUAL CONTAMINATION OF PLANTS 

ANIMALS, SOIL, A N D  WATER CY THE MARSHALL 
ISLANDS TWO YEARS FOLLOWING OPERATION 
CASTLE FALLOUT, H.V. \VelsS. S.H. C a t n  2nd 
orherr.. 15 Aug. 1056, iv. &?p.Gbles COSXDENTL4L 

rernainlng on several a tolk and Incorpwatcd into 
p k n r  and animals of the Marshall Irlandt w;u deter- 
mined two years after thefr cmurnlriadm 
by fallout from the March 1, 1954 
nuclear detonation of Operation CASTLE. 

(over) 

Thc amount and dIrtributIon of radioactive mattrbl 
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Naval Radlologlcal Defense Iabarwry. 
USNRDL-455 

RESIDUAL CONTAMINATION OF PLANTS 
ANIMALS, SOIL, A H 9  WATEZ OF TliE hUXSHALL 
ISLANDS TWO YEARS POUO!??NG OPERATION 
CASTLE FALLOUT, H.V. Vlclri, S.H. Cohn snd 
others. 15 Aug. 1953, iv. U p .  t a b l a  CONFIDENTIAL 

Tlic amount and dirtdbur.lon of rJdla3ctivc mtuir' 
rernalcing on several atoils arid lucorporlrtcd Into 
planu and rnlmiln of the hLnbl1 bknds WOI dew- 

, mlncd w o  year; after rheP contJmlnatlon 
by fallout from the Mxch 1. 19% 
nuc1e.u detonation of Opcritlou CASTLE. 
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Readily detectable amounts of radioactive contrminrtton mrc: fcmd In aalmrlr, 
plans and roil. Mort of ihc nctivlty in the edible pation of p L C a  -peclnruu wu ' 

contributed by cesium- 137. 

cLnq cobalt-60. 
Thc major r.idlonudldcr found In the tissues of flrb was zinc- ' 5 ,  and b t  In 

kt ld:a!  moll c 6 U t J ~ ~ t l O n  remained COt l l lWd td the rwfir-. 

1 

Readlly detectable amount8 of radioactive conramhadm mt + .id Ln r n h l s ,  
pl:srs and w!l. Moo: of t5e acriviry in ihe edible p m m  of p& ciimis ma 
coninluted by cctlum-137. 

Tne major radlonuclldes found In the timu of f!& wiz zhc-1 ad that in 
clams, cobalt-60. 

Pdrldul mil ConUmiaptI~ n m i D e d  conflntd to rhe srufaa. 
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