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o The detonation of shobt ond &t Bldni Atoll on Mareh 1,
1954, prodused a: fallout of radicactive’ ash upon Rongelap Atoll,
| parshall Tslands, . The distribution of the radicsctive ssh on
thie islands and in the. plants and animals of' the srea has been
gtudlied and gvalusted. by the Applied Figheries Lehoratory,
university of Washingtony .

buring the first expedition to Ran@emp Atoll on March 26,
L 1954, blological sanples were ¢ollected and measurements made of
the radiation contamination. On three additional expeditions
extensive eollections of material were made for this gtudy, the
last on Janusry 25-30, 1355. ,

| The decline in radiocactivity was m&wed in 1499 samples
of fish, invertebrates, land plants, algae, birds, plankten,
séi,l and water from t;he ngelég» area,

Puring this atudy partioular emphasls was placed upon evalu-
ation of the radicactivity in food used by the natives, Coconut
milk collected cn Mareh 26, 1954, contained 1.03 microcuries per
kilogram of wet tissus while the ccoonut meat had 1,16 ue/k. By
January 2530, 1955, the level in coconut wilk had declined to
0.041 ue/k and the meat to 0,036 uefk. Fish musele on Mareh 26,
1954, averaged 2,74 uc/k and £ish liver 204, uc/k. The decline
- to Jenuary 25-30 wes 0.10 ue/k for the muscle and 3.52 ue/k for
the 1iver of fish. Somewhat similar declines were found for
clam muscle, crab muscle, bird muscle and liver, and fovr squash,
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papaya, arvowroot and p&nﬂéﬁusi
The level of radicactivity was highest in the northemn
“portion of the atoll, except for samples of algae and fish-
eatling birds, collected duwrlng Jomuery 1955 feom tim eautmm
part of the atoll, which had higher levels of radiosctivity . -
ghan samples collested from the northern islands on. the sswe . . -
dste. Tols may indicate a transiocation of vadicaetive .
mwz‘i&iﬁ vithin the lagoen, ... . . AR RN A O
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A RADIOLOGICAL STUDY OF RONGELAP ATOLL, MARSHALL
ISLANDS DURING 1958 - 1955

,..i.intr'oduc tion

g
o,

The proprem of study of the Applied Fisheries Laboratory,
'f:;.::iﬁliv'ex'ﬁsity of Vashington, (Frogram 19,1 of Operation Castls) was
outlincd in the Ladoratory!s report UMPL-36, This program involved
;-';v':de"ailcn studics of radia},csgiﬁal e:mtamina‘aim c:sf the fauna ané
illfflara of miwtak &%&1, with expmra’caz*y tx*ips o mkin:i Meu cm
a quarterly Pasis to ascertain the 1&%15 af mdiga_%im rmin{ng
;'.‘.-‘_‘?:‘;luring the year Tollowing the test program.

© The unexpected pattern and magnitude of the fallont of
L‘t‘?{:,_.fradmam»-e materials from the March 1, 1954 expertinsht tntroduced
" the need for new arveas of study over and abq‘;%’*tha planned pro-
f_’-'_"grmn. Gne such ares was Rongelap Atell whzgée the fallout caused

:._' the evacuation of t;he mbi%a mame. LT

on March 21, ’ 195%, the mhax*fatwy rewiveﬁ 8 requesh from

. De. Paul B. Pearson,; AEC Divielon of Bialcbgy and Mdieine, to

malke a survey of the 1slands in Rongelap ﬁtall to determme the
extent of radiomgiaal contamination of the native foods,

The expedition ta Raaa&lay, in respmae t:a tms request,

was organized by Task Group 7.1, with tra"smrtatmn and support
provided bg the USS Nicholas {D,D.R.849), Members of Program 19,1
vere Lauren R, Donaldson, Major Charles Barnes, REdward Held,
Ralph ! Palusbo and Paul Olson, [Dr. Thomss Shipman, Dr. Thomas ¥

lﬂﬂte, ?. fh &ehimna and %é; %h Rabbins accampanied the expedi~
B ti:m to aild the natives in cepturing some of their animals on
3 Rongelap Island and to make

readings on some of the
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“é ielends in the southern parh @f’%hﬁ aﬁﬁii. s "
r collaatiuas ef piaata anﬁ 1ﬁiﬂ?1ﬁg 3aizlﬁamglea and radia-
%Etien.raadings were made at Labaredj Island on March 26, 1954,
E Radiatlon r&a&inga were ab%ain&d with a Juno (&Ee meﬁel 31&~178,
§ seriel No. 89) under a va?ieﬁy of conditions, The ﬁhield of
the 1nﬁ§vumsnt was cloaaﬁ fer the firgt reading awﬁ ag@n far the

gecond f&r eaah af the lﬁaatianﬁ 145%&8.Belaw.

~,raad1atiaa aevais‘Labaredj Island

: 5 ﬁ&r&h 26, 1954 - me/hr .

Lmeim . Height 3° Heipht 1"
Totertidal zone 26 °. e

mgn" éi&é“um 215 300

ﬂpﬁa sraaa araa fé'@:w-ggg
on island 330

i
P
h
i,
_E
i
¥
i
s
¥
L :

- ‘Open. grass area . 280 v L
., onislad 500

L b . In Piscnia woods ﬂz"."é%émw S
7 I N TR 7+ TI RS R

... Deach rock slabs =~ . 37
- 160

| 'Beach above high 1%&
~4o-tide 1ine nopth SR00
side of ial&nﬂ

L gm side of mm 200 0 .
0§ e~ sbova high tide: . 350 C oo o Cpedt T o

Ba S
B 2,
b

A seaand aer&ea of aalleskxena @are made on the &ama éay

at Kabelle Island in ﬁhﬁ exﬁrema uawthaaatera pavt ot thﬁ 1agaan.
&Radiation raadinga ware alaa takaﬁ &t this iazand as fallaws:
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Radiation: Levels Kabelle Island
‘March 26, 1954 - mr/hr |

Location Height 3! Height 1"
Beach rock inter- b3

30'.
" t4dal zone 90 300

Besch sund at 190 150
high 81delina PEO. 350

Bdge of brush 1ine 280, 370
) mgdislanﬁ lagoon 500 1400
otge e

Open are&~in v&ge~ ’ 369\ | 410
tation~ecvered 600 1760
. portion of island .4

cgabﬁué grove on 250 480

| - lagoon siée of 370 1500
g island . '

mdga of “trees , (ahield open) 2000
Lee side of trees g@ﬁ
ﬁindmaré,aide,ar,tvaes # K

T, TR T

The aeeond expeditian ea chg@lay Ateoll was made on
July 16 19;& A U s. ﬁavy erumman Alb&traaa plane (ﬁ 8. ﬂ.

LR TR T T T

gujuaéé tﬂ transpore tha grnuﬁ ta tha atall.x Fyagram 19‘1 m&mbers
éi mﬁkiﬂg ‘the trip ware Lauren R ﬁanalﬁs&n, Frank Lawman, nrthur
wezamzer and m:. Cndr. cza:»ema F. Pautzm. o e

?g A'R¥16 3@. 96?) fram tha 8.5. %aval staticn, KWaJaiein, was
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. =:77 Radiation Levels:Kavelle Islandr' <~ "=
o July 16,1958 w /i | |

‘Leeation . ‘Helght'3' . - Height 1"

©. " Lowwatep ldne = . . 9 o ool 18 o
. High $ide mark . .20 . . .. - 70
" on beéach ' ' ; ‘
“.50' inshore from 200 100

... hgh tide line R

o .ohghtide me . .- o oo
;Gﬂ Secaevola brush 28 100

" Under Messer- - “s0 T 100
. sehmidia - S

R Lee edge of 3539~ '" a0 g0

3 e LUk grove - SR A N R S IR R AR
M__Hiddza of 1sland 8% . .....%
T 4 dead brushc o 0 T el

.o Open gleardng in i v BT o ool oo BS
middle of island

| Middle of osomut’ - 207 o UL gy -
| grove v o

During the mcnth cf December 19%3 three enlleetiona of

%isamples were made at Rang@lap Aaell.:_Fcr the first trip on Decem~
{ ber 8, the U.3, Naval Station, m:aiein, provided s PEM

§>(Hc. 2571) w&th a fine erew. Landings were mada at both Kabelle

§ and Rongelap Ialands._ ﬁr._walter D‘ Claus, AEC Division of Bilol-
| ogy and Medicine, scoompanied Edward Held, Paul Olson, John

| Tayloe and Willlam Blakeman on this expedition. Film strips were
jﬁpl&caa at a number of locations by Claus, Thylar and Bla&aman te

iiracord rddiation over an interval of time, EEEE

on'Dadember 18, the Navy again Pirnishéd's’ Pﬁ&“faé‘éﬁaffﬁiﬁ,

to Rongelap £ plek Up the f{ls ateips and t6collect ‘additisnal




'mrogxéal, ganples . A suddessful landing was made at Rongeled
£ geland wkr*e uha @bjaetiv& was a¢GOﬁﬁliEan ) &ﬂ accidan%.ta the
; gncheri chan&sa of the plan&, hﬁwevar, prevented c@mpletian
E of tho canpling at Kabslle Tsland. Robert Rinehart and Paul
-% zigﬂﬂn of U.a.h.n B.L. aeccwgan%ed Laureﬁ %. B@nalésen, éared
v? gnviﬂ, Eduard Hﬂlﬁ and ?&hl ngaa on this trip, D o
fi ~ The most e%tenaive aurvay'ann bi@lﬁgical cailecttxw trip
; was coﬂducthd at ﬁﬁﬁg&lag atoll from Jhnunry 35 tc Janua:r y 30,
fiﬁzgsg._ ﬁhis aurvay was made in eanjunctioﬂ with U.S.H.A.D.“..
’{?“with ﬁh@ U S ﬁavy £urnish1ng thﬁ sa #easalr”ﬁia ﬁrarde for
transpartamen ami supp»wt faaintzem CAllyn H. Seymour and
S;pranx Iﬁ“ﬂ&ﬁs Proeram 19 1, ahar&d th&nrespcnsibility fav tﬁe

: '_ biclog ical samplmg, Readinga tm»e agaia méa with the sur-ve,r
i‘meter oh mnst af th& 1ﬁlanﬁa vi&ited.f The r@adinga wers taken

§ a6 a 1o S.ght ar three feet v.nlefga ethewme rmtac!. -

" Radiation Lavela Rengelap Aeexz
Jarmary 25-30, 1955 - me/he

Rongelap Islanﬁ liﬁaﬁ"’“'
Enlaetoir Island Q,G

- Busch Island
7 Labared) Island |
Kabelle Island

2 5 S
3.0
L § g WO at graun& 1&?@1
© Lomullal Island -
- Geden Island Z Q
. Taluen - Island ¢ 0

."!:'

“ha ecileatlana at Rangelap Aheil ﬁuring thia periud of

; flkéé a&mp‘””%ahieh have been proc

> CONFIDENTIATL===:




; f' samgle ?vocesaing Pﬂuaedures and Technlques - }t T T

_ Th& teahniquea and praee&urea us&ﬁ.in collectina, storing,
v preparing, and eeanﬁing the Rongelap sam§1és wara simil&r to
those used in former years. For complete deta&la see W=616
(w?‘r.mﬂ)
T&ﬁﬁuea were ﬂisaeeted, weighed and dried at ths Eniﬂet@k labow
ratery At the University of. ﬁaghingtﬁn, the éried samples were

Tha &pacimgns were put on ics-ﬁhila in the field.

ashed ae temperatures up to 5&&“@, aoﬁle&, alﬁrried, dried, and
& than eeantad in an internal gasmflaw aaunting ehambar. counts
,m:i pmr plate were canvevtad ta ﬁis&ntegrationa par m&nute per gram
ﬂizef wet tissue as of the éate ar aollect&cm hy aerrazting far

% ;fsample a&ight, geametry, %acks&atter,ﬂselfwabsarptzan, cminaiu

- dence, and decays ¢ RN O oo

ur»f' ; Far the summary tables as uneﬁ.in this reparﬁ, the ;aéie«
2§aetiv1ty expressed in di&intagratiena 9&? minute per gram (a/a/g)
was ceaverted to mierécur&es per»kilagram Bg

- d/m/g
/kg (9.3)(1@)3

i Radiaac&ivigy ana Ita-aata af ﬁeelina in ?aed It&ma

, | A general survey of khe radioaativity af fﬁeds is given iﬂ
‘_ g;%abie I, with the rate~af deeline of theae 1tems ahswn An: ?1gure
e, 1t 3hcum be naﬁe& that the uii’f‘m‘eﬁe&e due to specieﬁ aﬂd

- ,ii"REEIbEIBIBEIcaI §EEEIE$ at Ehiweta? Before and Aftar Kike.SHQt -

4 Lauren R, Donaldson, Applied Fisheries Laburaaery,&“ 1versity of
& Washington, Séattle, Washington, November 1952, °©

" F ¥ The mate of declinég is. a phrase coined ta. exyress the eambined
phynieai deaayaand tha“bxczagieal uptake anduéegay rates.

adt wAL -Iv E o rme SR B T

s L
g

et

by §
iy
!

e T i T P

13




LY -

o o B P L .

i%;

KT

PSS

L]
Lad

Values expressed in microcuriles pef kflégram of'wet tissue

Date and' Coconuts 'Fishﬂ'

2/ number of samples

Clams Crabs

' 1/ B} Birds

Island Milk Meat Miscf  vMusc1e Liver Mﬁ:ﬁ%ie Muscle MusqlerLiver
3/26/54 - _ R

Kabelle, Labaredj 1.03 1.16 11.3 2.T4 ‘;204.‘ 43.5 T70.0 5.38 - 25.4
/16/54' I :

Kabelle .049  .123 423 24,0 2.14 2.39 576  3.23
12/8 or’ 18/5u R : ‘

Kabelle, Rongelap .019 .ou8 _»;,021,?'4.066 2.05 .040
1/26- 30/55 N | .

2/ o .04l .036 | .09 - .100  3.52  1.03 .498 .129 .418
lyl/ edible portions of squash, papa&dmiéfrowroot, pandahus, spinach. ‘ | -
532/ Rongelap, Eniaetok, Labaredj, Kabelle GeJen, Lomuilal, Lukuen

Table II. Coefficient of V&riation in Peer§ntl/
| for Values in Table I
Clams '
Coconuts A : Fish - Crabs Birds

Date 5 Milk Meat Misc'm_“ Muscle Liver Mﬁ:ﬁ%i; Muscle Muscle Liver
3/26/54 uz(#)?—/ --(1) --(1)  65(12) 119(12) 36(4) 79(3) B1(5) 38(5)
7/16/54 10(2)  13(3) - .73(20)  65(20) 54(2) 35(5)  75(7)  48(T)
12/8 or 18/5% 37(5) 57(5) 23(8) 48(3) 30(3) 27(%)  37(%)
1/26-30/55 61(18) 76(16) 88(16) 68(81) 97(81) 115(%) 178(11) 99(13) 95(13)

1/ ¢C in % = (standard deviation + mean) (100)

213




sy which ave:considerable and which argievidént in thé tables "
the appendix where sll the individual sample counts'are fabue
gted, are not apparent in this generalisation, The signifidérce

¢ these diffevences, however, is diseussed on pages 9 to 21,
grom Teble T and Figure 2 the past, présent, and fubwe gross
padicactivity in the principal food items of Rongelap Atell ¢an
I a approximated,

The methed selected to indicate t:ha error in estimating the
:aluaa in Table I i8 the **caei‘fieient of varliation” which is
E he ratio of the standard deviation bo the mean, These values,
e expressed in percent, ave given in Table IT (page €a). The
‘vange in values from 10 percent to 178 pereent indicates a high
sgree of variability, | |

These data are c¢lossst to belng points on a stralght line
when plotted on a log-log scale uging the time of the blass,
m-en 1, 1954, as time of origin.

From these data 1t appeara that mixed fission products
azze the principal source of radloactivity in the food stulifs.

_ Exceptions are bird thyrolds, in which the redloactivity was

e ';pmctieény all 1133‘3 and the gastric mill in & ecogonut crab,

| for which the decay curve was nearly & stralght line on a semi-
log plot. For the W&a of making an approximation of the

BN A VAR R A LI et o

average rate of decline, the slope of a least-squares line

© through the averages of the polnts in Piguwre 2 was determined
. and found to be -1.75.

. The variation in mdim&ivity aamiataﬂ with area, in
| most instances, 1s related to fallout. Hengelap Atoll was on







&%ost si‘ t:he fish specimens, as in former yeard, mre eole
‘1eetec! hy poiswing with derris root in shallow waters on or

‘ Vnear' the reei’ﬁ‘ Some apecimens weire caught in the deeper
ii"watez?s of the lagmm mth hook and line. Two flying fish

were obtalned cutside the amn when they landed aboard ship

during the night.

s The speeicm selected for &mzyais are those commonly found

pa the ato:g{.s and used for foed, my :Lmalude dansel [ish,

groupers; parvot fish, squirrel fish, axwgean fish, goatfish,

'waese, snappers, .mullet and tuna. The sazanes.fm names of the

cles are given in the' appems.x,

] m tissues used for analysi& of: r&dwaetivity %z*e skin,
| nuscie, bone, 1iver and other v:zsmzsa. The latter ineluded

' ‘\part of the stodizeh contents as vell a3 ‘the alimentary canal,
m moat cases, el

In an attempt to ewpam similar smeias {rom the same
| locality analysis was limited to the sanplea f‘mm Kabelle

Island. Collections of fish were méa in watem ad;aaent ‘tc
. this 191&116 on March 26, 1954, July 16, 1954, end January 29,
4 1955. The collecting area lies near the north em of the

ﬂﬁ?aﬁ h.igh tide.- “m z‘aﬁivﬁattﬁty r::f ‘the tiasm f‘rm “the-fish— -
| collected at Kabelld is’ mzmrize& in Figm‘e 3. The data are
g listed 1n Table TIT,

Fs
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FIG. 3 AVERAGE. AMOUNTS OF RADIOACTIVITY IN MICROCURIES PER KILOGRAM IN
FISH TISSUES FROM KABELLE ISLAND 1954 — 1955




Values expressed in microcuries per kilogram of wet tlssue

511 fish
Omnivoresy
Carnivores
Damsel f1sh

Grouper

Table III. Radloactivity of Fish Caught

Date

6 /54
30282

- 1/29/55
3/26/54

7/16/54

- 1/29/55
- 3/26/54

7/16/54

1/29/55

3/26 /54
7/16/Sk
1/29/55

3 /26 /54
3o /2

1/29/55

at Kabelle Island, Rongelap Atoll

Number of
Specimens

12
32
27

4

15 -
18 -

1

oW &FON WO,

Skin

20.8
2.46
-359

3.5

- 2.95
.330

14.8
2.03
41k

21.4
2.74 .

545

T.54
1.47
.303

Muscle

2.74
0.50
. 083

k.54
.650
. 082

2.01
.370
. 085

3.45
.256
-.085

1.42
.309
.051

Bone

12.8
2.92

‘o1

2.7

2.95
.486

7.95
2.90
.500

9.45
2.30

L 26

3.37
1.50
. 288

Liver

204.0
22.4
3.18

439.0
22.2

2.55

©103.0
22.7
4. b2

614.0
4y y
4.2y

38.5
16.4

5.23

Viscera

514.0
35.7
3.59

1,345.0"
60.4
k.10

110.0
13.9
2.56

1,700.0
38 4
3.18

101.0
11.7
1.43
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N atoll, indicates an increase in i:ha eazztamiuatim of i:hé m;on from

‘These data substantiate the gemeral hypothesis, menfioned-
wariier in this report, that the radioactivity in the timwa

appears to be due prineipally to mized fission produsts, De vi—e-
;tion& i"rcm a straight line in the curves night be due to
41‘5e1ect1ve upﬁake, gither by the tissues themselves or because
there was aelective uptake in the animals used as fﬁﬂd by the
[ pishes. In ga*aerai %he slope af the curves compares favorably
wﬁ:h ﬁha avesane a@clme wzrve used for an food items discussed

}\at the hogirring of this report.

| o - DAfferencos beluoon the amwwaus and carnivorous fishes

1 ,as to asaaum;s of mﬁiﬁaeﬁﬁt}; in cmamble tissues were great-
: est on March 26 ‘1954, These difﬁ‘areneea ‘decreased with pass~
age of time-and by J’aﬁu&rg 29, 1655, warq negligi‘ble in gome
{esues (F‘im #, ‘Table III). These Same éﬁ.ata when’ mlyzed
y definite- species of m&v&ré&ia,mah (dmeit £4sh) and . car-
niverous fish (@euper) show the sam trends (Table III).

! variation m ra&mastwity, asami“awa with ares and re-
‘i_latea to fallout and. eux'mnk mevementa mths.n ami around the

¥

; fsm&%h to north (?:iguz'e 5, Table I?) *zm lagm fish ‘taken in
tm northern part of tm lagmn, aff.’ ;Cahelle ar Mellu Island,
! are comparsble in levels of radicactivity’ %o reef fishes taken
n this regicm. The two fiying fish taken cutside the atoll
a mfacably aliice in tissuﬁ raéioaetivity . '
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FIG. 8 RADIOACTIVITY IN MICROCURIES PER KILOGRAM IN FISH TISSUES
COLLECTED IN THE VICINTY OF RONGELAP ATOLL DECEMBER l954 AND
JANUARY |955
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Date 'and .
‘ -Aresa
~1/30/55
" . Between '
Rongelap and
Rongerik Atolls

2/1/55 .
~Between
sRongelap and

1/25/55
.Rongelap Island

1/28/55
fIabaredj Island

1/30/55
‘Ge jen Island

December, 1954 and

January, 1955 '
lagoon Fish
Combined

‘Allinginae Atolls

Y RGN R R TR

Table Ivf
Caught at Rongelap Atoll,

‘Flying fish

Flying fish

Omnivores
Carnivores
All fish

Omnivores .
Carnivores
All fish

Omnivores

Carnivores
All fish

Carnivores

,,Numbér of
L. Specimens

1
10“
22
23

ED

10

Skin

.050

.152

.124

.235
.185

STT
T4
.632

1.56

. 709
.804

1.11

WP E Wy wr e

Radioactivity 1n Fish A
other than Kabelle Island

Muscle

017

.014

- .022
045
.03k

.159
.153
-157

.159

<125
<129

.081

”Values expressed in microcuries per kilogram of wet tils=ue

Bone Liver
.031 094 -
.035  .110
.18%  1.02
390  2.7%
.296 1.95
682 5.36
.782 3.31
.T18 4.64

1.09  12.4

.804 6.18
.836 6.86
.278  2.06

Viscera

.052

145
2.07

1.20
1.60

17.00 -
5.36.
12.90°

17.1
2.7
4.3

=uUn

1.20
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: ”%mgalap mvarmmwa showed l&%la ﬁf’ aa&ivity af‘ from

1:3 to 2{3 ue/kg on- March 26, 1954. By late January 1955 the |

ievelﬁ had é:"ﬂﬁpﬁﬂ abmi: two orders of magnitude, The almost

' u ubiqui‘wus blaek peg amm&ez*, Holothuria atra, serves best to

1 exemplily me xmrzd (rigure (‘S} Kext best as indlcators were
glant eiama, Rim&s and 'ﬁ*wam, land hernit crab, Cognobita;

cee.mut: erab, ms es:srals, snd spi&&r snall, Pterocers,
ﬁadimeﬁvﬂ:y was highaﬁﬁ m “the &igaa‘kiw: and excretory organs,
intermdiatze in the inﬁag&mentary organs,” and lowsst in the
f "mﬂa. Actusl values for the semples ave tabulated in the
| &ppemﬂ.x The kidney of the gmgﬁ e:&am (Fim ‘Q is of special
mtereat because of Lts high levell af‘ aam%&t:y and t;lw vate of
daglina. A graph of activity of ths' i{nma* of 3.&::& hermit
“f crabs collected at the move radicacttve northern tslands in
namh and July 1954 and from 2 less raéiaaetive w&theam lsland
in Janaar*; 1955, shows the effect of geographical ﬁu‘f‘emmea in
ratimadtwity upen the trend of decline, aaeenmmng the slope
in tha fmws pericd (Flgure 8). The spider snail ﬁmg similar
“to the Emmiﬁ erab in the level of activity of its bi%suea,
while tha camis were about an order of msgnitude lower,
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| Land Plzmts and Algac

mﬁd plant and algae colleations wore made’ st Labareds,
Kabelle, Lomullal, Gojoti) ‘and Henghld$ Idlands, Moot of the
edible plants were sollsated in December 1955& and :wsf.w:r 1955

¢ Rofgelap foThid, e @
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FIG. 7 RADICACTIVITY IN GIANT CLAM TISSUES . HIPPOPUS ON MARCH 26,

26,1955 AT LABAREDJ AND ON JANUARY 30,1955 AT GEJEN -~
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nderuy, spihsch, and vorindas fThe Blgae wWere collooteéd
: ba!m in the shallow water near shore and in the deeper water of
the lagoon, usually in the *srmmity of the i’ish-ecaneetmg
stations. : . _ o , L

L From these tables 1t can be seen that the activity varies widely
; even withiu samples of the same kind., In Jamuary, for ezsmple,
“the pulp from one papaya had an activity of 8.6 x 107 us/g (wet),
sthe highest level found in any edible plant porblon on that date,
: ‘while the pﬂl;s from a4 secord papaya speclmen had an aat&ﬂty
'afl‘sxw T us/e (wet), |
7 In'both edible and non-edidle plants the specific activity
| ‘was higher in the leaves than in the fruly, the diffevence gen-
| erally being twe to eightfold, - Huch of the aotivity in the .
" Harch 1954 plant sawples was probably due to surfacs contanming-
 tiem, High counts in the internal povtions of stems, however,
indteated rapid uptake of flasion produsts by absorption through
- the root systems, Iater sollestionn alse indicabe uptake of
fission product material within the leaf tissve. For example,
-leaf buds formed alfter the initlal falloud contain ss much
‘aotivity as do older leaves, and weshing removes very little of
~ the astivity. T ST S R
%i: In the sarliest eollettions the bark of shrubs and trees
“and the epidermis of edible plant parts containad from 1d to 40
;imes move astivity than the dnternal parts. - In the ister. col-
eations, howsver, this ratlo was always lews than two.. It is
‘ot definitely imown, however, whether differentisl uptake ar

- Sample values are given in Appendix Tables 1y, v, VI snd VII.
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:
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:
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*“ss_ﬁu&z sm‘i‘a&e contamination aeaamé:a fw the higher activity

f‘ the e*ttemal plant party.
. Levels of aetivity in successive collechions tﬁmm@a and

: 1;%61§§3.3§ December 1954 drop in aeem*ﬁam@ with the exm~ai:atim
] for mixed fission prcxiacﬁs, Tthe Jannaijﬁs land plant col-

jections; however, show a trend toward i%iamasing activity

levels {Figbra 9}, Thls eculd be eiue to a ‘sampling ervor, but
pight slso he a reflection of grea%:w waﬁabﬂif;y of the fission
pmdmm to the plants assocclated w:&th more ralnfall during

late Iﬁaaémber to Januery. ‘ Y
’ﬁz@ values for arrowroot w}.lea*te& m leag mmﬁ in

| Januaw 3.955 fell within the range of vaiwa Loy arrowrcot from

the' mrt}m'n islands, The same 1p tma ::si‘ algaa collected at

| depths :}f 10 to 25 fathoms in the vissinity of Fabelle and Ronge-

lap Islenda. However, the mazimu aat:wz.ky lewm fourd in

Halimeds sp. and Caulerpa sp, from amlag are highw by a

fastor of sbout two than the maximu levels mma in the same
speciea %allacted at Xsbelle, appears 11&&1;; thm that al-
though xzx%axim fallout cccurred at the neoth end téf the atoll,
the z*aﬁimetim matorial is beingz m&is&ribu’md %?mwgga_out tha
atoll,at least in the deepor waters. ’ “

Decay rates of five individual samples of algae and land
plants collected in July and Deoeuber 1954 1nd1ea¢e half— lives
ranging i’mm 160 - 210 days ﬁwing t}w pemo& f‘mm ﬂeﬁemhar 19§!&_ |

R S

to April 1955. A msle of’ gogonut wilk golldsted at Kabelle

Ealami in %ma 1%3, hmvaxv, Wa a ha.u'-mfa af agswaxi»

WLMTE

;\ﬂ&‘

' mi:ely :hz’ea yam., 'I‘hé alapes of the ﬁaeay ewa c:f 1""
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‘Ei are marﬁ ?8prassntetive than are_tha 5hara birds

. . !
Sle g
BB} b

28 #5858, &

anth, other than the'coeohuts, differ enly siightly”
“oné’ anothephnd’ frém the slopes’ of the’soll desay”cirves,’

‘the average slope being <1.25 (1,05 to--1,36)7 ’This indicdtes

| (hat in these plants 1ittle or rio differential uptake of fission
; k§§§§ﬁ&€5materia1 has been taking place. In coconuts, however,

' _ fission products mixtures with longer half lives have been gb-'

sorved into the meat and milk fraétions, Decay ourve slopes
of +.96 and -.54 for the coconut meat and -.24 from the coto- "
nut milk indieate a different isetaps mixture’ from that found in

L soil collect@d in the same area. '

.«:,‘__

Bérda were ceneama at, f‘our 1slanas of zm aeau. $peci-

- mens from the northern mxanda of Gajen, Kabelie and isabamd.}

were aonsidered ﬁa be fra@ tha aama avea aﬂé were aallaeted on

iJ  all, feur dateﬁ, while ﬁhaa& rra& the aauthern 131ané e? Renge-

lap were taken only on January aé 1955, . vt e £
; The birds apre of. t&@ typas a8 ba$¢d an,feedina,habits ana

) migratory'charaeteriatiaa. _These are:. (1) the nadéy _created

and falry tarns, whiah tené to atay in tha vieinity ar a few o
islands within the atell anﬁ feed p@incipally on small fish, aﬁé'
(2) the migratory shore biréa, which ave transients and feed
mainly on ergstaeeans alang tha be:s.ehes.._i ﬁh@ 1atte? grcup in
cludes the plavers, eurlews, turnstonea, and ta%tlersg o
The tarna, baeauae of thair limited tenﬂenay for migratimn,
(with regard tc
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The ahara bindsa eantained greatap aasunta af raéiaactive
materials in ghg difﬁerenﬁ ergang aﬁé tissuaa ahevtly after the
_ffallcat at Rengelap than did ﬁhe terns, A simllar tendency was
noted in 195§ a% Jniwatﬁk fell&wing ﬁike shot {se& YP-616

(uwr ,~33)} However, the average levels of aetivity in the
organs gf the shore birds &sereased%mare rapi&ly with 1ncreasing
. cima afteﬁ falleut than dié‘thesa of th& terns, These ﬁiffer»
ienaes may be acccuﬂtaﬁ Lor, in pavﬁ at 1@&3%, by the éifferancea€
in reeéin& habits and migrational characteristics. ‘
% The average speeific activities of the ergans and tiasuea

‘af R@ﬂg@igp terns are giwan 1n T&bze‘vq With the exc&pzian af 2

;f B :musala, whieh is eeaaistenely Tow camparea with the other

; | 'tisgues, ther& is no éiatinet p&tterﬁ af rela%ive aativities

5“ :hetw&an different G?g&ﬁﬁ; Lo | ‘ . ﬁf oo

&‘ fi ;“ The decline of radiaaetivity 1@?@13 in the argans ana

? ..;tiaéuaa of terns mag be divided into three types (?&gurea 1Ga

?, 'aaﬁ b)ﬁ {1} organs in which the decline 1s semilegarithmia,

ol ;haif*life 40 days - these include the muscle, ldver, and

? kidneg, (2) organs in which the decline 1a.lagar£thmia ~ these =

? ﬂ&ra the bone Ar = t7 =2 35} and 1leun (r .Eﬁ} and {3} oﬁganaié?éi
k ST

§1n whiah the variability is aztremely great = the Bkis and
‘lung rayresenﬁkthia grauyﬁ s ; f (ﬂ

The ahapes of tﬁa r&ﬁia&ctiviey ﬁeelina eur?es for the
- different crgans are éeﬁarmineﬁ by a combinatian of (1) avail~
‘ff_‘ ability of tha izotopes, (2) total uptake anﬁ degree of selec-

\30

: “é&aaeziva half«life;

tive upnake pf d&ff&r@n% %ﬁﬁtapes'ﬁ(B)

SRR

o

1S

N
n«“‘ e“’*{ r’ ; ;- i g

* Radicbiolegieal 3tudie$ « + 9P eita, p. 6.
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Date and
Islgnd

3/26/54
Labaredj end
Kﬂbe lle

3/26/54
Kabelle

7/16/54
Kayelle

1/16/54
Kabelle

12/8/54
Kabelle

1/26/55
Rongelap

" 1/26/55
Rongslap

1/28=-30/55 °
Labaredj,
.Kabelle, and
Gejen: .~

Table V. - Radioactivity of Rongelap Birds and Bird Eggs .

Values expressed in microcurlies per kilogram of welt tliassue

Number of
Organi sm Specimens Skin Muscle
noddy and féiry
terns 4 167, 4482
curlew 1 2,260, 7.73
noddy, fairy, and ' ,
.orested temns 6 1.31 .641
durlew 1 . '714 ° 183
doddy and fairy o '
terns 4 454 40395
fairy tems 5 «586 256
_ turnstone and :
glover 2 173 0445
noddy and fairy 3
terns 6 . . 741 ° 049 5
Bird Eggs
Date and Number of "Bgg
Island Specimens Shell
7/16/54 |
Kabelle 5 o650
12/8/54
Kabelle 3 . 29 5
1/29/55 |
«140

Kabelle 4

Bone

41.0

161.

754
1.69

.0973

<654

«182

«105

Yolk

«932
129

«020

Thyroid Lung

ot 7.4
6.82 16.8
6.86 14.3
6.68 795
«169
1.10

124

«285.

White

0255

00909

Liver Kidney
22,7 18.4 179,
35,9 132. 30.0
3.60 268 1.7
1,03 1.5 9,91
212 o172 - .osaé g
814 877 486
226 4240
54 183
Embryo
335

‘Ileum

Lo
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groes of ‘Anteraction of these varisbles upon the decline of .
»csaativity with inammsmg time after contaminntion ére not .
;mm, rigld interpretations of the shapes of the curves should
‘ »not: be attempted. However, the curves are useful in estimating
~ the levels of activity in the different organs on given dates
‘following the contamination of the atell,
i Decay curves were made forr a limited number of samples. - Of
these; only. that of the thyrold evidencod a preponderance of a -
| “single 1sotope, 1'3, which sccounted for 99.9 percent or more
& }cf‘ the total:-activity. Iw decay curves for bone, 11%:*, and - 84
| : m&my ‘there was eviﬁema of mixtures of lsotopes.: szépea ot
| row g 1.28
 which 18 riot a straight line elther logarithmically or semiloga-
| pithmfeally, inélcate that these organs do not contein similsr
| ratios of radicastive isctapes, < The dscay curve ampe for ‘tern
liver 1s similap to-that of Rongelap Boil, -
1.0 Chemlcal: separatfon foi strontium was done on two bird
samples eollected Mareh 26, 1954, at Kabells . Sking from two
different terns contained 2.9 percent and 3,5 percent of the -

for liver, *m h 65 Por bone, and a curve Tor kldney,

R R e

to:alﬂactivxty‘- as radioaetive strontium. In samples of total:
muscle plus total bone from the same birds, 505990 somprised
3.9 percent sad 11.3 perdent of the btotal activity (Table VII).

. The-only eollections at 'R@ﬁg‘el‘ap : ‘Atoll: e:mtaf‘;tm;’ng«bs..rda*“«
‘from both thamrtheman&mthemiﬁanﬁa were wade January
2630;°11955 & Tr view of:the faot that the general levels of

3 ‘ hey: on-the niortherr? 1slands, 1% was ‘ex-
‘Pected. that- tho' northern: birds' would ‘contain’ more radlosctivity

SRR S S e T e R

o R e A R B R




B

or i
rvech,

%

pan-the southern birds, This was not: the' case: exdépt’ for’ the:
Lskia. Thp ratios, scuth bo north, of activity for the ﬁiffer&nt

| 3?'organa and tiasaaa are a% fallawsz | |
skin muae;e baﬁe 1ang iver ki&ney | iléam'”
g9 5.2 6.2 3.9 ’5.3;'“_ | zs 8 o ﬁ.l

'%ﬁ @h@ pras@nee af mara th&n six timeﬁ aa muen asﬁivity iﬂ the in~
% cestinal tract of the sauﬁhern i&land terna as that iaund in the
"Eﬁ same ergan of tha narﬁhevn xalaaé tarﬁa auggeats thae tha smutﬁern
Ea bir&a have access ta a8 sugyly ef faa& fish centaining greaﬁer
&w awc&nts cf raéieaetiva m&teriaI, Tha high@r 1@?@1 af astivity in
% : tha saathﬁrn %irﬁ iatestinal tracta &a refleateé in %he greater
'§ N caneentratiana Gf r&diaaetive ma%ariai 1n;tha other intevnal |
@‘ 3 argans af the sam& animals, 1n view'af th&&a abaervatians it ;
I? ;}j prahaaly waul& aéviaablayta ébtain a&mplea frcm Aling;nae
% L atoll, 10&@»@& seven and amawhalf aauﬁiaal miles sauthweaﬁ of
‘ k ’ Rengelap atall, ainee tn@ Rongalag nativea aalleet birés at .

Aiingina& aa pav% ef %heir faoﬁ 3u§ply‘i ,
Ebrn eggs aere celzeet&d ‘at Xﬁhélle Juzy 16, segember 8,

1954, and’ January 29, 1935. ?ha 1@?913 cf vaéiaaativity in the
vard sua part& af th@ eggs ware &aw, with that of the shelz agprax»
imating the lavelﬁ rauﬁa,in tha %enea af ﬁern& ealleated thﬁ sam@
? day. Radloactivity in the egg yolks varied from 1} to 3 tlmes
that found in th@ s:maewa ai' hf’wds 1n tkm wae mi}.aetimm ' The
5 wﬁiwes of the aﬁg& esntaiﬁaﬁ tﬁa laﬁaat amaunts af raéica&ti#e
'@H~isa§apes of ali bivé sampleﬂ examiaed§ %hes& Zevsls gara fram
1/25 to 1/2 those found in bird musele collected the same day.
Tﬁa unhatched embryos ¢antaiﬁeé levels of radicactivity approx-
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‘Amately one-half that found in bird muscle Appendix Table VIII.

: Plaﬂ?tan R b
ST ?%e Rang@lap planktan Qﬁllﬁcﬁign eéﬂsista of a sia le o

SE

an.ﬂareh ﬁ&, pairad taw& Qﬁ 3u1y 36, ﬁeeemb&p 8 and ﬁacamber 18,

19§&>ané fmur gairea teﬁs J&ﬁuavy 2?«30, 1955.* & ﬁichael Sars

~m&ter ‘in aiam@tay and with elther ﬁﬁ or £20 silk
T@ms ﬁere taken a% the surfaae éuring daylight

tym mt, 3
esh was ussﬁ.
hmm&tﬁ SRR
o Raéieaetiv&ﬁy af tha Rangalaﬁ glaﬁxtaa samplaa was mare

, thaabéné han&r&éwtimaa gr@atar than that of plamktsn samglea

' callecte& fr@m the égen aeeaa ﬁatera af tha wéatara ?aairiﬁ ‘
with the BSGﬁE'“Tﬁney”'éuring ayeraﬁign %rall. on the eruise
ar th& “@ﬁn&y éuring %&ych ané,April, 1956, 85 9lan£tan .
samyles xar@ tak@a &zang tha rau&a frem Kwajaleiﬁ ta %he

_ ?hilippinas to Jagans‘ The avaraga &ativi&y of these samylea
‘was ,015 X 16 -3 uc/@raa af wet samyle, ﬁhe highea& vnluea
baing .&5& X 10 -3 ua/k‘ Far th@ &ight Jaauary 19;5 Raagalap
p&anktaa samplea tha average vaxua waa ﬁ @ x 1@ ugﬁg, %ha
lewest valua baing ° %1 uc/%. - .
" ﬁther eenalnsians fram ﬁhé Raagelap planktan aamplea are
(12 ‘amt the radi@aativity pex» m'zifé weight is grea#;ex* t:hax; fax' '
mast atha bielcgiaal aamylaa, {2) the d&eay raee 13 gimilar |
ca that f’ar the sau mie, (3} eme 13 cmsmembaa
variatien in the radiaaetzvieyva'*samglea fraa paivad tewa¢ a




Soll ooryin st a0 Bhu asedg beiberr bars PR iadted .
< The 801l aadssanﬁea&m@lesgiﬁalnﬁaa;thaas.fram;%nefislaaés %

‘proper, from the heseh, and from the lageon botteom. - The radio-
,aetigzty;aﬂ,a aampl&:takﬁuefram.ghe_top;ineh;ef‘sail on
-Lebaredj Island March 26, 1954, was 6.8 microouries per gram,
~whieh 18 equivalent to one surdse per 325 pounds of top soil.,

-The aetivity of this aamp;a:ten'&aaﬁhaglater;asanuary«29, 1955,

. Was ém.,mirtieth 1ts original value, 1.e,, it had passed

- through nearly five half-lives. The decay rate for this period

_is expressed by the formula, r = & 1’31, with M&neh 1 losh,
-as-the date of origin (Figure 19), This rate approximates the

mixed fissicn product decay rate and in general approximates

the decay rate for many of the biocloglcal samples, For these
?reaaona the deeay faetar far cerreeting aounta ﬁaek ta the day
of eolleeticﬂ was bassé aa the ﬁ&eay eurve af a aimilar sail
:sample, R T S R RPN T L T L A GRS S
f”“'y The dealine 1n radiaaativity of the soil samples oan be
Jaﬁaerved frem thﬁ figurea in ﬁgganﬁia Table x. eaﬂaidarableﬁ
'variazien 1n the aeﬁivity af sa&l aamyles frem th& a&m& area on
ith& same day can be exgeﬁtaé &eeaasa ef the nature af the fall-
:cut gattern and 3hauld ke k@pt in mind when 1ntarpratiag rea&ltg.
?If‘eansiéeratien 18 given ta the Kabelle samplea ﬁﬁly, tha rate
;or'éeeline 13 greater thaa tha deaay vate fram Mareh ﬁa Juzy |
;195ﬁ, bnt 1esa from July 1954 te January‘1955. Ehsn the aampla
gaaunta from a11 {siands are averaged, “the relatiée deeline in
;actiwitg ef tha marcn 195%;&3@91@3 and‘tha January 1955 samplas
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sofile samples of the lagoon bottom were obtained off " -
abelle Tsland at depths of 60 feet and 40 feebt and off Lomujlal
gsland at 55 feet. The samples were cbtaimed by an aqualung
ié&ixis?md dlver dreiving & foot long, 13" aluminum tube into the
Tbbttem‘ﬁana."@he sore was vemoved from the tube and samples

" were talken at verfous levels, Frem the counts of these samples

f 1t was cbzerved that the radicactive sand on the lagoon bottom

| ~ was several inches thick with the level of aetivity rather con-
i § :s€a§ﬁ?far the Pirst five or six inches. The rediomctividy per

| unit welght was less than that of the soll from the island
'f;v pvayer but off Xabelle it was graater than that of the sand in
. the intertidal zons, R - :

;;g %hter ‘ *"“ | | N

, ?Ea wat&r eﬁllacti@n inc&uﬁeé eaght aa1t~water samplesil}
L" fram thﬁ 1&59@3 anﬁ @ighﬁ freshpwatar samples fraa th& ialanﬁéﬂ

; ~ proper. A 5~m111ilitar aample was usea far tha wa&iaastiviﬁy

; x ﬁaterm&aaticn %xaepe for thﬂ nea&ahar 18&h callﬁcﬁiaﬁ {aistern

3 water, filtsrea well water), far whieh éﬁumixliaiter'samylea

| were used.} Beeansa th& raﬁieaegivity of water aamples ia aften .
’; stated in terms of the radicactivity per liter, which would

{ mean extrapclatian cansiderably beyﬁn& the obﬁarved values,. it .
ias esp&uiazly necessary to state the caunting errar. - Fox, thaﬁe} ~
data the 0,95 countling er?ar, which 1a«§quivalenﬁ to two _::' |
atandard deviations, was arbitrarily selected. In &pﬁenaix

’ A;étz;ééfa' (Mon P-106) SRt atlosl St el the maswem
- ment. of padloactivity. (soue. uaafui graphs) - ﬁ¢ H. Jarrett,
T,Ius., M nge, memher 19‘*9 SROLTATL L SR




1W-ﬁ~%-——w . “}_H'E s ,;;: "',v

T

Fable X the values for: the water. samples expressed in dfu/il ¥

| .0.95 counting error are given.. ;.

: ?ik . "¥hole water’ samples were uged rfor counting, 1.8,, none
of the natural-cocurring radioisotopes were chemleally removed,

2 .50 the values in the above: fable are. these for total radios

.aetivity. For occan waters, the atomie disintegrations per

.minute per kilogram for potassium-40 ere 560 and for all other

natural-cecurring isctopes about 10.% This means that the con-
tribution of natural-occurring isctopes %o the wvalues in Appen-
dix Table X for lagoon water samples ranged from 2.6 to 1,2
d/m/ml, |
Because of the ﬁelativaiy great counting error of the lagoon
water samples neither the rate of decline nor the decay rate was
estimated, A conservative approximation of the radlcactivity
of the lagoon water, based upon the average difference bétwean
the observed value and the positive 0.95 counting ervor for
the January 26-30, 1955 samples, i3 2400 &/n/i (.0011 ue/1).

For the fresh-water samples the counting dats ave more
relisble (Appendix Teble X),. 'The sanmples include cistern water,

filtered well water, standing water anmd ground water, The stand-
ing water was taken from an cpen can on Enizetok Iaiana and the
ground water from a two-foot hole that waes dug on Kabelle Island,
The ground water was most radiosctive, 48,000 d/a/1 (.022 uc per
liter) ard may have contained radioisotopes that had leached

from the soil, However, the decay rate r = t-1+35 for the pertiod
from March 23 - July 30, 1955, was similar to that for mixed

o lle e e e

* Zchubert, J., “Radicactive Polsons,” Scientifie Amariaah,
Vol. 193, No. 2, pp. 34-39, August 1955,

CONFIDENTIAL-— .
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fi ;;mr: yrmizm&s, “Hen fﬂtemﬁ man wam -¥he decay rate i‘sr
the mme peried was smimm r= t 1‘39,. Amtner ﬁhaemtian
;ma t}sat; tm r&é:tea@ivﬁy eﬁ‘ tm :reah—w&%&r saﬁz;zms imwased
Ejfmm acmth f;a zwrth with %E;e aativi’cy 05’ i:he Rangalap Islami
isamzsm being 1/34, /6 ami 1/10 @f the ac%:ivi‘ay 02‘ the ﬁ?esh-
ﬁwater saxaples rra@x Eniaetméz, &ab&reﬁj, an{i f{abalw Ialanés, |
‘reapeatively. )
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gvaluation of the ammwx Ana}.yﬁea ‘of ‘the ‘Biolggical’ Samples

Fission product and.caleiuws analyses were made of three soil
v__aamplas, strontzaa analyses of selected foods, and I131 analyses
&éditianal 3amplas e@llea%e&,ﬁaaem&ar & were sent

| chemical aﬁaiyaﬁs.ad_i,: _ .

j Samples were. ﬁaken Trom the tap'iaeh of aaii an Marech 26,

i,'195§g from both Labared) and Kabelle. ?Qrtians werg aashed and then

| dissolved ip dilute nitria aaid.  There wag enly 8 vers pamall

3 amount of inseluble r@siéue cantaining less than 0,1 pereent of

ﬂ_t.thg radioactivity of the solute,  Allquots of this galutian were

| ueed to cetermine_total activity ana tqg_pﬁ*éviég sanples for

- | Ghﬁmml aeztsamtian, %

 ' standard methods of saparatiﬁg fisaiaa g@aduats and ¢aleium

| were followed, Counté cbtained from the analyses for cerius,

,; zireonivm, niabiua, ﬁrﬁntium, ruth&ﬁina, engd barium were core

 rected for chemical or spike yield. Tho chemtcal yield ta the
ratio of the we*ght af raeaver&& aarriev to aéﬁeé earriar. A

vield fcr saleium was ne* éaterminsd keeauae ef the large amount

of aaleium carbonate 1n tha aam&le. i&a vadiaaativity af seven

fissicn products and calaiu& gorrected for yield and adjusted
te 100 percent recovery and expreaaed a3 a percentage of the
 total radioactivity 1is given in Table VI. The chemical ylelds
and the cbserved counts from which these values were computed
are tabulated in Appendlxz Table XI, |
The results of radiostrontium snalyses of blologleal samples
from Rongelap Atoll are given in zahig‘?§§, Radicotrontium was




Table VI. Fission Products and Redio-calcium
in Soil from Rongelap Atoll= 1/ -

Per Cent Activityg/
Sample Number

. Element 75003/ 75615/ 7502'5/
4f’¢$ cerium 37. 32. 30.
E;ﬁr trivalent
A rare earths 2k, 22. 24,
'éa zirconium 16. 25. 24,
EQS niobium 5.9 7.2 7.0
%i; ruthenium 6.9 6.7 5.9
?”3 strontium o om 2. 2.5
patd barium 5.5 4.1 6.2
| h&’! calcium £ .3 <>.6 4
?& total | 100. 100. 100.
? 1/ samples collected March 26, 1954 and analyzed
éa May 11, 1954, activity as of counting date
Eg 2/ per cent activity corrected for yleld and ad-
i justed to 100% recovery
gﬁ 3/ Labaredj Island 100 feet above high tide line
? 4/ Labaredj Island, 150 feet above high tide line
y ‘ b

5/ Kabelle Island, 150 feet above high tide line

o
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~ Table VI. Fission Products and Radio-calcium

in Soil from Rongelap Atolll/
Per Cent Activity-/

S&mple Number

Element 75003/ 75613/ 7502-5/
cerium 37. 32. 30.
trivalent .

rare earths 2k, 22, 24,
zirconium 16. . :D25. 2k,
niobium | 5.9 7.2 7.0
ruthenium 6.9 ’1 6.7 5.9
strontium 4.y 2.y 2.5
barium 5.5 . 4. 6.2
calcium £ .3 <6 | 4
total . 1vo. - 1o00. 1C0.

1/ samples collected March 26, 1954 and analyzed
May 11, 1954, activity as of counting date

2/ per cent activity corrected for yleld and ad—
justed to 100% recovery

3/ Labaredj Island 100 feet above high tide line
&/.Labaredj Island, 150 feet above high tide line
5/ Kabelle Island, 150 feet above high tide line
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Table VII. Radlo-strontium and Radio-terium
in Biological Samples from Rongelap Atoll

Values expressed in micro-microcuries per gram, wet

% of total

i/ TheA3/26/BM collection processed in December 1954;
June - July 1955.

% of total
= Date and ol/ 0 agkivi n2/ actiyjfy
Group Tissue Area of Collection Sr89+8r9 Sr9 Srg§+s‘.~x=§ES Celu Cexaﬁ ;
Bird Carcass 3/26/54 Labared}j 20. 11.3 s
" Skin " o 40, 2.9 o
A Carcass " Kabelle 5.1 3.9 o
" skin " " 27. 3.5 i
‘'Squash  Fruit  1/26/55 Rongelap 2.2 2.1 1.5 1.1 1.4 '
Papaya " " 1.9 1.8 2.6 - - . i
Pandanus " ; " 2.3 2.3 2.6 0.70 1.38 » .
Coconut Meat * " 0 0 01T 0,35 o
Lot Milk " " 0 0 0.05 0.24 Yoy
"o " 1/28/55 Labared] 0.11 0.38 0 o - SRR
" o 1/29/55 Kabelle - - 0 0 b
" oo "1/30/55 Geljen 0.03 0.02 0 o - e
Coconut Muscle 1/29/55 Kabelle 31. 27. 5.7 5.5 1.0 :
crab . :§ 
Tuna n 12/27/54 Mellu 0 0 0.8 0.7 o
Mullet " 1/26/55 Rongelap 0 0 2.4 4.4 :
/

) Values as of date of analyses.
.2/ Processed in July 1955. Values as of date of analyses.

the January 1955 collection in
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und 4n plants, birds, and orabs bus not in fish muscle nor in
goms of the ‘coconuts: Tha preatest smount of 80799 pound 1n the
sanvary 1955 samples wae 27 x 10°° vo/g ‘
cr&b missle ., ‘ A
Hethod for Radiostrontium Sepavation. The fuming nitric acld
| precipitetion method was used, the ‘sample being dissolved in
| dilute nitric acid and strontiuwm cerrier then added, For the
. - bird tissues the sﬁéﬁﬁmm was precipitated by increasing the
- aeid concentration to 78 percent by the addition of 90 percent
| dttrto actd ana stireing for one-half heus, e precipitated
. strontium nitrate wes dissolved in water, scavenged with ferric
| nydroxide and precipitated a second time from 72 perent
fj;_ niteie mold, then counted for strontium radioactivity., Three
| ': spilkes run doncurrently with the bird samples gave a yicld c:i‘
59,2 ¥ 0,9 percent, Separation of ¥ from the strontiua
ﬁ.m&ea?:eé that one-third to one-half of the total strontium was
stmﬁmwoaé of ‘the' counting date, December 1954,

" Strontium analyses of samples of goconud meat ond millk and’
pandanus frult from the January 1955 collection were made June 14,
1555, The progedure was slmilar to that above except ‘that 75
percent nitric acid was used gnd the scavenge with ferrie hydrox~
1de vas followed by a Seavenge with mized sulfides in scid and
in gikaline solution, Four spikes in non-radicadtive fish meal
ash run concurrently with these samples gave a yield of
655 ts5.3 percent. . Four blanks using the seme fish meal and
mm aa a emm m tm radinaeﬁivity mﬁhg m&, ﬁ:!:m magama |
and on the g:taasmz*e gave Sounts o€ 0; 1; 0; and 0, ¥ields from

3;9:35/3‘»?;"i ’%% ‘welght of coconut




| is evident that only a small amount of 5077 could be present B
‘:r(ﬁable VII) | | ?i

,whé maxinnm amﬁunt found was 5 X 16 ~6 ue in erab muaela, while ,
- _nane waa found in sone cac&ﬂaﬁ a&myle&. Cerium anaiyﬂas wa?e .
- made of the fiitrata from aﬁrantium nitrate y@@eipitatiﬁn of
1 the coconut, pandanus frult, aquash, erab, and fiﬁh samﬁles

_ 1listed in the above table, The rare earths were extracted with
;Fv‘tributyl phesghaﬁe, apd e&rium w&s separated fr@a th@ trivaleﬁt
7,[;'rare eartha.%y‘aarie 106&&3 graeiyitaﬁian.» Heeavery fraa
. ayikad” samyles of nan»raéisaative fish méal ash‘ﬁun can«uv

5 75 percent for all the others.

| p@esens 1n three 1an§,p1ant3 and ﬁwa algae celleczeé ah Eangelay
’Atcll on March 25 1§54. iﬁas& analyses made on Agril 2&, 195ﬁ,

“ \ﬁadiéehemieax 8tuaiesz,@ha Fission ?raﬁuets, aaek 3; §; 16@9,

thes run concurcently with the squash, papaya, orab and fish -

cpd

gamples were B4 T 3.1 pevcent. From the amount of Sp éﬂeaenﬁ'

which mas«é@terminéd %y’saﬁaratiﬁn of ?gﬁ daughter of & gﬁgﬁ, it
89

The results ef the ﬁelah analya&s are glven in ﬁable vzz.vl ;E

aarrentl; were ?3 ?ﬁre&%& for coconut aaa g@néanua Prnit, anﬁ

ﬂetarmiﬁatieﬁa were m&ﬁe ef tbe am&un% af radieieﬁina

faliaweﬁ ths proc&durea as outlined by Glenéenin, et al.

. The eaunts as cbtaina& were eavrect@ﬁ back to ﬁarah 26
lgg& 1131 waﬁ preseﬁt in 311 five §l&ﬁt tiasue& aeunﬁed,varya
ing from 9.&7 pareeaa ta 9.029 geveant af the total aetivity “

% élandenin eﬁ al,, ?Kntarahaﬂgﬂ of va&iﬁaative 1oding with
carpler 1odine,” In Coryell, C. D, and Sugavman, N.s




;gggy of the Raee of thsie&i naﬁqz‘ef Radiation in the .
:*E&a&ﬁgical samgiea g ; E '

Thﬁ Rangelap ﬁ&m§1$3 are nsw uﬁi@ue &mang our mara%ail

R LA SR o5

f Isla ando calleﬁtienﬁ ﬂiﬁ“ﬂ ﬁhey V@re talen fram an area -
“faongelap &toll - in whieh t%& waéiaactivxtg resulaed pvimarily
from a aingle %im% s@urcm - the Eﬁreh 1, 195& Bikﬁni ewye 1ment
ﬁﬁfﬁwhﬁ?@as the aeti?ity && EniwatQ? &nﬁ Bikiai Larived Pram several

| - expariments ovev a aumbev Qf Veafg' .
S ST Rangezap &eeay aata weye atadied with »hr@e pri&ﬁry @b3®¢t1V95‘
(1) &a evaluate auitability of tha deaay earreetian faeter based

f;f en aail by a as;,éfisen sf bieiagiaal and eﬁh&r materiala, (2)

:ff ta aid in extrapalatiag intc pasﬁ QP f“t””@ ”iﬁa beyﬁnd thﬂ :;‘
wr:m or the preaem: we:r, and (3) ta ﬁmm ‘mm’ "’at“’s
#ian deelim rates‘ -
“W'i gaghty~rcur samglas of fish, invertebvatea, alg&ag 1anﬁ ;

: planes, planktan, birda, and sail H&?ﬁ caunted an av&raae @f

| 31 5 (range, 2473) tim@a fer varieus inte?vals éaring th@ perieé
fram 38 ta 560 days after the ﬁikini t@%ﬁ of ﬁarch 1, 195&

o ﬁhan Icg af ccun& is p&@tk@& cn tha ar&iaate against 1ag
af time after ﬁareh 1, 1353, Gﬁ tﬁa ahseigaa (hera cailed a
1ag~1ag plet), a more nearly atﬂaight 1ine is ‘usually obtained

than.when;tha abscissa 13 arithmetic (sem1~log plet) ﬂ mixture

a atraight 11&& by lagvlog plat wiﬁh a alep@ of abeut az.zs f&r“?
tha paried ar tima invalva& iﬁkahis sﬁuﬂy. The deeay'af a singla

K aoryen, e. 35. ‘and’ ‘.. maa, m, R‘a&ieehmiaa‘l Stndies:’ ':ma
~ Fission Products, Book 1, p. 456, Meliraw-1B11, 195




at&pe is 11n&ar on a semi-log plee, exﬁmpazfieé by bivd
hyraié eoﬂtainina,greﬁaminantly $131, mentioned in the seetion
on birds., -

L Among the 28 piét#a eaﬁnteé most often { 10 - 73 times) and
presused to be éaunteé:fr@qu@ntly gnough to detect the existerice

f}af a linesy sami»lég ?ela&i@nahip, enly one other sample was

- more nearly 112:@&5‘ %y a&mmimg than by log-log plot, This wes
{;tha gastric mill of a erab, ragau grapsus, taken March 26,
1954, at Kabellé. Tha graph {Figura 11) was sufficiently curved
©to indicate the. gﬁeaanea af mara than one isotope. The eavly

- portion 50 - 36@ days gave. a half»lifa of 78 days, and the
glpartien 300 -~ &36 days gave a ha1£~11fe of 107 days. A section of
' the curve of anathav sample, mnseie af gea cucumber (Figwre 11},
was typleal of semiwlag linaarity, %he radloactivity of this
sanple ﬁeaaye& ever the perdloed from 59 ta nearly 200 days with

~ a half-life a; about 75 days, but more slawiy later,

| Although arsingle isotope displays a,&exgwarély soncave

eurvilinear plot by log-log presentation, a miﬁ%ure of as fow

as two isctapaaéwiﬁh half-1ives of similar orders of magnitude,

guch as CeIQI anﬁ eeik& of 30~ and 280~ day hﬁlf*li?ﬁ&, nay

appear almost 11ﬁ5&¢ on a lag—lag gle% over th@~period af

TG to 500 days¢ e
Most deeaysvgara beat sniteé t@ 1ag~1ng plettiﬁg an aeen

in the seven examplesn” iﬂ Kigu?as 12 and 3. %zthough aame appear

;ztr

alightly eurved, atraight iinaa were fittea and aleg@a were
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DAYS AFTER MARCH 1, 1954 '

FIG.Il SEMI-LOG PLOTS or DECAY cunves OF GASTRIC MILL OF CRAB

GRAPSUS Q____§_§ , AND MUSCLE OF SEA cucuuaaa QLQTugRlA AT 55,
COLLECTED - MARCH zs"!i 1954 AT KABELLE - * :
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FIG 12 LOG- LOG PLOTS OF RONGELAP DECAY SAMPLES OF MARCH 26 i954=
PLANKTON FROM LABAREDJ MUSCLE AND MANTLE OF GIANT CLAM, ﬂ!PEQPUS,
FROM KABELLE; AND SOIL ON WHICH DECAY CORRECTION FACTORS WERE BASED
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DAYS AFTER MARCH 1, 1954

FIG. 13 LOG-LOG : PLOTS OF RADIOACTIVE DECAY RATE OF COCONUT MILK,
(COCOS) COLLECTED DECEMBER 8 , 1954 AT KABELLE , AND OF LIVER AND

MUSCLE = OF . SURGEON FISH (ACANTHURUS ELONGATUS) COLLECTED JuULY 16,1954
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he degree of varlance or seabtevrabout the line, but also by
gj-;e nature of the deviation from linearity among tho smooth, eurs
1linear plote. - These cupves which were concave upwapd. wWere
ofgish tisaues, none of which had béén counted mérs than seven 0
 gimes. BHSN L e e n e el i
The avsrag;e alepe ai‘ 63 émaga on 1 Eg«-iog x;z,m;s xs:am |
-1.53, fTable VIIY shows & breaskdowh inte sroups by tms of
argan}.sms and by f;issmea, emﬁ all smples grouged hy ealzecting
dates ave recmrded irz &@p&nﬂix 'i*abl& f:zx. LIt
b | Differences in decay rates of tissues of the animals
are not great, although the liver rate of dec&:; is steepeat to
o degree that is of borderline sié;nlif‘ieanm. cempamsen of rate
- of decline o*’r fcmi itemg, =1,75, with rate of _t}gggg of all .
 samples, “1.43, ¥Hokm that food ltems, with the exception of
smh plan?:s as téwwcemzt, dealin& mam rapldly m thelr mﬁi&—
détive content that can bo scoounted For solely on the basigh. o
of their physical decay. However, the ateep trend of deeline
may result from the inadequacies of sampling. The January 1955
collection may reflect variékility in the effects of currents
or seascon, Fubture sampling will show ﬁhetm:' the indicated
decline is tmly' unusualliy steep, or & vagary of sampling.

From a study of the decay curves it is seen that most
P ~ biological samples follow the goll trend sufficlently well ito
Justify use of the soll deecay rate in correcting sample emta
bauk to the time of collection over ghort periods., However, |
M,sgmplea é;fveﬁga wiéeiy; Of greatest concern 1s the cocom

siut, 4 the #1E ¢ Wnfh the redioactivity may decay very




 eBa-

‘Table VIII

Decay Rates of Rdngelap Samples Expressed as the Slope
¢ the Log-log Relationship of Activity to Time after March 1, 1954

Fish, invertebrate, and bird tissues

Miscellaneous

of bird Plankton Algae Coconut

number of relationships -
mean slope E
standard deviation: )
coefficient of variation of slope

IR R

Gut or
Viscera

11
-1.45
0.30

Other
land
plants

2
-1.30
0.01




.2!-3)

vy {r = £"2%), At the other extreme sre occaslonsl samples
| R
")

fish gut, the radicactivity of which decays fast (r = ¢

*
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/26/5%

7/16/54
: Kabelle

gté 3nd:Q
~Islend

Kabelle

- shark
v o

“ . Table I.

~ Common

Name _l/

damsel 4
" o

pasrot %

L squ%rrel %

: grogper 2

" 1

"

mullet

surgeon 1

_butterfly 2
- n »4"

o
®

=8
/]
o
(]

=W

=
=N N

2
b

goa%fish

(1]
n

wrasse 2
o "

n "
1" 4]

" SN [ A
gro%per i

L L

3
4
2
y

=2

-t
A= O WU & &

Radioact}vity'of Fish from
Rongelap Atoll, 1954-55

FQ:?30f  

Skin

41.5
52.5
102.
106.
74.0
35.6
12.4
20.9
16.5
28.7

23.1
36.5

3

6.

AY

1

.6
3.
.04
.78
55
.27

09

03

41

3.55

WY VYT

.85
3
4

.3
by
.25
A5
.22
.75
.95
.90
.52

.15

.903

.97k
12

.335
796

564

.540
.353

.970
46
.00
.08

933

14
26
79

96.
21.
12,
2.
7.

5.
17.

7.
.5

.59
.35
82

19

1/ see page 33 for scientific ndme

.8
9
0
5

W £ U0

~

8

>
53
50
19
3
73

31
80

31

.07

. 246 473 14.8
Q.?‘767¢ 3.86 - 39.1

Values expressed in thousands of d/m/g of wet tissue
Muscle Bone Liver Viscera Entire

3,590.
3,890.
332.
4,020.
645.
331.
180.
417.

69.
21.

5.
15.

328.

89.
16.
13.
12.
23.

8.

29.6

H O\ OO

O N oW ==

O =

DUV~ O

IO &0y &0
= N

oY E-1OUM o



- (cont'd)

L 12/27/54
-~ Lagoon
12/8/54 .
- Lagoon

- 1/25/55
.~ Rongelap

1/26-29/55
Lagoon

1/28/55
Labared j

s

g
|

: &

.
I

.Ida%sel 1l

Common
Name

#

tuna
]

-

snapper

sur%eon %

n 2]

"
it 4]
" "

goagfish

" ,
"o

squ%rrel

"

- squ%rrel %

"

blegay 2

grogeer

" 1
Jjack
grouper

e

snaBper

2 &

" "
"

N

damsel 2
L] "

"
"

1 2
parrot 1
" 1t

"
L] 1
n

" Skin

.596

1.32

1.37

5.73

 ;960¥

.209
.196
. 097
. 084
. 062
.561
347

1

.668

399

.298
.509

514

J187
J4y7
.685
473
.721
.752

b;.216

1.25

1.52
2.20
1.62

2.08

. 721
2.05

2.10 ¢

1.90
.932
97T

1.68

Muscle

.399
“ 454
467

.079

139

.218

.061
.068
.026
.038
.031
.040
.061
.052-
. 065
.063
.085
.103
.001
.106
,.082
.084
.138
144
.093
.052

.072
.089
.191
375
" .386
.165
074

.728
.37k
.136
.133
.251
1145
L1493

115

.201
<147

Bone

Hh RO W

.850
-95
.25

770
.251

.T24

.81
.214
.073

-195
140

.304
449
.295
487
.907
1352
.981
734
Luh

.32

.378
882
.11

1879
.395

671
.694
.682
490

.08
.62

.16
.65
.10
.21
.815
.06
.59
_ .725  .18%  .818

Liver
10.5
61.1

5076
3.09

" e ‘
N
w

-

4

- Viscera

48.2
17.7
12.1

1.28
.972

e o o

N AWV OO O NDWOoW

U1 W D W D -~ VIO
~\0 O
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Labaredg
(cont'd

1/29/55
..'Kabelle

1/30/55 |

Ge jen

" damsel 1
"

wr%sse 2
grogper
goatfish
liﬁard

n

mu%let
"

surgeon %

5
blenny 1
" 2
goatfish 2

st L

" "

shark
grouper 3

" L

damsel 1
wrasse 1
grouper %

" H
L "
)

goatfish 1

“'flatfish

H N
w
K g

=
3
(0 ¢]

W
w
3

32'

Skin  Muscle Bone

.91
637
97
.09
-758
.29
41
.50
.84

43
.76
.50
.05
.88
.83
.13
.08

1.05
564
1.35
. 789
.611
1.65
614
. 782
S5TT

-
* L) L ] - .
5
o

1.
2.54
3.

s &
2O

2.49
.265
513
496
.236
.264
.306
408
.278
.269
-348
4ol
<175
Jay7
.353
.300
.386
.252

.181
.166
.184
.125
.139
246
.168
167
-253
.299
436
.26k
.125
.110
2117
.108

.350
.215
279
-273
.118
.268

-396

405

TN RWH R e e e

(- SV N W W W N

SN LIR'Y

i

.952

HOD S

612
.926
.ok
.906
70
.683
.02
.92
.23
.97
.36
.191
.504
726"
.606

40
42
.79
.15
.368
a3
42

.95
.96

“4

Liver Viscera

8.22 286.
4.35 6.86
5.50 47.0
28.3  .54.3
4,81 19.5
10.1 37.5
8.74 24.3
14.8 25.1
14.4 43.8
3.97 18.2
4,05 14.8
2.75 4 .68
15.1 3.25
17.5 26.4
6.51 1.52
14.5 4,51
3.81 1.93
5.74 9.35
3.45 16.9
4,80 11.2
4.05 2.30
3.63 3.76
10.2 15.8
'9.02 4,06
3.35 11.6
6.54 11.2
8.00 14.4 -
1.3%4 10.3
18.1 9.85
2.67 .490
6.94 2.77
12.2 6.24
13.0 .249
27.4 37.6
15.3 8.62
2109 5'02
38.1 6.65
2.32 1.21
4.38 2.36
4. 77 1.78
18'0 '1705
3.70 5.30
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Sclentific Names of Fishes

blgnny ;_ N Iﬂtiblennius edentulus.‘ N
v o ' Daulus '
butﬁerfly‘l- Chaggpdon'collaris
2 lunula
damsel 1 Abudefduf sordidus
" 2 Dascyllus aruanus
“ 3 " Chromis caeruleus = . i
" y Pomacentrus nigricans .
" 5 | vaiuli
flatfish " Bothus mancus Fen
goatfish 1 'Mulloidichthys auriflanma
" 2 - samoensis
grouper 1 Epinephalus elongatus
' 2 C o fario
" 3 coon hexagonatusA
" 4 T merra - -
" 5 R Apilotoceos
" 6 Variola loutl T
halfbeak Hyporhamphus laticeps:ff
herring ~  Spratelloides delicatulus
jack Caranx mel&mpygusfﬂ
lizard o Synodus variegatus
mullet Neomyxus chaptalii
parrot 1 Scarus purpureus
" 2 . sp
shark Carcharhinus melanopterus
snapper 1 Lethrinus sp.
' 2. Lutianus sp.
squirrel 1 Holocentrus sammara
“ 2 Myripristis multiradiatus
" N : A
3 . Sp.
surgeon 1 Acanthurus elongatus
‘ 2 - - triostegus
" tuna ' @ymnosarda nuda
wrasse 1 Gomphosus varius

" 2 Halichoeres trimaculatus




“Table IXI. . Radicosctivity of h“ﬂobr&t.eo wnox-‘m "

Corals Collected at Rongalap Atoll 1954-55

" Values expressed in thousands of d/m/g of wet tissue

_Dat;e"’\a.hd' Organiamy Muscle Gut Integ- Gill Mantle Gonad Liver Kidney  Misc,

Island o ument
3/26/54 |
Kabelle sea cucumber 251 227 877
592 3,170 681, 416
166 8,700 531 1,440
394 8,500 537 1,140
509 5,900 635 : 811
112 950 291 510
590 940 1,080 1,300
1,400 343 ° 650 -
S 530 760 500 3,000 .
glant clam 16 . 350 122 190 2/
47 740 840 116 : 780 720 2/
- 1,050 L0 98 70 1,890 2/
spider snail 140 - 3,600 440 13,000 7,500
orab 182 2,800 1,600 3,000 5,400 :
Labaredj hermit crab 260 2,500 1,500 1,400 9,400
o coconut crab 21 6,300 990 1,300 790
3 . 3,700
7/16/54 | | | | |
Kabelle = sea cucumber 11. 90 24 B 1Y A A
o glant clam 2.9 62 25 6.5 - : 120 '20-/
bermit crab 5.6 112 122 2 2 65
6.8 240 190 99 . 88
, 7.0 119 90 30 106
coconut crab 2,6 58 61 22 51
. - 4.3 480 67 36 33
12/8/54
Kabelle sea cucumber 3.4 21 1.9 7.8 -
7.1 20 9.6 L.6 =
1.2 25 - 6.3 10.5 _2_/
- spilder snail 14, 66; 64 50 280 13 3/
' 9.8 58 3 62 L6 : 250 22
24 . el




Date and
Island

1/26~30/55
Rongelap

Labaredj

Gejen

Eniaetok

Kabelle -

Organimm!/'

anail
ghost crab
redeye crab

rock orab

hermit orab
coconut crab

glant clam

. gea cucumber

coconut crab

orange sponge

o gea urchin

giant clam
octopus
coconut crab
spiny lobster

yellow sponge

Muscle

.081
o7
.79

«23
.76
.66
53
49

Gut Integ-~

ument
2.0 1.6
.87 .13
1.7 21
43 073
.55 .30
luh 5.8
5.4
70‘6 102
45. 9.2
15. 12,
19.
12,
5.1 © #90

2.0 «53

G111

6.1

3.2
2,&

1/ sea cucumber, Holothuria atraj giant clam -1, Hi

spider asnall, Pterocera; crab, Grapsus grapsus; hermit crab, Cenobita; coconut crab,
Birgus; snail, Nerita; ghost crab, Ocypode ceratophthalma; redeye crab, Eriphia; sea

s e i

Mantle

1.6

7.6

urchin, Echinothrix; octopus, Polypus; spiny lobster, Panulirus.

2/ shell

-3/ soft parts

4 egs
5/ entire
&/ apines

+50
1.9
071
»6L
59
95

5.0

26. P T

Lol

Gonad = Liver  Xidney

38

us; glant clam -2, Tridacna crocea;

Mlsc

v, 3 ¥

a5
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Table III. Radiocactivity of Coral
from Rongelap Atoll, 1954-55 o

ﬂVélgés éxpressed in thousands of d/m/g of wet tissue

“Acro- Fungia Helilo- Lept- Milli- Pocillo- Porites

pora . pora astrea porsa pora
960. 1%0. : 240. 39.
J16/5% 7 84 3.0 33. 9.7
E Kabelle 145 - 3.6 49, 7.8
1/29/55 70 | | .22
waelle _ .50 3.2
L
. | LAl
1/28/55 3.1 .88 1.3 1.9 2.6
2.1

Labaredj

o rm




EENHOTINDGD

Date and
Island

3/26 /54
Kabelle

. 1/16/54

Kabelle

12/8/54

Kabelle

12 /18 /54

Rongelap

1/26/55
Rongelap

1/29/55
Kabelle

labared j

1/30/55
Gejen

~Lukﬁen

Values expressed in thousands of d/m/g of wet tissue

Milk

1.42
3.14
1.48
3.02

.101

.116

.030

. 066
.051

.032
.033

.035

. 032
.025
.066
.034

.172
.120
111
.131
. 029
.062
.038

.035

. 054

.125
.230
154

Meat
2.55

251
.2k9
.310

.070
174
.166

. 064
.051

.031
.031
.043
.058
.051

.082
.109
.151
. 099
.056
.046
.031
-057
.0k8

.263 .

.120

Skin

87.8
3.77

155
2. 43

Husk

14;

7

53.

.279
.306

. 094
.253
.285

.063
.043

" 'Rongelap Atoll, 1954-55.

Shell

3.13
1.73

-+ 095
-137

Misc.

215. primary leaf
142, old leaf, external
34,4 » internal
393.° secondary root '
110. primary "
.281 entire fruit
201 " "
.688 "
.466 pedicel

.163 entire flower
.156 pedicel -

flower

U434 primary leaf




Table V.

‘Date and
Island

-~ Labaredj

'*?,12/18/54

Rongelap

Py 1/29/55

- Kabelle
Iabaredj
Lomuilal

Gejen
Rongelap

Name

Morinda

squash
pagaya

arrowroot
Morinda

Pandanus

arrowroot
Pandanus

. arro¥root

Pandanus

arrowroot

_papaya

arroxroot

Pandanus

squash
spiﬁach

Radioactivity of Edible Plants other than
Coconuts from Rongelap Atoll, 1954-55

Edible Portion

.052;

L117;

24.8

.042}

.061;

L3
» el J

,223;

.034 -

.OBY
.033
052
.062
059

. 066
“124

.015

.362

175
.110

.029
.190

-135

022
074
. 029

L] 012

- Seeds

. 168
%123

.093
[038

- 175

.129

Skin

. 070

.088
.105
.048
071
.103

.133

.189
211

Values expressed in thousands of d/m/g of wet tissue

- Leaves Misec.
1,070
.066 pulp
.182
L 033 ”

. 040




Table VI . o

Eaten frém'RérigéiapWAtdliv, 1954055
Values expressed in thousands of d/m/g of wet tissue

Do md Y/ Fmav Zasyes svens Rooe
sland Flower Aploal-Bud QGreen Mixed Entire Debarked Bark  gifiebs
3/26/5  tree 1 : : 1,630
Labaredj tree 2 = 62.7 ‘ 2,070 ' 1,630 41.9 302
R shrub 1. 800, 1,080 14,0 440
' . - herb 1l ' 3,260; 1,030 1,240
3/26/5,  herb 1 2/ - | 874 782
Kabelle herb 2 469, = 153; 12,200 1293 154 '
- 7 grass 1 S 3,990 | 336 L
7/16/54 . tree 1 142 171 ‘ 324 72.3 o
mellel tree 2 1008} 2.04 : l.25 ’ 7.71 0968 12,3 ¢ )
: R shrub 1 1. 55; 1.56 1.48 y 3015 554 6,36 o
shrub 2 Co 25.3 3 19.4 3/ 1260} 487 3/ <365 17.8 R
herb 1 3.533 30663 2:35; 2.783-/ "
herb 2 _ 54923 2.9 72535 141 D
.. . -,  grass 1 ‘ . oL bl 1844 . , bl
12/8/54 .. tree 1 o511 «943 1,08 ' o634 405  .830
Kabelle tree 2 2/ 3030 1085 0760 2053'
oo -shrab 1 olb4s o325 AK +496 ‘ o172 o164 0266
#7o.. herb 1 i 2,60 : 1.25 ' ~
herb 2 2 / 887 : ' o944 «917 4»59
herb 3 2.68% 1,71 2,92 o «990 0494 1,60 e
.. grass 1 4.7 ' 14483 13,2
1/29/55 . tree 1 4T3 1,33 ' 2.07
Kabelle tree 2 <338 318 ‘ '
, shrub 1 o151 o336 . o525 ' 148
herd 1 1.48
herb 2 499 led2
herd 3 1.7 4420 2.60
@rass 1 10,3 12.1

y éz;eé vl, Messerschmidia argenteas tree 2, (Guettarda speciosa; shrub 1, Scaevola frutescens; shrub 2,
- Suriana maritimas herb 1, Boerhaavia tetrandra; herb 2, Portulaca oleracea; herb 3, Truimfetta
. Eocumbens; grass 1, Lepturus repens,

2/ flower . __ ‘ :
3/ sample washed before counting , : RORRE L




Table VII.

YRadioactivity of Marine Algae

from Rongelap Atoll, 1954-55

Values expresséd in thousandé‘of d/m/g of wet sample

Date and Udotea Micro- Halimeda Caulerpa
| Island indics dictyon sSpp. ’ Spp. Spp.
3/26/54 1,480 5,100 735 1,360
- Kabelle 450
7/16/54 43.4; 41.7 8.02; 10.7 53.4; 15.3
~ Kabelle 38.4; 48.6 19.5; 10.0 8.12; 13.7
‘ . 61.5; 113. . 15.0 7.10; 6.08
) 33.7; 82.2
45.4
'3.75; 3.52 2.31; 2.96
haD - 4,90 7.66
-1/27-30/55 5.22 3.42 )
:Enlaetok 1.58 o
‘.. lagoon off 4.18 11.1
“Rongelap, 150 ‘ 7.53 f
lagoon ofg ' 7.99 11.7; 9.69 2.225; é.§g~ l.ggo ; u.g#%/
 Kabelle, 60 3 267; 2. ‘83, 4.77Y
Rabeste ‘hon; 1.49  .5372/ 5.76 1/
~ Gejen .78 .849 : 2.48
‘ g.09 1.63 5.58
.61 .854 3.63
© .1/ leaves |

2/ stems

Dictyo-
sphaeria

cavernosa

Gracllaria

SD.

tr




~Table VIII. Radioactivity of Birds Collected at Rongelap ATOLll, 1950-55
Values expressed in thousands of d/m/g of wet tissue ‘

Date Island Namel/' Skin Muscle- Bone Thyroid Lung Liver Kidney Ileum
3/26/54 Labaredj noddy tern 482. 9.16 121, 23.4 72.0 53.0 65.0
" Kabelle LR 51.0 17.0 68.7 14.0 59.0 65.0 643,
" " fairy tern 555. 6.71 61.4 39.0 13.8 27.0 12.8  793.
" o " " 380. 9.40 110. 298. 15.8 42.0 31.0 73.0
A R R curlew 4,970. 17.0 354, 15.0 37.0 79.0 291. 66.0
7/16/54 Kabelle noddy tern . 1.58 693 1.29 9.00 4.38 6.58 3.06 1.99 -
R L " " 1,29 1.22 1.33 20.0 11.0 6.77 8.28 2.08 .
"o " fairy tern 1,20 1.02 823 14.0 8.3 7.71° 6.10 1.18
e "o AR o .621 573 1.57 3.70 3.88 4.85 8.79 1,25
" - " crested tern 6.78 - 3.15 2.39 -20.0 150. 13.5 .68 ©10.3
" e 5.84 1.81 2.53 24,0 11.2 8.05 5.52 . 5.93
i " " curlew 1.57 403 3.72 147 1.75 2.26 3.29 21.8
4 - 12/8/54 Kabelle noddy tern 789  .060 .118 255  .314 - .391 14t
| Mol pon B " - 1.88 074 .140 .351  .508 435 - 12k ;
" AL fairy tern - .951  .102 .330 A7 698 .291° ,132 S
- " " oo L 384 111 .266 -~ .435 349 394 0 1120
o 1/26/55 Rongelap fairy tern 1.21 .591 1.09 2.07 2.52 2.98 - .995
Lo oW Lo v ©1.31 .912 3.16 4,11 2.54 2.53 1.10
S R S 1.16 334 .357 1.58 1.51 1.63 1.21
" " n "o 556  ,361  1.56 2.05° .585 .585 © .,652 :
oo " " " 2.19 623 1.04 2.27 .1.79 1.91 1.40
oo " - turnstone 430 .107 .248 .387 .558 .566 .800 -

" .. "  plover -.331 .090 .552 57 437 A90 107 0
1/28/55 Labaredj noddy tern .829  .0b5 .345 430 .213 .295 085
weoooon " " ' J76  .358 .T40 1.74 934  1.04 .395

" " fairy tern 279 .ol .061 .258  .243 .182 L1540

" " o " - 6.92 .0lg 125 .394 217 .258 .069
1/30/55 Ge jen noddy tern 1507 .054 .0l2 .196 RIS
o " fairy tern ) 851  .108 .078 .317  .223 240 -~ 167

S

1/ Noddy tern, Anous stolidus; fairy tern, QGygls alba; cﬁrlew, Numenius sp.; crested tefﬁ;f Sl

Sterna bergll; Turnstone, Arenaria interpres morinella; plover, Plurialis dominica. .-




Table IX ) Radioactivity of Tern 1V‘ggs,
from Rongelao Atoll 1954-55

'Values expressed in tnousands of d/h/b of wet sample

P lelend  Eegshell
7/16/58 1.14
Kabelle 2.15

1.42

1.48

o Tlos6

12/8/s54  .575

Kabelle .581

.789

1/29/55 .376
Kabelle  .272

.280

Yol

.804
2.03
2.08
4,92

-409

421
. 147

. 065
.030
.045

.-.035

ﬁhite Embryo

.508

795

| .905

.056 '
.018
.023




ﬁep"eZX ' Radioactivity of Plankton, Soil—Sand andﬂf
" Water Samples from Rongelap, 1954-55

3/26/54  7/16/54

Island Soil

cistern water

' 3 ;}; at high tide line

NN

E filtered well water
: g/'standing water
74 ground ,

Pe nkton - Values expressed in thousands of d/ﬁ/g of wet sample

12/8/54

12/18/5& 1/26-30/55

" Kabelle - b4.73; 5.8 13.7; 22.8 5. 01 12.8
" Labaredj  306. S 11.0; 8.54 2.04; 0.90
- Rongelap 1. 18; 2.10

Soil-Sand - Values expressed in thousands of d/m/g

Beach Sand

< 3/26/54  7/16/54 12/8/54 1/25530/55 12/8/54 1/25-30/55
xLomuilal : 166 , 35.9
L Ge jen . 830 6.16
abelle 2,000 312 315 1106 .. 20.5L/  13.7
Z 51 596 5.04 3.04
'Labaredj 17,000 = N
A 13,000
"Rongelap 2.34 1.16
Vo | Lagoon bottom, 1/29-30/55
?' B> S TRF S M T SR T ST 3 S /S §
jLomuilal, 55' 22.9 27.2 17.8 16.3 17.9  14.5
g 0-1 1t 1-2 H 2_3 o 3_1‘ " a-s fn ‘5-6." 6-7 1]
Kabelle, 60° 19.2 16.9  16.9 16.2 20.0  T7.47 |
4" 20.3 16,9 21.4 21.8 10.3 3.35 3.29
Labaredj, 150! 16 2 ‘ - : .
| o Water - Values expressed in d/h/hl 0.95 counting error
3 B Lagoon Water Fresh Water
: - 7/16/54 1/26-20/55 12/18/54 1/26-30/55
- Lomuilal - 5.6 = 3.0
§ Kabeile 3.3+¥31 3.3t37 48. * 3.25/
8 2.3%3.0
" l".l :'-_ 3.2
| 5.8t 3y . o
§ ravareas 6.8 3.0 25. t 2.22/
§ Eniaetok o 17, T 2.23/
| 3 Rongelap 5.6 ¥ 3.0 3.4 % .203/ ufe - 1.83/
§F \ | 2.6t 182/
.. oo 1.9% 153
| B - 1.8 ¥ 21,
t
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Data for Computing Per Cent ACtLivVity Of Fission

1/ from previous experiments; ylelds for these analyses greater than 100%

2/‘spike ylelds; chemical ylelds greater than 100%

3/ no yleld was determined

T
- Proeuete and Calcium in RongelapfSeil Samples Based on 1 Milliliter Replicates
Sample Number: 7500 . 7501 7502
b = B
h - a
= hemi —— = 8
a c/m cyizlgal bcxlO % a b BeXx10 a b bcxlo
cerium 21,005 40 by, 10,014 62 35. 16, 71 8 0.
R 27,154 48 9,909 58 17,94 83 3
¢rivalent 26,297 75% 28, 8,562 75Y 2. 13,507 75Y 25,
rere earths 25, 535 75 8,992 75 12,353 75
zirconium . 19,099 99 19.0.. 9,337 173 27. 13,439 75 - 26,
L 18,809 69 9,532 T2 13,200 72 .
niobium - 7,584 96 6.9 3,618 93 7.8 ,857 100 7.7
7,192 79 PR 3,3864 95 4,488 719 -
ruthentum 10,280 972/ 8.2 3,009 81¥/ 7.2 5,247 1002/ . 6.6
e 9.518 97 Co 3,321 97 , 3,664 97 .
strontium 1,574 21 5.2 253 20 3.4 . . 551 29 2.8
. 1,440 26 612 30 R =
barium - 6,192 85 6.2 2,158 83 4.4 3,019 64 6.9
4,971 62 . 1.372 85 3,49k T4 ;
calcium 527 3/ 0.4 278 3/ 0.5 356 3/ 6
538 . 221 o 487
total 118. 109. 111.
= ¢/m, non 123 558 47,992 68,758
separated 123,904 48,282 69,692
aliquot 12k ;561 47,370 67,304
average 124,008 47,882 68,585
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RIS,

ate No.

4032

Date and

Island

3/26/54

Kabelle

Iabaredj
Kabelle

 Substance or

Organism

damsel fish
1 1] )

1" n
" "
1 "

squirrel fish

"t “"
" "
K "
1t "
" ]
" "
1] 1"
" "
" ]
n [t

Daﬁrot f%sh
u ]

L) "
" [[]

gi%nt c%am

spider snail
L 1"

sea cucumber

‘shore crab

coconut crab

Messerschmlidisa

Boerhaavia
sogty tﬁrn

fairy tern
sogty;tﬁrn

curlew

Tissue

skin
muscle
bone
liver
gut
skin

muscle

bone

liver
gut

g111

skin

muscle
bone
liver
gut-:
gill
skin

‘muscle

bone

liver &
gut

mantle

‘muscle

visceral
. mass

"mantle

muscle
"

gastric
mill
gastric
mill
debarked
~stem

leaves
bone
lixer

.

kidney

"

able XII. Physical Decay Rates of Rongelap Samples
r= t-*; t, = March 1. 195%

No. of:
Times

X,
Decay
Counted Rate
2 1.49
3 1.42
2 1.33
2  1.6%
2 1.11
3 1.62
41,59
2 1.53
3 1.86
2 1.61
2 1.28
2 1.30
y 1.63
2 1.45
3 1.71
2 1.58
2 1.47
2 1.30
yoo1.77
2 1.95
2 2.96
33 1.28
28 1.27
18 1.1%
13 1.15
13  1.24
14 1.38
46  (%-11fe ~80-d)
15 1.13 |
3 1.31 %
33 1.29 2
17 1.60 E
13 1.28 :
13 1.31 : |
13 1.36 , :
31 1.17,< 90 days i
1-59: >90 days , '
15 1.83, >90 days :




; 75003
- 7501
~7501a

able‘XIiicdht}Xj;‘;aw':

. patesnd
l&teiN0} :

Island
3/26/54

- labaredj.
(glass) Y

© Kabelle =

Labaredj
Kabelle

7/16 /54
Kabelle

.herfing‘ ,
,butgerfly«fas

12/8/54
Kabelle

Organism
soil
"
R
pla%kton

Halimeda

3/b-1nch coconut

SO&Bfisn
"
"
"

) 1" ) "
" . 1
oon n
surgeon fish
"
" H
# "
1 o
demsel fish

n "

SPOuRer

L
"
n

tern
soil

n
Cocgnut

Halimeda
Caulerpa
plankton

‘Substanéé;ofi”TJ,,p

' 't6P inch 40
R

8
8
8
6
7
7
7
7
7
7
5
8
5
4
5
5
. bone 6
5
5
5
7
5
6
5
5
7
5
5
5
6
6
6
6
6

o © . TPimes -
Tissue Counted

.   ﬁ "
oo " Zg

ehq}re

- skin

muscle
bone
liver
viscera

 entire
skin

muscle

‘bone
: liver

viscera
skin
muscle

1liver
viscera

. skin
 muscle
. bone
.. liver
- viscera
- skin -
- . muscle
.- bone
. liver
-7 viscera
. skin
" muscle

bone

" liver

viscersa

eggshell 40

intertidal 11

meat 12

. milk 11
.b entire 11
10

. No. of

e @ o o @ @ : :

e sle o

WWRNNDNWYNNWNHHOWENDD~NTWRWNORNFEFND NN £&H-JW &~ . ..‘
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