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| oouThe detonation of shot-ontat Bldnl Atoll on Mareh 1,
1954, praduced a: fallout of redicactive: ash upon Rongelap Atoll,
| jershall Tslsnds,  The distribution of the radicsctive ash on
thie islande and in the. plants and animals | of* the erea hag been
gtudied and evalugted. by tha Applied Fisheries Leboratory,
miversity of mmugtbm
puring the first expedition to Ran@emg Atoll on March 26,

L 1954, biologleal sanples were collected and measurements made of
. the radiation contamination, On three additionsl expeditions
extensive eollections of material were made for this study, the
| last on Jenuary 25-30, 1955. |
| The decline in radiocactivity was mwed in 1499 samples
f - of fish, inverisbrates, land plents, algae, birds, plankten, \
| | so1) and mter from the Rongelap area.
’:' Puring thls atudy partioular emphasls was placed upon evalu-
| ation of the radiocactivity in Ffood used by the nativea, Coconut
, milk collected on Mereh 26, 1954, contalned 1.03 microcuries per
ﬁ | kilogram of wet tissus while the ccconut meat had 1.16 ue/k. By
. January 25-30, 1955, the level in coconut milk had declined to

0.041 ue/k and the meat to 0.036 ue/fk. Fish muscle on Merch 26,
1954, averaged 2,74 uc/k and fish liver 204, ue/k., The decline
- %o January 25-30 was 0.10 ue/k for the muscle and 3,52 ue/k for
the 1iver of fish. Somewhat similar declines were found for
glam muzcle, crab muscle, bird muscle and liver, and for equash,
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papaya, arrowrcot"aﬁ& p'&nﬂéﬁusi
e level of radicactivity was highest in the northern
porticn of the atoll, except for samples of algae and fishe-
eating birds, collected durlng Jamusry 1955 from the southern
_part of the atoll, which had higher levels of radiozetivity . -
_than samples collected from the northern iglands on.the sswe . . -
dste, This may indicate a tramslocation of radicastive
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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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islends In the southern parh @f’%hﬁ aﬁﬁii. s "
_ collaatim ef maam ami mim" '3 8 Wii ﬁamma and rddia-

"‘tien readings were made at Labared,j zslané on Narch 26, 1954,

Radiation r&a&inga weve ab%ain&d with a Juno (&Ee meﬁel 516-17¢,

seriel No. 89) under a va?ieﬁy of conditions, The ﬁhield of

the mﬁwument was clemﬁ fer the fimt reading .ami ap@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"
Tntertidal zone 26 . e

mgn" éi&é“um 215 300

m:: maa ar@a a0
on island 330

i
P
h
i,
_E
i
¥
i
s
¥
L :
i

- Open grass area - 280 .o 0T
., onislamd 500

¢ I . 'in Pisonia woods ﬁz"."é%émw o
7 I N TR 7+ TI RS R

... Beach rock slabs - . 37
8 160

| '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

A

#
T
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A seacmd aeﬁea of aa}.leskmna were made on the &am &ay

at Kabelle Island in ﬁhﬁ exﬁrema uawthaaatera pavt ot thﬁ 1agaan.
&Radiation madﬂ.ngs ware alaea tamr: &’es this ia!.&nd as fanws:
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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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. win i Radiation: Bévels Kabelle Island»' «7 0w o
oo July 16,1988 v omp :

Leeation . “Helght'3'' - - - Helght 1"

- - Low water ldne: - . . 9 o ool o
. -High tide marle - L T £+
" on béach ‘ ' a '
TIROY inshore from 29. 100

. high tiée line S L |

" nigh tide ne o o e
;Gﬂ Scaevola brush 28 100

" Under ﬁEeser— : CB0 T 100
. Lee adge ef eace~ 20 - 80
,_madza of 1sland B> T - .« S

;.. Open eleardng dn: - o @7 o oL <0 85
middle of island

| Middle of dosemut - 207 o UL gy -
| grove v L

During the mcnth cf December 195& three enlleetions of

%isamplas were made at Raug@lap Aaell.i_Far the first trip on Deceme
g‘bar 8, the U.8. ﬂaval Statian, Kﬁa:aiein, gmoviﬁeﬁ a Py

i’(Hc, 2h71) w&th a fine ‘erew, Landings were made at both Kabelle

§ and Rongelap Ialands._ ﬁr._walteé D; Glaus, AEC Division of Blel-
| ogy and Medicine, sccompanied Edward Held, Paul Olson, John
;iaylar and william Blakﬁman on thzs espedition. Film stripa were
jﬁpl&caa at a number of leocations by Claus, Thylar and Blakeman to
iiracord rddiation over an interval of time,” EEEE A

raighed s Pé&’faé‘éﬁaffﬁiﬁ,

“‘on’Decenber 18, the Navy agatn i

to Rongelap €6 piek Up the fi1f steips and 6 colloct ‘additicnal




:kgprosiéal.samglﬁﬁgﬁgﬁiéaﬁﬁéﬁgfﬁlllaaéiﬁgi&aa made at Rongeled
& tsland whr*e the @b}@étiv& was accomplished, an aecidanﬁ tQ the
; gncheri chaniga 0? the plan&, hﬁwevar, prevented c@mpletian
E of the sanpling at Kabelle Island. Robert Rinehart and Paul
-% zigﬂﬂn of U.a.h.n E.L. aecewgan*ed Laureﬁ %. Benalésen, éared
,? Duvis, Edward Helé and ?aul Glsan on this trip, D , "
“i - The meot ewtenaive aurvay'ann bi@lﬁgical cailecttxw trip |
; was conducthd at ﬁﬁﬁg&lag atoll from Jhnunry 35 to Januar y 30,
fiilgﬁg._ ”his aurvay waa maﬂe in eenjunction with U.S H.n.D.“..
’{?Hwith ﬁhe u s, ﬁavy £urn13h1ng the ea #ﬂasalr”ﬁis ﬁrarde for
transpartatien and suppwt fa&intiem Allam si. Seymcuz- and
i;Franx Iauman, Proaram 19 1, ah&r@d th&nrespcnsibility far tﬁe

: é binlogical aampliﬁg, Readiaga ware agaia m&de %ith the surve;
}‘meter oh mas% af tha 181&563 viaited.f The readings were taken

g ot 0 huzght ar thra@ feet uﬁl&ga ethevwiaa ﬂatad.vf

"Rﬁéiaﬁfﬁﬂ'5&V@lﬁ'ﬁéﬁgﬁlaﬁ"ﬁtﬁll
January 25-30, 1955 - s /he

Rongelap Ialand %1835“’“'
Enlaetolr Taland 2.0
- Busch Island - A1,§,<
“;.Lﬂbﬁ?@ﬂ3 Island 2.8
ﬁabella Island 3.0
L c g Ny at graun& 1&?@1
- Lomullal Ialand - 8.0
- Gejen Island K R+
- Tauleven-Ialand 0

T !r' ."' .

'filated and evalntt&&’ 'z;° :
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[ & f' samgle ?vocesaing P"uﬁedures and Technlques ; }i ;T 5; ﬁf 4
: Thﬂ teahniquea and praee&urea us&ﬁ.in collectina, stofing,
v preparing, and eeanﬁing the Rongelap sam§1és wara aimil&r to
those uaed in former years, For complete detaila see w616
(w?‘mﬂ) |
T&ﬁﬁuea were ﬂisaeeted, weighed and dried at ths Eﬁiﬂ&t@k labo=

ratory. A%t the University of ﬁaghingtﬁn, the éried samples ware

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

ashed ae temperatures up o 5%ﬁ°c, aoole&, alurried, dried, and

N than ceantad in an internal gasmflaw aaunting ehambar. counts

o {;pmr plate were converted to éiaintegrationa per minute per gram

4iief wet tissue as of the éate ar aollect&cm hy eerrazting for

.;fsample u@ight, geamatry, %acks&atter,ﬂselfwabsarptian, cminaiu
dence, and decay‘ & & '?; + f% 1?'~ S

"f' ; Fcr the summary tables as u&eﬁ.in this repart, the ;aéie«

"2§aat1v1ty expressed in di&integratiena yar minute per gram (a/a/g)

was ceﬁverted to microcurien per»kilagram Eg <
/gcg - afafy
(3.3)(1@)3 ]

‘ Radiaaetivigy and Ita Rate cf ﬁeelima in Faea Itema

: | A general survey of khe radioaativity af fﬁeds ia given 1a
?;?able I, with the rats~af deeline of theas items: ahswn in: ?1gure
o, 1t ahnuld be nate& that the “iffereaeea due to speciea and

; ﬁf*"‘REETbEIBIBEIcaI §EEEI§$ at Eniweta? Before and Aftar Mike SHot -

4 Lautren R, Donaldson, Applied Fisheries Laboratory, sniversity of
1Y Washington, Séattle, Washington, November 1982,
© F ** The pate-of decling is a phrase coined Lo, ex@reas the admbined
phynicai deaayaand tha'bxczagieal uptake and.éegay rates. -
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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







?%st si‘ the fish specimens, as in former yesrs, ‘wwere &ol-
kf"eteci’hy pois&hing with derris root in shallow waters on or
near‘ the reei’ﬁ‘ Swae apecimens were caught in the deeper

B tez*s of the lagmm mth hook and line. Two flying fish

LN wez'e obtalned cutside the a’wn when they landed aboard ship
dmng the night. o

" The apaema selected for amlwis are those commonly found
l on the atolls and used for food, They include damsel fish,

oy
S

'gmupws, parrot. f1sh, squirrel fish, axwgean fish, goatfish,
wasse, snappers, mullet and tuna. The sazanes.ﬁa names of the
o ies are given in the appem:!.x. '

£ m tissues used for anal:fsig of: r&diaaetivity %z*e akia,

| f‘ﬂ-fjwmuacle, bene, liver and other vism;sa. The latter included

] ‘\part of the stosiach contents as well g ‘the alimentary canal,

113 moat cases.,
In an attempt to compare’ similar 3pee1as fros the same
t% Iocau.ty analysis was limited to me samﬁles f‘r@m Kabelle
~ | 1s1and. Collections of fish were mads in waters adjadent tc
b ot iélanﬁ on Harch 26, 1954, July 16, 1954, and January 29,

£ 1955. _The ecllecting avea lies near the nort:h end of the

Cat figh Hde. e radtodctiyity & o the-tissues Sron. bp- £ash- -
| collected at Kabelld Is’ ‘Sumartzed in Figure 3. The data are
B listed in Table IIT, |
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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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bk 2

Datesandv
-Area
- 1/30/55 -

" Between

Rongelap and
Rongerik Atolls

2/1/55
-Between
sRongelap and

‘Allinginae Atolls

1/25/55
Rongelap Island

1/28/55
:Iabaredj Island

1/30/55
‘Ge jen Island

December, 1954 and

January, 1955 '
Lagoon Fish
Combined

‘Flying fish

Flying fish |

Omnivores
Carnivores
All fish

Omnivores .
Carnivores
All fish

Omnivores

Carnivores
All fish

Carnlivores

S £ Ol el V' Tt~ S

. _Numbér of
" Specimens Skin
1 .050
1 .152
10 ©.124
12 .235
22 .18%
23 STT
11 T4l
v34 . .632
1 1.56
8 .709
9 .804
10 1.11

ST Mo B T e
Radioactivity 1n Fish

Caught at Rongelap Atoll, other than Kabelle Island

Muscle

.017

.014

- .022
.045
.03k

.159
.153
-157

.159

<125
<129

.081

”Values expressed in microcurles per kilogram of wet tlss=ue

Bone | Liver
.031 .0g4
.035  .110
.184 1.02
.390 2.74
.296 1.95
682 5.36
.782 3.31
.T7T18 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 1
4.3

=

1.20
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1 13%13 ha& érnﬁyﬂ abe.ui: i:we orders of magnitude, The almost
_k ubiqlﬁ‘whs‘blaﬁk peg amm&eﬁ, Holothuria atra, serves best ¢o
| exempliry the prend (Pig

e 6} Kext best as indleators were

glant eiama, Bim&a and 'ﬁ*wam, land hermit crab, Cosnobits;
cee.mut: erab, ir*ggss as:srals, and spi&er snall, Pterccera.

ﬁaéimeﬁviﬁy Was high%ﬁ m tm &igaa‘kiw and emretary OPRAans,
mtermdiate in the inﬁagwenwsf argans,’ and lowest in the

@1@. Actusl values for t:ha m&&s are %abulateé in ?;he

b gppemﬁ.x The kidney of the gxm slsa (Pigure T) 18 of special
mtereat because of Lts high levell af‘ aam%:&t:y and t;lw vate of
: dealim‘ A graph of activity of i;ha i{nma* e:fr 1&!&& heralt
. crabs aollected at the move radloactive nﬁﬁ‘m iglapd&s in
},Hamh and July 1954 and from 2 less raﬁaaetive w&theam izland
) in Jamar? 1955, shows the effect of gwgvap!ﬁ.aal ﬁ&f‘f‘emmea in
ratimadtwity upon the trend of decline, aaeenmmng the slope
in tha mmr pericd (Pigure 8). The spider enail 1&&5 similar
to the ;mmi% erab in the level of activity of ita tissues,
while k%m carais were about an order of msgnitude lower.

3

e

("f\('

mnd p:.mm and algas. @@ll@ﬁtim-wm wade At &&Mﬁd&:
Xa&elle , Lomuilal, Gejen,)’ *aud’ W‘&@ “Idlatids, Host af hhe
edible plants were collected in December 1955& ané :wwv:r 1953

P Y VO N oL R ad SV 8 SRR g 8
»%‘;%‘ggﬁ wery 85Bonti _ry,
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FIG. 7 RADIOACTMVITY IN GIANT CLAM. TISSUES . HIPPOPUS ON MARCH 26,

1954 AT KABELLE ; TRIDACNA “ON JULY 16, 1954 AT KABELLE, ON JANUARY :

28 I955 AT LABAREDJ AND ON JANUARY 30 I955 AT GEJEN
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pdafuns, spinach, and Mwmém e higse were collectéd
_mm in the shallow watm* near shore and in the ée&ger water of
the 1ag§aan, usually in the *srmmity of the i’ish-e@neetmg
 Sample values are given in Appendlx Tables. 1y, v, ¥I and VII. |
| Prom these tables 1t can be seen that the activity varies widely
even within samples of the same lind. In January, for ezample,
~the pulp from one papaya had an activity of 8.6 x 3.@:“7 ue/g (wet),
»the highest level found in &ny edible plant parilon on that date,
| ‘while the palg; from & second papaya specimen had an aat&ﬂty
| of 1.3 x 107 ug/g (wet), | , -
; . In both edible and non-edible plants the specific activity
| ‘was higher in the leaves than in the fruiy, the diffevence gen-
| erally being two to ejghtfold, -Mch of the aotivity in the .
“garch 1954 plant sawples was probably dus to surfade contanmina«
‘i, High counte in the internal portlons of stems, however,
" indicated rapid uptake of Fission produsts by absarpticn through N
- the root systems. ILater sollectiona slso indicate uptake of ' *
- fission product material within the leaf tlssue. For example,
“lesf buds formed after the initlal fallouk contain as much
- aetivity as do older leaves, and washing removes very little of
© the aetivity., N S S T :
- In the sarliest collections the bark of shrubs and trees o
and the epldermis of edible plant parts contained frow 1d to 40
times move astivity than the intepnal parts. -In the later col-
leotions, however, this ratio was always leed than two.. It is
not definitely known, however; whether differentisl uptake or

e




e

gi‘ﬁu&i gurface contamination accounts i’wr the highes* aotivity

f the e*tt:arnai plant paria.
Lmrew of aetivity in auwesaiw collechions t&mmw end

'V ; msmﬁm\,, Decenber 1054 drop in a»eamama with the emat&tim
; for mixed (ission prmiu:eﬁs, The Januax'y 1955 land plant ¢ol-
1@@%1&&'3 . however, show a trend toward immgsing acmviw
levels (Figure 9). This could be dus to a sampling error, but
aizght also he & reflection of g;:'ea’wv wailahility of the fission
p?admm to the plants asscclated w:’nth nore ra:lnfali during

late Iﬁa{:&mb&r to January. .
’ﬁ:}e values for arrowroot calleateﬁ ms Rm@lap mammﬁ in

| Jamaw 3,955 fell within the range of valws for avrowrocot from
the ﬁarft}m'n islands, The same 1 tm:a r.si‘ algaae collected at
| geptha of 10 to 25 fathous in tho viclntty of Fabelle and Ronge-
lap zalands. However, the maximum aet&v}.ky lewm fourd in

" Balimeds sp, and Csulerpa gp, from mangelap are ‘higher by a
b wvels m.md in the same
pears 11!3:&3; thm that al-

factor of about two than the maxl
species eellaeted at Xsbelle. 3
though mx&m fallout cccurred at tha nepth end of tha atoll,

the z*adiaaetive material is being mz!ist;ribuwd %?wmgg_aut the

atoll,at }.aast: in the deeper waters,
ﬁecay rates of five individual samplesz of algae and land

plants mllaet:ed in July &nd *sxwu' 1954 indieam ‘half— nvea

ranging i’rm 160 - 210 days ﬁwing the pericx; (i*‘:_:'m ﬁeﬁemhar 1953&

to April 1935. A sample of’ gogonut @il gollested at Kabelle =

Ialami in sz* }%‘i, hmver, ﬁhwa 2 hau'-nfa af agswaxi»

,\; i h; 1 /:“

Mtﬁw ghren yoars,, The a:twes ¢ the dooay curves of land

TR S
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o Birda o

,
Sgy g
- i
R} -

its, other than the’cosohats, differ mlyans}x{:ly
2 oné aﬂathenén& e the lopes’ of the il desay’ cirves, -

?;fg§§7aéerage aiépa’béing*wlggﬁ (al.éﬁ'tﬁ“*l;Sé}E*f?his*iﬁdiéaﬁés
 ¢hat tn these plants 1ittie or no differential uptake of fisalon

;: §§§aﬁ¢%fmateria1 nas been taking 'place. In coconuts; however,

' * fission products mixtures with longer half lives have been ab-

gorbed into the meat and milk fractions, Decay ourve slopes

of ».,96 and -,54 for the coconut mest and -.24 from the coco~

nut milk indicate a different isotepe mixture’ from that found in

_ seil coalect@d in the same area.’ q

.;‘,_.

érda were wlleateé at: f‘our 1szanas ar zm aeall.: $peci-

were acnsidared ﬁa ba fra& tha eama area ané were calleeted on

a1y, four dates, uhile those from the acuthern mlané of ‘Ronge-

lap were taken only on January aé 1955. .. e
. The birda are of t&e typea a8 ba$ﬁé an,feedina,habitﬁ ana

) &1gratory'charaeteriatiea. These. are:. (1) the naddy _crested

and falry tarns, whiah tend to stay in tha vieinity ar a few

islanda within the atall ané feed principally on sﬁall fish, and-

(2) the migratory shore biréa, which ave transients and feed

mainly on ergstaeeans alang tha be:aushes'._i ﬁha 1atter grcup in

cludes the plavers, eurlews, turnstonea, anﬁ ta%tlerag S
Tha tarna, beeaaae of thair 11m&tad tenﬂency for migration,

7§  are mare reprassntetive than are¢tha 5hara htrds aith regard tﬁ
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™e ahara birds eantained greatar aasunta af raéiaactive
bw’vmaterials in %hg difﬁerenﬁ ergang aﬁé tissuaﬁ ahcﬁtly after the
'?ff fallout at &engalap than dié ﬁhe terﬁa. A similar tendency was

noted in 195Q a% ;niwatak fellawing &ike shot {se& Yp-616

(uwE ,~33)} However, the average levels of activity in the

orgens gf the shora birds &eereaseé;mﬁre rapiﬁly with 1ﬁcreasing
: cima afteﬁ falleut than dié‘thasa Qf tha terns* These ﬁiffera

in reeéin& habita and migraﬁiaﬁal characteristics.
% The average specific activities of the organs and tiasuea

| ‘musale, whieh is eenaistenely 1aw campare& with the ather
’tisguas, there is no éistinet patterﬁ af rela%ive aativities

;hetw&en different G?g&ﬁﬁ; SO E ¥
o The decline of radiaaetivity 1@?@13 in the argans and

? ..;tiééuea of terns mag be éiviéed.inta three typee (?&guras 1oa

?, :aaﬁ b)ﬁ' {1) organs in which the deeline 18 semilegariehmie,

; , ;haif*life 40 days - these inaluée the muscle, 11ver, ééé’

? kidneg, (2) organs in which the decline 1s logarithmic - ~these -

£ | tava the bone (v = £2+35) and 1em (r = £731%%); ang m ongan

BEE ix . RED

“An which the variahility ts aztremely great - the skin and

lung rayresenﬁ;thia grauy* IR G
The ahapes of tﬁa r&ﬁiaactiviey ﬁeelina ‘curves Cor the

| different crgans are éeﬁarmineﬂ by a combinatian of (1) avail~

‘;%v‘ abllity of tha i1sotopes, (2) total uptake anﬁ degree of selec-

pa iy 2y } -
ety

tive upzak@ gf d&éf&r@n% iﬁﬁtapes'{(3) r&é&aaﬂtiva half«life‘

iences may be acccunta& for, in parﬁ at least, by the differ&nees4

P

‘af R@ﬂg@iap terns are giﬁan 1n T&bZe‘vq With the exc&pzian af 2




Date and
Isl;nd
3/26/54

‘Kabelle

B 3/26/54
f Kabelle

7/16/54
Ka@elle

7/16/54
Kabelle
12/8/5
Kabelle
1/26/55
‘Rongelap
" 1/26/55
Rongslap
1/28-30/55
Labaredj,
.Kabelle, and

Labaredj and

Table V. -

Radioactivity of Rongelap Birds and Bird Eggs .

Values expressed in microcuries per kilogram of wel tissue

Number of

Organism Specimens Skin Mascle
noddy and fairy
terns 4 167, 4482
curlew 1 2,2600 7073
noddy, fairy, and ' ,
.orested terns 6 1.31 .64l
durlew 1 '7].4 0183
foddy and fairy o |
terns 4 454 40395
falry tems 5 0586 o256
. turnstone and '
plover R 173 L0445
noddy and fairy E
terns 6 J74L 0495
Bird Eggs
Date and Number of "Bgg
Island Specimens Shell
7/16/54 |
Kabelle } 5 - o650 "
12/8/54
Kabelle 3 «295
1/29/55 |
<140

Kabelle 4

Bone

41.0
161.
754
1.69
.0973
<654

«182

<105

Yolk

932
129

«020

Thyroid Lung Liver
76.4 T.64 22,7
6.82 16.8 35.9
6.86 14.3 3460
6.68 <795 1,03
«169 o212
1.10 814
0124 0226
285 . 4154
White Embryo
0255 0335
00909

Kidney

18.4
132.

2.68

1.50

0172 b

877

«240

183

Ileum

179.

30.0
17
9.91

.058(; By
486

.0691 Sk




B R T e e T G a G g o T s

£
4
I

N
1.0e=0
E BIRD TISSUES,
o @ Muscle
B - @ Liver
Y @ Kidney
0.l
RELATIVE [
RADIQACTIVITY |
Ol o
S "
00l L1 | ] | | | | L1 | I | |
March May July Sept Nov. Jan. March July
' 1954 1955

FIG.I0A DECLINE OF RADIOACTIVITY IN MUSCLE , LIVER, AND KIDNEY SAMPLES FROM

NORTH -RONGELAP EXPRESSED AS A RATIO TO THE MARCH 26 , 1954 COLLECTION

L.O

ol

RELATIVE
RADICACTIVITY

.0l

00l

[ AL

1 T TN

T CTTTI R

L1 1 ]

.000!
=10

FIG. 108 DECLINE OF RADIOACTIVITY IN BONE AND
RONGELAP EX,PRES‘SED_ AS A RATIO TO THE MARCH 26, 1954 COLLECTION

N L1
DAYS AFTER MARCH,|,1954

ILEUM SAMPLES FROM NORTH

v
b
i
i
]
i
H
!
3




ol

‘,
sl S i 5

Fia

grees of ‘Anteraction of these varisbles upon the decline of .

»csaativity with inwmsmg time after contamination ére mot.

knm, rigld interpretations of the shapes of the curves should

‘ hoﬁ be attempted. However, the curves are useful in estimating

. the levels of aetivity in the different organs on given dates

| ‘following the contamination of the atell, = .-

osi Decay curves were made for & limited number of samples, - Of
thesa, only tb&#‘ of the thyroid evidenced a preponderance of a

= ’s‘ingletisatopegvlls;"; which seeounted for 99,9 percent or more

& }cf‘ the total:activity. Iw decay curves for bong, 11%:*, ancd - 84

; ' l m&my ‘there was eviﬁema of mixtures of isotopes.: szépea 3 S

1.28 for 1iver, rs Tl 65 Tort bone, and a curve Tor: kldney,

rw g
 which 18 not & mzraighb 1ne ‘either logarithmically or semiloga-
 pithmfeally, indicate that these organs do not contein similar 4
' ratios of radiocastive: Asctopes, The decay curve alape for ‘tern gﬁ

lver 1s similar o that: of Rongelap S6il. - | |
+".01y Chemical separatfon foi strontium was done on two bird
semples eollected Mareh 26, 1954, at Kabelle. Sking fron two
different terns contained 2.9 percent and 3.5 percent of the -

to:al-zactivxty‘- as radioactive strontium, ' In samples of total- -
muscle plus total bone friom the same birds, S5ro972° gomprised =
3.9 percent and 11,3 perdent of the total activity (Table VII).

. fhe-only collections at Rongelap “Atoll: e:mtaf;tnmg-«bma*“«
from both thernorthern and outhern 18lands wore iade Jamisry
26-30,:1955 &1 It view of 'the fact that the' general levels of -

' 2 hex! mmﬂmtherﬁ% 7’::;arafna&; 1% was ‘ex-

;gz;;?«fﬁ;‘e‘;,;;‘:;_:\;”i?; s sl i g L‘Ams-w“ R N T

e R R

B T T R T O T o N Ty Ty Y T ey
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aag the aﬁukﬁarn bipds.. - ?his'%aa*net-%he“éaﬁ@‘exéépt”faﬁﬁt&é*f
;skia. The ratios, scouth to north, of activity for the daifterent
| organs ‘and tiasaaa are a% f@llﬁwaz ] o
skin mﬂaele baﬁe 1ung xiver ki&mey i ilé&min
79 62 62 3.9 53 A8 61

?he pr&s@nee af mara t&an ﬁix tim@a aa mﬁen as@ivity iﬁ tﬁe in~'
cestinal tract of the sauthern iﬁl&ﬁd terna aa that iaund in the
same ergan of th@ ﬁa?ﬁhﬁﬁﬁ Xalamé tarn@ ﬁuggests tha% tna amutkern
bir&a have access ta a8 ﬁugyly aﬂ faaﬁ fish cantaining greater
ama&nts cf raéieaetiva m&teriaI, Tha high&r level af activity in
: tha scathﬁrn %irﬁ intestinal tracka &a refleate& 1n %he greater
8 caneentratiana Gf r&dia&etive mazariai 1n;tha other intevnal N
. argans af the sama aniﬁals,v in view'af th@&& abaervatians it ;
}}j prahaaiy waul& a&visable ta ébtain a&mplea frem Aling;nae
’ » atell, 10&@»@% seven and anawhalf aautiaal miles sauthweaﬁ af

' Rengelaﬁ atall, aince tn@ Rongalag nativea ﬁalleet birés at .
Aiingiﬁaa as part ef %heir facﬁ 3u§ply‘i k, '

Eérn eggs ﬂere Qﬁli@&%&d ‘at Xﬁb@lle Juzy 16, seﬁember 8,

1954, anﬂ January 29, 1935. ?ha lavela ef vaéiaaativitg in the
vard Gﬁﬁ part& af th@ eggs were &aw, with that of the shelz agprax»
imating the 1ava13 reuﬁa,in tha bones of &arn& ealleated thﬁ sam@
day“ R&dia&et&vity iﬁ th@ egg yolks eariad fram 1% ta 3 tim@a .
that faund im th@ mnaclwa af‘hirds 1n thn ﬁama cqll&ctienag fTha
'}H isatapea o ali biva sampieﬂ examiaed" ﬁhes& Zevéla wera fram

1/25 to 1/2 those found in bird musele collected the same day.
‘Tha unhatched embryos ¢cntaiﬁeé 1eve13 of radicactivity approx-

mONFmEN’fm@E

iy ARy
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Inately one-half that found in bird muscle Appendix Tsble VIII.

?l&”ﬁ"kan chn v fweo aninsion Tweiaaled shavte |
‘”Vfﬁ ?%a nangalap plankzeﬁ Qallﬂaﬁien eeﬁﬁista ef ‘a sisgle tew
an,ﬁareh 25, paifaé taw& aa 3u13 36, ﬁes&mher 8 and Bﬂcamber 18,
195&, and pour ;:aimd bovs Januavy 25’«-.30, 1955. A Wichael Sars
type raﬁ, %~m&tey in aizm@tay and with either ﬁﬁ or £20 silk
mesh was ussﬁ. T@mﬁ ﬁere takan a% the surfaae éuring ﬁaylight
h@ﬁpgﬁ R Y B ST
e Raéieaetiv&ﬁy af tha Rangalaﬁ glaﬁxtaa samplaa waa mare
, thaa ane h&n&r&éwtimaa gr@atar than that of plamktsn samglea
' callecte& fraa the agen s6ean waterg of tha wéabera ?aairiﬁ ‘
wm: the vscﬁc %my" mm a;;ez-aﬁmn %m. on tize ez»us.se
czf mé *“'i‘aney ém‘ing %&amh m 493:'2.3., 19555, 85 ;alamttan
samyles were tak@a &zang tha rau&a frem Kwaéaleiﬁ ta ﬁhe
_ ?hilippinas to Jagan“ Tﬁe avafaga aativi&y of these aamylea
‘was ,015 X 10 -3 ﬁc/@raa of wet sample, the highest vnluea
being &5& x 10 -3 u@/g‘ m- ’Bhe es;ght aamsz 1955 nggalay
p&anktaa samplea the averag& vaxea waa E @ x 1@ ua/g, %he
Iowest valua baing 9.%1 uc/é. - .
" ﬁther eenalnsians frﬁa ﬁhé Raﬁgelap planktan aamplea are
(1) ‘amt tne z-adwamm.ey per tmit; waight is greater t:?;az; far‘ '
‘most ather bielagiaal mgzma, (z) the decay ratze 18 smimr )
te that far tha soll aamgie, (3} thare ia caﬁsi&arabia
variatian in the raﬁiaaeﬁzvieykaf'samglea fr¢a paivad tewa¢ o
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o The 8611 aad;san@;a&m@les;i&glpﬁ@&;th&&&.fram;%h&?islaﬁés'x

-proper,  from the beach, and from the lageon bottom. - The radio-
_activity of a aaﬁplﬁ;takﬁuefram.yhe_topgineh;ef‘sail on -

- Labaredj Island Margh 26, 1954, was 6.8 microcuries per gram,
.whieh is equivalent to one curie per 325 pounds of top soil,

- The aectivity of this gample ten months later, Janusry 29, 1955,

. Was 6nawthirtieth its original value, 1.¢,, it had passed

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

15 expressed by the formula, r.= § "1+31, with merch 1, 1954,
.88 the date of origin (Figure 12), .This rate approximates the

mixed figsicn product decay rate and in general approximates

the decay rate for many of the biologlcal samples. For these
?reaaona the deaay faatar far cerreeting counta back ta the day
of eolleeticﬂ was bassé aa the ﬁ&eay eurve af a aimilar sail
i&ample, T T T SRR A R PP T LS TR L S S
f“"f The d@@line 1n radiaaativity of the soil samples aan be
“obaerved fmm the f'!.mea in g;;pamn. Table Xo Caﬂaidamble
”variazien 1n the aeﬁiviby af sa&l aamales frem the aame area on
ithe same day ean be expeﬁtad h@eausa ef the nature af the falle
:cut gattern and 3hauld ke k@pt in mind when 1ntarpratiag rea&ltg.
?If"eansiéeratien 18 given ta the Kabelle aampxes ﬁﬁly, tha rate
;or'éeeline 13 greater thaa tha deaay rate from Mareh ﬁa July |
;195ﬁ, bnt 1esa from July 1954 to January‘1955.' Eh&n the sample
gaaunts from 311 ‘Islands ave averaged, “the relati%e'deelina in
;ack&#itg ef tha marcn 195%‘samgles and he January 1955 sampl@s

it
]
3
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?rafiie gamples of the lagotn bothom wepe obtalned oft

{zsland at 55 feet, ﬁﬁﬁ“sampzéﬁ ‘werg obtained by an squalung
’equiﬁﬁﬁﬁ diver driving & foot long, 1} aluminum tube into the
pottom sand. The pore was removed from the tube and samples
yore taken at vericus levels, PFrom the counts of these samples
| 1t wes cbzerved that the radioactive sand on the lagoon botbom
‘ ?f was several inches thick with the level of mctivity rather cone
. ;:"  atant for the first five or six inches. The redioactivify per
B | unit weight vas less than that of the soll from the island -

= pmpex- pbut off Kabelle it was gmater than that of the sand in
i;; the intertidal zons, ' nE o :

. The ﬂat@r esllectian includeé eight aa1t~water samplea::}
k '_fram the lagaen and @ighﬁ freshpwatav samples from the islends

proper . A 5~w111111ter sample waa &seé far tha “aaieastiviﬁy
dgterminatian %xaep% for the neeemﬁar 18th aallﬁcﬁiﬁﬁ (nistern
water, filtered well water), far which éﬁumixliaiter'samglea |
were usad._}ﬁeeansa the raﬁieaetivity of water samples 13 aften .
atated in terms of the raéiaactivity per Iiter, mhich waulﬁ |
mean extrapolation aansiderably beyond the obﬁarved values,. it .
is esp&aially necessary to state the counting error. - Fop. thaﬁeH 
data the 0,95 counting errar, which 1a.§quiva1en% to two
standard Geviations, wes erbitreriiy sejested. 72 Appendix . .

v A..c:t:»:aéa THom 7-126) Statistical sethods used in the measure-
. ment . of padloactivity (scwe usaeful graphs) - a‘ K‘ 3arre$t,
'1"1*'3** Mﬁiﬁ@* W MGy oo T e
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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,
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qon products, ' For fﬁtemﬁ wen wam ‘the decay. rate i‘sr

. ¢he aam» peried was smimm r= £ 1‘39,. Amtner ﬁ‘fzaawatiem
i ;ma t}sat; tm raé:tea@ivﬁy eﬁ‘ thé :reah—w&‘car sam;:ms immasedy '
ifram sauth ﬁa nerth with tﬁe aetivity 0? the Rangalap Islanﬁ )
isamyle being l/ﬁ, 1/6 and 1/10 @f the c%ivi@y Gf the ﬁreah-
%water 5&&91&5 rram Eniaetmk, Lab&reﬁj, anﬁ ﬂaballe Ialanés, |

‘reapeatively. _
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gvaluntion Of the Chemidal Analydes ‘of “the ‘BICIPE1cAY Samples

el R R T O R B

Fission product and calelum analyses were made of three soil

| gamples, strontium analyses of selected foods, and 183 analyses
’of plants, '&éd‘iytimal wmpies:a«aﬂéaam aaéémwr 8 were sent

chemical arsaiyae:m y |

‘ Samples . were. %@kﬁn from tha ﬁap irsen of %13 on Farch 26,

| 1954, from both Lgbaredj and Kabelle. Fortions were ashed and then

| dissolved ip dilute nitria aei.d.  There wag enly 8 very puall

| amount of insoluble wsiﬁue canta:ining less than 0.1 poreent of

] the radtosctivity of the molute, Aliquots of this solution were

used to determine total activity &r.m tqux*gv}.ég amm;;lea for

| chemteal separation,

Standax*d mkﬁw&a _ef’ sawating fi.saims g«:‘aduats am! ¢alelium

were i‘allawe&.a Cbmtk &ﬁaine@ f‘mm ma mlyaea i‘&* ea:*ivm,

ziveonivem, niobim, seremtiwx, wth, and barium were corw
 pected for, emmeal or spike yzelé., “Tho chemical yield is the
ratio of tiw we* gm: a:‘ meavm& earriev to aéﬁeé earriar. A
vield fc:* caleiu:a was ne*’ datemmed beeauae ei’ the large amount
of aaleium carbonate .‘m tm sam:}.e. ‘l‘he radmaativity of seven
figsicn products and ¢alelum gorrected for yleld and adjusted
te‘ 100 percent recovery and éx‘pmawd as a percentage of the
 total radioactivity 1s given in Table VI. The chemical ylelds
gnd the cbserved counts from which these values were computed
are tabulated in Appendix Table XI, |

The results of radiostrontium analyaes of blologleal samples
from Rongelap Atoll are given in ‘rah.’tg m. Radiostrontium was




- 2/ per cent activity corrected for yield and ad-
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Table VI. Fission Products and Radio-calcium
in Soil from R¢nge1ap Atolll/‘

per Cont Activity2/

Sample Number

Element 15003/ 75014/ 7502 %/
cerium 37. 32. 30.
trivalent

rare earths 24, 22. 24.
zirconium 16. - 25. 24 .
niobium 5.9 7.2 7.0
ruthenium 6.9 6.7 5.9
strontiuﬁ : b4 v‘2.4 2.5
barium 5.5 k4.1 6.2
calcium £ .3 <>.6 4
total , 100. 100. 1C0.

1/ sampleé collected March 26, 1954 and analyzed
May 11, 1954, activity as of counting date
justed to 100% recovery

3/ Labaredj Island 10 fest above high tide line

5/.Labaredj Island, 150 feet above high tlde line

§/ Kabelle Island, 150 feet above high tide line
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Table VI. Fission Products and Radio-calcium

in Soil_from_Rdngelap Atolll/f
Per Cent Activity 2/

Sample Number

Element 75003/ 7561&/ 750215/
cerium 37. 32. 30.
trivalent .

rare earths 2k, o 22. 24,
zirconium 6. :.25. 2h .
niobium | 59 7.2 7.0
ruthenium 6.9 6.7 5.9
strontium ' 2. 2.5
barium 5.5 . k. 6.2
calcium £ .3 <6 | 4
total . 100. - 100. 100.

1/ sampleszcolledted 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/ Lebaredj 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. Radio-sStrontium and Radio-terium
in Biological Samples from Rongelap Atoll

Values expressed in micro-microcuries per gram, wet

% of total

% of total
= Date and oL/ 0 agtivi w2/ actiyjfy
Group M ssue Area of Collection r89+5r9 Sr9 Sr §+Sr§6 Celu CeXaE
Bird, Carcass 3/26/54 Labared] 20. 11.3
- Skin ' " - Lo, 2.9
A Carcass " Kabelle 5.1 3.9
" S8kin " " 27. 3.5
‘Squash ~ Fruit  1/26/55 Rongelap 2.2 2.1 1.5 1.1 1.4
Papaya " " 1.9 1.8 2.6 - - '
Pandanus " " " 2.3 2.3 2.6 0.70 1.38
Coconut Meat b " 0] 0 01T 0738
om0 Milk " " 0 0 0.05 0.2k
"o " 1/28/55 Labaredj 0.11 0.38 0 o
" " 1/29/55 Kabelle - - 0 0
n " 1/30/55 Gelen 0.03 0,02 0 o -
Coconut Muscle 1/29/55 Kabelle 31. 27. 5.7 5.5 ‘1.0
crab .
Tuna u 12/27/54 Mellu 0 0 0.8 0.7
Mullet " 1/26/55 Rongelap 0 0 2.4 b4

i/ TheA3/26/54 collect
; June -~ July 1955.
.2/ Processed in July 1955.

ion processed 1n December 1954; the January 1955 collection in
values as of date of analyses. :
Values as of date of analyses.

-Qee-
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und 1n plants, birds, and crabs but not in {lsh muscle nor in
soms ‘af the cogonuta, The greatost amaunﬁ of srgﬁ found in the
sanuary 1955 samples was 27 x 10°0
drab muscle, SR
ggﬁhﬁdbfﬁﬁ Radiostrontium Sepavation. The fuming nitrdic acld
| precipitation method was used, the sample being dissolved in
| dilute nitric acid and strontium carrier then added, For the
| - pird tissues the strontlun was precipitated by ineveasing the
- aeid soncentration to 72 percent by tho addition of 90 percent
: ;f pitric acld and stirring for one-half hour, The precipibtated
| fiif strontium nitrate was dissolved in water, scavenged with ferris

: . hydroxide and précipitated a second time from 72 percent
f;ﬂé,; _ nitptc geld, then counted for strontium radionetivity. “Three

" spikes run soncurrently with the bird samples gave a yleld of
59,2 ¥ 0,9 percent, Separation of ¥ tpom the strontium
iﬁéiﬁatﬁé that one-third to one-half of the total strontium was
stranﬁyﬁwéoaﬁ'affthe‘¢aaating;é&téa**@fééﬁ@?-igﬁﬁ-’“"

- Strontium analyses of samples of goconut ment and wilk and’
pandanus fruilt from the January 1955 collection were made June 14,
1955. The progedure was slmilar to that mbove except ‘that 75
percent nitric ecid was used aﬁﬁ‘ﬁhe’séavehgé9wi§h ferric hydrox-
1de was followed by a scavenge with mized sulfides in aeid and
in slialine solution. Four spikes in non-radioectlve fish meal
ath yun coneurrently with these samples gave a yield of
€5.6.% 5.3 percent. . Four blanks using the same fish meal and
rﬂnV $1afehe¢k an tha radinaeﬁivity 1ﬁfﬁha maax, &ba reagenta |
and: on the giaasmz*e gave dounts of 0; 1; 0, and O, Vields £rom

m/g we% weig;hi; of aazxemﬁ

s
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k;aamplﬁ&fﬂure.%%j@fs;l pereent, From the amount of Sr
“which was«é&tarminea %y geparation of Ygﬁ daughter of svgﬁ, it

tkes run concurvently with the squash, papaya, ¢rab and fish -

20 | present

89

B is evident that only 8 8mall awsunt of Sr ﬂculd be present

'Lr(ﬁable VII)

The results of the e ce™™ anslyses are given in Table VII.

,whe maxinnm amﬁunt found was 5 x 16 -6 ue in crab muaela, while )
g _nene was found in some cosonubt a&myles. Cerium aaaiyﬁas wa?e ».
~ made of the flltrate from aﬁr@nhium nitrate preclpitation of
1 the coconut, pandanus frult, squash, erab, and fiﬁh samﬁles
‘»;Azésted in the above tabla. The rare e&rths ﬁera extr&ated with

tributyl phesghaﬁe, apd e&?ium w&s separaﬁed fr@a th@ trivaleﬁt

i rare earths.ﬁy‘aarie 1eﬁate praeiyitaﬁian.» Heeavery fraa

ay&k * samylas of nan»raéisaaﬁive fish meal ash>§un eannuv
eurrentl; were ?3 @ereaﬂﬁ for coconut ana yanéanua Pruit, anﬁ

| 75 percent fer azz the athﬂrﬁ«

netarmiﬁatioﬁa were m&ﬁe af tbe am&un% af radieicﬁina

| presens 1n three lané,planta and ﬁWﬁ algae celleczeé ab Eangelay

Atoll on March 25 1?54. Those analyses made on Agril 2&, 195ﬁ,
faliaweﬁ the proc&duzea as outlined by Glenéenia, gt al.

. The counts as cbtaina& were aavrect@ﬁ back to ﬁareh 26
lgg& 1131 waﬁ preseﬁt in 311 five §1&ﬁt tiasue& aeunted,vary~
ing from 9.&7 pereen% ta 9.&29 gaveant af the total aetivity

% élandenin eﬁ alg, Knterahaﬂgﬂ of va&iﬁaative 1adina with
ecarrier 1lodine,” In QQ??&li, €. D, and Sugarman, N.,
‘ﬁadiéehemieax 8tuaienz, The Fission ?raﬁucts, Book 3; P 1§29,




;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




of %&m is linear on a semi-log pzee, exemplified by bird
Knyr@id eoataiaina,pre&aminantly 3 » mentioned in the seation

on birds, L
| Among the 28 piaﬁas eaunteﬁ most often ( 10 - 73 times) and
presuned to be vaunte& fr@qu@ntly gnough to detect ths existence
; af a linear sami»lag rela&i@nahip, enly one other sample was

- more nearly 11ne&r %y a&&inlmg than by log-log plot, This wes
 the gastric mill of & erab, Gragau grapsus, taken March 26,

g5, at Kabellé. The graph {Figure 11) was sufficiently curved
to indicate the ;ﬁeaenea ﬁf mara than one isotope. The early
 portion 50 - 36@ daye gave a half»lifa of T8 days, and the
gypartieu 300 - &36 days gave a ha1£~21fa of 107 days. A section of
5the surve of anathav sample, mnsele af sea cucumber (Figwre 11),
}_waa typleal of semiwlo@ linaarity, ?he radicactivity of this
‘,s&mﬁle éeaaye& ever the perdoed from 59 ta nearly 200 days with

& halr-life a; about 75 days, but more slawiy later,

Although a aingle isotope displays a,&exnwardly goncave

i curvilinear plet by log-~log presentation, a m&xﬁure of as f'ew

- as two lsotopes with nalf-lives of similar crﬁara of magnitude,
guch as Cel&l anﬁ eeiba of 30~ and 280~ day hﬁlf*li?ﬁ&, may
appear almost 11ﬁ5&¢ on a lag—lag glee pver tha~period af
70 to 500 days¢

Host deeays were haat suited ta 1@g~1ag glcﬁtiﬁg an aeen
in the seven @ﬁ&é§1¢3 1n ?igu?$s }g{ﬁnd 3. ézthaugb aame ay@ear

 alightly eurved, straight 1ines were fitted and alegea were
53&&& &!’&mﬁ&ilﬁe S A e ;e e b et g e U g g
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RADIOACTIVITY

I ! 1
50 100 200 300 400 500
DAYS AFTER MARCH 1, 1954 :

FiG. 1l SEMl -LOG PLOTS OF DECAY CURVES OF GASTRIC M!LL OF CRAB
GRAPSUS GRAPSUS , AND MUSCLE OF 'SEA CUCUMBER _QLQ_'I_'_HLLR_LA_ I_\_B_A_,

COLLECTED MARCH 26 ’ |954 AT KABELLE S




RADIOACTIVITY |

10}

SPILLED,
‘ RESLURRIED

1 ‘ B J__ ' ! i

100.
DAYS AFTER MARCH l 1954

FIG l2 LOG- LOG PLOTS OF RONGELAP DECAY SAMPLES OF MARCH 26 i954
PLANKTON FROM LABAREDJ; MUSCLE AND MANTLE OF  GIANT CLAM, ﬂIPEQPU§
FROM KABELLE; AND SOIL ON WHICH DECAY CORRECTION FACTORS WERE BASED
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1 _J
150 200 600

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 éegree of variance or peattevrebout the line, but also by
thﬁ. nature of the deviation from linearity among the smooth, cuv= h
vilinear plots, - Those ﬁm!&&;ﬁmah wera concave upward were

sf fish tisBucs, none of which had bbén counted mérs’ than seven 7"

 times. Sign, 4rerietiaee. pre Dord pitius
The avsrar;e slope of 63 é@ﬁags on 1 gg«iog ;}am;s wam |

<1.53, Table VIIY shows & breakdown inte ghoups by tms of
1 arganisms anci by f;issmea, smd all smples gmuped by ealzecting
«,f‘, dates ave recmrded in &@pandix Table iIx. it

b Differences in decay rates of tilssues of the animals

are not great, although the liver rate of dec&:; is steepeat to
a degreo that is of borderline elgALPloance . - cemparxsan of rate
of decline 09 faod 1tens, w175, with rate of é__gggg of all .

| aampl@a, «1.43, shows that food items, with the exception of

such p?.an?:s ag t;aa"wcamat, deann& mam rapldly. 11'! thelr mﬁi%
aats.ve gontent thar cen Yo sccounted for @olely on the basis’ o~
of their physi¢al decay., However, the ateep trend of decline
may result from the inadequacies of sampling. The January 1955
collection may reflect vax*iéi%ility in the effects of currents

or season. Fubure sampling will show ﬁhetmr the indicated
decline is tmiy' unusually steep, or & vagary of sampling.

From a study of the decay curves it is ceen that most
 biological samples follow the soll trend sufficiently well to
justify use of the soil decay rate in gorrecting sample emta
bauk to the time of collection over short periods, However, |

n,samplea éfvez*gé’ wiéeiy;’é Of greatest concern 1s the coto~

dut, "1 $he RELESE Mitéh the radieactivity may desay vory
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‘Table VIII

Decay Rates of Rdngelap Samples Expressed as the Slope

f the Log-log Relationshlp of Activity to Time after March 1, 1954

Fish, invertebrate, and bird tissues

Skin & - Gut or
‘Mantle Muscle = Bone Liver Viscera
11 12 .10 12 11
-1.34 -1.39 -1.40 -1.68 -1.45
0.16 0.11 0.11 0.16 0.30
Miscellaneous :
Other
Kidney land
of bird Plankton Algae Coconut plants
<90d >90d .
2 2 3 3 3 2
-1.25 -1.71 -1.35 -1.20 -0.60 -1.30
0.08 0.12 0.05 0.12 0.56 0.01

= number of relationships -
= mean slope !

= standard deviation: )
= coefficient of variation of slope

Soil

-1.31
0.0k
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vy {r = £"2%), At the other extreme sre occaslonsl samples
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fish gut, the radicactivity of which decays fast (r = ¢
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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
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3.55
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.85
3
4

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

.15
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.97k
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.335
796
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46
.00
.08

933

14
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.5

.59
.35
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1/ see page 33 for scientific ndme
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Values expressed in thousands of d/m/g of wet tissue
Muscle Bone Liver Viscera Entire
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- (cont'd)

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

- 1/25/55
.~ Rongelap

1/26-29/55
Lagoon

1/28/55
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.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
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N

damsel 2
L] "

"
"

1 2
parrot 1
" 1t

"
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" 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
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Hh RO W
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-95
.25

770
.251

.T24

.81
.214
.073

-195
140

.304
449
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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
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10.5
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3.09
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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
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.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




blenny 1
1" 2

butterfly 1
1" 2

da%sel

1
" 2
"3
" 5

flatfish

goatfish 1
1) 2

grouper

"
"
o
"

o WO H

halfbeak
heffing
jack
lizard
mullet

parrot 1
" 2

shark
snapper 1
peer 1.

squ%rrel 1

"

W

surgeon 1l
' 2

" tuna

wrasse 1
n 2

" Chromis caeruleus

. ; . —33 = X
Scientific: Names of Fishes

Iqtiblennius edentulus
paulus

Chaetodon'collaris
e
" Iunula

Abudefduf sordidus
Dascyllus aruanus

Pomacentrus nigricanszgj
vaiuli '

Bothus mancus

'Mulloidichthy_,auriflamma

samoensis

Epinephalus elongatus
fario o
hexagonatus(
merra = .o
spilotoceos
Variola louti .

"
1"
P i 4

Hyporhamphus laticeps

'Spratelloides delicatulus

Caranx melampygus, 

Synodus variegatus

Neomyxus chaptaliil

Scarus purpureus
n sp.

Carcharhinus melanopterus

Lethrinus sp.
Lutisnus sp.

Holocentrus sammara

ngipristis multiradiatus
Sp.

Acanthurus elongatus
v riostegu

Gymnosarda nuda

Gomphosus varius

Halichoeres trimaculatus




"Table .II.: .  Radioactivity. of. h“ﬂobr&beo wnoi-‘m "

Corals Collected at Rongelap 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 ILiver Kidney  Misc,

Island o ument
3/26/54 |
Kabelle aea cucumber 251 227 877
592 3,170 684 416
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 :
: ‘ 530 760 500 3,000 :
glant clam 16 350 122 190 2/
&7 740 84,0 116 : 780 720 2/ &
- 1,050 0 98 0 1,805 =
spider snail 140 - 3,600 440 13,000 7,500 i
orab 182 2,800 1,600 3,000 5,400 gt
Labaredj hermit crab 260 2,500 1,500 1,400 9,400
o coconut crab 21 6,300 990 1,300 790
. . 3,700
7/16/514 ' : ' . '
Kabelle sea cucumber 11. 90 24 C 8.4 wra
7 glant clam 2.9 62 25 6.5 - 120 20
hermit crab 5.6 112 122 @ 22 65
6.8 2450 190 99 . 88
. 7.0 119 90 30 106
coconut crab 2.6 58 61 22 51
o : 4e3 480 67 36 33
12/8/54
Kabelle sea cucumber 3ed 21 1.9 7.8 -
[ 7.1 20 9.6 ‘ L6 =
_ 1.2 25 - 6.3 10.5 2/
- splder snail 14, 66 6.4 50 280 13 2/
| 9.8  58; 62 L6 - 250 22
20, | 3.,%




Date and Gil11 Mantle Gonad fKidney

Island
1/26-30/55 - . . 2
Rongelap anail ' 19 ,3/ 25 ;3/ .68'/
: ghost crab .081 2.0 1l.6 1.6 ' 3 +50
redeye crab o7 .87 A3 1.7 1.9 L/ :
79 1.7 .21 1.6 o 71 o5
rock orab .25 43 O713 .85 «61
‘ «23 55 .30 79 . 59
coconut crab .66 .
: «53 '
Kabelle . sea cucumber 4.8 Toly 1.2 7.6 '
- coconut crab 39 4. 9.2 3.8 be'T
. 1.0 15. . 12. A.g 5 .o 2/ ’ &)A
. orange sponge : 65 ¢ 6/ ' g
‘ sea urchin » 95~ N
Gejen glant clam -86 19. 6.1 6.1 38 12.-2/ 2 '
Octopua lol} 12, 2.2 267w 3 9
coconut crab 6.9 5.1 .90 3.2 3.3
” ~ spiny lobster 1.2 2.0 53 2.4 Lely
Eniaetok yellow sponge o : - 1.72/

1/ sea cucumber, Holothuria atra; giant clam -1, Hi us; glant clam -2, Tridacna crocea;
spider snail, Pterocera; crab, Grapsus grapsus; hermit crab, Cenobita; coconut crab,
Birgus; snail, Nerita; ghost crab, Ocypode ceratophthalma; redeye crab, Eriphia; sea
urchin, Echinothrix; octopus, Polypus; spiny lobster, Panulirus. '

2/ shell
'3/ soft parts
4/ ees
5/ entire v '
' 6/ apines o ‘ -
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Table III. Radioactivity of Coral
from Rongelap Atoll, 1954-55 o

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

_Acro- Fungia Helio- Lept- Milli- Pocillo- Porites
pora . pora astrea porsa pora ’

960. 140. ' 240. 39.

U 8is 3.0 33.
‘gabelle 14, 3.6 B,

1/29/55 .70 | 22
/Kabelle _ 3;50 3.2
: . 5 _

*

1
b
1
1

~\0
-3

E—g

3.
2




" 12/8/54

fagranse e

Date and
Island

3/26 /54
Kabelle

| 7/16/5#

Kabells

Kabelle

12,18 /54

Rongelap
1/26/55

Rongelap'

1/29/55
"Kabelle

Labaredj

1/30/55
Gejen

~Lukﬁen

Values expressed 1in 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

-107 -

Meat
2.55

251

Skin

87.8
3.77

155
2. 43

Husk

1%

7
53.

279
.306

.094
.253
.285

.063
.043

" "Rongelap Atoll, 1954-55.

Shell

3.13
1073

-.095
«137

Misc.

215.
142,

34

A

393.
110.

.281
L] 201
.688
466

.163
.156

434

primary leaf

old leaf, external
“* , internal

secondary root ‘

primary

entire fruit
" [}
n

pedicel

entire flower
pedicel -

flower

ke

primary leaf
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Table V.

Date and

Island

/26/54°
. Labaredj

'*%,12/18/54

Rongelap

/29/55
Kabelle
Labared j
Lomuilal

Géjen
Rongelap

Radloactivity of Edible Plants other than

Coconuts from Rongelap Atoll, 1954-55

Name

Morinda

squash
papaya

arrowroot
Morinda
Pandanus

arrowroot
Pandanus

. arro¥root

Pandanus
arrowroot

' papaya
_papay

arroxroot
Pandanus

squash
spiﬁach

Edible Portion Seeds Skin  Leaves

24.8

034
. 044
-.033

©.052; .042; .052 -

.062

059

. 066
124
.015
.362
175
.110

.029
.190

.117; .061;
.018;

.135

.223; .012

7,168
AT
.123
.093
-, 048

- 175

e 141
.129

022
074 .
. 029

. 070

.088
.105
.048
.071
.103

.133

.189
211

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

1,070

.182

.033
. 040

Misc.

. 066 pulp




Eaten from Rongelap Atoll, 1954.55 -
Values expressed in thousands of d/m/g of wet tissue

Date and o1/ Frult tesves Stems Roots
sland Flower Apical-Bud Green Mixed Entire Debarked Bark  giitebs
3/26/54  tree 1 : : 1,630
Labaredj tree 2 = 62.7 | 2,070 | 1,630 419 302
R shrub 1 800, 1,080 14,0 440
.  _herb1l : 3,2603 1,030 1,240
3/26/5,  herb 1 2/ - | 874 782
Kabelle herb 2 469, = 1533 12,200 1293 154 '
- grassl SR 3,990 | 336 o
7/16/54 .. tree 1 142 1.1 : 324 72.3 o
Kabelle tree 2 1,083 2,04 = 1.25 7.7 0968 12,3 o
. s Shr‘lb 1 le 55; 1056 1.48 y 3015 554 6036 o
shrudb 2 S 25.3 3 1904 3/ 1260 3 487 3/ 0365 17.8 .‘ :
herb 1 36533 30663 2353 2.783/ &
herb 2 . o 54923 2.9 ) 7025} 1, S ND
.. . -,  grass 1 ‘ . S lbedy 18544 . , b
12/8/54 . . tree 1 511 4943 1,08 | 634 405  .830
Kabelle tree 2 2/ 3,30 1085 0760 2:53
o -o.shrub 1 01643 o325 odl3 496 ‘ o172 o164 0266
~7-. herb 1 . R 2,60 : 1,25 ' ~
herb 2 2 / -887 : ' R IAA «917 4e59
herb 3 2.68% o 1.71 2:.92 o +990 0494 1,60 e
.. grass 1 4.7 ' 14485 13.2
1/29/55. . tree 1 4T3 1,33 ' 2.07
Kabelle tree 2 «338 .318 ' '
4 shrub 1 o151 o336 . o525 ’ 148
herd 1 1048
herb 2 499 led2
herb 3 1.74 4.20 2.60
grass 1 10.3 12.1

y iil';zv'ee? vl, Messerschmidia argentea; tree 2, Guettarda speciosa; shrub 1, Scaevola frutescens; shrub 2,
" Suriana maritimaj herdb 1, Boerhaavia tetrandra; herb 2, Portulaca oleracea; herb 3, Truimfetta
- procumbens; grass 1, Lepturus repens.

2/ flower . _. ;
3/ sample washed before counting , : RRE LA




RO

Date and
Island

3/26/54
- Kabelle

7/16/54
 Kabelle

‘Rongelap, 150"
lagoon off
Kabelle, 60!

- Gejen

1/ leaves
2/ stems

Table VII.

YRadioactivity of Marine Algae

from Rongelap Atoll, 1954-55

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

Udotea Micro-
indica dictyon spp.

1,480 5,100

43.4; 41.7
38.4; 48.6
61.5; 113.

| 5.22

7.99 11.7; 9.69

3.78

O
NO
O

Halimeds
735
450

8.02; 10.7

19.5; 10.0

. 15.0

3.75; 3.5

- 4.9

3.4

1.5

4.1

7.5

.695; 1.5

2.26; 2.1

Jush; 1.4
.849

1.63

.854

VNP WEDON Ol

Dictyo-
Qg%%%%pﬁ sphaeria
== cavernosa
1,360
53.4; 15.3
8.12; 13.7
7.10; 6.08
33.7; 82.2
4s.4
2.31; 2.96
7.66
- 2.40
11.1
.350 ; Y Bh%/ 4,23
1.53; i 77 :
5372/ 5.76 1/
2.48
5.58

3.63

Gracllaria

sp.

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




Tabe X

3/26/54 © 7/16/5k

Island Soil

cistern water

?at high tide line

NN

3 filtered well wéter
e g/'standing water :
74 ground ,

Radioactivity of Plankton, Sotl. —Sand andf.r‘f,
Water Samples from Rongelap, 1954-55 ‘

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

12/8/54

12/18/514 1/26-30/55

' Kabelle . - B.73; 5.84 13.7; 22.8 5. 01 12.8
Labaredj 306. S 11.0; 8.54 2. Oh 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
| Ge jen . 830 - 6.16
abelle 2,000 312 315 ‘106 20.51/  13.7
" R 7Y 596 5.04 3.04
‘Labaredj 17,000 — o
A 13,000
"Rongelap 2.34 1.16
R Lagoon bottom, 1/29-30/55
ok %R W K R2E 2nF
jLomuilal, 55' 22.9 27.2 17.8 16.3 17.9 14.5
: O"l 1t 1_2 11 2-3 woo 3-4 "’ u_s 1 .5_6‘" 6_7 [}
Kabelle, 60’ 19.2 16.9  16.9 16.2  20.0 T.47 |
40"  20.3 16,9 21.4 21.8 10.3  3.35  3.29
Labaredj, 150! 16 2 ‘ ' : v
| o Water - Values expressed in d/h/hl 0.85 counting error
- Lagoon Water Fresh Water
T - 7/16/54 1/26-20/55 12/18/54 1/26-30/55
- Lomuilal . 5.6 T 3.0
§ Kabveile 3.3t3.1 33t2l7 48. * 3.25/
8 2.3%3.0
i 11T 32
| 4.8t 3y . o
§ Lavareds 6.8 3.0 25. t 2.22/
§ Eniaetok o 17, T 2.23/
§ Rongelap 5.6 ¥ 3.0 3.4 % p2/ b2t 1.82/
| SRR | 2.6 £ 182/
.. Gom 1.9% 153
- 1.8 + 21,
A .




VLN

T;'tw) iéw‘x.I.,, N ey
~ Products and Calcium in Rongelap Soil Samples Based on 1 Milliliter Replicates

7500 - .
—-xlo" - %

Sample Number:

P =%
a = ¢/m chemical
yleld
cerium 21,005 40
27,154 48
trivalent 26,297 5;/
rare earths 25,535 75
zirconium 19,099 99
g | 18,809 69
niobium - 7,584 96
7,192 79
ruthenium 10,289 972/
e 9.518 97
strontium 1,574 21
: 1,440 26
barium 6,192 ' 85
4,971 62
calcium 527 3/
538 .
total _
= ¢/m, non 123 558
separated 123,904
aliquot 128,561
average 324,008

be
4y,

28.

19.0
6.9

8.2

0.4

118.

10,014
9,909
8, 562
8,992

»337
»532

,618
,386

019
321

253
612
2,158
1.372

278
221

ww W VO

47,992
48,282

47,370
47,882

7501

b

Data for ComputIng Per Comt moriy o

—b—é—xlou a
17, 94
2)4 . 13}507
12,353
13,200
7.8 ,857
4,488
7.2 5,247
| 3,664
)4-'4’ 3,019
3,494
T 487
109.
68,758
69,692
67,304
68,585

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

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

3/ no yleld was determined

7502 =
b bcxlouij
83 . 30.

83 3
75V s,

75

75 26.

72 e
100 7.7
9 -
1002/ . 6.6
97 o
29 2.8
64 6.9
74 |

3/ 6

111.
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ate No.

4032

Date and

Island

3/26/54
Kabelle

Labaredj
Kabelle

able XII.”?h&sidal Décay”Rafeé bf’Rongelap Samplés“f

r = t7%; ty = March 1. 1954

| Substance or

Organism

damsel fish
11 1 )

" "
" A
1" "

squirrel fish

L] H
L "
" "
" "
” 3]
" "
L} it
" "
[ L
n "

paﬁrot f%sh
1 1] 4]

L "
L n

gi%nt c%am

spider snail
| "

sea cucumber

‘shore crab

coconut crab

Messerschmidisa

Boerhaavia
sogty tﬁrn

fairy tern
sogty‘tﬁrn

curlew

Tissue

skin
muscle
bone
liver
gut
skin

muscle

bone

liver
gut

gl1l

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

”n

.l
N DRNDWNE PDOBRDWN &= WM NDWN

No. of'
Times
Counted

28

31

B R RN kb b b e bt b b bt e e e et o

X,
Decay
Rate

QiU Ohi

DM = DNVY O WERNEO WO

. .

e . .

~NOON U ONOFNTW OWHAMNMNMUWY N

ot
w
oEWM &

(3-11fe ~80-4d)
1.13 |
1.31

- 1.29

1.60

1.28

1.31 .
l~36 .
1.17, < 90 days

1.59, >90 days

1.83, >90 days

A U DR




; 75003
- 7501

75018
- . 7502a
e 8203
= 8240
- 68u44
§ 6859
12151

12152 -

12153

12154

f 12155
12186
12201
12202
12203
12204
12205
12231
12232
12233
12234
12235
12236
12237

12238 -

§ 12239
S 12240
12241
12242
12243

C 12244
12245
12251
12252
12253
12254

sble XII cont.) ~

7% pate and

Island
3/26/54

- Labaredj.
"}(81&88).x v N

. Kabelle

‘Labaredj
Kabelle -

7/16 /54
Kabelle

'herfing‘ :
fbutgerfly‘fas

12/8/54
Kabelle

"*f: ;457,H

Organism
soil
LA
Tn

pla%kton
Halimeda

3/b-1nch coconut

goa%fish
"
i ]
"

" "
n . 1
. ‘" "
surﬁeon fish
i
n "
# "
[4] "
da%sel f%sh

n ®

grouper

L
"
"

tern
soil

11
cocgnut

Halimeda
Caulerpa
plankton ‘

‘Substanéé;ofi”TJ,,p

. top inch 40
i

8
8
8
6
7
T
T
7
7
7
5
8
5
i
5
5
K T
- bone 6
5
5
5
(4
5
6
5
5
7
5
5
5
6
6
6
6
6

: 7 Times
Tissue Counted

e
‘_:J h ] Zg

ehg;re

- skin

muscle
bone
liver
viscera

 _ent1re7v
skin

muscle

‘bone
: liver

viscera
skin
muscle

liver
viscera

.. skin
‘muscle
. bone
... 1liver
- . viscera
.. skin~
- . muscle
.- bone
. liver
.7 yilscera
. skin
' muscle

bone

" 1liver

viscers

eggshell 4o

mid-island 10
intertidal 11

meat 12

L milk 11
- entire 11
“entire 11
10

f.lfNo;"of”° ‘

QO I MO N0 b bt e bt O R S D b s e ) e O O b b b

- .

o sle o

WWRNRNWYONWNHEOoOWENDD~NTWRWNORNRENNDNIMDN &HH-JW N A R L
O“ﬂfo470“»Ch0\CH0(hF‘O“ﬂ\O4=U1hﬂﬂ(h05$44\ﬂ#fOVU\DJ=¢ﬂ0Tuzg%gk;ag:”GESEQS“EQ%E%aj




