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5.1 Introduction

ForLowixeg A Nvcerrar detonation in the spring
of 1934, a Jurge gronp of people were contami-
nated with fission products. In addition to a
sublethal external gamma radiation exposure
and beta drradiation of the skin, delectable
amounts of radionuclides were deposited in-
ternally. It has heen assumed that in all situ-
ations resulting from a contaminating event, the
«tio of external to internal dose would be ex-
ceedingly high. However, a detailed study of
the internal contamination in the exposed
human population and in animals was made to
determine the kind and degree of internal
deposition. Three general problems were in-
vestiguted : (1) The determination of the con-
tribution of the internal contamination to the
acute radiation syndrome observed; (2) The
possibility of long term eflects, and (3) The
qualitative and qnantitative nature of. the in-
ternal contumination produced by exposnre of
individuals to mixed fssion products. There
was no nrevious situation in which human be-
ings were exposed to an environment contami-
nated with mixed fission products.. -Concur-

rent studies were undertaken by the Japanese,

however, on radioactive materials to which a
small group of Japanese fishermen, near Ronge-
lap at the time of the detonation, were exposed.
The report of the extensive investigations
undertaken on the ashes by the Japanese have
been published ().

Evaluation of the internal contamination of
the human beings was made by a study of the
radioelements excreted.  As very little infor-
mation is presently available concerning the

ratio of excreted radioelements to the amount

deposited in the body, it was necessary to base
the evaluation on data obtained from animals
which had been contaminated in the same
event. Detailed studies of animal tissues and
animal excreta then provided data on which
estimates of the human body burden were based.
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5.2 General Nature of Internal
Radiation Toxicity

Tur Narvre Or the radiation hazard from in-
ternally deposited fission products can best be
understood in terms of the biophysical behavior
of the radionuclides. i
Fission products entering the body through
inhalation or ingestion concentrate in various

tissues and act as sources of internal radiation.

The ability of a radionuclide to enter the blood
stream is determined by its solubility, chemieal
properties and physical state.  The radioele-
ments formed in fission are predominantly ox-
ides which have a limited solubility in body
fluids.  On this basis, only a few of the radio-
elements can become availible to the body.
However, the amount which can produce in-
jurious eflects when deposited within the body
i« minute becanse of the close proximity of the
isotope to the tissues it jrradiates, and because

the isotope continues to irradiate these tizssues’

until it is removed by biologieal turnover or is
rendered harmless by radioactive decay. The
eflects of radiation from internally deposited
emitfers arc the same as those from external
radiation. The distinguishing feature of in-
ternal radiation, however, is its long continning
nature. '
Radioactive isotopes follow the sanie me-

tabolic processes in the body as the naturvally-—

orcurring inactive isotopes of the same element
and of chemically similar elements. Thus
strontivm and barium, which are analogous
chemically to calcium, are deposited in the cal-
cifying1 ssue of the hone. "Although nearly two
hundred radioisotopes are produced in the Bs-
sion process, only a few are potential chronic
internal vadiation hazards. These fission prod-

ucts, which are listed in Table 5.1, constitute a

high percentage of the fission yield, and localize
chieflv in bone.  The “bonesseekers™ have, in
67
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Table 5.1.—Biologically Hazardous Internally Deposited Fission Products

. Fraction Keacitine Criticat
! Tyeptor |, F1smON ! i Oren
RADIO-ELEXENT HaALIATION \;;;&:\\\Tct 5
) Rf;‘:{’f ! Bff:;,;’ By Ixcgstiox | BY ,'r;‘g_'\.’"'*'
S : ——
Sr = ] 4.6 53 ] 3. 9x100 .25 0. 22
Yo B 5.9 57 >3500 2.8 x10-¢ 0. 14
Zrts B. v 6. 4 65 > 100 .35
Rum 8. v 3.7 42 20 .04
Ruos 8 0.5 365 \ 20 .04
s 8,1 28 8 i 180 . 0.2 . 0.15
Baiw 8. v 6.0 128 | ~200 .07 20
Latse B,y 6.0 ) P 33 1.2 x 10 0.1
Cett B, ¥ 5.7 25 | >100 .25 ‘
. ' Pri 8 5.4 13.8 | 50 1.3x107 | 063

Cets B, r 53 275 | 500 2 x 10! 0 10

Fromn: ! Seaborg and Perlman, Rev. Mod.

Physics, £0: 585, 1948.

* Hamilton, J. G. Rev. Mod. Physies, 20:718, 1048,
3 Handbook 52, L S. Dept. of Commerce, Nationa! Bureau of *tandarch

cenetal, long radiological and biological half-
lives and produce high-energy beta particlesx.

Thus, they cause greater damage to bone and to

the radiosensitive bone marrow than to other
tissues. The dumnge to the blood forming tissne
results in a reduction of blood cells, and thus
atlfects the entire body,

Information on the biolagical effects of in-
ternally deposited isotopes is derived from the
limited studies of accidental radioisotopic pois-
oning in humang, ov from animal experimen-
tation.  The best documented data on the effects
of small wmounts of internally deposited emit-
ters in hwman beings are obtained from studies
of racdium poisoning.  As a resnlt of radiwm
deposition, terminal anemia, bone necrosis and
ostesgenic sarcoma appeaved after a number of
yeuars, ~The residual activity in the body as
sociated with these effects ix 1 to 2 micrograms
of radiunm.  Radium is a particularly hazard-
ous element when depogited internally because
of its Jong Liological and radiologieal half-life.

Very few data are available on the Tong term
biological effects in human beings of the shorter
lived-isotopes snch as Si*y T P ayd Na.
Tlie metabolisni, excretion .m(l biological effects
of w number of fission products have been
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studied in animals by Hamilton (1), Abrums
(2, Bloom (3). However, most of these studics
do not cover the problem of the long term etfects
in animals produced by small amounts of in-
ternally deposited isotopes.

Few data ave available concerning the effects
of internal contamination with mixed fission
products from nuclear detonations.  Contanit-

nation ig not produced by every detounation of |

a nuclear device. For example, no internal
contamination wax detected in individuals ex-
posed to the aiv burst at Nagasaki and ire
shin.

In Held tests of the contaminating type of
atomie detonation, antmals that inhaled fission
products duwring short periods of exposure were
found to have insigniticant amounts of internal
vontamination. o

The long teym eflects (primavily m.\hnmnt
changes) lewltm;_r from radium deposition have
been uged to set the Hmits for maxinnum per-
missible body concentrations of u few bone seek-
ing radivisotopes in the body (5). Maximum
permissible body content of other radioisotopes
are estimaled on quantities resulting in u dose
of 0.3 vem per week to the tissue of highest
concentration. ' ‘
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* the counting of the samples.
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‘ v . - .
5.3 Internal Contamination in
Human Beings

Tue Interxan CoxradxaTtiox study was be-

“gun 15 days post-detonation with the collection

of pooled 24 hour urine samples from the
Marshallese and American groups.  Maximum
activity in the urine occurs during the first few
days after internal contamination. By 1 week
an approximate equilibrium state is reached in
which the contaminants remaining in the body

are firmly fixed, chiefly in the skeletal tissues.

The activity in the urine then derives from
vadioelements which have been replaced in the
natural process of biological turnover. Thus,
the study made is essentially that of an equi-
librium condition.

The urine samples were sent to laboratories
in the United States for analysis, since the high
background encountered in the field masked the
velatively Jow leveis of activity in the aliguot
samples used. .\ field laboratory is most de-
sirable for a rapid survey, and was shown to be
feasible, if adequate facilities are provided for

The first urine samples, mentioned above,
were collected for the os Alamos Scientific
Laboratory (ILASL). Similar samples col-
Jected 44 duvs post detonation were also sent
there. On the 23rd, 24th and 47th days post
detonation, 24-hour urine collections from each
individual from Rongelap and Ailinginae were
sent to the New York Operations Oftice, A tomic
Energy Commission (NYOO-AEC) for an-
alysis. In addition, samples from representa-
tive individuals in these groups were collected
214, 3 and 6 months post detonation and sent
to NYOO-AEC. "

The USNRDL collected samples from each
member of the exposed gronps at 43 and 46 days
post detonation.  Samples from representa-
tives of these wroups were alvo collected at 215,
3and 6 months by the USNRDL.  In addition,
samples from a representative group of i Ameni-
cans and 24 Marshallese were collected for G
consecutive days heginning 33 days  post
detonation.
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5.31 Mechods

As a complete radiochemical analysis of all
the urine samples was not feasible, samples were

analvzed for only Si**, Ba'" the rare earth

group and fissile material. These analyses are
the ‘most useful for evaluating the concentra-
tion and identity of all the potentially hazard-
ous internally deposited radioactive isotopes.
Measurement was also made of the gross beta
activity of all the samples.

To facilitate the processing of the large num-
ber of urine samples sent from the field, a scan-
ning method for beta measurement consisting

“of a basic oxalute precipitation with a lantha-

num carrier was employed on an aliquot of the
24-hour urine samples. This method rapidly
concentrates the radioactive elements into a
small volume and eliminates the normal IK*
Lackground. A carbonate precipitation of the
entire 24-hcur sample increased the sensitivity

‘of measurement sufticiently for analysis of

samples collected later than 214 months post

detonation. )
The beta activity was counted with a thin end

window Geiger-Muller counter. The counter

wag calibrated with a 17.0; standard, and an,

appropriate correction for self-abzorption wax
made using a Sr** standard.

5.32 'Findings and Interprerations

1. Beta Activity of the Urine. Internal dep-
osition of radioactive elements was evidenced
by the presence of signifieant amounts of beta
activity in the urine. This activity decreased

rapidly as a function of time, as it was derived-

chiefly from short-lived radioisotopes. For
example, at 3 months post detonation, the mean
activity of the urine of adults from Rongelap
was 28 percent of the value measured 45 days
post detonation, and at 6 montht, the activity
in the urine was'barely detectable in most of the
mdividuals,

Comparison of the meuns of the urine sam-
ples for the adults fromm Rongelap and
Ailinginae and from Americans from Rongerik
indicated that at 453 days post detonation the
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Table 5.2.—~Summary of Human Urine Analysis, Gross Beta Activity

g';‘;éu’:?é: 134 MoxTus 2} MoxTHs 3 MoxTits ! i MONTHS
No. VYowvrMe p'M No.  VYorvme  p/u No. Vourmz  p/st ’ No.  Vourxr oiw
{24 urs) 24 MRS (24 MKS) 24 HRs | (24 HRS) 24 HRS i (24 HR2) 24 HRS
ML { ML i ML : i ML
Rongelap
Age in yeurs
A (<5) 7165 404 s 360 12 |
B (5-16) - 11 430 758 12 510 5
C (>16) 31 581 1208 10 824 705 10 370 334 33 625 0
. . :
Ailinginae '
Age in years
A (<3) 1 150 217
B.(5-16)- 2 275 126 3 400 0
C(>16) - 10 722 353 12 6335 0
American 25 1158 30y

All values corrected for decny.

highest activity was in the Rongelap group

(Table 52). The Ailinginue group had less
than half that of the Rongelap group, and the
Americans had about one-quarter the activity
of the Rongelap group.

The meun gross beta activity of the urine of
the three groups above was roughly propor-
tional to the external dose each group received.
However, a comparizon of the niean beta ac-
tivity of the urine of Ailinginae and American
groups indlicated that the latter had a somewhat
lower amount of internual contamination, even
theugh both wroups received about the same ex-
ternal dose.  This may be accounted for by the
fact that the Atlinginae group deank contan-
inated water from open contuiners and ate con-
taminated food up to the time of evacuation,
whereas the Americans ingested mueh less con-
taminated food and water, since both were
largely stored in closed containers.  Indoctri-
nation of the \inericans concerning radiation
hazards rolably was also a factor in redncing
the wwmount of contamination which they re-
ceived. -

The variation of graszs activity among the
individaals in any of the three groups is guite
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large (Tables 5.3 and 5.4). This is chiefly the
result of variations in the quantity of waler
and lLoth the kind and quantity of food in-
gested. The degree of exposure of the indi-
vidual to air-borne activity is also a factor in
determining the individual degree of contami-

nation.  While there were lurge variations:

amotiy individuals, the dav-to-day levels of ac-
tivity for each individual were fairly con.
sistent. ’
Further information on the source of in-
dividual variations was obtained by grouping
the individuals from the Rongelap and \il-
inginae groups recording to age (Tables 5.3 and
5.4). While the activity excreted per unit vol-
ume of urine is about the same for both children
and adules, the mean activity of the urine ex-
créted in 24 hours by ehildrén under 15 yvears
wits significantly Jower than that excreted by
adults. The data available do not indieate
defnitely whether the Jower total excretion
indicates u smaller total body burden in the
chililren resulting from lower mhialation and
ingestion, or whether it represents a higher de-
aree of fixation of the radio-elements by grow-

ing bone,

4
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Table 5.3.—Gross Beta Activiry in Urine of Rongelap People on 46th Day Post Detonation

cuevo TIIRD PHAAT | ewexe [TEmnyeel po o
! - . |
Age < 5yrs 1 Age > 16 ¥rs
2 120 712k 4 1435 634
3 150 s94 o 7 810 1, 700
5 155 A3 9 355 201
23 40 223 10 980 540
33 260 0 | 1 430 1,583
54 80 38 13 340 1,677
69 453 301 i 14 780 " 2,460
— ) 18 ; 455 1,670
Mean 165 104 3 22 | 47 v
: i 30 46U 138
! f 34 750 570
i 37 480 792
I 10 530 1,450
— - i—— L 16 330 495
{ 3 19 425 0
i 52 780 0
; 55 320 1, 080
i 56 700 3, 220
Age 6-13 vrs N 57 550 1,005
- L 58 750 2,170
20 v 265 1,900 & 60 b0 560
24 i 530 6 ¢ 62 980 1,985
26 TR IR O - B¢ 63 635 1 2,260
35 P 255 0 66 855 ;| 1,715
36 £ 190 236 68 300 @ 2,010
30 | 280 1,100 71 200 P 1, 450"
a7 TN N T E 7 230 ! 0
67 ; 450 | 674 T ans 52"
72 ‘ ne - 507 ¥ 79 i 465 1 20038
75 Eoa40 l o ¢ 0 Loos100 F 1,353
76 booeso P80 52 i 63 2, 140
Mean T R A L Mean 581 1 1,208
: H H

Values corrected for decay.

No correlation was found between body
~weight of the people from Rongelap and the
total activity per 24 hours excreted in iheir
urine, ,

Grosg Deta activity measurements were also
made on the sampies sent to NYQO, AEC.®
Their results essentially corroborate the find-

*Personal connmunieation from Dr. J. Harler, NYOQ,
AEC, N ’

‘
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ings by the USNRDL, parti¢ularly the ratio
of the activities amony the three groups studied.
The abselute values of the activity determined

by NYQO-AEC, however, were lower than ~

the USNRDIL values by a constant factor.

2. Radiochemical Analysis of the Urine:
Estimate of Body Burden. Radiochemical
analysis of the Rongelap urine samples indi-
eated that the alkaline earth and rare eath
eroups together contributed 73 percent of the
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Table 5.4.—Gross Beta Activity in Urine of People From Ailinginae and the Americans

\

AILINSRINAE ! AMERICANS
Dav 46 Poust DrroxatioN : Dav 44 Post DETONATION
i i . i
. TotaL VoLvste, BETA AcTiviTy . ToTaL VoLt ATy
Case No. ;4‘ :\llns ?:;‘;;‘E ;fﬁ'eﬂ;.l" { Case No &T l‘l‘l!.: ?:l:.n‘”' l!g,.\\”_:\‘c-:!i ¥
|
Age<5 yrs d 101 1,970 0
6 | S 2 650 0
8 ! 3 : 1,224 8§20
44 150 217 { 4 40 78
: 5 - 735 0
Mean. ... e 150 217 ' 6 900 248
H 7 1,340 0
‘ ;- 8 1410 1,20
Age 615 yrs : L
- 45 ¢ 150 164 ! W L D
53 i 11 1, 380 385
81 - ; 370 88 12 1, 460 0
i 13 1,810 265
Mean. ... boos | 14 b 520 138
; i 15 1. 380 830
‘ 16 1, 930 0
; 17 045
Age> 16 vrs i GOEETTRT PR
! i oe00 76 i Lo o
16 Po8s0 827 L o Ly oo o
28 6so 1 im0 bt i - -
S m oy e e
1 N ! 6 X 22 D e e
u 020 62 23 e PooLase
3 O i 21 ©1160 TAN
. i - ! . ) 25 L1350 187
45 ! 8§50 ‘ (3} : or; " . PR
51 o0 b s : o 2y g2
b i ; ' 27 AL ...
Tl | 440 ‘ 0 f s | an y
: ‘ 3
Meun. ... ... : T22 : 553 ! T .
Meun... ; i i EoNean L BN Bnn
N ) H H

Value: corrected fur decay.

Deta activity at 45 days post detonation {Table
a0). The predominant radionuclide s Sy
which contributes 42 perceut of the total heta
activity at this time.

Assavs of Hssile mmterial made on pooled
sinpides of nrine were all negative within ex-
perinmental lmits .

The earty wvine <omples analyzed by the
LASE (collected 15 dayvs post detonationy eon.
tained fair amounts of vadioiodine in addition
to the alkaline and vave earths. ,

On the basis of the radiochemienl analysis

0002111

of the urine. the hody irden (the radioizotopic
deposition in the tissues) waz estinated, The
ratio between the aetivity of the weine and the
amonnt of SotdfiT fiaetl-m the body is vequired
for this calewdation, However, few ratioz arve

“avadlable for the deposition of the various ra-

dioelements in hununs, so that it was necessary
to utilize ratios abtained from animal studies,
Of the animals collected on Rongelap, the pig
wits selected as the closest to the Bunc in size
and metabolisne A detailed study wag there
fore nnvde on the exeretion of these auimals and
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Table 5.5.—Radiochemical Analysis of Urine From the Rongelap People (45 days post detonation)

! BETA ACTIVITY=D/M/28 J{OvR
Sauvrie No. = : i : -
A I i
3 1

g | i .
L1350 o 400 120 197
2. . e . L1200 a0 b 80 0 245
K J O . © 1020 s 120 324
o e : 1210 625 - 150 254
3. U S £ [0} 328 1o 174
T N B 171 R & A S ¥ 353
AVETEE. L. e boo1233 0 526 . 134 - 312
Percent of total Beta activity oL ... .. ; 100 412 Vo, 7 25 5

on the radioactive content of variods tissues.
Details of the animal study are presented in a
subseéruent section. ,

The estimiate of the mean body burden of the
Rongelap group at »2 days post detonation is
presented in Table 5.G. The body burden at one
day was ealculated in the following manuner.
A formula was obtained from nrinary excretion
data reported by Cowan, Farabee and Love (6)

Cin s eaxe of accidental inhalation of S The

excretion curve was best represented by four
exponential teyme, (Verv similar results were
obtained by approximating the biologieal decay
of <trontium with a power funetion, based on
hwman exeretion of the metabolically similar
element, radium) (6. 7, 8).

Fstimates were muade of other radicelements

present in significant amounts at one day. as
shown in Table 2.6, These estimates were made
on the basis of the level of S at one day. to-
avther with the daticen the activity of the vavi-
ous fission products ar this same time (9 and
anint] isotape absorption and retention data
{1.5). ‘ ‘

The LASL has alsa estimated the hody -
den ar one day, on the basizs of radiochemieal
analyeis of pooled urine canples from a repre-
sentative number of the Rongelap and Anseri-
can graups (1), These culeulations were'base
on the analys<iz of 1'% in the carly samples o
urine (15 days post detonation) as well as the
above mentioned physical and biologieal daia
on fission products (1.3.9)0 Their findings are
presented in Tuble 5.6,

!
{

Table 5.6.—Mean Body Burden of the Rongelap Group

ACTIVITY AT | ACTIVITY AT ! ACTIVITY &t
RADIOISOTAIE a2 L";“‘ 1] L)r” E ! ‘“"_“
: (USNRDL) (USNKDLY (Lasl.

Se 010 G 22
Bavr o e e 0. 02} 2.7 0. 34
lJarcearth group. . oo o oL Ll 0. 03 ! 1.2 —
I (in thyroid) . oo 0 6.4 R B
W L Y e - — 0 013
Cas .. Con 0 couun
Fi<site material .. ... . .. . ... .. S} 1] 0016 (uom)

ANFUTL = GG

50021718
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On the basis of an assumed uptake of 20 per-

- cent per 24 hours, the integrated dose to the

thyroid from I'*' and other shorter-lived iodine
isotopes was calculated by the USNRDL to be
about 100 rep. The LLASL has estimated that
this dose was about 150 rep for Rongelap group
and 50 vep for the Americans.

The differing approaches used by the
USNRDL and the LASL for estimating the
body burden gave results which, except for
Biate, are very close.

The mean body burdens of the individual
nuclides presented in-Table 5.6 were ealeulated
for the Rongelip group. Values for the
Ailinginae group were approximately half
those of the Rongelap group, and values for
Americans, about one-fourtli those of the
Rongelap group.

The total amount of radicactive material
present in the G. I. tract at one day post detona-
tion in the members of Group I was estimated
as approximately 2 me. This activity wuas con-
tributed chiefly by isotopes of short radiological
snd biological half-life and limited solubility.
Thns the levels of activity in the tissues of the
body were relatively low. The concentration
of radioisotopes at 6 months post detonation
was barvely detectuble in the wrine of most ex-
posed individuals,

Todive, which i quite soluble, is prabably
the most hazardous internal radioemitter in the
eurly periad following exposwre (1), The
dose to the thyvroid was appreciable, but Jow
compayed to the partially or totally ablating
dozges of 1" used in therapy of hyperthyroidism
or carcinom. At one day post detonation Sr
was calculated to be near the maximinn per-
nossible level (3) for this nuclide. At later
times following exposure, this longer-lived fis-
sion product presents the greatest potential in-
ternad hazard,

The present study confirms the observation
tevle inaninal experiments that most of the
radionctive elements foomed in fission as well
is the fissile material itself, are not readily ab-
sorbed from the Tungs and the G, 1. tract, Only
I, Siy Baoand a few of the rave earth elements
were abisorbed to any significant degree,

F° 75002718

An attempt to measure bone-fixed radioactive
emitters by means of sensitive filnr badges taped
Lelow the knee, over the epiphysis of the tibia
on a number of persons, yielded no positive
results. ‘

No correlation could be obtained between the
degree of internal contaniination and the elini-
cal and hematological findings. . In view of the
short half-life of the most abundunt fission

* products deposited internally in this situation,

the possibility that chronic irradiation effects
will vecur is guite small.  Thus, an evaluation
of the datn on the internal contamination, in-
cluding that of S, leads to the conclusion that
the internal hazard to the contaminated inhabi-
tants of the Marvshall Islands is minimal both
from the acute and the long range point of view.

'5.33 Source of Internal Contamination

The fallout material consisted largely of
calcitnm oxide and calcium carbonate. The
fission products were adsorbed mainly on fairly
large particles. The materinl was 10 percent
soluble in water, and completely soluble in acid.

Internal deposition of fission products re-
sulted from inhalation and ingestion of the fall-
out material.  Ingestion appears to be the more
important of the twa routes of entry into the

body.  The activity in the air settles ont fuirly

rapidly, but contmminated food. water and
utensils retain their activity for long periods of
time.

The amount of fiszsion products reaching the
Woodstreant througl the respiratory tract is a
function of particle size and solubility of the
aivborne contaminants. The particles with

which the activity was associated were con-

siderably larger than the optimum size for
deposition in the alveolar tissue of the lung.
Thus, the probability of the retention of inhaled
airborne contamination was not appreciable
during the expasure period.

The hypothesis that ingestion was the chief
source of internal contimination is supported
by the finding that the gastro-intestinal tract,
its contents, and the liver of autopsied chickens
and pigs saerificed at eavly intervals following

+ b,
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detonation were more active than the ajveolar

“tissue.

The importance of ingestion as a continuing
source of contmmination is evidenced by the
level of internal contamination of the pigs from
Rongelap.  These animals had abont ten times
the body burden of the human popnlation in
the same locality.  As the air-borne activity
had already-dropped to a low value at the time
of evacnation of the humans, the contamination
of the pigs dwring their prolonged stay on the
island necessarily derived from ingestion of
radioactive foad and water. :

Radioanalysis of water and soil samples from
Rongelap indicated high levels of contamina-
tion from the fallout at emly times following
detonation.

It appenrs that during the first month a
limited amount of fission products was avail-
able to plants growing on the contaminated
soil. Significant amounts of beta activity as
well as small awmounts of alpha activity were
present on the external surface of plants at 42
days post detonation. Only very small amounts
of beta activity and no alpha activity were de-

“tected in the edible portions of fruits snch as

pandanus, papayas and coconuts. Idowever,
high levels of activity were found in the coconut
tree sap, and the isotopic concentration was

very similar to that of water.

High Jevels of activity ‘were found in fich
taken from Rongelap lagoon. It appears that
the ingestion of contaminated water and fish
were the principal sources of internal contami-
nation of human beings. Of the individual
radionuclides, S1®, because of its high solu-
bility and relatively long radionctive half-life
was probably the isotope of greaiest potential
hazardin the environment.

Interaal Radioactive Decontamination T'her-

apy. Since there is no method of counteract-

ing the effects of radiation from internally de-
posited emitters, treatment consists of remov-
ing the nuchdes from the body as rapidly as
possible.  The ability of ethylene-diamine-
tetra-acetic acid (EDTA) to mobilize certain
of the fission mroducts from the skeleton and
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to increase the rate of their excretion has pre-
vionsly been demonstrated (11-13). It is most
eflective with the rare earth group, but has
noeffect on strontimmn (13). These studlies have
shown that. most of the biologically hazardous
material remaining in the body is firmly fixed
in bone within a short time, so that effective
svetemic decontamination by chemical agents
can occur only in a short period following ex-
posure.  Nevertheless, an attempt to eflect in-
ternal decontamination was mu:le 7 weeks post
detonation, since it would mobilize and make
detection of isotopes easier, even though it was
renlized that the procedure wonld have limited
value at this time.

A representative group of ceven individnals
fram Rongelap were selected for this study.
During a control period of 5 days, 24-hour urine
samples were collected daily for radioanalysis
im order (o establish a basal excrétion rate.

‘During the next 3 days, calcium EDT.A was ad-

ministered orally, 1 am per 25 lbs of budy
weight daily instead of the preferable intra-
venous drip because parenteral therapy was not
practical under the circumstances.
Twenty-four honr urine samples were col-
lected daily during the treatment perioad and
for 5 days following treatment to determine the
etlectiveness of EDTA in accelerating the ex-
cretion rate of the radioelements. )
No side effects from the uze of EDTA were
observed. Blood counts and blood pressure re-
mained unchanged throughout the treatment.
The mean activity of the urine during the
EDTA treatment period was 2.5 times the pre-
treatment activity., The probability that the
diflerences observed are due {o chance is less
than 0.01. Thns the oral administration of
EDTA for a period of 3 daxs beginning 52 da¥s
post detonation inereased the excretion rate of
internally deposited fission prodvcts, but the
over-all effect on decreasing the body burden
was slight, as the excretion rates were very low
at this time.
Summary.  The first instance of internal de-
position of mixed fission products in humans
oceurred as a result of fallout following a ther-
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monuciear explosion.  This internal contami-
nation resulted from both 11111.\1.1t10n and inges-
tion of fallout material.

High levels of activity were found in water
and on the external surfaces of plants, The
contantination of the internal potrtions of fruits
and vegetables was small. Of the individual
radionuclides, St because of its high solubil-
ity and relatively long radioactive half-life was
probably the isotope of greatest potential haz-
ard in the environment.

Few of the fission products present in the
environment were readily absorbed from the
- lungs and the G. I. tract. Radiochemical anal-
ysis of the urine samples from the Rongelap
people indicates that Sr, Ba and the rare earth
group together constituted 73 percent of the
total beta activity of the urine at 45 days post
detonation. Sr** was the predominant radio-
nuclide at this tune, contributing 42 percent of
the total beta activity, Assays for fissile ma-
terinl in the pooled urine samples were negative.

The human body burden of individual radio-
nuclides was estimated from radiochemical
analysis of the human urine and of the
and urine of animals from Rongelap. The
mean body burdens of the radionuclides in the
Ailinginae gronp were approximtely one-half
those ‘of Rongelup, and the mean body bur-
deng of the \wericins about one-fourth of the
Rongelap gronp.  While the activity excreted
per unit volume of urine was the same for adults
and children from Rongelup. the total activiry
excreted in the urine in 24 howrs by children
mnder 15 years of age was significantly lower
than that excreted by the adults.

The total amount of radioactive material in
the G. 1. tract at one day post detonation was
estimated to be & me in people from Rongelap.
Thisactivity was contribuited chiefly by isotopes
of short radiologicn]l and bielogical half-life
and Thuited solubilicy, and thus the levels of ac-
tivity in the t ssues of the body were relatively
low.  The concentration of radioisotopes at 6
manths post detonation was barely detectable
the urine of most of the exposed individuals,

The estimated dose to the thyraid from P»
and other short-lived iodine Jsotopes was 1010

tissues
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early times after exposure,

to 150 rep for Rongelap. lodine is probably
the most hazardous internal radioemitter at
The dose to the
thyroid, althongh greater than tolerance, was
low compared to the partially or totally ab-.
lating doses of I' used in the treatment of
hyperthyroidism or carcinoma.

At one day post detonation, the concentra-
tion of Sr** was calculated to be near the maxi-
mum permissible level for this nuclide. At
later times following exposure, this longer-livel
fission product presenis the greatest potential
internal hazard.

Oral administration of calcium EDTA De-
ginning 7 weeks post detonation to a represent-
ative group of individuals from Rongelap in-
creased the rate of excretion of activity 2,3
times. However, the decrease of the body bur-
den was slight, as the excretion rate was very
low at this tine.

Anmalysis of the internal contamination in.
dicates that the dose to ihe tissue of the hody
was near. but, with exception of the dose to llw
thyroid, did not exceed the maximum: permis-
sible dose levels,  The activ ity fixed in the hody
deereased rapidly as a function of time. The
contribution of the eflects of internal contani-
nation to the total radiation vesponse obzerved
appears to be small on the basis of the.estimated
body burden of the radioelenients.  In view of
the short half-life of the miost abundant fizsion
products in the situation, the possibility that
chronic irradiation eftects will occur is small.

5.4 Internal Contamination of
Animals

Tin: InreexNan CoNtanyation of a munher of

Canimals collected on Rongelap was studied. The

activity in their urine was studied, and radio-
chemical analyses were made of various tissues,
These data provided the basis for estimating
the body burden of the radieizotopes in human
beings, In addition, henatological and patho-
logrical studdies were nude, and antoradiographs
of selected tissues were prepared. A number
of the animalz are also beine stadied for the
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appearsiice of possible long term etlects of
radiation,
A special study was earvied ont to determine

the effect of the radiation on the fertility of -

chickens and the hatchability of their egus,
The animals collected from Rongelap and
Uririk included 11 ehickens, @ baby chicks, 11
swine, 4 ducks and 1 eat. These were shipped
alive (o the USNRDI. Three fish and one
large olam were taken from the Rongelap Ja-
goon, - Colleetion dates aond mortality data for

these animals are presented in Table 5.7, In

addition, a- Loar, a cat amd two chickens were
autopsied in the field, and representuative tissues
were collected.

5.41 Methods

Tissne samples were tuken from all animals
which died spontaneously or were sacrificed.

Specimens were obtained from the Jung, liver,
G LLotract andd the skeleton.  The samples were
ashed at 530¢ Coin a mufile oven, and the ash
made up to volume with 2 N HCL - An aliquot
was then dried for beta measurement.  The beta
activity was determined Ly means of a thin
end-windaw Geiger-Muller counter. S wag
used as the basis for the mass al=zorption cor-
rection for the samples, as it was the major
radioelement deposited. The correction eal-
culated is an approxinmtion, as mass abzorp-
tion ix a function of the average energy of the
sample.  Beta activity was nieasured in total
dmy and this vidue was converted to pe, =S
equivalent.” .

The gamma activity of the tissue sumples was
measured in a well-type sodivm jodide seintil-
fation counter which has an efiiciency of about
40 pereent for a Co® standird. The gamma

Table 5.7.—DMortality and External Radiation Dose of Animals From the
Living Areas of Rongelap and Utirik

1
SERILE A ! SEmiEs B Sekigs € l - SEmiEs D : Tote
EXTERNAL -—— - —- —_ e — ——— —
Losg | s . ! A -t ' -3 ; - 83oin
Dy oF 205 (Dav s I 33 r(Dav2Y) | 30 r(Day 3y IorDay 81-i% ; '
COLLErNION) = mnmns B cme- - TFovaL DEwl HarT:
ANiMars : i : ; : : : : KECH et
L Torae: b oge Totav Seer ToTaL D el ToraL A
CRren Deat . Sac'n ; REED Hz.mi Sac'n KEcw | Dean | Sac'n |y, DEap ,Sacn
- - —- —_ i ——— -——
Heas..., I 1 L S . 2., 2! n R a . K
; SDay 2 Pay 23 . STy 42 Day dd . Day :
! : i Py a3 e
; ; ; | i R
: i ; i Vogrean ;
i : ! | i ! \ ios el i
! | ' : | ! L .
i | ! | : i I R FURE]
_— et _ (R ! : . J—
Roosters. ., I s . i . , i N VoL ] 1
: ! i :
| | Eo ! fDay g | [ :
——rr— e e e e e vmm—— | o e '+ ' 1 ——
M 1 H ] i
Chitks,,.... ' i : &
_Chicks RES e ' A | i '4! ..... ~ [ : : ¢ Lt
Ducks...... | o b i l i | oo 1 ; ...... 4 1
H oyt B 1
o |‘ | ! | | ! Day @ ' IR
Pazs L.t v ? 1 : . . [ T TN n' :
i | 1uy 45 i ley i !
: ; ! ! '3 fow )
. ) ! : ] [ L !
i : \ . R ! ! '
! . ! i :
' { . | 1 82 #25 i \
———-—-——i——-—_ —— : — e e e e e e e e
Cat.ooennnn, i | ! i
B SRR i g g e i . [ oo e IR R R
| ; i | i | { i ; Poes e v
H i | I ! i

*Animals from Utinik: ull oihers fiom Roneelsp (Group IV srei animuls ree'd 32 ¢ external doser.

"*Day Post Detonation
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activity was obtained in total Jd/m, and was
converted to p¢ “Co™ equivalent.’

Samples were analyzed radiochemically for
Se#) B+, the rave eavth group, I"* and fissile
material.

For excretion studies, the animals were caged
individually, and their excreta collected at 24-
homr intervals.  The feces and urine of chick-

ens were collected mud ashed combined, but were
collected and ashed separately for the pigs.
Beginning 5 weeks post detonation, the excreta
of a representative group of chickens was col-

lected at weekly intervals for a period of 214

months.  Collection of pig excreta was begun
at 6 weeks post detonation, and the collection
was made at weekly intervals for a 6-week pe-

Table 5.8.—Radiochemical Analysis of Tissues and Urine of Pigs From Rongelap on
82nd Day Post-Detonation

BETA ACTIVITY —D/M/TOTAL SAMPLE
- Gross i 2 1 Bare TotaL
SamrLe AC:;::;\ l vl T nn:lr;,un
N ———— —— S S . —_—
i
‘Pig #24 (25.8 kgm)
Skeleton (totaly. .. _...o.... 8800 | 5660 . 660 1010
Liver. . comeee il 31 | 0. 40 0. 33 6 4
Colon & Contents. . ........ 12 ; 5.0 2.1 3.2
Luny (Alveolary. ./ ........ 1.5 ! 0.22 0.20 0.8
Stomach. .. ... ool L2, 0.22 1.1 1.3
Intestine (Smally oo ... 2.3 | 0. 62 i 0. 50 0.5!
) T 33 ! 0.21 0. 42 0. 74
Remaining Tissues. ..o ... . 800 b Ll | B R
i ! :
Total, oo . 9630 ! 3607 . 6GH 1020
Urine Sample, 24 hr. ... .. 13 | 8.7 | 12 1.6
Pig #25 (2.7 kg | ! P
Skefeton (totalt. ... . © 860U Y {530 | 690
O g 27 : 0. 33 0. 20 55
Colon & Contents. . ... ... : 16 l 3.0 i 3.2 4.0
Lung (Alveolury ... _. i Lo o2 | 0. 23 0.33
StOMECN. LD ? 20 020 | 03 0. 30
Intestine (Smally .. ..o E .26 0, 83 i 0. 88 0. 88
Kiduey oooovnoooo. e ! 3! 044 0. 19 0. 52
Remaining tissues. oo ... ! 220 b P e ] eemeeees
| . : ——— J—
Total............... | ssto ; st07 i 531 702
Urine Sample, 24 heso oo i 6.2 | 4.4 | 0. 40 0. 54
B SUMMARY
QGnoss HETA ACTiviTy | SKEretoN  ; Torar Bony : UrINE (24 Hys?
TSP | 20 | w0} e
Bat ! 6.§ 6.5 70
Rare Eartho Lo i ! 97 . 0.0 : 10. 5
i :
| ~— P D —
‘. | 785 0 7as | s

Al vulues corrected for decay.
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riod. Radioanalysis of the excreti was per-
formed in the sime manner as that of the tissue
samples, described above.

5.42 Findings and Interpretation

Gross Qlservations. The animals had been
free on the islands.  Althongh malnourished,
they showed no other evidence of disease.
Autopsy of two chickens which died during
shipment revealed no pathological findings that
could be associated with radiation.

On the basis of an assumed 12-hour effective
fallouit time, the animals from Rongelap re-
ceived an integrated external duse of 230 to
300 1, depending on the date of their collection
{see Table 5.7). The pigs from Utirik received
a calenlated dose of 32 r at the time of their
evacuation. The animals all showed extensive
external contamination, ranging from 0.5 to
5 mr per hour 2t 30 days post detonation. This
activity was veduced about 73 percent by a
washing with water alone.

Radionctivity of Tissues and [rereta. The
gross Leta activity of the pigs at 82 days post

Table 5.9.—Beta and Gamma Activity of Chickens From Rongelap (uc x 10"

79

detonation was about 4 uc. The distribution
of activity in the individual tissues is shown in
‘Table 5.8, Over 90 percent of the beta activity
wus localized in the skeleton.  The highest ac.
tivity in a soft tissne was found in the liver,
which had, however, less than (L5 percent of the
total body burden. ‘The colon contents had the
second highest activity for the soft tissues. abont
0.24 percent of the total.  The alveolar tissue
of the lung had an activity less than 0.02 per-
cent of the total activity in the body.

Gross betn and gammia activity of the ehick-
ens at 74 davs post detonation was approxi-
mately 0.2 pge. The gross activity per body
weight of the chicken is approximately the same
as that of the pig.  The distribution of activity
in the tissues of the chicken (Tuble 5.0) was
very similar to that in the pig.  Most respiratory
radio activity was localized in the turbinates,
as a resnlt of entrapment of the Jarge particles,
which could not penerrate to the alveolar tissue.

The beta activity in the skeleton of chickens
at 160 days dropped to 4 percent of the value at
24 days post detonation, while in the same pe-
riod the gamma activity dropped to 0.2 percent

: [ f H
* ,  Hex s I HEN 52 I Hev a0 ! Hex 636 | RBex#s | Hever Hov ey
DAY Of DEATH™...i Dav 23 | Davaz |  Davi Dav o Day 12t Dav 135 Dav 1%
Davoaxaivzers. 0 Dav 2 | Dav 2 Dav 7y Dav 17 Dav 122 Dsv 140 | Dav s
Tissve i BETA Gamua, BETA Oaxsay BETA  Qasma | BETa Guuui Beta Gamug { BETA Gunui' Beva GaMMs
— —mn |y mr— . ] ——— — : < - - -
Tibia.. . o.oeall... TE0 38N B1R0 4610 133 64 23 L2188 s 4.3 313 3.2 $1
 Skeleton ...l 11030 S50 NYY g 1930 86X 367u° 3120 8M° «@wo [ 437 1378
Liver ..ol | 119 21 a2 21 12 72 34 32 33 1.7 138 10.7 1.8
Gizzard. .. ..ooonena.. 4.1 17 .o B.3 .6 10.3 .9 3.6 0.0
Girzard (conten)....| 003 — - 14— s 124 o 0.3
[oF - S 0.43 5.0 2.6 .9 - 12.2 9.3 4.5 1]
Intestine (L) and L

CONLENIS. .o iiininean) vevieeniene | wvecevnennnn 0.(3 100 3.0 6.3 — 4.0 10.7 sy 0.2
Intesuine (8) end.

[ TR O 1.6 0 3.0 -— 8.4 [ T
Pancreas.....oiciiiiel ieeiiiine. 0.16 —_ -— —_ -— —_— — 0.75 Q@
Spleen .o L - - 1.0 - - - - 0.2
Kidney 1S 46 | 9.0 2.0 14.2 100 e 124 0.7¢ 0.2
Lungs 17 = 0,57 40 20 1.4 1.5 36 43 16, & 083
Trached . ..ooooiiiii) civeiiaienns 0.24 2.0 10 0.7 3.7 08 0.2 -—
Turbinates...oooooon| ooiiiiil L& 19, ol 153 6 — - - -

1

*Calculated using ratio of gamma activity skeletonftitia.
**Day post detenution.
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of the 24 day value. These data indicate that
most of the activity is associated with short-
lived isotopes. The initial drop in activity is
very rapid, and after 43 days the decay curve
is essentially that of Sr*, the most abundant
of the longer-lived elements deposited.

The residual total beta activity found in the
two larger fish at 4 months post detonation av-
eraged 2.5 pe (Table 5.10). There was, at the
same time, about twice ns much gamma activity.
The fish were collected 56 duys post detona-
tion, and the drop in activity between that time

Table 5.10.—Beta and Gamma Activity of Fish From Rongelap Three Months Post Detonation

FisH #1 (802 GM)

i
Ba, Sr RADIOCHEMICAL ANALYSIS (PER-
Groas AcCTtVITY, AND RaRE CENT) IN HBa, $r asv Re
" EarTit FRACTION
ToTaL
ActiviTy Rare
Brta Gavxa (PERCENT) ; St Ba¢ Farntit
Head. . ... ... .co....cn..] 0.568 1. 26 8.9 38. 3 9.6 521
Scales+ Fins+Tail. ... ..... 0. 500 0. 58 9.5 17. 4 9.9 2.7
ViscOrf, .o rceceeamecaaaaan 0. 900 2. 36 48. 0 1. 4 0.6 95.0
Gills i iicaaicnnas 0. 160 0. 43 7.8 13. 9 6.7 70. 4
Remainder of Body...._.... 0. 596 1. 78 8.3 45. 2 1.2 43. 6
Total . oo oiiieea. 2724 6. 41

Fisn #2 (%07 )

Fisi #3 (168 631

i GROSS ACTIVITY, uC

GROS: ACTIVITY, uC

BETA Garss . BETA Cavya
T T
Head...ooviieeeeienaann. | 0. 101 0. 23 0.015 0. 017
Scales+ Fins+ Tail_........ : 0. 067 0. 23 ] 0. 058 0. 084
Viscera. ..o .. ... e ! . 620 2.4 i 0115 0. 205
e | ! 0. 043 0. 0¢ L 0,023 0.011
P LY 03 | o3 0. 070
Muscle ...l ... ..., ; 0. 151 0. 33 i 0. 038 0. 074
| !
Total. .oooooeiann.. o250 358 | 0301 0. 161
. ! .
]
CLamw 1}

Totat BETA ACTIVITY—6 4 X105 D/3¢

RADIOCH EMICAL ANALYSIS

Percunt
or Toutal
RALIOKLEMENT AcTiviTy
/2 SN 214
Ruto 10 i e 32. 4
[ O 7 s T 11,4
5T U O
Bave . ... p e 0.7
Rare Earths. ... 0 . ........ 33. 4

-Surmples collected two months post detonation.
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and the analysis at 4+ months represents only
radiological decay, Thus, the results are not
directly comparable to those obtuined from ani-
mals which were returned alive, and in which
biological turnover as well as radiological deeay
were operating. ‘
The largest fraction of the gross beta activity
in the fish was contributed by the concentration
of radioactive material in the viscera. In two

of the fish in which bones and muscle were sep-
arated and analysed, equal amounts of activity

were found in each fraction. However, the
storage of  these fich in formaldehyde for 3
months may have permitted the diffusion of
the radicelemients from bhone to muscle to take
place. Further studies on fresh fish will clarify
this point. .

The contamination of the fish in the lagroon
was considerably greater than that of the land
animals studied. As fish form a large staple
item in the diet of the Marshallese, the high
level of contamination is important.

At the end of a 2ls-month expei'iment:\]
period, the escretion by the chickens of both

beta and gamma activity per 24 hours was 3

- percent of the value measured at the start at 37

days post detonation (Fig. 5.1).

Analysis of pig excreta indieated a similar
decrease of activity with time. In a G-week
period, the gamma activity excreted per 24
hours decreased 1o about 2.5 percent of the ac-
tivity excreted at 44 days post defonation.

The excreta of the pigs from Utirik contained
less than 10 percent of the gross beta activity
found in the excreta of the pigs from Rongelap
at the same time. This ratio of 10 was approx-
imately the same ratio found between the ac-
tivity of the food, water and soil samples of the
two locntions.

Radiochemical Analysis of Tissues and Eu-
erveta.  Radiochemical analysis of pig tissues
indicated that 62 percent of the skeletal beta
activity was derived from St*, 7 percent from
Ba'e and 10 percent from the rare earth yroup
at 82 days post detonation (Table 5,5). The
radioisotopic composition of the wrine at this
time was similar to that of the skeleton. The
distribution of activity in the body of the pig

3002786b

may represent the distribution in human beings.
The absolute amount of internal contamination

“in the Rongelap people was, however, only «

tenth of that found in the animals.

At 4 months post detonation, the alkaline
earths comprised less than 2 percent of the total
activity in the clam (Table 5.10). The rare
earth group constituted 33 percent of the total
beta activity. The balance of the activity was
contributed chiefly by Zr™* (21 percent) and
Ru™s (32 percent).  About 50 percent of the
material found in the viscern of the fish was
of the rare earth group.  Very small amounts
of strontium and bariwm were found. In the
tissues of the fish, strontium, bavinm and the
rare earths contributed only about 10 percent of
the total activity.

5.43 Autoradiographs

A number of autoradiographs of the tibiae
and femurs of 1 chick, 4 pigs, 1 rooster and 2

chickens were prepaved both at the USNRDI,,

and at the Arconne XNational Laboratory
(ANT].) to determine the puttern of deposition
of fission products. Contact printing on X-ray
no-screen film was found to be the most satis-
factory method of preparing the autoradio-
eraphs,
sented below summarize the findings reported
Ly Norris (15).

The autoradiograph of a tibia from a chicken
sacrificed at 43 days post detonation (Fig. 5.2)
indicated a relatively uniform distribution of
the activity throughout most of the bone, with
the highest concentration of activi(y in the arvea
adjacent to the epiphysis. This area of high
activity corresponds to an area of dense trabe-
cular bone. '

The tibia and femur of a baby cliick, which
died spontaneously 47 days post detonation,
showed the heaviest concentration of radioac-
tive material in the diaphysis (Fjg. 5.3). The
end regions of the bone, which were laid down
after the animals were removed from the con-
taminated environment, were relatively lacking

Cinactivity,  The region of greatest activity was

in the diaphysis, which appeared to be ab-

The discuszion and conclusions pre-’
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free of activity (Figo 5.4). As in the chick
described above, thiz areiw corresponds to the
growth which took place after the animal was
removed from the avea of contamination, The
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9

F]CLKE 5.2 —Autoradiograph of tibia of chicken sacrificed 43 dnua pust-
detonation (4NL). .. g e e

marrow cavity in-this tibia contained dense
trabe-ular hone along its entire length, a forma-
tion not normally found in mammalian bones.
There are also twao distinet areas of increased
density in the trahcecular region, which appear
as two lines of radioactivity in the antoradio-
graph.  The center of.the diaphysis was ab-
normally thick, pussibly because of a failure of
the normal resorptive process.

5002188

No other evidence of a double line of radio-
active deposit appeared in the animals studied,
except possibly in a sow sacrificed 33 days post
exposure (Fig. 3.5). Here a faint deposit of
activity in the trabecular bone is noted, sepa-
rate from the higher level in the epiphysis.

Looney. (8) has shown that a typical osseous
tissue in trabecular space is a characteristic
histopathological finding following radioactive
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EFFECTS OF IONIZING RADIATION
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90 _ EFFECTS OF IONIZING RADIATION

fertiia, 3 fertile ones were opened prematurely,
11 developed complete embryos but failed to
hatcl, and 23 live chicks were hatched, one of
which had congenital perosis. The latter chick
and six normal ones were sacrificed and their
- tissues radioanalyzed.  Again, only barely de-
tectable nmmounts of internally deposited ac-
tivity were found, The vemaining baby chicks
are being vaised and observed for possible long
term effects. At the present time all the chicks
are growing normally and.are in good health.
Comparison of the fertility and hatchability
data of Rongelup hens with those from domestic
hens does not denonstrate any eftfect of radia-
tion on these phenomen.

547 Internal Radioactive Decontamination

Studies in Chickens

A study was undertaken to determine the
ability of hoth sodium EDTA and zirconium
citrate (13) to increase the excretion rate of
internally deposited fission products in the con-
taminated chickens. On the basis of previous

experience, it was not expected that any appre- -

ciable decontamination could be effected at the
time of this experiment (4 months following
internal radioactive deposition).

- The excretion rates of 8 chickens with large
hody burdens of internal contaminants were
determined for w period of 4 days as the base
line for the stuely. Following this, two chickens
were injected duily T. P. with 75 ing. sodium
EDTX far four days: two received injections
of 70 g, of zivconium citrate (1), and two
were injected with both zirconium citrate and
sodinm KDY Two chickens were kept as
vontrols.  ‘The mean beta and gununa activity
exereted by these chickens was determined in-
dividually for ench of the treatment days and
for 1 day following cessation of treatment.
Neither the zivconimn eitrate nor the sodium
EIYEA adone was effective iu increasing the
excretion rite as veflected by the bLeta activity
Cmeasurements made. <The combined adminis-
tration of zirconiwm citeate and sodium KDTA,
however, doubled the excretion rate of the beta
activity.  No detectahble change in the rate of

excretion of gamma activity was noted. The
excretion rate of fission products at this long
peviod post contamination was less than 0.1 per-

" vent per 24 houis. Thus, the enhancement of

the excretion rate by the combination of zir-
coninm citrate and sodium EDTA did not sig-
nificantly decrease the total body burden.

5.48 Summary

Studies of animals provided data on ‘the
nature and distribution of the radioisotopes in
the tissues and the excreta. Over 90 percent of
the activity in the body of animals was localized
in the skeleton. The pattern of deposition of
the fission products in the skeleton seen in auto-
radiographs resembles that of the alkaline
earths.  Morphological changes which were ob-
served in some of the bones may be the result of
the exposure of the animal to external radiation,
although the eftfects of severe dietary changes
and other disease cannot be ruled out.

The alkaline earths Sr and Ba** and the
rave earth group together constituted 75 percent
of the gross beta activity in the pig'at 82 days
post detonution. The fish and clam had a much
lower concentration of the alkaline and rave
earths, and a body burden considerably higher
than that of the land animals.

The internal distribution of fission products -
in the pig is probably representative of the dis-
tribution in human beings.  An estimate of the
human body burden was derived from the data
on pigs.

Studies made on egg production of contami-
nited hens gave no evidence of any eflect of
radiation.  The rate of production and the eggs
produced were both novmal. The extraordi-
nary ability of fowl to mobilize calecium in shell
formation resulted in the presence of very high
activity in the shells of the first few eggs.. The
activity was associnted with the fission products
of the aullmline earth group. .\ significant
amount of activity was found in the yolk, and
lesser wmounts in the albumen. The removal
of activity from the bady of chickens by egg
production provides an eflective natural de-
contamination process.
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'ENCLOSURE IV

V-D
The total person-years of observation in the 4 study groups
(Rongelap exposed, Ailingnae exposed, Utirik exposed, and
current unexposed group is 8280. 4
Rongelap exposed Ailingnae exposed Utirik exposed' . ﬁnexposed

, (800-1500 series)
25 years x 60 people 25 years x 16 people 25 years x 132 people 22 yrs x 140 peo;
= 1500 = 400 = 3300 = 3080
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