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5.1 Introduction

Forrowineg .\ NucrLear detonation in the spring
of 1954, a large gronp of people were contami-
nated with fission products. In addition to a
sublethal external gamma radiation exposure
and beta irradiation of the <kin, delectable
amounts of radionuclides were deposited in-
ternally. It has been assumed that in all situ-
ations resulting from a contuminating event, the
ratio of external to internal dose would be ex-
ceedingly hizh. 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-
vestigated: (1) The determination of the con-
tribution of the internal contamination to the
acute radiation svndrome observed; (2) The
possibility of long term eflects, and (3) The
qualitative and quantitative nature of the in-
ternal contamination produced by exposure of
individuals to mixed fission 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 (4).

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 bhad been contaminated in thé 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 Narere Or the radiation hazard from in-
ternally deposited fission products can best be
nnderstood in terms of the biophysical behavior
of the radionuclides.

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, chemical
properties and physical state. The radicele-
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-
elementz ean become available to the body.
However, the amount which can produce in-
jurious eflects when deposited within the body
is minute because of the close proximity of the
isotape to the tissues it irradiates, and because
the isotope continues to irradiate these tissues
until it is removed by biological turnover or is
rendered harmless by radioactive decay. The
effects of radiation from internally deposited
emitters are the same as those from external
radintion. The distinguishing feature of in-
ternal radiation, however, is its long continuing
nature.

Radiocactive isotopes follow the same me-
talolic processes in the body as the naturally
oceurring Inactive isotopes of the same element
and of chemically similar elements. Thus
strontium and barium, which are analogous
chemically to calcium, are deposited in the cal-
cifying tissue of the bone. Although nearly two
hundred radioisotopes are produced in the fis-
sion process, only a few are potential chronic
internal vadiation hazards. These fission prod-
ucts, which are listed in Table 3.1, constitute a
high percentagre of the fission yield, and localize
chiefly in bone. The “bone-seekers™ have, in

67



6S EFFECTS OF IONIZING RADIATION

Table 5.1.—Biologically Hazardous Internally Deposited Fission Products

Faso Har-LiE Fractioy %::’CAII\K\‘G CRITICAL
Rapio-ELEMExt TYPE} OF | ARCNDANCE )
RADIATION | “pypersr | : N .
R O AT LU
i
Sr* g 46 53 l 3.9x10 .25 0. 22
Yo 8 59 57 | >300 | 28x10-! o014
Zr* B. v 6 4 65 >100 . 35
Ru!® B. v 3.7 42 20 .04
Rutos 8 0.5 365 ! 20 .04
It B8, v 2.8 8 i 180 02 0.15
Balw { B, v 6 0 12. 8 } ~ 200 .07 .20
Lat 8, r 6.0 1.7 35 1L2x107%, 01
Centt 8, v 57 28 | >100 .25
Pri® 8 54 13.8 i 50 1.3 x 10- . 063
CeMé 8, v 53 275 ‘ 500 2 x 107 0.10

From: ! Seaborg and Perlman, Rev. “od. Physics, £0: 585, 1048,
* Hamilton, J. G. Rev. Mod. Physics, 20:718, 1048.
3 Handbook 52, U. S. Dept. of Commerce, National Bureau of Standards.

general, Jong radiological and biological half-
lives and produce high-energy beta particles.
Thus, they caunse greater dunage to bone and to
the radiosensitive bone marrow than to other
tissues. The diumage to the blood forming tissue
results in a reduction of Llood cells, and thus
affects the entire body.

Information on the biological effects of in-
ternally deposited isotopes is derived from the
limited studies of accidental radioisotopic pois-
oning in humans, or from animal experimen-
tation. The best documented data on the effects
of snll wmounts of internally deposited emit-
ters in human beings are obtained from studies
of radiun poisoning.  As a result of radium
deposition, terminal anemia. bone necrosis and
osteogrenic siarcoma appeared after n number of
years. ~The residual activity in the body as-
socinted with these effects is 1 to 2 micrograms
of radiuni.  Radimm is a particularly hazard-
ous element when deposited internally because
of is long biological and radiological half-life.

Very few data are available on the long term
birlogical effects in human beings of the shorter
lived isotopes snch as S, ¥ P agd Na¥,
The metabolisni, excretion and biological effects
of a number of fission products have been
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studied in animals by Hamilton (1), Abrams
(2}, Bloom (3). However, most of these studies
do not cover the problem of the long term effects
in animals produced by small amounts of in-
ternally deposited isotopes.

Few data are available concerning the eflects
of internal contamination with mixed fission
procuicts from nuclear detonations.  Contami-
nation is not procduced by every detonation of
a nuclemr device. For example, no internal
contamination was detected in individuals ex-
posed to the air burst at Nagasaki and Hivo-
shima.

In feld tests of the contaminating type of
atomic detonation. animals that inhaled fission
products duving short periods of exposure wete
found to have insignificaut amounts of internal
contamination.

The long term effects (primarily malignant
changes) resulting from radivm deposition have
been used to set the limits for maximum per-
missible body concentrations of a few bone seek-
ing radioisotopes in the body (3). Maximum
permissible body content of other radioisotopes
are estimated on quantities resulting in a dose
of 0.3 rem per week to the tissue of highest
concentration.
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INTERNAL DEPOSITION

5.3 Internal Contamination in
Human Beings

Tue IxTerRxaL CoxtadxuxaTtionN 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
davs after internal contamination. By 1 week
an approximate equilibrium state is reached in
which the centaminants remaining in the body
are firmly fixed, chiefly in the skeletal tissues.
The activity in the urine then derives from
radioelements 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
relatively low levels of activity in the aliquot
samples used. .\ field laboratory is most de-
sirable for u rapid survey, and was shown to be
feasible, if adequate facilities are provided for
the counting of the samples.

The first urine samples, mentioned above,
were collected for the Las Alamos Scientific
Laboratory (LLASL). Similar samples col-
lected 44 duys post detonation were also sent
there. On the 23rd, 24th and 47th days post
detonation, 2¢-hour urine collections from each
individual from Rongelap and Ailinginae were
sent to the New York Operations Office, Atomic
Energy Commission (NYOQO-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
mwember of the exposed groups at 43 and 16 days
post detonation. Samples from representa-
tives of these groups were alzo collected at 215,
3 and 6 months by the USNRDL.  In addition,
samples from a representative group of 6 Ameri-
cans and 20 Marshallese were collected for 6
conserntive  days 33 days post
detonation,

begiming
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5.31 Methods

As a complete radiochemical analysis of all
the urine samples was not feasible, samples were
analyzed for only Srt¢, 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 vadioactive isotopes.
Menasurement was also made of the gross beta
activity of all the samples.

To facilitate the processing of the Iarge num-
ber of urine samples sent from the field, a scan-
ning method for beta measurement consisting
of a basic oxalate precipitation with a lantha-
mum 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 K*
background. A carbonate precipitation of the
entire 24-hcur sample increased the sensitivity
of measurement sufficiently for analysis of
samples collected later than 214 months post
detonation.

The beta activity was counted with a thinend
window Geiger-Muller counter. The counter
was calibrated with a 17,0, standard, and an
appropriate correction for self-absorption was
made using a Sr standard.

5.32 Findings and Interpretations

1. Beta Activity of the Urine. Internal dep-
osition of radioactive elements was evidenced
by the presence of significant 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 months, the activity
in the nrine was'barely detectable in most of the
individuals.

Comparison of the nieans of the urine sam-
ples for the adults from Rongelap and
Ailinginae and from Americans from Rongerik
indicated that at 45 days post detonation the
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Table 5.2.—Summary of Human Urine Analysis, Gross Beta Activity

T, P . ; . . .
Dlz:-gsn?g; 134 MONTHS 214 MoxTHs 3 MoxTHs l & MoNTHS
No. VoLuvweE  D/um No. VoLuME by No.  VoLUME  pixt No.  VYoLtvwr  piM
(24 HRS) 24 RRS (24 HRS) 24 HRS | (24 HRS) 24 HRS (24 RS) 24 HRS
ML ML : ML ML
Rongelap
Age in years
A (<5 7 165 404 8 360 12
B (3-10) 11 4390 758 12 510 5
C (>18) 31 581 1208 | 10 824 705 10 374 339 33 625 0
! ! i
| ' |
Ailinginae !
Age in years
A (<5) 1 150 217
B (5-16) 2 275 126 3 400 0
C (>16) 10 722 553 12 655 0
American 25 1138 309

All values corrected for decay.

highest activity was in the Rongelap group
(Table 5.2). The Ailinginae group had less
than half that of the Rongelup group, and the
Americans had about one-quarter the activity
of the Rongelap group.

The mean gross beta activity of the urine of
the three groups above was roughly propor-
tional to the external dose each group received.
However, a comparison of the niean beta ac-
tivity of the urine of Ailinginae and Anerican
groups indicated that the Iatter had a somewhat
lower amount of internal contamination, even
though both groups received about the same ex-
ternal dose.  Thix may be accounted for by the
fact that the Ailinginae group drank contam-
inated water from open containers and ate con-
taminated food up to the tune of evacuation,
whereas the Americans ingested much less eon-
tatminated food and water, since botli were
largely stored in closed containers.  Indoctri-
nation of the Americans concerning radiation
linzards probably was also n factor in reducing
the amount of contumination which they re-
ceived.

The variation of gross activity among the
individuals in any of the three groups is quite
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large (Tables 5.3 and 5.4). This is chiefly the
result of variations in the quantity of water
and both the kind aud quantity of food iu-
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 large variations
amonyg individuals, the day-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 dividuals from the Rongelap and Ail-
inginne groups according to age (Tables 5.3 and
5.4). While the activity excreted per unit vol-
unie of wrine is about the sume for both children
and adnlts, the mean activity of the urine ex-
creted in 24 howrs by children under 15 years
was significantly lower than that excreted by
adults. The data available do not indieate
definitely whether the lower total excretion
indicates a smaller total body burden in the
children resulting from lower inhalation and
mgestion, or whether it represents a higher de-
aree of fixation of the radio-elements by grow-
ing bone,
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INTERNAL DEPOSITION OF RADlOI\'UCLIDES

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

‘\\

Casz No. T AR
- st
|
Age < 5 yrs
2 “120 712
3 150 894
5 155 313
23 10 223
33 260 0
54 80 385
69 135 | 301
Mean ws | 304
i
| \
| i
1, |
T
| \
" \
Age 6-13 yr# i
20 . 265 \ 1, 900
24 . 530 0
26 60 | 1,032
35 |25 | 0
36 L 190 236
39 | 280 \ 1,100
a7 650 1,705
67 \ 450 ‘ 674
72 1o 507
75 Voo | 0
76 L 9s0 \ 1,180
[ N
Nean 439 758

-

e TS AT
—— l )1
Age > 16yrs
4 \ 455 ‘ 634
7 \ 810 \ 1, 700
9 355 201
10 980 \ 540
11 150 1,583
13 340 1,677
14 I 780 2 360
18 S L 1,670
22 | 17 ‘ 77
30 boogou 138
34 | 750 \ 570
37 \ 480 | 792
10 | 530 ‘ 1, 430
46 Loo330 495
19 : 425 , 0
52 L 780 ! 0
55 | a0 | 1,080
56 | 700 3, 220
57 | 550 \ 1,005
58 L 750 2,170
60 : 810 \ 580
62 b0 L 1,985
63 | 635 | 2, 260
66 \ 855 i 1,713
68 300 | 2,010
71 | 200 ;1,430
73 | 230 0
8 i 965
79 i 405
0 | 540
s2 | 670
l—
Mean ‘ 581

Values corrected for decay.

No correlation was found Dbetween body
weight of the people from Rongelap and the
total activity per 24 hours excreted in thew
urine.

Gross beta activity measurements were also
made on the samples sent to NYO0O, AECH
Their results essentially corroborate the find-

U o

*Personal commmunication from Dr. J. Harley. NYOO,
AEC. ,

’
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ings by the USNRDL, partidgularly the ratio
of the activities amonyg the three groups studied.
The absolute values of the activity determined
by NYOO-AEC, however, were Jower than
the USNRDL values by «a constant factor.

2. Radiochemical Analysis of the Urine:
Estimate of Body Burden. Radiochemical
analysis of the Rongelap urine samples indi-
cated that the alkaline earth and rare earth
groups together contributed 75 percent of the
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Table 5.4.—Gross Beta Activity in Urine-of People From Ailinginae and the Americans

AILINGINAE “ AMERICAXS
DAY 46 POsT DETONATION : DaY 43 POST DETONATION
. . ‘I . . ' k3 . ! . .
caexo | TR PERATRY l‘ O A R
| a
Age<5 yra ! 401 1,970 0
6 | 2 650 0
8 ; 3 1,224 820
44 150 217 | 4 140 78
’Q 5 735 0
S 0.7 Y | 150 217 I' [ 900 248
i 7 1,340 0
{: 8 1, 410 1, 260
Age 6-15 vrs I L S [
48 180 164 ‘5 wo b ¢ e
53 ? i1 1, 580 385
81 ' 370 88 b 12 1, 460 0
i 13 1,810 965
Mean . e 275 126 i 14 ' 20 438
| 3 15 | 138 831
! ‘ i, 16 1, 630 0
' 17 0945
Age> 16 vrs } } YA e
A > SR cos 1S LoLa0 0
16 . g0 g | 19 S - TV 166
28 1 P Y 20 o0 0
29 ! <80 i 0 b 21 ! 350 333
: : |
31 1 260 ! 846 L 3'25 . ‘ 1 g“ """"""
41 \ 920 ; 62 : ‘_)t ‘ o .
43 g0 754 24 R PR LY Fan
P ; 50 G . 25 Uoy.3sn ! 187
51 TS T SN BN U11) B 2 Lo 328
70 T 0 ) 2 S
: 2 1. 220 u
. ‘ ,
Mean . oo ! 722 ; 533 b — T T T
fean i i ou ' NMean oo 1. 138 300
! ! t '

Values corrected for decay.

beta nctivity at 45 days post detonation (Table
5.5).  The predonimunt radionu-lide is Sr*,
which contributes 42 percent of the total beta
activity at this time,

Asmys of Hssile material made on pooled
ssunples of urine were all negative within ex-
perimental limits,

The early uvine samples analyzed by the
LLASL (collected 15 days post detonation) con-
tained fair amounts of radioiodine in addition
to the aikaline and rave earths, 4

On the basis of the radiochemical analysis
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of the urine. the body birden (the radioizotopic
deposition in the timsties) was estimated.  The
ratio between the activity of the urine and the
amount of isotope fixed in the body ix required
for thiz cateulation.  However, few ratios arve
available for the deposition of the VoS 1
dioelements in hunins, so that it was necessary
to utilize ritios obtained fram animal studies.
Of the animals colleeted on Rongelap, the piz
wirs selected as the closest tothe human in size
vl metabolism. A detailed study was there-
fore made on the excretion of these animals and
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INTERNAL DEPOSITION OF RADIONUCLIDES 73

Table 5.5.—Radiochemical Analysis of Urine From the Rongelap People (45 days post detonation)

“\ HET4 AciviTy—p/y/24 llorr
SAMrLE N, f ! : - -
| GRross BETA ares I Bare " RARE FarTil
L ACTINITY ’ | 4 ACTIVITY
_ B} - * ‘ |
| | | T
G i 1370 . 490 ' 120 107
2l el ol C 1260 EE LU 136 . 244
S L1020 450 120 324
E e 1210 626 - 150 254
B e N R0 328 110 474
B e o200 T20 170 353
ANVORRRE. L. L1253 0 326 . 134 - 312
Percent of total Beva activity_ .. ... . | 100 2 0.7 25 3

on the radioactive content of various tissues.
Details of the animal study are presented in a
subsequent section.

The estimate of the mean body burden of the
Rongelap gronp at »2 days post detonation is
presented in Table 5.6, The body burden at one
day was caleulated i the followimg manner.
A formula was obtained from urinury excretion
data reported by Cowan, Farabee and Love (6)
in a case of accidental inhalation of Si*. The
excretion curve was best represented by four
exponential terms.  (Very simiila results were
obtained by approximting the hiological decay
of strontivim with a power function, baced on
liuman excretion of the metabolically similar
element, radium) (6. 7, 8).

Estimates were made of other radioelements

present in significant amounts at one day. as
shown in Talle 5.6, The=e estimates were made
on the hazis of the level of X at one day. to-
sether with the datw on the activity of the vari-
ous fis=iom produets ar this same time ¢9) and
aninald isotope ahsorption and vetention data
(1.5).

The LASL has also estimnted the hady buar-
den at one day, on the basis of radiochemiceal
analveis of pooled urime <amples from a vepre-
sentative number of the Rongelap and Aneri-
can aroups (100, These cidenlations were based
on the analysis of 3 in the early samples of
urine (15 davs post detonation) as well az the
above mentioned physical and biological duta
on Hssion products (1.5.9). Their findings ave
presented 1 Table 5.6,

Table 5.6.—Mean Body Burden of the Rongelap Group

Ranioisotore

Rum_ ... ... Yo .

ACTIVITY AT | ACTIVITY aT X ACTIVITY av

82 Days . 1 Day | 1 Day
! wr ! e ; s
C(UENRDIL) (USNRiL)y (LANL.
So019 1.6 2.2
boopov2l 2.7 0. 34
I 003 1.2 —
0 6.4 11.2
o —_ 0 013

0 0 0. 1Y
oo 0 0. 016 (ugin)

AN17I2 0—06—4
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74 EFFECTS OF IONIZING RADIATION

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 LASL has estimated that

this dose was about 1350 rep for Rongelap group
and 50 rep for the Americans.

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

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

The total amount of radioactive material
present in the G. I. tract at one day post detona-
tion in the members of Group I was estimated
as approximately 3 me. This activity was con-
tributed chiefly by isotopes of short radiological
snd biological half-life and limited solubility.
Thus the levels of activity in the tissues of the
body were relatively low. The concentration
of radioisotopes at 6 months post detonation
wus barely detectable in the urine of most ex-
posed individuals.

Jodine, which 1= quite soluble, is probably
the most hazardons internal radioemitter in the
early period following exposwre (10). The
dose to the thyroid was appreciable, but Jow
compared to the partinlly or totally ablating
doges of 1" used in therapy of hyperthyroidizm
or carcinoma. .\t one day post detonation Sr?
was calenlated to be near the maximum per-
missible level (3) for this nuclide. At later
times following exposure, this longer-lived fis-
sion product presents the greatest potential in-
ternal hazard,

The present study confirms the obhservation
miade in anbal experiments that most of the
radiouctive elements formed in fission as well
as the fissile material itself, are not readily ub-
sorbed from the Tungs nnd the G. L. tract. Only
I, S, Ba and a few of the rare earth elements
were absorbed to any significant degree.
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An attempt to measure bone-fixed radioactive
emitters by nieans of sensitive film 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 contamination and the clini-
cal and hematological findings. In view of the
short half-life of the most abundant fission
products deposited internally in this situation,
the possibility that chronic irradiation effects
will occur 15 quite small.  Thus, an evaluation
of the data on the internal contamination, in-
cluding that of 81, leads to the conclusion that
the internal hazard to the contaminated inhabi-
tants of the Marshall Islands is minimal both
from the acute and the long range point of view.

5.33 Source of Internal Contamination

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

Internal deposition of fission products re-
snlted from inhalation and ingestion of the fall-
out material.  Ingestion appears to be the more
importunt of the two routes of entry into the
body. The activity in the air settles out fairly
rapidly, but contaminated food. water and
utensils retain their activity for long periods of
time.

The amount of fission products reaching the
bloodstream througl the respiratory tract is a
function of particle size and solubility of the
airborne  contaminants. The particles with
which the activity was associated were con-
siderably lavger than the optimum size for
deposition 1 the alveolar tissue of the lung.
Thus, the probability of the retention of inhaled
airborne contamination was not appreciable
during the exposure period.

The hypothesis that ingestion was the chief
source of internal contamination is supported
by the finding that the gastro-intestinal tract,
its contents, and the liver of autopsied chickens
and pigs sacrificed at early intervals following
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detonation were more active than the alveolar
tissue.

The importance of ingestion as a continuing
source of contamination is evidenced by the
Jevel of internal contamination of the pigs from
Rongelap. These animals had about ten times
the body bLurden of the human population in
the same Joeality. As the air-borne activity
had already-dropped to a low value at the time
of evacuation of the humans, the contamination
of the pigs during their prolonged stay on the
island necessarily derived from ingestion of
radioactive food and water.

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

It appears 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 sinall amounts 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 such as
pandanus, papayas and coconuts. However,
high levels of activity were found in the coconut
tree sap, and the isotopic concentration was

very similar to that of water.

High levels of activity were found in fish
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, Sr*, because of its high solu-
bility and relatively long radioactive half-life
was probably the isotope of greatest potential
hazard in the environment.

I'nternal Ruadioactive Decontamination Ther-
apy. Since there is no method of counteract-
ing the effects of radiation from internally de-
posited emitters, treatment consists of remov-
ing the nuclides from the body as rapidly as
possible. The ability of ethylene-diamine-
tetra-acetic acid (EDTA) to mobilize certain
of the fission products from the skeleton and
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{o incrense the rate of their excretion has pre-
vionsly been demonstrated (11-13). Tt is most
effective with the rare earth group, but has
no effect on strontitum (13). These studies 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 effect in-
ternal decontamination was mide 7 weeks post
detonation, since it would mobilize and muke
detection of isotopes easier, even though it was
realized that the procedure would have limited
value at this time.

A representative group of zeven individnals
fram Rongelap were selected for this study.
During a control period of 5 davs, 24-hour urine
samples were collected daily for radioanalysis
in order to establish a basul excretion rate.
During the next 3 days, ealcium EDTA was ad-
ministered orally, 1 gm per 25 lbs of budy
weight daily instead of the preferable intra-
venous drip becauge parenteral therapy was not
practical under the circumstances.

Twenty-four hour urine swmples were col-
lected daily during the treatment period and
for 5 days following treatment to determine the
effectiveness of EDTA in accelerating the ex-
cretion rate of the radioelements.

No side effects from the use of EDTA were
ohserved. 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
differences observed are due to chance is less
than 0.01. Thus the oral administration of
EDTA for a period of 3 days beginning 52 days
post detonation increased the excretion rate of
internally deposited fission producty, 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
occurred as a result of fallout following a ther-
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monuclear explosion. This internul contami-
nation resulted from both inhalation and inges-
tion of fallout material.

High levels of activity were found in water
and on the external surfaces of plants. The
contamination of the internal portions of fruits
and vegetables was small. Of the individual
radionuclides, S1*, 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. L tract. Radiochemical anal-
vsis of the urine samples from the Rongelap
people indicates that Sr, Ba and the rare earth
group together constituted 75 percent of the
total beta activity of the urine at 45 days post
detonation. Sr* was the predominant radio-
nuchde at this time, contributing 42 percent of
the total beta activity. Assays for fissile ma-
terial in the pooled urine samples were negative.

The human body burden of individual radio-
nuclides was estimated from radiochiemieal
analysis of the human urine and of the tissues
and urine of animals from Rongelap. The
mexn body burdens of the radionuclhides in the
Ailinginae group were approximately one-half
those of Rongelap, and the mean body bur-
dens of the Americans about one-fourth of the
Rongelap group. While the activity exereted
per unit volume of urine was the sume for adults
and children from Rongelap, the total activity
excreted in the wrine in 24 hours by children
under 15 years of age was significantly lower
than that excreted by the adults.

The total amount of radiouctive material in
the G. L. tract at one day pest detonation was
estimated to be 3 me in people from Rongelap.
This activity was contributed chiefly by isotopes
of short radiological and biological half-life
and Himited solubility, and thus the levels of ac-
tivity in the tissues of the body were relatively
low. The concentration of radicisotopes at 6
maniths post detonation was barely detectable fu
the urine of most of the expnsed individuals.

The estimated dose to the thyroid from [
and other chort-lived lodine isotopes was 100

1012800

to 150 rep for Rongelup. lodine is probably
the most hazardous internal radioemitter at
early times after exposure. The dose to the
thyroid, although greater than tolerance, was
Jow compared to the partially or totally ab-
fating doses of I' used in the treatment of
hyperthyroidism or carcinoma.

At one day post detonation, the concentra-
tion of S1* was calculated to be near the maxi-
mun permissible level for this nuclide. At
later times following exposure, this longer-lived
fission product presenis the greatest potential
internal hazard.

Oral administration of caleium EDTA be-
ginning 7 weeks post detonation to a represent-
ative group of individuals from Rongelap in-
creased the rate of excretion of activity 2.5
times. However, the decrease of the body bur-
den was slight, as the excretion rate was very
low at this time.

Analysis of the internal contamination in-
dicates that the dose to the tissue of the body
was near, but, with exception of the dose to the
thyroid, did not exceed the maximum permis-
sible doze levelx. The activity Axed in the hady
decreazed rapidly as a function of time. The
contribution of the eflects of internal contami-
nation to the total radintion response ohserved
appears to be small on the basis of the estimated
body burden of the radioelements. In view of
the short half-life of the most abundunt fission
products in the situation, the po=sibility that
chronic irradiation effects will occur is small.

5.4 Internal Contamination of
Animals

Tue Inrteexan CoNrazNation of n number of
animalz 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 radiotsotopes in human
beings.  In addition, hematological and patha-
logieal studies were made, and antovadiographs
of selected tissues were preparved. A nmumber
of the animals e also being <tudied for the
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appearnnce of possible long term etlects of
radiation.

A special study was einvied out to determine
the effect of the radiation on the fertility of
chickens and the hatchability of their egas.

The animals collected from Rongelap and
Uririk included 41 chickens, % haby chicks, 11
swine, 4 ducks and 1 cat. These were shipped
abve to the USNRDI. Three fish and one
large chom were taken from the Rongelap la-
waon. - Collection dates and mortaliny data for
these animals are presented in Talle 5.7, In
addition, a boar, a cat and two chickens were
antopsied in the field. and representative tissues
were collected.

541 Methods

Tixsue samples were taken from all animals
which died spontaneously or were sacrificed.

OF RADIONUCLIDES 77

Specimens were obtained from the Jung. liver,
G. L tract and the skeleton.  The sumples were
ashed at 550° C. in a mufile oven, and the ash
made up to volme with 2 N HCL  An aliquot
was then dried for beta measurement.  The beta
activity was dletermined by means of a thin
end-window Geiger-Muller counter.  Sre was
used as the basis for the mass absorption cor-
rection for the samples, as it was the major
radioelement deposited.  The correction cal-
culated is an approximation. as mass absorp-
tion 1= a function of the averave energy of the
sample. Beta activity was measurved in total
d/m, and this value was converted to pe, =St
equivalent.”

The g activity of the tissue samples was
measured in a well-type sodinm 1odide scintit-
lation counter which has an efficiency of ahout
10 percent for a Co® stndard. The gamma

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

SERIES A [ SERIES B SERIES C | SEmiEs D { ToTar
ExXTERNAL ,—-- —-—- - — - . —
DosE 230 r(Day 3 2% ‘ 340 1(Dav 33 360 F(DAY 51-A%) )
("*Day o | 230 r(Day »; 330 r(Day 29 1 40r(Day 33, r(Da A ;
COLLECTION) |==r—mm— — | m—— ; ; "rmu DEss Fac
ANIMALS . | ' ' ! ‘ To ' b {ECD - ’
: E&.‘l‘; ; DEav | Sac'n { I{;‘K‘; Deap, Sac'p - ’}r{z’z‘;‘ | DEan | Sacp Rt Deap  SacD
i i ' _
T ! : - ‘ . | -
N . ! i i . .
Hens........ : 5 1 S NPT 2, 2, . 20 1y 51 3 . 3
: "Day 23 Day 23 | P Pay 42 7 Day 44 ¢ i Day
w ‘ ! ; | BIR R [ 6T
| ; : ; I i 74 %30 i
i ! ' | ‘ i ‘ Logup3s : ;
| 1 i 1 1 ! - | |
' | i ; | | a :
' i i 24 !
k___! ' ! | i | | e . L
] : i .
Roosters. .. [ . Vo N i ,,,,,, i 2' R 10 ... Lo [ 1
! ¥ . ' H
S S N 01 B
t } ' i
Chicks......! oo ' . .. U B boed 9 oen S A A
} ! | ! ! :
T . . I—_
Ducks...... | R { _____ . I ...... ! I ..... 1 - : ...... : ' !
ol T B 0| B I
— o ! ——_
Pigs ... 1 ! ..... 1 H 'S | R 3 . "o M
: Day 45 i Lay i '
: i ! ! ! 35 Sow i }
. ; i [ ST OKG i . .
i \ | E2n ! : .
i I \ ! | 82 w25 i ;
— ' ! i R 1 _ e e e
Cat | 1 ' ‘ i i I ! i 1
O]y e e [ L BT
| | i | [ " | | l ‘ R
! ! ! ‘ ; i ' :

*Animals from Utirik: all others from Rongelsp (Group IV area animals rec’d 32 r external dosed.

**Day Post Detonation.

1012801



78 EFFECTS OF IONIZING RADIATION

activity was obtained in total d/m, and was
converted to uc “Co™ equivalent.”

Samples were analyzed radiochemically for
S, Ba'+, the rave earth group, I'* and fissile
naterial.

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

ens were collected and 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
Gness. st ‘ Bave Torat
SR % | & il
Pig #24 (25.8 kgm)
Skeleton (total) ... ... .____. 8890 | 3660 660 1010
Liver . . _....... 31 | 0. 40 0.33 6. 4
Colon & Contents. . __...__. 12 50 24 3.2
Lung (Alveolar)..____.._.__. 1.5 0.22 0.20 0.8
Stomach. .. ... .. ____.___. L2 .22 1.1 1.3
Intestine (Sinall) . ... ...... 2.3 | 0. 62 i 0 50 0. 51
Kidney....oooooooio o 3.3 | 0.21 0. 42 0. 74
Remaining Tissues . ... 690 bl ‘ .............
i
Total . ... ... ... 9630 ! 5607 L 665 1020
TUrine Sample, 24 hro_ ... .. 13 | 87 ' 1.2 1.6
Pig #25 (22.7 kgmn) } i ;
Skeleton (total). ... ... .. | 8600 | 53100 : 530 690
| I } 27 : 0.53 020 55
Colon & Contents. . ... : 16 ! 5.0 ! 3.2 49
Lung (Alveolur) . .......__. | | 00 S 0.26 | 0 23 0.33
Stomach. . .t om o ! 20 | o209 | 013 0. 30
Intestiue (Sinall). ... | 2.6 | 08 | 088 0. 85
Kidnev ... ... __ 31 ! 0. 14 ] 019 0. 52
Remaining tissues_ .o .. .. . 220 P e IR
Total. .............. 8870 . 5107 i 534 702
Urine Sample, 24 hrs_ ... ... i 6.2 | 44 I 0. 40 0. 34
SUMMARY o
QRrouss BETA ACTIVITY ‘ SKELETOUN | ToTaL Bony i URINE (24 Hi)
.‘ . - —-——~_—_———! T | ——————— i_——
S 62.0 580 690
BaM. ... 6.8 65 | 7.9
Rare Earth_ . .. ____. e ; 9.7 | 9.0 1 10.5
_— : P —
I - -
! 1

All values corrected for decay.
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riod. Radioanalysis of the excreta was per-
formed in the same manner as that of the tissue
samples, described above.

5.42 Findings and Interpretation

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

On the Lasis of an assumed 12-hour effective

fallout time, the animals from Rongelap re-

ceived an integrated external dose of 230 to
360 r, depending on the date of their collection
(see Table 5.7). The pigs from Utirik received
a calculated dose of 32 r at the time of their
evacuation. The animals all showed extensive
external contamination, ranging from 0.3 to
5 mr per hour at 30 days post detonation. Tlhis
activity was reduced about 75 percent by a
washing with water alone.

Ruadioactivity of Tissues and Erereta. The
gross beta activity of the pigs at 82 days post

detonation was about 4 uc. The distribution
of activity in the individual tissues is shown in
‘Table 5.5, Over Y percent of the beta activity
was localized in the skeleton. The highest ac-
tivity in a soft tissue was found in the liver,
which had, however, less than (1.5 percent of the
total body burden. The colon contents had the
second highest activity for the soft tissues. about
0.24 percent of the total. The alveolur tissue
of the lung had an activity less than 0.0 per-
cent of the total activity in the body.

Gross beta and gamma activity of the chick-
ens at 74 davs post detonation was approxi-
mately (.2 we. The gross activity per bLody
weight of the chicken is approximately the same
as that of the pig. The distribution of activity
in the tissues of the chicken (Table 5.0) was
very similar to that in the pig. Most respiratory
radio activity was localized in the turbinates,
as a result of entrapment of the Jarge particles,
which could not penetrate ro the alveolar tissue.

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

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

, Hexw | HEeN #2 I HEN £39 ! HEex #30 i HEN 35 Hev 7 | HEv &4
DAY oF DEatTi**. .| Dav 23 Dav 23 | Day 74 Day 97 Day 121 Day 138 Dav i
DAY aNALYZED**....!  Dav 24 Dav 24 Day 59 Dav 107 Dav 122 Dav 140 Lav 120
Tissve iB:u Gawva | BETA Gawma| BETA Gamma | BETa Gamma| BETA Gasya i BETA GA,\(MA; BEia  GaMMy
Tibia_........ 7600 3850 8180 4610 133 695 253 2155 59 41.3 313 33.2 &1
Skeleton...__. 11030 55600 11400 66400 193¢ 8600 3670t 3120 8%0° 600  454° 437 117.5°
Liver......... 119 21 352 7t 12 72 k2] 32 33 177135 10.7 1.8
Gizzard. .. ........._. 41 17 7.0 8.5 7.6 10.3 7.9 3.6 0.6
Gizzard (content). .. 0.93 -~ - 1.4 — 7.5 1.2 0 0.3
Crop...ceiiiiieiinnns 0.43 50 2.0 7.9 — 122 9.3 45 0
Intestine (L) and
Lo 1+173 41 € JNPRORUNS [N (O 0.63 10.0 3.0 6.3 — 14.0 0.7 8.9 026
Intestine (S
contents............ 16 4.0 3.0 - 8.4 6.4 | e
Pancreas. ..... 016 — — — — - — 0.7
Spleen........ - — 1.0 — - — 02 -
Kidney.............. 8 117 90 9.0 14.2 100 149 124 0.4 0.3
Lungs (Alveoh)....| 17 23 0.57 40 2.0 1.4 4.5 56 4.3 16.8 0.83
Traches..............\ | 0.4 20 1.0 0.7 3.7 09 02| — -
Turbinates........__.| ............ | ... STSTRIN 3.87 19 153 7.6 ! — - — -

*Calculated using ratlo of gamma activity skeleton/tibia.
**Day post detonation.

10128049



S0 EFFECTS OF IONIZING RADIATION

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 45 days the decay curve
is essentially that of Sr*, the most abundant

The residual total beta activity found in the
two larger fish at 4 months post detonation av-
eraged 2.5 uc (Table 5.10). There was, at the
same tine, about twice as much gamma activity.
The fish were collected 56 days post detona-

of the longer-lived elements cdeposited. tion, and the drop in activity between that time

Table 5.10.—Beta and Gamma Activity of Fish From Rongelap Three Months Post Detonation
Fisu #1 (802 GM) ‘
Ba, Sr i RADIOCHEMICAL ANALYSIS (PER-
GROSS ACTIVITY, AND RARE CENT) IN Ba, 8r axp Re
ue EARTH FRACTION :
TotaL |
AcTiviTy RARE X
BrTa Gauma (PERCENT) Sr¥ Bai EARTH 1’
Head. ... .. ... ... ... 0. 568 1. 26 9.9 38. 3 96 52.1 o
Scales+ Fins+Tail. .. _._.... 0. 500 0. 58 9.5 17. 4 99 2.7
Viscera__ ... .. .._._._.._. 0. 900 2 36 48. 0 1. 4 0.6 08. 0
Gills ... 0. 160 0. 43 7.8 13. 9 6.7 79. 4
Remainder of Body......... 0. 596 1. 78 8 3 45. 2 11. 2 43. 6
Total . . ... ... ._.. 2. 724 6. 41 i
Fisu #2 (507 G) Fian #3 (1f% G31) \
i GROSS ACTIVITY, uC ; GROSS ACTIVITY, uC
: BETA GaMya , BETa Gamya 1
— __i—
Head. _ ..._ .. .__..__._...__. 0. 101 0. 23 0. 045 0. 017
Scales+ Fins+ Tail. .. .._... 0. 067 0.23 I 0038 0. 084
Viscera. __ ... ... _...... 1. 620 2. 14 i 0. 115 0. 205
Gills. ... ... ! 0. 043 0. 09 . 0. 023 0. 011
Skeleton_ ... oo | 0197 0.3 | 0030 0. 070
Musele o .o ... ; 0. 151 0.53 0. 038 0. 074
| —— PR
Total . __._ .. _._____. 2179 3. 58 0. 301 0. 461
i
Cuax Rl
TOTAL BETA ACTIVITT—6.4 X108 D/31
T RADIOCIHEMICAL ANALYSIY T
PERCENT
of TotaL
RAUIOLLEMENT ACTIVITY
YA L 2] 4
Rutod. o6 . 32.4
Othero oo ... 11. 4
1S o 07
Baio_ __ . _ . ___ pommmmmaaaa e 0.7 ]
Rare Earths. __. 7 ... _...... 33.4
Samples collected two months post detonation. 1
1
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and the analysis at 4 months represents only
radiological decay. Thus, the results are not
directly comparable to those obtained from anj-
mals which were retwrned alive, and in which
biological turnover as well as radiological decay
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 analvsed, equal amounts of activity
were found in each fraction. However, the
storage of these fish in formuldehvde for 3
months may have permitted the diffusion of
the radioelements from bone to muscle to take
place. Further studies on fresh fish will clavify
this point.

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

At the end of a 2l5h-month experimental
period, the excretion hy the chickens of both
beta and gamma activity per 24 honrs was 3
percent of the value measured at the start at 37
days post detonation (Fig. 5.1).

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

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 locations.

Radiochemical Analysis of Tissues and Fi-
creta.  Radiochemical analysis of pig tissues
indicated that 62 percent of the skeletal betu
activity was derived from Sr*, 7 percent from
Ba'°, and 10 percent from the rare earth mroup
at 82 days post detonation (Table 5,8). 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

1g128ll

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

“in the Rongelap people was, however, only

tenth of that found in the animals.

At 4 moiths 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 Zi** (21 percent) and
Rutrars (32 percent).  About 50 percent of the
material found in the viscern of the fish was
of the rare earth gronp.  Very small nmounts
of strontivm and barium were found. In the
tissues of thie fish, strontium, barium and the
rave earths contributed only abont 10 percent of
the total activity.

5.43 Autoradiographs

A number of antoradiographs of the tibiae
and femurs of 1 chick, 4 pigs, 1 rooster and 2
chickens were prepared both at the USNRDL
and at the Argonne National Laboratory
(ANL) to determine the pattern of deposition
of fission products. Contact printing on X-ray
no-sereen film was found to be the most satis-
factory method of preparing the autoradio-
vraphs. The discussion and conclusions pre-
sented below summarize the findings veported
by Norris (13).

The autoradiograph of a tibia from a chicken
sacrificed at 45 days post detonation (Fig. 5.2)
mdicated a relatively uniform distribution of
the activity throughout most of the bone, with
the highest concentration of activity in the area
adjacent to the epiphysis. This area of high
activity corresponds to an area of dense trabe-
cular bone.

‘T'he tibia and femur of a baby chick, which
died spontaneously 47 davs post detonation,
showed the heaviest concentration of radioac-
tive material in the diaphvsis (Fig. 5.3). The
end region= of the bone, which were laid down
after the animls were removed from the con-
taminated environment, were relatively Jacking
inactivity,  Tlie region of greatest activity was
in the diaphysis, which appearved to be ab-
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Fiovre 3.1.—Bceta and ganima activity in chicken exercti.

normally constricted, possibly because of a de- free of activity (Fig. 54). As in the chick

creased rate of endosteal resorption. 2 described above, this arex corresponds to the
A tibia from a pig sacrificed 45 days post deto-  growth which took place after the animal was
nation had an area under the growing epiphysis removed front the avea of contamination. The
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FicURe 3.2.—Autloradiograph of tikia of chicken sacrificed 45 days post-
: detonation (4NL).

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

1012813

No other evidence of a double Jine of radio-
active deposit appeared in the animals studied,
except possibly in a sow sacrificed 38 days post
exposure (Fig. 5.5). 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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FicUre S.4.—Autoradivgraph of likia of pig aacrificed 45 duys post-
detonation (ANL).
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So—dutoradiograph of tiia of adult sow sacrificed I8 days poxt-
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fertiie, 3 fertile ones were opened prematurely,
11 developed complete embryos but failed to
hatch, and 24 live chicks were hatched, one of
which had congenital perosis. The latter chick
and six normal ones were sacrificed and their
tissues radiounalyzed. Again, only barely de-
tectable nmounts of ‘internally deposited ac-
tivity were found. The remaining buby chicks
are being vaised and observed for possible long
term etfects. .\t the present time all the chicks
are crowing normally and are in good health.
Comparison of the fertility and hatchability
data of Rongrelap hens with those from domestic
liens does not denonstrate any effect of radia-
tion on these phenomena.

5.47 Internal Radioactive Decontamination

Studies in Chickeas

A study was undertaken to determine the
ability of both sodium EDTA and zirconium
citrate (15} 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
body burdens of internal contaminants were
determined for a period of 4 days as the base
line for the study. Following this, two chickens
were injected daily I. . with 75 mg. sodium
EDTA for four days: two received injections
of 70 me. of zirconium citrate (15). and two
were injected with both zirconinm citrate and
sodium EIYIA. Two chickens were kept as
controls.  The mean beta and ganuna activity
excreted by these chickens was determined in-
dividually for each of the treatmment days and
for 1 day following cessation of treatment.
Neither the zirconium citeate nor the sodium
EDTA alone was "effective in increasing the
excretion rate as reflected by the beta activity
neasurements made.  The combined adminis-
fration of zirconiwin citrate and sodium EDTA,
however, doubled the excretion rate of the beta
activity. No detectable change in the rate of
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excretion of gamma activity was noted. The
excretion rate of fission products at this long
period post contamination was less than 0.1 per-

" cent per 24 hours. Thus, the enhancement of

the excretion rate by the combination of zir-
conium citrate and sodinm 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 hones may be the result of
the exposure of the animal to external radiation,
although the effects 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 detonation. The fish and clam had a much
lower concentration of the alkaline and rare
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-
nated hens gave no evidence of any effect of
radiation. The rate of production and the eggs
produced were both normal. The extraordi-
nary ability of fowl to mobilize calcium in shell
formation resulted in the presence of very high
activity in the shells of the first few eggs. The
activity wus associated with the fission products
of the alkaline earth group. .\ significant
amount of activity was found in the yolk, and
lesser amounts in the albumen. The removal
of activity from the body of chickens by egg
production provides an eflective natural de-
contanination 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.
Rongelap exposed Ailingnae exposed Utirik exposed Unexposed

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