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§.1 Introduction

Fo.towine A Neueirandetonation in the spring
of 1954, a Jurge group of people were containi-
nated with fission products. Tn addinon toa
sublethal external eamma radiation exposure

and beta irradiation of (he skin, delectable

amounts of radionuclides were deposited in-
ternally, It has heen assumed that in all situ-
ationsresuiting from a contaminating event, the
“tio ofexternal to internal dose would be ex-
ceedingly high, Iowever, a detailed ‘study of
the internal contamination in the exposed
human population and in animals was made to
determine the kind and dewree 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 effects, and (3) The
qualitative and quantitative nature of. the in-
ternal contamination produced by exposure of
individuals to mixed fission products. There
Was no Hrevious situation in which humanbe-

Ings Were exposed {o an environment contami-
nated with mined” fission products. -Concur-
rent studies were undertaken by the Japanese,
however, on radioactive materials to which a

small group of Japanese fishermen, near Ronge-
Jap 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-
nation is presently available concerning the

ratio of excreted radioelements to the anrount |

deposited in the borly, it was necessary to base
the evaluation on data ubtained from animals

which had been contaminated in the same

event. Detailed studies of anima) tissues and

animal excreta then provided dita on which

estinuites of the human body burden were based.
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5.2 General Nature of Internal

Radiation Toxicity

Tuk Nature Orthe radiation hazard fromin-
ternally deposited fission products can best be
understood in terms of the biophysical behavior

of the radionuclides. _

Fission products entering the body through
inhalation ur ingestion concentrate in various
tissues and act as sources of internal radiation.
The ability of a radionuclide to enter the blood
strenmis determined byits solubility, chemical
properties and physical state. The radioele-
ments formed in fission are predominantly ox-
ides which have a limited solubility in bady

fluids. On this basis, only a few of the radio-
elements can becomeavailible to the body.
However, the amount which can produce in-
jurions effects when deposited within the body
is minute because of the close proximity of the
ixotape to the tissues it irradiates, and because
the isotope continues to irradiate these Ussues’
until it is removed by biological turnover oris
rendered harmless by radioactive decay. The
effects of radiation frum internally deposited
emitfers are the same as those from external
radiation. ‘The disGngunishing feature of in-.
ternal radiation, however, is its long contiauing
nature. .

Radioactive isotopes follow the same me-
tabolic processes in the body as the naturally:
occurring inactive isotopes of the same element
and of chemically similar elements. Thus
strontium and bariwn, which are analogous
chemically to calcium, are deposited in the cal-
cifying 1 ssneof the bone. Although nearly two
hundred radioisotopes are produced in the hs-
sion process, only a few are potential chronic

Internal radiation hazards. These fission prod-
ucts, which are listed jn ‘Fable 5.1, constitute a
high percentage of the fission yield, and localize

chiefly in bene. The “bone-seekers” have, in
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Table §.1—Biologically Hazardous Internally Deposited Fission Products

>. Fractiox Keacinxe Criticargyre tor Fission! Hacr-Lire Orcas 2

Rapio-E, ew ext Ratiatiox ABUNDANCE ?

‘ Raniot. hs Biol. By Ixaestion BY TNitata-
—|-— _.

Sr‘ B 4.6 53 | 3.9 x 10 . 25 . 22

y" p 5.9 sr | «6500 28x10! O14
Zr’ 8. 6. 4 65 | > 100 35

Rus Boy 3.7 42 20 . O4

Rules B 0.5 365 | 20 . O4
ys B.4 2.8 8 | 180 |.02 0.15
Bae B. + 6.0 12.5 | ~200 07 . 20
Lalie A, 6. 0 La | 35 12x 10s 0. 1

Celt B. 5.7 25 | >100 . 23 |
- Pria 6 5.4 13.8 ! 50 13x 1077 . 063

Celss B, 5.3 275 | 500 2x 107! 0. 10       
 
Froin: ' Seaborg and Perlman, Rev. ‘Mod. Physics, 20:583, 1945.

? Hamilton, J. G. Rev. Mod. Physies, 20:718, 1945.
1 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 cause creater damage to bone and ta
the radiosensitive bone marrow than to other

tissues. The ciunage tothe blood forming tissue
results in a reduction of Liood cells, and thus

affects the entire vody.
Information on the biological effects of in-

ternally deposited isutopes is derived from the
limited studies of accidental vadioisotopic pois-
onme in hhumans,.ov from animal expevimen-
tation, The best documented data on the effects
of small amounts of internally deposited emit-
ters in hummbeings are obtained from studies
of radium poixoning, As a resntt of radium
deposition, terurmnal anemia, bone necrosis and
osteovenic sarcoma appeared after a numberof
years. “The residual activity im the body as-
sociated with these effects ix 1 to 2 microtrams
of radium. Raditun is a particularly hazard-

ous element when deposited internally because
of its Jong liglhogical aud radiological half-life.
Very few data are available on the lone term

bialogical effects inhuman beines of the shorter

lived isotopes such as Si, 7) P™ apd Na®,
The metabolism, excretion and biological effects
of a number of fission products have been

9002113

studied in animals by Hamilton (1), Abrams
(2), Bloom (3). However, most of these studies

do not cover the problemof the long termetfects
in animals produced by small amounts of in-
ternally deposited isotopes.
Few data are available concerning the effects

of internal contamination with mixed fission
products from nuclear detonations. Contaimt-
nation is not produced .by every detonation of
a nuclear device. For example, no internal

contamination wax detected in tadividuals ex-

posed to the vir burst at Nagasakt and Tire-
shin.

In field tests of the contaminating type of
atomic detanation, antmials that inhaled fission —

products during short periods of exposure were
found (o have insignificant amounts of internal

contamination, . - +.

The long term effects (primarily inalignant

changes) resultins from radiumdeposition have
been used to set the Himits for maximum per-
missihle body concentrations of a few bone seek-
ing radioisotopes in the body (5). Maxiniuan
permissible body content of other radioisotopes
are estimafed on quantities resulting in a dose
of O.3 vem per week to the tissue of highest
concentration. ,
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the counting of the samples.
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5.3 Internal Contamination in

Human Beings

Tne Interna. Contamination 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 oceurs during the first few
davs 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
radioelements which have been replaced in the
natural process of biological turnover. Thius,
the study made is essentially that of an equi-
librium condition.
The urine samples were sent to laboratories

m the United States for analysis, since the high
background encountered in the field masked the
relatively low leveis of activity in the aliquot
samples used. A field laboratory is most de-
sirable fora raypid survey, and was shown to be
feasible, if adequate facilities are provided for

The first urine samples, mentioned above,
were collected for the Tos Alamos Scientific

Laboratory (LAST). Similar samples col-
Jected 44 divs post detonation were also sent
there. On the 23rd, 24th and 47th days post
detonation, 24-hour urine collections from each

wdividual from Rongelap and Ailinginae were
sent tothe New York Operations Office, Atomic
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 USNRDI, collected samples from each

ember of the exposed aronps at 43 and 46 days
post. detonation, Samples fron representa:

tives of these vroups were also collected at 294.
3 and G6 months by the USNRDL. In addition,

samples from a representative group ofti Amen-

cans and 20 Marshallese were collected for G

consecutive days heuvinning 383) 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
analyzed for only Sr, Batt". 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 sean-
ming method for beta measurement consisting
of a basic oxalate precipitation with a Jantha-
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 Ix"
background, A carbonate precipitation of the
entire 24-hour 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 thin end

window Geiger-Muller counter. The counter
was calibrated with a UO, standard, and an,
appropriate correction for self-absorption was
nade using a Srstandard.

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 activily decreased
rapidly asa 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

pust detonation, and at G month’, the activity

inthe urine was barely detectable in most of the
midividuals.

Comparison of the means of the urine sam-
ples for the adults from Rongelap and

Allinginae and from Aanericans from Rongerik
indicated that at 43 days post detonation the
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Table 5.2—Summary of Human Urine Analysis, Gross Beta Activity

 

 

 

 

    

Dinepose 1}s Moxtus 2he Moxtits 3 Montits ! 4 Moxtis

No. VOLUME DIM No, VOLUME Dis No. VOLUME Dis | No. Voirnt Din
(24 nes) DRS {24HKS) 24HRs | (24 RS) 24 HARE (74 RS) 24 URS

ML Mt ML ott

Rongelap
Age in veurs
A (<5) 7 165 404 §° 360 12 |
B (5-16) 1] 434 758 12 510 5
C (>16) 3] 581 1208 10 824 705 10 370 330 33 625 0

.

Ailinginse !
Age in years

A (<3) 1 1800217
B_(3—16): 2 275 126 3 400 0

C (>16) 10 722 553 12 655 0

American 25 1158 3d    
 

All values corrected for decay.

highest activity’ was in the Rongelap group
(Table 5.2). The Ailinginne group had less
than half that of the Rongelap group, and the
Americans had about one-quarter the activity
of the Ronyelap 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 mean beta ac-
tivity of the urine of Adlinginae and American
groups indicated that the latter had a somewhat
lower amount of internal contamination, even

thongboth groups received about the same ex-

ternal dose. Thix may be accounted for by the
fact that the Aadlimeuime group drank contain-

inated water from open coutuiners and ate con-
tunimated food up to the time of evacuation,
whereas the Amerteans tiecested much less con-

taminated fool and water, since both were

largely stored in closed containers.  Indoetri-
nation of the Ainericans concerning radiation

hazards probably was also a factor in reducing
the aimount of contamination which they re:
ceived,
The variation of oross activity among the

Individuals drany of the three groups is quite

5002119

large (Tables 5.5 and 3.4). This is chiefly the
result of variations in the quantity of waler
and both the kind and quantity of food i-
gested. The degree of exposure of the tndi-
vidual to airborne activity is also a factor in
determining the individual deeree of contami-
nation. While there

woe 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 individuals from the Rongelap and Ail-
higinae croups secording to age (Tables.é.3 and
5.4). While the activity excreted per unit vol-

ume of tring is about the sume for both children
and adults, the mean activity of the urine ex-

creted in 24 hours by chifdrén under 15 years
wis siemificunthy lower than that excreted by
adults, The data available do not indicate
defnitely whether the Jower total excretion
indicates a stualler total body burden in the
children resulting from lower duihalation and
Ingestion, or whether it represents a higher de-

cree of fixation of the radio-elements by grow-
ing bone,

were durge variadions:
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Table 5.3.—Gross Beta Activiry in Urine of Rongelap People on 46th Day Post Detonation
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Case No. | 24 HRS (mL) P/s/24 Tas Case No. 24 WES (HL) D/W24 RY

LO | | 7
Age < 5 yrs ) Age > lyre

2 12U 71200 OE 4 455 634
3 150 894 1; 7 §10 1, 700
5 155 313 9 355 201

23 40 22300 10 980 549
33 260 0 fi 11 450 1, 583
54 sO 385 13 340 1, 677
69 455 301 * 14 780 " 2, 460

—~—~~—. " 18 | 455 1, 670 .
Mean yO5 404 t 22 { 47 77

: ; 30 96U 435
H 34 750 570
i 37 480 792
| 40 550 1, 450

— = ——— 46 330 495
i 49 425 0

i 52 780 0
| 55 320 1, 080
ij 56 706 3, 220)

Age 6-15 vrs \ 57 550 1, 095
_ . 58 750 2,170

20 / 265 | 1900 60 810 5£0
24 / 550 Oo & 62 980 1,985
26 ; 650° | 3,032 + 63 635 | 2, 260
35 1 235 a 5 66 : 855 TIS
36 (140 23600 6S 300 =: «62,010
39 | 280 1,100 i; 71 290 ' 41,4507
47 ' 650 «| arog 7 230 | 0
67 450 674 a 7 i 5 52°
72 110} so; 79 ; 465 $ 2,038
75 » 440 0 & sO b= 530 | 1,383
76 » 986} ISO S2 i GU 140

Mean . 439 | 758 Mean ( S81; 4, 208 
 

Values carrected for decay.

So correlation was found between body
weight of the people from Rongelap and the
total activity per 24 honrs excreted in iheir
urine, .

Gross, beta activity measurements were also
made on the samples sent to NYOO, AEC.*
Their results essentially corroborate the find-

*Personal conmmanication from lor. 7. Warles, NYOQ,

AEC. . ‘
7

9002716

ings by the CSNRDL, partiénlarly the ratio
of the activities among the three groups seudied.
The abselute values of the activity determined
by NYOO-AEC, however, were lower than ~
the USNRDL values by a constant factor.

2, Radiochemical Analysis of the Urine:
Estimate of Body Burden. Radiochemical
analysis of the Ronvelap urine samples indi-
cated that the alkaline earth and rare earth
evoups 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
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ALLANGINAE AMERICANS
Dav 46 Post Detaxationx ‘ Dav 44 Post Detoxation

careso  FARNATEAUM) Patadunt™ |] ewes PNASMan

Age<i yrs 401 1,970 ° 0

6 | a, 650 0
8 3 1,224: $20

44 150 247 4 440 78
5 7350; Q

Mean. ...--“aeeeee 150 217 6 900 945

i 7 1, 340 : 0

, i § 140: 1, 260
Age G-15 vrs : Hee Lee eee

48° 180 164 er cence eee
53 1} 1, 580 385
81 . 370 Ss ‘ 12 1,460 0

7 13 1,810 63
Mea. .ee2eeeee-ee 1 I 720 438

| : 45 ; 1380 | 834)
—| i 1G ; 1,980 0

Age> 1G yrs | 7 1 i M45 eee.

; 900 , 5 18 , 182 f

6 sco say tay28 GSU y2u2 - 554) 353

a | ota 22 Me eee.—
‘ on as 23 °° 1 4980 0

43 ' gig | 754 i 74 ; 4, 16t van
. - ‘ 25 | 4 38h 187

45 $50 os . '
5 i an Sh a3
5h 410 404) o- : sae 7
Ta i 440 (i ae BOA ee

. : oN 1, 200 uw
1 1 ' .

at ‘ -99 nets aaeee
Mean... . 2. eae 722 : be5 Mean... 0.2.00. | are gon

 

 
 

Values corrected fur decay.

beta aetivity at #5 days post detonation (Table

HO), The predominant racbonuslide is sr’,

which contributes 42 percent of the total heta

aetivity at this time.
Assays of fissile material made on pooled

sunpdes af urine were all negative within ex-
pernuental limits, .

The eardy uvine samples anatyzed liv the
LASSE. (collected 34 days post detonation) ean.

tained fair amounts of radioiadine in addition

to the alkaline anal care earths. 4

Qin the basis of the radiochemien! anatysis
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of the wine, the body burden (the radioisetepie
deposition in the tissues) was estimmded. ‘The

ratio beCween the achivity of the urine and the

mnont of iocupP fixed im che body is eeqaired

for this calewulation, Tlowever, few ratios are

‘available for the depesition of the various ra-

igelemnents in hunins, so that i was necessary

to utilize ratios obtained fram animal studies.

Of the antuats collected on Rongelap. dee pig

wis selected as the closest to che drums in size

and metabolism A detailed: study was chere-
fore quae oon the exeretion of these satiaals ane

t
e
e

T
e
h
e
e

pe
mt

t*
wi
e
m
a
t
e

ks
ve
h
e
r
e
,
t
e
e
e

B
e
a

on
e
e
e

+
me

ee
o
P
p
e
a
t

e
e
b
s

s
e
t
p
t
e
e
e

D
y
g
r
e

os
S
k
e
e

m
e
e
t

ot
sc

he
e
a
r
l
s
e
e

d
e

-

+
f
o
e
y
o
r

.
e
e
t

.
wo
e,

.
.

.
a

e
e
e
e

a
i
m
e
e
e
S

a
k

ol
y
o
m
=



 

 

 

  

aoe + . - ¢

| INTERNAL DEPOSITION OF RADIONUCLIDES ‘3
] :

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

| BETS ACTIVITYIi /24 Horr

Saurir No, I" T ( ; a
; Gross Reta > Spee Bale "Rake Fanti

ACTIVITY , 4 _  AemNaTY

i | aDice ceca ence eee e eee eee eeee ceere 120 197
2... eee cece ee cease / 1960 ° alo} 130 244
a . : 1020 $50) 120 324

' a 1210 b2u 150 2n4

5. a BT 325 1H) 474
Goceec e eee eee eee eeQOD RT Ete 3n3

AVOTARO.oe eee eee ee 1253 | 826 134 312
Percent of total Beta activity. 2.2.2.0... 100 42 WW. 7 255  
 

on the radioactive content of variows tissues.
Details of the animal study are presented ina
subsequent section.
The estimate of the mean body burden of the

Rouvelap gronp at s2 dhuys post detonation is
presented in Table 4.6. ‘Vhe budy burdenat one
day was caleulated in the following niuniner.
A formula was obtained from urinary excretion
dati reported by Cowan, Farabee and Lave (6)
Gna caise of aecidental inhalation of Sve. The
excretion curve was best represented by four
exponential terms,  ( Verv simuhir results were
obtained by approximating the bighoeieal decay
of strontium with a power function, based on

hignan excretion of the metabolically similar
element, radium) (6. 7, 8).

Estimates were nitde uf other radioelements

present in simaifcant amounts at one day. ag
shawn in ‘Pable 3.6. These ostinates were made
on the basis of the level of Siat one day. to-
eether with the data on the activity of the vari-
ons fission products at thix same tine €9) and

moti Inctapie absorptian amet retention dati

(1a). .
The LASDL has alse estimated the bady bur

den at one dav, on the basis of radiochemic:!]
analysis of pooled urine samples from a repre-
sentative niumber of the Rengelap and Aaecert
can eranps (10). “Phese caideulitions werebased

on the analysts of Fan the early samples of
wring (1a divs post detanutian) as well as the

above mentioned physical and biological data
on fission prodnets (1.4.9). Vheir finediigs are

presented in Table 4.6,

Table 5.6—Mean Body Burden of the Rongelap Group

 

| ACTIVITY AT i ACTIVITY AT ACTIVITY 42

Ra plolaparr s? mats } } ney ' my

; (VEN RTL) (VENKELD | (hast.

Breeee eee 0.49 1G 2.2
Bare, eoeaee nee 0. 02) 27 W. 34
Rare earth praup.. oe... 2 eee ee 0. O03 1,2 _

Tl (in thyraidy. o2. 0 ee ee eee ee0 a4 11.2
co4. jo — 0. 013
Caso. bee beeen gy 0 © Ul
Fissife material... 0.0.0.0 eee. en ? 1, OG (yon)  
 

ANPT) UrjG
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Onthe basis of an assumed uptake of 20 per-
- cent per 24 hours, the integrated dose to the
thyroid from Iand other shorter-lived iodine
isotopes was calculated by the USNRDLto be
about 100 rep. The LASL has estimated that
this dose was about 150 rep for Rongelap group
and 50 rep for the Americans.
The differing appronches used by the

ESNRDL and the LASL for estimating the
body burden gave results which, except for
Balt, 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
Ailinginne group were approximately half
those of the Rongelap group, and values for
“Americans, about one-fourth those of the
Rongelap group.
The total amount of radioactive material

present in the G, J. tract at one day post detona-

tion in the members of Group IT was estimated
us approximately 3me. This activity was con-
tributed chiefly by isotopes of short radiological
and biolowical half-life and limited solubility.

Thus the levels of activity in the tissues of the
hody were relatively low. The concentration
of radioisotapes at G months posi detonation
was barely detectulie in the urine of most ex-
posed individuals.

Todine, which is quite solable. ts probably
the mast lazardous internal endioemitéer in the

early period following exposure (10). The
dose to the thyroid was appreciable, but low
compiayed to the partially or totally ablatine
doses of 11" used in therapy of hyperthyroidism
or carcinoni. At one day post detonation Sr
was calculated to be near the maxiuviun per-
nossille level (4) for this nuclide. At later
times following exposure, this longer-lived fis-
sion product presents the zreatest potential in-

~ ternuad drazard.

The present study confirms the observation
natde in animal experiments that most of the

racioucltive elements fosmed in fission as well

ts the fissile material itself, are uot readily ale

sorbed from the hiungs and the G. 7. tract. Only

I, Sv, Ba anda few of the rare earth elements

were absorbed to any significant degree, +

F"3002718

An attempt to measure bone-fixed radioactive
emitters by means of sensitive filny badges taped
below 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 cleposited internally in this situation,
the possibility that chronic irradiation effects
will occur is quite small. Thus, an evaluation
of the data on the internal contamination, in-

cluding that of Sr*, leads to the conclusion that
the internal hazard to the contaminated inhahi-
tants of the Marshall Islands is minimal both
from the acute and the long range point of view.

5.33 Source of Iocernal Contamination

The fallout material consisted Jargely of
calcium oxide and calcium carhonate. The
fission products were adsorbed mainlyon fairly
large particles. The material 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 maiterial. Ingestion appears to be the more
important of the twa routes of entry into the
ody. ‘Fhe activity in the air settles ont fairly
rapidly, but contaminated food. water and
utensils retain their activity for long periods of
time.
The amount of fission products reaching the

hioodstream Chrough the respiratory tract isa
function of particle size and solubility of the
airborne contaminants. The particles with
which the activity was assoctated were con-
siderably Jarger than the optimum size for
deposition in the alveolar tissue of the lung.
Thus, the probabilityof the retention of inhaled
airborne confamination was not appreciable
during the exposure period.
The lipothesis that Ingestion was the chief

source of imternal contamination is supported
by the finding that the gastro-intestinal tract,
its contents, and the liver of autopsied chickens
and pigs sacrificed at early jutervials following
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INTERNAL DEPOSITION OF RADIONUCLIDES 75

detonation were more active than the alveolar

tissue.

The importance of ingestion as a continuing
source of contamination is evidenced by the
level of internal contamination of the pigs from
Ronegelap. These animals had about ten times
the body burden of the human population in
the same locality. 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
linited amount of fission products was avail-
able to plants growing on the contaminated
soil. Significant amounts of beta activity as
well as small amounts of alpha activity were
present on the external surface of plants at 42
days post detonation. Only very snl amounts
of beta activity and no alpha activity were de-

tected in the edible portions of fruits such as
pandanus, papayas and coconuts. MWowever,

hich 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 fish
taken from Rongelap lagoon. Tt 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 preatest potential
hazarilin the environment.

Internal Radioactive 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 nuchdes from the body as rapidly as
possible. The ability of ethylene-dianiine-
tetra-acetic acid (EDTA) to mobilize certain

of the fission products from the skeleton and

5002180

(o increase the rate of their excretion has pre-
viously been demonstrated (11-13). It js mast

effective with the rare earth group, but has
no effect on strontinin (13). These stucties have
shown that. most of the bicloyically hazardous
material remaining in the badyis firmly fixed
in bone within a short time, so that effective
systemic decontamination by chemical agents
can occur only in a short period following ex-
posire. Nevertheless, an atrempt to effect in-
ternal decontamination was male 7 weeks post
detonation, since it would mobilize and make

detection of isotopes easier, even though it was
realized that the procedure would have limited
value at this time.
A representative group of seven individuals

fram Rongelap were selected for this study.
During a control period of 5 days, 24-hoururine
samples were collected daily for radioanalysis
in order to establish a basal excretion rate.
During the next 3 days, calcium EDTA was ad-
ministered orally, 1 @m per 23 Ibs of budy
weicht daily instead of the preferable intra-
venous drip because parenteral therapy was not
practical under the circumstances.
Twenty-four hour urine samples 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 radioelenents. ,
No side effects from the use of EDTA were

observed. Blood counts and blood pressure re-
mained unchanged throughout the treatment.

The mean activity of the urine during the

EDTAtreatment period was 2.5 times the pre-
treatment activity, The probability that the
differences observed are due {o chance is less

than 0.01. Thus the oral administration of

EDTAfora period of 3 davs beginning 52 days

post detonation incrensed the excretion rate of

internally deposited fission products, 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 hunins

occurred asa result of fallout. following a Cher-
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monucleir explosion, This internal contami-
nation resulted from both inhalation and inges-
tion of fallout material.
Hich levels of activity were found in water

and on the external surfaces of plants. The
contaniination of the internal portions of fruits
and vegetables was small. Of the individual
radionuclides, Sr, because of its high solubil-
ity and relatively Jong 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 andthe 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 tine, contributing 42 percent of
the total beta activity. Assays for fissile ma-
terial in the pooled urine sainples were negative.
The human body burden of individual radio-

nuclides was estimated from? radiochemical
analysis of the human urine and of the tissues

and urine of animals from Rongelap. The
mean body burdens of che radionuclides in the
Ailinginae group were approxinuttely one-half
tho-e of Rongelap, and the mean body bur-
dens of the Americans about one-fourth of the

Ronugelap gronp. While the activity excreted
per unit volume of urine was the same for adults
and children from Rougelap, the total activity
excreted in the urine in 24 hours by children
under 15 years of age was significantly lower
than that excreted by the adults.
The total anrount of radioactive material in

the G. TL. tract at one diy post detonation was
estiniated to be Some in people fram Ronvelap.
This activity was contributed chiefly by isotopes
af short radiological and biolowical half-life
and Tnutted solubilicy, and thus the levels of ac-
tivity in the t ssues of the badly were relatively
low. The concentration of radioisotopes at
months post detonation was barely detectable ta
the urine of most of the exposed individuals.
The estimated dose to the thyraid from P*

and other short-lived iodine isotopes was TU

9002181

to 140 rep for Rongelap. lJodine is probably
the most hazardous internal radioemitter at
early times after exposure. The dose to the
thyroid, althoneh greater than tolerance, was
low compared to the partially or totally ab-
lating doses of Iused in the treatment of
hyperthyroidism or carcinoma.
At one day post detonation, the concentra-

tion of Srwas calculated to be near the maxi-
mui permissible level for this nuclide. At
later times following exposure, this longer-lived
fission product presents the greatest potential
Internal hazard.
Ora] administration of calcium 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 slisht, as the excretion rate was very
Jowat this time,

Analysis of the internal contamination in-
dicates that the dose (o the tissue of the body
was near, but, with exception of the dose to the
thyroid, dict not exceed the miatxiniim permis-
sible doze levels. The activity fixed in the body
decreased rapidly as a functionof time. The
contribution of the eects af internal contami.
nation to the total radiation respouse observed
appears Ca be small on the basis of the-estimated
body burden of che radioelements. In view of
the short half-life of the niost abundant fission
products in the situation, the possibilicy that
chronic irradiacion effects will oceur is small.

5.4 Internal Contamination of
Animals

Tyo: Istrreenan Constasixation of a nvunher of

_ animals collected on Rongehip was studied. The
ACtIVEEY in their urine was studied, and radio-
chemical analyses were made of various tissues.
Phese data provided the basis for estimating

the body burden of the radioisotopes in human
bemgs, In addition, henutolowieal and patho-
Jomiead studies were nde, and attoradiographs

of selected Cssues were prepared. AC tuber

Of Che auntials are also beine studied for the
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appearipee of possible long term effects of
radiation.

A special study was carried out to determine
the effect of the radiation on the fertility of
chickens and the hatchability of their eas.
The animals collected from Rongelap and

Uririk ineluded 1) chickens, & baby chicks, 11
swine, 4 ducks and 1 eat. These were shipped
alive fo the USNRDL. Three fish and one
Jurge chum were taken from the Rongelap Ja-

Collection dates and mortality data forguy,

‘these animals are presented in Table 4.7. In
addition, a Luar, a cat and two chickens were
autopsied in the field. and representative tissues
were collected.

5.41 Methods

Tissue samples were taken from all animals
Which died spontaneously or were sacrificed.

Spechnens were ohbtained from the lung, liver,
G. DT. tract and the skeleton, ‘The samples were
ashed at 440° Clin a anuffe oven, and the ash
made upto volume with 2N HCL An aliquot
was then dried for beta imeasurement. The beta
activity was determined by means of a thine
end-window Geiver-Muller counter. Sr" was
used as the basis for the mass absorption cor-
rection for the samples, as it was the major

radiovlement deposited. ‘The correction cal-
culated is an approximation. as mass abserp-
tion is a function of the averase energy of the
sample. Beta activity was measured in total
dan, and this vadne was converted to ge. "Sr
equivalent.”

The ganna activity of the tissue samples was
measured ina well-type sodium iodide scintil-
lavion caunter which has ‘an efficiency of about
40 percent for a Co” standard. The gamma.

Table 5.7.—Mortality and External Radiation Dose of Animals From the

Living Areas of Rongelap and Utirik
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activity was obtained in total d/m, and was
converted to ue “Co equivalent. -
Samples were analyzed radiochemically for

Sr, Bat*, the rare envth group, I"! and fissile’
material.

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 beeun
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 Urineof Pigs From Rongelap on

§2nd Day Posc-Detonation

 

 

 

 
 

 

  

 

  

 

 

  

  

BETA ACTIVITY —D/M/TOTAL SAMPLE

Geoss i arte t Bae Tota

SAMPLE — | Lip | rie ee

—-—-—-—----———~~ +|____-——--!.———-—--| _———
j '

‘Pig #24 (25.8 kgm) |
Skeleton (total)....2-2--22- sssoj«see0s! 1010
Liver. . 2. 2222-22+20-on 31 | 040 | 0.33 6.4
Colon & Contents. ......02. 12 : 5. 0 | 2. +4 3.2

Lung (Alveoliri.....2.-2-.-- LS ot) 0.22 =; 0. 20 0. 8
Stomach... ....--------.-. 12, 0.22: 1.1 1.3
Intestine (Small)... 2222 8. 23 | Q. G2 G. 50 0. 5}

Kidney. .... 0.2. eee eee eee | 3.3: 0.21: 0. 42 0. 74
Remaining Tissues......2..- - 690 fF ole... | rs

SS———— | _—

Totul,....-..----e. - 9630 \ 560% : 605 10%u

Urine Sample, 24 bro... lle 13 | 8.7 | 1.2 1. 6

Pig #25 (23.7 kein’ to
Skeleton (latal o.. 22.22... :  BGUU ; Stun : $30 { 690
hs| 27 : U. 53 v2 | 5.5.
Colon & Contents. 2.2.2... 16 | 5. U 3.2 | 349
Ling (Alveolarj....2.2.2206 nr G25 | 0.23 | 0. 33
Stomach. oll... eee ee eee ! 20 : 0. 20 | 0.13 | 0. 30

Tntestine (Sinall)......2 000. 26 j 0. &3 | 0.$8 | 0. 8S

Kiduey co.cc. eee ee “eae eee | 3i 0. $4 Om | 0. 52
Remaining tissues... 22.2... 220 bo eee eee pe eee joocceeeeee

i Cee —

Total........Lecce |  ss70 * 5107 i 831 702
Urine Sample, 24 bras... ee 7 6.2 | 4.4 | QO. 40 0. 54

SUMMARY

Onoss Heta ACTIVITY | Skeveton =, Toran Repro} Vee (24 Hrs!

SP ee ie ee egeceeeceeeveeeseeeees | coo | aga Gao
Baececeee eee eee 6.§ G5 | 79
Rare Earth. . 2.0... e eee ee eee es | 9.7 ‘ 9,0 : 10.5

| 7
| -—- / —— feo

’ : -| 7&5 | 735 | 8.4

  
 

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

5.42 Findings and Interpretation

Gross Observations, The animals had been
free on the islands. Although malnourished,
they showed no other evidence of disease.

Autopsy of tvo chickens which died during
shipment revealed no pathological findings that
coukl be associated with radiation.
On the basis of an assumed 12-houreffective

fallout time, the animals from Rongelap re-
ceived an integrated external duse of 280 to
860 1, 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
evacnition. The annals all showed extensive
external contamination, ranging from 0.5 to
Samy per hour xt 30 days post detonation. This
acuivity was reduced about 73 percent by a
washing with water alone.

Radionctivity of Tissues and Earcreta, The
wvoss beta activity of the pigs at $2 days post

Table 5.9.—Beta and GammaActivity of Chickens From Rongelap (ye x 10")

79

detonation was about 4 uc. The distribution
of activity in the individual issues is shown in
Table 5.8. Over 90 percent of the beta activity
wis localized in the skeleton. The highest ac-
tivity in a soft tissue was found in the liver,
which had, however, less than 0.5 percent of the
total body burden. ‘The colon contents had the
second highest activity for the soft Uissnes. about
0.24 percent of the total. The alveolar tissue

of the hing had an activity less than Q.0y per-
cent of the total activity in the body.
Grogs beta and gamma activity of the chick-

ens at T4 days post detonation was appront-
mately 0.2 ye. ‘The wros3 activity per body
weight of the chicken is appronimately the same
as that of the pie. The distribution of activity
in the tissues of the chicken (Tuble 3.0) was

very similar to that inthe pig. Most respiratory
radio activity was localized in the turbinates,
asa result of entrapment of the large particles,

which could not penetrate 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 gammaactivity dropped to 0.2 percent

‘
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of the 24 day value. These data indicate that The residual total beta activity found in the ;

most of the activity is associated with short- two larger fish at 4 months post detonation av- :

lived isotopes. The initial drop in activity is eraged 2.5 pe (Table 5.10). There was, at the : very rapid, and after 45 days the decay curve sametiie, about twice as much gammaactivity.
is essentially that of Sr, the most abundant The fish were collected 86 days post detona-
of the longer-livect elements deposited. tion, and the drop in activity between that time

Table 5.10.—Beta and GammaActivity of Fish From Rongelap Three Months Post Detonation
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-Surnples 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 obtained from ani-
mals which were returned 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 inaterin] in the viscera. In two
of the fish in which bones and muscle were sep-
arated and analysed, equal amounts of activity
were found jin each fraction. Wowever, the

storage of these fish in formaldehyde for 3
months may have permitted the diffusion of
the radioelements from bone to muscle to take
place. Furtherstudies on fresh fish will clarify
this point.
The contamination of the Ash in the lagoon

was considerably greater than that of the Jand
aniinals studied. As fish form a Jarwe staple
item in the diet of the Marshallese, the high
level of contamination is important.
At the end of a 214-month experimental

period, the excretion by the chickens of both

beta and gammaactivity per 24+ hours was 5
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 detonation,

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 thesame time. This ratio of 10 was approx-
imately the same ratio found between the ac-
tivity of the food, water andsoil samples of the
two locations.
Radiochemical Analysts of Tissues and Fx-

ereta, Radiochemical analysis of pig tissues
indicated that 62 percent of the skeletal beta
activity was derived from Sr", 7 percent from
I3a**, and 10 percent from the rare earth group
at 82 days post detonation (Table 5,8). The
radioisotopic composition of the urine at this
time wassimilar to that of the skeleton. ‘The
distribution of activity in the body of the pig

900218b

nay representthe distribution in human beings.
The absolute amount of internal contamination

‘in the Rongelap people was, however, only 2
tenth of that found in the animals.
At 4 months post detonation, the alkaline

earths comprisedless 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
Rus (32 percent). About 40 percent of the
material found in the viscera of the fish was
of the rare earth group. Very smal] amounts
of strontium and barium were found. In the
tissues of the fish, strontium, barium and the
rare earths contributed only abort 10 percent uf
the total activity.

5.43. Autoradiographs

A number of autoradiographs of the tibine
and femurs of 1 chick, 4 pigs. I rooster and 2
chickens were prepared both at the TSNRDI.
and at the Argonne National Laboratory
(ANJ.) to determine the pattern of deposition
of fission products. Contact printing on A-ray
no-screen film was found to be the most satis-
factory method of preparing, the autoradio-
eraphs.

sented below summarize the findings reported
by Norris (15).
The autoradiographof a tibia from a chicken

sacrificed at 45 days post detonation (Fig. 4.2)
indicated a relatively uniform distribution of
the activity throughout most of the bone, with
the highest concentration of activityin the area
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 clfick, which

died spontaneously 47 days post detonation,
showed the heaviest concentration of radioac-
tive material in the diaphysis (Fjg. 3.3). The
end regions of the bone, which were laid down
after the animals were removed from the con-
taminated environment, were relatively lacking

inactivity. The region of ereatest activity was
in the diaphysis, which appeared to be ab-

The discussion and conclusions pre-|
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Fister 3.1.—Becta and yaaiad activity on chickon exercetu,

normally constricted, possibly because of a de-

creased rate of endosteal resorption. i
A tibia froma pig sacrificed 44 days post deto-

Hation hackan area under the crowing epiplysis
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free of activity (Fig. 54). As in the chick
described) above, this area corresponds to the

vrowth which took place after the animal was
removed from the area of contamination, The

en ad
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Fictxe 5.2.—Autoradiograph of tibia of chicken sacrificed 45 days post-

detonation (4NL). ..

mirrow cavity in-this tibia contained dense
trabecular hone along its entire length, a forma-
{ion not normally found in mammalian bones.
There sre also two distinct areas of increased
density in the trahecular rezion, which appear
as two Hnes of radioactivity in the antoradio-
graph. The center of-the diaphysis was ab-
normally thick, possibly because of a failure of
the normal resorptive process.

5002188
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No other evidence of a double line of radio-
active deposit appenred in the animals studied,
except pussibly in a sowsacrificed 35 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 ig a characteristic
histopathological finding following radioactive
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fertiio, 3 fertile ones were opened prematurely,
1! developed complete embryos but failed to
hatch, 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 ninounts of internally deposited ac-
tivity were found. The remaining baby chicks
are being raised ind observed for possible long
term etfects. At the present time all the chicks
are erowiig normally and-are in good health.
Comparison of the fertility and hatchability
data of Ronwelap hens with those from domestic
hens dues not denionstrate any effect of radia-
tion on these phenomena,

5.47 Internal Radioactive Decontamination

Studies in Chickens

A study was undertaken to determine the
bility of both sodium EDTA and zirconium
citrate (15) to increase the excretion rate of

Internally deposited fission products in the con-
tuminated chickens. On the basis of previous
experience, it wis not expected that any appre-

eaiable decoutamination could be effected at the
time of this experiment (4 months following
Internal racdionetive deposition).

- The excretion rates of 8 chickens with large
hody burdens of internal contaminants were
determined for a period of 4 days as the base
line forthestudly. Followtng this, two chickens
were Injected daily T. P. with 75 ing. sodium
EDTA for four days: two received injections
of TO ine. of zirconium citrate (14). and two

were injected with both zirconium: citrate and

sodium EDTAL Two chickens were kept as
controls, The mean beta and ganna activity
exereted by these chickens was determined in-

dividually for each of the treatment days and
for 1odity following cessation of treatment.
Neither the zirconium citrate nor the sodium
MDPA alone was effective in increasing the
excretion rate as reflected by the Leta activity
measurements made. <The conibined adminis-

tration of zirconium citrate and sodium EDTA,

however, doubled the excretion rate of the beta
ativity. No detectable change in the rate of

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-
coniumcitrate 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 maybe the result of
the exposure of the animal to external radiation,
although the etfects of severe dietary changes
and other disease cannot be ruled out.
The alkaline earths Sr® and Ba?” and the

rare earth group together constituted 75 percent
of the gross beta activity in the pigat 82 days
post detonntion. The fish and chim hada much
lower concentration of the alkaline and rare
earths, and a body burden considerably higher
than that of the Jand 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 effect of
radiation. The rate of production and the eags

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 egas.. The
activity was associated with the fission products
of the alkaline earth group. uA) significant
amount of activity was found in the yolk, and
Jesser amounts in the albumen. The removal
of activity from the bady of chickens by egg
production provides an effective natural de-
contanilnation 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 peo;

= 1500 = 400 = 3300 = 3080
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