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ABSTRACT

The first instance of exposure of human beings to mixed fission products occurred as a
result of the contaminating detonation of 1 March 1854. Beta activity in the urine of these
exposed human beings indicated sigrificant internal contamination from the ingestion and in-
halation of fallout materiai. The bedy burden of the group of human beings with the greatest
internal contamination was of the order of the maximum permissible concentrations for the
individual radionuclides.

Few of the fission prodicts present in the environment were readily absorbed by the
bleodstream {rom the lungs and the gastrointestinal (ract. Most of those radiceizments that
gained entry intc the body had short radiological and biological lives, and thus the levels of
activity in the tissues of the body were relatively low. The concentration of radioisotopes at
6 months postdetonation was barely detectable in the urine of most of the exposed individuals.

The human body burden of individual radionuclides was estimated from radiochemical
analyais of the human urine and of the tissues and urine of animals from Rongelap. The mean
body burdene of the radionuclides in the Allinginae group were approximately one-half those
of the Rongelap group, and the mean body burdens of the American group were about cne-
fourth those of the Rongelap group.

Radiolodine is probably the most hazardous Internal radioemitter at early times after
exnosure. Of the longer lived fission products Sr®® is the most abundant and presents the
greatest potential hazard {n this particular group.

Oral administration of calcium EDTA, beginning seven weeks postdetonation, to a repre-
gentative group of Individuals {rom Rongelap increased the rate of excretion of activity, How-
ever, the decrease of the body burden was insignificant since the excretion rate was very low
at this late time,

fligh 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; however, high levels
of contamination were found in the coconut tree sap. Of the individual radionuclides, Sr®,
because of .its high solubility and reiatively long radicactive half life, was probably the isotope
of greatest potential hazard in the environment,

Gross heta activity of urine and tiseue aamples of animals indicates significant Internal
contaminaticn of all the animals. The level of internally deposited radioisotopes in the piys
from Rongelap wag ten times the amount in human beings from the same area.

Studies of animals provided direcy data on the nature and distribution of the conte=:ination
in the tissues of the bedy. Over 90 per cent of the activity in the bedy of animals wo.o ucalized
in the skeleton. The pattern of deposition of the fission products in the skeletoin se=00 in auto.
radiographs wag simiiar to that of alkaline earths. The fish and clam nad a 1=w% lower con-
centration of thie alkaline and rare earths and a body burden ccnsiderahly higher than that of
the land animais. Since fish form a large staple item in the diat of the irland mopulatinng, this
high level of contamiration i3 of consiierable importance, V

Studies made on egg production of contaminated hens gave no evidence of any radiation
effect. The production rate for eggs was normal, and ilie eggs produced were 2180 normal.
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The extraordinary ability of fowl to mobilize calcium in shell formation resulted in the pres-
ence of very high activity in the sheils of the {irst few eggs. The activity was associated with
the fission products of the alkaline earth group.

Fertility of the hens and hatchability of the eggs produced by the mating of cont' ninated
roosters and hens showed no radiation effect~. The baby chicks hatched from these eggs ure
growing normally, and the amount of radicactivity in their tissues is barely detectable.

In the 8-month postdetonation perlod, reither significant gross changes nor pathological
changes, which :ould definitely be ascribed to radiation, were detected in any of the animals
{rom RBengelap.

Analysig of the internal contamination in human beings indicates that the dose to the
tigsues of the body was near but did not exceed the maximum permissible dose levels. The
activity fixed in the body decreased rapldly as a function of time. The contribution of the
effects of internal contamination to the total radiation response observed appears to be small
on the basgis of the estimated body burden of the radioelements. In view of the short half life
of the most abundant {ission products in this situation, the possibility that chronic irradiation

effects will occur is quite small.
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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVES

The objectives of the study of internal radivactive contamination, Project 4.1, are as
follows:

1. To determine the nature and extent of the internal radiation hazard to human beings
exposed to the fallout from the 1 March 1954 detonation of Operation CASTLE.

2. To evaluate thr contribution of the internal contamination to the acute and long-term
radiation syndrome.

3. To determine the feasibility of an internal decontamination therapy program.

4. To determine the amount and type of contaminaticn sustained by exposed animais,
food plants, soi), and water of the contaminated atolls,

The nuclear detonativa of 1 March was the [irst instance in which a large group of people
received a significant internal contamination from fission products with an accompanying ex-
ternal dose of less than lethal magnitude.

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. There were three
general problems to be investigated: (1) The firat wae to datarmine the contribution of the
internal contamination to the acute radiation syndrome observed in order to evaluate the im-
portance of internal contamination when combined external and internal irradiation occurs,
(2) The sccond problein concerned the possibility of long-term effects, {3) The third question
was directly answered by the study made, that is, what waa the qualitative and quantitative
nature of the i{nternal contamination produced by exposure of individuals to mixed {issiun
products. There has becn no previsus situation in which human beings have been exposed to
an enviranment contaminated with mixed fission products,

Evaluation of the internal cont ‘mination of the human beings was made by a study of the
radioelements excreted. Since ver - little information is presently available concerning the
ratio of excreted radioelements to 'he amount deposited in the body, it was necessary to base
the evaluation on data obtained fro-: animais that had been contaminated in the same ~vent.
Detailed studies of animal tissues und animal excreta then provided data on which estin:ates
of the human budy burden were based.

1.2 GENFRAL NATURE OF INTERNAL RADIATION TOXICITY

Th. nature of the radiation huzard from internally deposited fisrion rroducts caa best be
understeod in terms of the blophysical behavior of the radionuclides.

Fissgion products entering the body through inhalation or ingesiinn conceiifcxie in varicus
tissues and act as sources of internal radiation. The ability of a radionuciide to enter the

e 4 o E - -

N UNCLASSIFIED




hioud stream is detesmined by 03 solubility. chemical properties, and physici! stule. 1ae
radivelements lormed in {ission are predominantly oxider which have a limitea solubtlity in
kody fluids, On this basis only a few of the radiceleménta can becom~ availadle to the body.
Huwever, the amount that can produce injurious effects when depusited within the body is
miniute because of the close proximity of the ‘3otope to the tissues it irradiates and because
the isc.ope continues to irradiate these tissues until it 19 removed by biological turnover or
is rendered harmiess by radioactive decay. The effects of radiation from internally deposited
emitters are the same as those from external radiation. The distinguishing feature of internal
radiation, howeve, , 18 itL long continuing nature.

TABLE 1.1— Biologically Hazardous Internally Deposited Fission Products

Fraction reaching
Fission® Half lifo critical ?rgaﬂ?. 1 ]

Radio- Type* of abundance | Radiological* | Biologicalt, ¢ By By
element radiation (T (days) (days) ingestion inhalation

sry B 4.8 52 3.9 x 10} 0.25 0.22

el I 8.9 57 >300 .8 x107¢ 2.14

ZrY 8. v 6.2 65 >100 0.35

Ru!® B, v 3.7 42 20 0.04

Ru‘% B 0.5 365 20 0.04

4 8, v 2.8 8 180 0.2 0.15

Dalds B,y 6.0 12.8 ~ 200 0.07 0.20

La'd? B,y 6.0 1.7 as 1.2 x 1073 0.1

Cett 8.y 5.7 28 >100 0.25

pritd i 5.4 13.8 50 1.3 x 1073 0.063

Col¥ a5 5.3 275 500 210" 0.19

*From G. T. Scaborg and i. Periman, Rev. Mod, Phys., 20: 585 (1948).

1From J. G. Humilton, Rev, Mod. Phys,, 20: 718 (1948),
{ From National Burcau of Str.ndards Handbook 52, U. 8. Government Printing Cffice, Warsh-

ington 25, D, C,, 1853,

Radioactive Isotopes follow the same metabolic processes in the body as the naturally
occurring inactive isotcpes of the same element and of chemically similar elements. Thus
strontium and barlum, which are analogous chemically to calcium, are deposited in the cal-
cifying tissue of the bone. Although nearly 200 radioisotopes are produced in the fission
process, only a few are potential chronic internal radiation hazards. These {ission products,
listed in Table 1.1, constitute a high percentage of the {irsion yield and localize chiefly in
bone. The “bone seeters” have, in general, lung radiological and biological half lives and
produce high-energy beta particles, Thus they cause greater damage to bone and to the radio-
sensitive bone marrow than to other tissues. The damag?2 to the blood-forming tissue results
in a reduction of blood ce!la and thus affecis the entire body.

Informatior on the biological effects of interrally deposited isotopes is derived from the
1imited studies of accldental radioisotopic poisoning in humans or from animal experimen-
tation. The best documented data on the effects of small amounts of intcrnally dezposited emnir
ters in human beings are obtained from studies of radium poisoning. As a regult of radium
deposition, terminal anemtia, bone necrosis, and ostewgenic sarcoma appeared 2fter 2 su=mber
uf years, The residual activity in the budy associated with these effects was 1 to 2 ug v/
radium. Radium is u sarticularly hazardous element when deposited internally because of its
very long radiclogical half life,

Very few data are available on the long-term biological effe¢cts in huinan beings of the
shorter lived isotopes such as Sr®, 1" P and Na®., The metaholism, excretion, and bio-
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logical offects of a number of fission products have beer stulied in anim 1s bv Hamilton,’
Abrams,! Bloom,? and uthers. Howeve:, most of thase studies 40 not ccver the problem of the
long-term effects produced by small amounts of internally depisite” isciopes ir wnimals.

Few data are available concerning the effec*s of inturial contazuination with mixed fission
products from nuclear detonations. Contumination iz nct produred by e ‘erv detonstion of a
nuclear device. For example, no internal contuuination was detected 15 any of tho individuals
exposed to the airbursts at Nagasaki and Hir >shima.

In field tests of the contaminating type of st mic de.or.sion, animals thax inhaled fission
products during short periods of exposure were found {0 nave insigaificant amounts of internal
contamination.

The long-term effects (primarily malignant changer) resrliing 1=~m radium deposition
have been used to set the limits for maximum permissible ho iy coacentrsations of various
rdimucll&a." The maximum permiuible level of a ndiouotope is the muhum amount

for both lnternal and exterul irndutlon to azy t‘uuo is 0.3 tem/wee‘

13
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CHAPTER 2

INTERNAL CONTAMINATION IN HUMAN BEINGS

The internai contamination study was begun 15 days postdetonation with the collection cf
pooled 24-hr urine samples from the Marshallese and American groups. Maximum activity
in the urine occurred during the first few days after internal contamination. By one week an
approximate equitibrium state was reached in which the contaminants remaining in the body
were firmly fixed, chiefly in the skeletal tissues. The activity in the urine then waa derived
from radicelements which were replaced in the natural process of biological turnovcy. Thus
the study made is esaentially that of an equilibrium conditlon.

All the urine samples were sent back to laboratories !n 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. A field laboratory is most desirabic for = rupid survey and was
shown to be feasible if adequate facilities are provided for the counting of the samples.

The {irst urine samples, mentioned above, were collected by the Los Alamos Scleatific
Laboratory (LASL). Similar samples collected 44 days postdetonation were also sent to LASL.
On the 234, 24tl, and 47th days postdetonation, 24-hr urine coliections {from each individual in
the Rongeiap and Ajiinginie groups were deni 10 Ui ABC New York Cpoiations CHice (NY2C-
AEC) for analysis. In addition, semples from repreasentative Individuals {n these groups were
collected 2'4, 8, and 6 months postdetonation and sent to NYGO-AEC,

The Naval Radiological Defense Laboratory (NRDL) collected samples from each member
of the Americen, Rongclap, and Allinginae groups at 43 to 45 days postdetonation. Bamples from
representatives of these groups were alao collected ut 24, 3, and 6 months by NRDL. In ad-
dition, samples from & representative group of § Americans and 20 Marshallese ware cotlectied
for 6 consecutive days beginning 33 days postdetonation.

2.i METHODS

Since a complete radiochemical analysis of al! the urine samples was not feagibla, gsamiie..
were analyzed only for Sr¥, Ba'# the rare-earth group, and finsile inateviul. These ann'sacs
are the most useful for evaluating the concentration and identity of uli the votentially hazzodous
internally deposited radioactive {sotopes. Measurement was also made cf the grosy % ¢ wi~
tivity of all the samples.

A scanning method for beta measurement, consisting of a basic gxalate nr vl tation with
a lanthanum carrier, was employed on an aliquot of the 24-hr urine gamples in vrder ‘o ia-
cilitate the prcoessing of the large number of urine gamnles beiny eent frem the feld, This
method rapidly concentrates the radioactive elements into 2 srn&li wolurae aas eliminates the
normally present K background. A ca-bonate precipitaiion of the entire 24-Lr samnle in-
creased the sensitivity of measurement sufficiently for 2nalysis of zainples callected later
than 2!4 menths postdetonation,

14



The beta aciivity was counted with a thin end-window Geiger-Miiller counter. The counter

was calibrated with a U,0, standard, and an appropriate correction for self absorption was
made using a Sr® standard.

2.2 RESULTS AND DISCUSSION

2.2.1 Beta Activity of the Urine

Internal depositi. a 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,
since it was derived chiefly from short-lived radioisotopes. For example, at 3 months post-
detonation, the mean acti*rity of the urine of the Rongelap adults was 28 per cent of the value

measured 45 days postdetonation, and at 6 months the activity in the urine was barely de-
tectable in most of the individuals.

TABLE 2.1 -—8ummary of Human Urine Analysis, Gross Beta Activity*

Rongelap Allinginae
Time (age) (age)
(postdetonation) <5 5~16 >16 <5 5-16 >16 | American
1'4 months
Case No, 7 1 31 1 2 10 25
24-hr wol. (ml) | 168 439 881 180 an T32 1188
Dis/min/24 hr 404 88 1208 217 126 583 309
214 months
Case No. 10
24-hr vol. (ml) 924
Dis/min/34 hr 708
3 months
Cuse No, 10
24-hr vol. 'ml) mn
Din/min/84 br )
S mobths
CaseNo, | & 12— 88 | & 1t 1
34-hr vol. (ml) | 300 810 s 400 e85
| _. _Dis/min/S4 13 [ ] [ ] [ ] [ ]
*All values correctod for decay.

Comparison of the means of the urine samples for the adults of the Rongelap and Ailinginae
groups and the American group indicates that the highest activity was in the Rongelap group at
48 days postdetonation (Table 2.1). The Ailinginae group had less than one-half the activity
present in the Rongelap group, and the American group had about one-fourth the activity of
the Rongelap group.

The mean gross beta activity of the urine of the Rongelap, Allinginae, and American
groups was roughly proportional to the external dose each group received. Fowever, a com-
parison of the mean beta activity of the urine of the Atlinginae and the American groups indi-
cated that the latter had a somewhat lower amount of internal contamination although both
groups received about the same external dose. This may be accounted for by the fact that the
Marshallese drank contaminated water from open containers and ate contaminated food up to
the time of evacuation at 55 hr postdetonation. The American personnel ingested much les=
contaminated food and water, since both were largely stored in closed containers. Indoctri-

18



TABLE 2.2 —Gross Beta Activity in Urine of the Rmgelap Group*

(46 days postdetonation)
Ageand | Total 3¢-hr | Beta Acuvnyj Ageand | Total 24-hr | Beta Activity
case No. | volume (ml) | (dis/min/24 br) || case No. | volume (ml) | (dis/min/24 hr)
S -
<8yr >16 yr
3 120 | nnsa 4 485 634
3 150 894 7 810 1700
a3 40 223 10 960 549
33 280 0 1 450 1883
54 80 388 13 30 1677
68 485 301 14 780 2460
Mean 165 404 ;g ‘:: 16':(,)
30 960 438
6-18 yr " o st
20 265 1900 37 480 ™2
34 850 0 40 550 1450
26 6%0 1032 46 330 495
35 285 0 PPy s °
38 190 238 52 80 0
39 280 1100 85 320 1080
47 880 1708 56 700 3220
7 450 (1} 57 550 1085
72 110 507 58 750 2170
75 0 0 60 810 580
76 2% 1180 62 960 1968
e 633 2260
Mosa - T L 8ss 1718
1] 300 2010
n 290 1450
™ 20 0
] ] 52
™ 463 2038
00 640 1383
] 0 2140
ffffffff 4t 1 88t 1208
*"Values corrected for decay.

nation of the American group concerning radiction hasards probably was also a factor in re-
ducing the amoust of contamination which they received.

The varistion of gross activity among the individuals in any of the three groups is quite
large (Tables 3.2 and 3.3). This is chiefly the result of variations in the quantity of water and
both the kind and quantity of food ingested. The degree of exposure cf the individuai to airborne
activity is also a factor in determining the individual degree of contamination. While there
were large varistions among individuals, the day-to-day levels of activity for each individual
were fairly consistent.

Further information on the source of individual variations was obtained by grouping the
individuals from Rongelap and Ailinginae according to age (Tables 2.3, 2.3). Although the
activity excreted per unit volume of urine is about the same for both children and adults, the
mean activity of the urine excreted in 24 hr by children under 15 years of age was significantly
lower than that excreted by adults. The available data do not indicate definitely whether the
lower total excretion indicates a smaller total body burden in the children resulting from
lower inhalation and ingestion or whether it represents a higher degree of fixation of the
radioelements by growing bone.

16



TABLE 2.3—Gross Beta Activity in Urine of Allinginae and American Groups*

L e o R——— g o T a————-

Allinginae Americans
(46 days postdetonaiion) (¢4 days postdetonation)
Age and | Total 24-hr Beta Activity Total 24-hr Beta Activity
case No. | volume (ml) | (dis/min/24¢ hr) | Case No.| volume (ml) | (dis/min/24 hr)
<5 yr
[} <401 1970 0
8 2 850 0
4 180 217 3 1224 820
4 440 TR
Mean 150 7 5 738 °
15 yr s 900 A48
48 180 164 7 1340 0
53 a 1410 | = 1260
9
81 370 88 10
Mean 275 126 11 1880 305
13 1460 0
>168 yr 13 1810 985
1 900 765 14 1720 438
16 880 827 15 13R0 830
28 660 1202 18 1530 0
29 70 0 17 945
E} 8 200 846 18 1520 0
41 920 [+ ] 19 1300 466
43 610 754 20 1070 0
45 880 (] 5 850 353
81 410 400 3
70 440 0 3 1180 0
» u 1100 70
3 " 8 1380 187
] sio 13
4 s
8 1220 [ ]
Mean 1188 300

No correlation was found between body weight and the toial activity per 34 hr excreted in
the urine by members of the Roagelap growp.

Gross beta activity measurements were also made by NYOO-AEC on the samples sent to
them. Their results (Marley”) essentially corroborate the findings by NADL, particularly the
ratio of the activities among the three groups studied. The absolute values of ti.e activity
determined by NYOO-AEC, however, were lower than the NRDL values by a constant factor.

3.2.2 Radiochemical Analysis of the Urine: Estimate of Eody Burden

Radiochemical aralysis of the Rongelap urine samples indicates that the alkaline-earth
and rare-earth groups together contributed 78 per cent of the beta activity at 48 days post-
detonation (Table 4.4). The predominant radionuclide is 8r® which contributes 42 per cent of
the total beta activity at this time.

Assays of fissile material made on pooled samples of urine were all negative withir ex-
perimental limits.

The early urine samples analyzed by the LASL? (collected 15 days postdetonation) con-
tained large amounts of radioiodine in addition to the alkaline and rare earths.
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On the basis of the radiochemical analysis of the urine, the body burden (the radioisotopic
deposition in the tissues) was estimated. The ratio between the activity of the urine and the
amount of isotope fixed in the body is required for this calculsition. However, few ratios are
available for the deposition of the various radiocelements in humans, so that it was necessary
to utilize ratios obtained from animal studies. Of the animals collected from the islands, the
pig was selected as the closest to the human in size and metabolism. A detailed study was
therefore made on the excretion of these animals and on the radicactive content of various
tissues, Details of the animal study are presented in Chap. 3.

TABLE 2.4—Radiochemical Analysis of Kongelap Urine

(45 days postdetonation)
_Beta Activity
(dis/min/34 hr)
Sample Gross beta Rare-earth
No. activity s | Balt activity
ey s
1 1370 490 120 197
2 1260 510 130 44
s 1020 480 | 120 334
4 1210 636 | 180 284
8 1460 328 110 474
6 1200 727 | 170 353
Av, 1283 526 | 134 32
Total beta 100 42 10.7 28.6
activity, %‘

TABLE 3.5 —Meaa Body Burdea of Rongelap Growp

Activity st | Activity st | Activity &t
88 days 1day 1 day
R a) Q) |- o)
Radicisctope (MDL) (MRDL) (LASL)
- — 619 I8 113
Bttt 0.0 1.7 0.54
Rare-earth growp .09 1.2
' s thyrold) (} 6.4 11.2
Re'® 0.013
Ca® 0 0 0.019
Fisstle material 0 0 0.016 (ug)

The estimate of the mean body burden of the Rongelap group at 82 days postdetonation is
presented in Table 2.8. The body burden at 1 day postdetonation was calculated in the following
manner. A formula was obtained from urinary excretion data (reported by Cowan, Farabee,
and Love®) in a case of accidenta) inhalation of 8r%. The excretion curve was best represented
by four exponentials. [Very simiiar results were obtained by approximating the biolcgical de-
cay of strontium with a power function, based on human excretion of the metabolically similar
element, radium (Norris, Speckman, and Gustafson' and Looney!!).]

Ectimates were made of other radioelements present in significant amounts at 1 day, as
shown in Table 2.5. These estimates were made on the basis of the level of 3r* at 1 day
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together with datz on the activity of the various fission products at this same time'? and
animal isotope absorption and retention data.!:!?

LASL has also estimated the body burden at 1 day on the basis of raciochemical analysis
of polled urine samples from a representative number of Rongelap and American individuals
(Harris?). These calculations were based on the unalysis of 1'! {n the early samples of urine
(15 days postdetonation), as well as the above-mentioned physical and biclogical data on fis-
sion products (Hamilton,’ National Bureau of Standards Handbook 52,'S and Hunter and Bal-
lou'®). Their findings are presented in Table 2.5.

Or. {lie basis of a1 assumed uptcke of 20 per cent per 24 hr, the integrated dose to the
thyroid from I'*‘ and other shorter lived iodine isotnpes was calculated by NRDL to be about
100 rep. LASL has estimated (Harris®) that this dose was about ) rep for the Rongclap
group anu 30 rep for the Americans.

The differing approaches used by NRDL and 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 2.5 were calculated
for the Rongelap group. Values for the Ailinginae group were approximately one-half those
of the Rongelap group, and values for the Americans were about one-fourth those of the Ronge-
iap group.

The total amount of radioactive material present in the gastrointestinal tract at 1 day
postdetonation in members of the Rongelap group was estimaled as approximately 3 mc. This
activity was contributed chiefly by isotopes of short radiological and biclogical hall life and
limited =salubllity. Thus the levels of activity in the tissues of the body were relatively low.
The concentration of radioisotopes at 6 months postdetonation was barely detectable in the
urine of most exposed individuals.

lodine, which {8 quite soluble, is probably the most hazardous internal radioemitter in the
early period following exposui¢ (Harris?). The dose to the thyroid was appreciable, but it was
low compared to the partially or totally ablating doses of I'*! uscd in therapy of hyperthyroidism
or carcinoma. At 1 day postdetonation S.* was calculated to be near the maximum permissible
level®® for this nuclide. At later times following exposure of this group, this longer lived fis-
sion product presents the greatest potential internal hazard.

The present study confirms the observation made in animal experiments, that most of the
radioactive elements formed in fission as well as the fissile material itself, are not readily
absorbed by the bloodstream from the lungs and the gastrointestinal tract. Only iodine; stron.
tium, bartum, and .2 few of the rare-earth elements were absorbed to anv significant degree.

An attempt to measure bone-f{ixed radioactive emitters by means of sensitive film badges
taped below the knee, over the epiphysis of the tibia, on & number of persons yielded no posi-
tive results. ' ‘

No correlation could be obtained between the degree of internal contamination and the
clinical and hematological findings. In view of the short half life of the most abundant {ission
products deposited internally in this situation, the possibility that chronic irradiation effects
will cccur is quite small. Thus, an evaluation of the data on the internal contamination, in-
cluding that of Sr®?, leads to the conclusion that the intarnal hazard to the contaminated in-
habitants of the Marshall Islands {8 minimal both from the acute and the long-range point of
view, :

2.3 ROUTE OF ENTRY OF INTERNAL CONTAMINATION

b
o

Internal deposition of fission products resulted from inhalation and ingesticn of the fall
material. Ingestion appears to be the more important of the two routes of entry {alo ihe ¥
The activity in the air setties out fairly rapidly, but contaminated food, water, and utencisi
retain their activity for long pericds of iime,

The pariicles with which the activity was asecciated were consliderably jarge: thun the
optimum size for deposition in the alveolar tissue of the lung (sec Chap. 4. Thus the proka-
bility of the retention of inhaled atrborne contamination was not zppreciasle during the ex-
posure period.
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The hypothesis that ingestion was the chief source of internal contamination is supported
by the finding that the gastrointestinal tract, its contents, and the liver of autopsied chickens
and pigs sacrificed at early intervais following 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 Rongelap pigs. These animals had about ten times the
body burden of the human population. Since the airborne activity had already dropped to a low
value at the time of evacuation oi the humans, the contamination of the pigs during their pro-
longed stay on the island necessarily derived from ingestion of radioactive food and water.

2.4 INTERNAL RADIOACTIVE DECONTAMINATION THERAPY

emmerl, treatment conllsta of removing the nuclldel from the body as rapidly as possible.

TABLE 2.6 —Internal Radiocactive Decontamination Caleium EDTA
Treatment of Rongelap Group
[Beta Activity (dis/min/24 hr)+4

Daily
Patient No. 7 14 » 82 -] 63 n av,
Pretreatment 1780 810 612 | 2190 | 2291 | 3610 | 3255, 2074
(Day 35-41)
Post-treatment 6206 | 3922 | 5885 | 3583 | 635A | 4284 | 3190 | 4775
(Day 58 - 88)

%All values corrected for decay to day 35.

The ability of ethylene-diamine-tetra-acetic acid (EDTA) to mobilise certain of the fission
products from the skeleton and to increass the rate of their excretion has previously been
demonstrated (Foreman and Hamilton,® Cohn et al.%). It is most effective with the rare-earth
group, but it has no effect on strontium (Cohn and Oong‘) These studies have shown that most
of the biologically hasardous material remaining in the body ia Zirmly fixed in bone within a
short ttmo, 80 thu oﬂocttu cyuomlc docolumlnmon by chemical agents can occur only in a

was made u 1 wnkl pomlotonuloa, llnco it m mt that vhonu optimum deeontnmtwion
could not be accomplished at this time, any procedure which enhanced the elimination of some
of the radiocelements from the body was valuable in reducing the ultimate hazard to the con-
taminated individual.

A representative group of seven individuals from Rongelap were selected for this study.
During a control period of § days, 34-hr urine sumples were collected daily for radicanalysis
in order to establish a basal excretion rate. During the rext 3 days, calcium EDTA was ad-
ministered daily (1 g per 35 1b of body weight) by oral administration. (Although the slow-drip
intravenous administration of sodium EDTA in § per cent dextroge is the method of choice,
only the oral administration of calcium EDTA was feasible in this situation.)

Twenty-four-hour urine samples were collected daily during the treatment period and
for 5 days following treatment to determine the effectiveness of EDTA in accelerating the
excretion rate o' the radioelements.

No side effects from the use of EDTA were observed. Blood counts and blood pressur:
remained unct inged throughout the treatment.

The mean activity of the urine during the EDTA treatment period was 1.5 times the pre-
treatment activity (Table 2.68). The probability that the diffei ences observed are due to chance
is less tnan 0.01. Thus the oral administration of EDTA for a period of 3 days beginning 52
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———— 89 was the pres uminant radionuclide-at-this-time,-contributing 43 per-cent-of thetctal-beta

days postdetonation increased the excretion rate of internally deposited fission products, but
the over-all e¢ffect on decreasing the body burden was insignificant, as the excretion rates
were very low at this time.

2.5 SUMMARY AND CONCLUSIONS

The first instance f internal deposition of mixed fission products in humans occurred as
a result of the ccntaminating event of 1 March. This internal contamination resulted from
both inhalation and ingestion of contaminated material, the latter being the more important.

Few of the fission products present in the environment were readily absorbed from the
lungs and the gistroiniestinal ‘-act. Radiochemical analysis of the urine samples from the
Rongelap group (ndicates that strontium, barium, and the rare-earth group together con-
stituted 75 per c2at of the total beta activity of the urine at 45 days postdetonation. Strontium-

activity. Assays for fissile material in the pooled urine samples were all negative.

The human body burden of individual radionuclides was estimated from radiochemical
analysis of the human urine and of the tissues and urine of animals from Rongelap. The mean
body burdens of the radionuclides in the Ailinginae group were approximately one-half those
of the Rongelap group, and the mean body burdens of the American group were about one-
fourth those of the Rongelap group. While the activity excreted per unit volume of urine was
the same for adults and children of the Rongelap grcup, the toial activity excreted in the urine
in 24 hr by children under 15 years of age was significantly lower than that excreted by the
adults.

The total amount of radioactive material in the gastrointestinal tract at 1 day postdetona-
tion was estimated to be 3 mc in members of the Rongelap group. This activity was contributed
chiefly by isotopes of short radiological and biological half life and limited solubility, and thus
the levels of activity in the tissues of the body were relatively low. The concentration of
radioisotopes at ¢ months postdetonation was barely detectable in the urine of most of the ex-
posed individuals,

The estimated dose to the thyroid from I'! and other short-lived iodine isotopes was 100
to 150 rep for the Rongelap group. lodine is probably the most hazardous internal radioemitter
at early times after exposure. The dose to the thyroid, while ancreciable, was low compared
to the partially or totally ablating doses of I'* used in the treatment of hyperthyroidism or
carcinoma.

At 1 day postdetonstion, the-concentration-of Sr™ was caiculated to be near the maximum
permissible level for this nuclide. At later times following exposure, this longer lived fission
product presents the greatest potestial internal hasard -

Oral administration of calctum EDTA beginniag © weeks postdetonation to a npruonuun
group of indivicuals from Rongelap increased the rate of excretion of activity 2.8 times. How-
ever, the decrease of the hody burden was insigaificant, as the excretion rate was very low
at this time.

Analysis of the internal contamination indicates that the dose to the tissues of the body
was near but did not exceed the maximum permissible dose levels. The activity fixed in the
body decreased rapidly as a function of time. The contribution of the effects of internal con-
tamination to the total radiation response cbserved appears to be small on the basis of the
estimated body burden of the radicelements. In view of the short half life of the most abundant
fission products in the situation, the possibility that chronic irradiation effects will occur is
quite small.
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CHAPTER 3

INTERNAL CONTAMINATION IN ANIMALS

The internal contamination of a number of animals collected on the Marshall Islands was
studied. The activity in their urinary excretion was studied, and radiochemical analyses were
made of various tissues. These data provided the bases for estimating the body burden of the
radioi votopes in human beings. In addition, hematclogical and pathological studies were made,
and autoradiographs of selected tissues were prepared. A number of the animals are also being
studied for the appearance 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 eggs.

The animals collected on Rongelap and Utirik Islands included 41 chickens, ¥ baby chicks,
11 swine, 4 ducks, and 1 cat. These were all shipped alive to NRDL. Three fish and one large
clam were taken from ths Rongelap lagoon. Collection dates and mortality data for these ani-
mals are presented in Table 3.1. In addition, a boar, a cat, and two chickens were autopsied in
the field, and representative tissues were collected.

3.1 METHODS

Tissue samples were taken from all animals that died spontaneously or were sacrificed,
v -skeleton. The

samples were ashed at $30°C in a muffle oven, and the ash made up to volume with AN HC1, An

aliquot was then dried for beta measurement. The beta activity was determined by means of a
thin end-window Geiger-Miller counter. Strontium-80 was used as the basis for the mass ab-
sorption correction {r the samples, since it wag the major radicelement deposited. The cor-
rection calculated is \n approximation, since mass absorption is a function of the average energy
of the sample. Beta activity was measured in total disintegrations per minute, and this value

»- 3 converted to microcuries, “8r* equivalent.”

The gamma activity of the tissue samples was measured in a well-type sodium lodide scin-
tillation counter, which has an efficiency of about 40 per cent for a Co* standard. The gamma
activity was obtained in tota) disintegrations per minute, and this value was converted to micro-
curies, “Co" equivalent.”

Samples were analyzed radiochemically for 8r', Ba!‘®, the rare-earth group, I'*!, and
fissile material,

For excretion studies the animals were caged individually, and their excreta were collected
at 24-hr intervals. The feces and urine were ashed together for the chickens, whereas they were
collected separately for the pigs. Beginning 5 weeks postdetonation, the excreta of a representa-
tive group of chickens were collected at weekly intervals for a period of 2'4 months. Collection
of pig excreta was begun at 6 weeks postdetonatior.,, and the collection was made at weekly inter-
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vals for a 8-week period. Radioanalysis of the axcreta was performed ‘n the same marnner as
that of the tissue samples described above.

3.2 RESULTS AND DISCUSSION

3.2.1 Gross Observations

The animals had been roaming free on the islands. Although malnourisiied, they showed no
evidence of disease. Autopsy of two chickens that dled during shipment revealed no pathological
findings that could be associated with radiation.

On the basis of an assumed 1-hr effective fallout time, the Rongelap animals received an
integrated external dose of 280 to 360 r, depending on the date of their collection (see Table
3.1). The Utirik pigs had received a calculated dose of 32 r at the time of their evacuation. The
animals all showed extensive external contamination, ranging from 0.5 to 5 mr/hr at 30 days
postdetonation. This activity was reduced about 75 per cent by a washing with water alone.

3.2.2 Radioactlvity of Tissues and Excreta

The gross beta activity of the pig at 82 days postdetonation was about 4 pc. The distribution
of activity in the individual tissues 18 shown in Table 3.2. Over 80 per cent of the beta activity
was localized in the skeleton. The highest activity in a soft tissue was found in the liver, which
had, however, 1ess thai G.0 per cent of the totai body burden, The colon contents had the sec-
ond highest activity for the soft tiasues, about 0.24 per cent of the total. The alveolar tissue of
- the lung had an actlvily less than 0,02 per cent of the total actlvity in the body.

Gross beta and gamma activity of the chickens at 74 days postde‘onaticn was approximately
0.2 pc. The gross activity per body weight of the chicken ia approximately the same as that of
the pig. The distribution of activity in the tissues of the chicken (Table 3.3) was very similar
to that in the plg. Most respiratory activity was localized In the turbinates, as a resul! of en-
trapment of the large particles that could not penetrate to the alveolar tissue,

The beta activity in the skeleton of chickens at 180 days dropped to 4 per ceat of the value
at 24 days postdetonation, whereas in the same period the gamma activity dropped to 0.2 per
cent of the 24-day value. These data indicate that most of the activity is associated with short-
lvcd iaotopes. Ths initial drop in activily is very rupid, and aiter 40 days the decay curve 18
esaentlally that of 8r*, the mnst abundant of the longer lived elements deposaited.

The resldual total beta activity found {n the two larger fish at 4 months postdetonation
averaged 2.5 uc (Tablé 3.4). There was, at the same time, about twice as much gamma activity.
The {ish were collected 56 days postdetonation, and the drop in activity between that time and
the analysis at 4 months represents only radlological decay, Thus the results are not directly
comparable to those obtained from animals that were returned alive and In which biological
turnover, as well as radiologlcal decay, was operating.

The largest fraction of the gross beta activity in the fish was contributed by the concentra-
tion of radioactive material in the viscera. In two of the fish in which bones and muscle were
geparated and analyzed, equal amounts of actlvity were found in each fraction. However, the
storage of these fish in formaldchyde for 8 months may have permitted the 4iffusion of the
radioelements {rom hone to muacle to take plac2, Further atudies on fresh fish will clariiy th's
point.

The contamination of the fish was consideraoly greater than that of the land animals #i:34:d,
Since fish form a large staple item in the diet of the island populations, the high level of osn-
tamination {s very important to consider,

At the end of a 2'4-month experimental poricd, the excretion by the chickens ¢! hita and
gamma activity pcr 24 hr was 5 per cent of the value measured at the start at 37 days post-
detunation (Fig. 3.1).

Analysis of pig excreta indicates a similar decrease of activity with time. In a 8-week
piriod the gamma activity excreted per 24 hr decreased to ~tout 2,5 per cent of the activity
excreted at 44 days postdetonation (Fig. 3.1},
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TABLE 3.2—Radiochomical Analysis of Tissues and Urine of Pigs from Rongelap*

(82 days postdetonation)
; Beta activity
i (dis/min/total sample)
Gross Total
activity s® Bal® rare earth
Sample (x 107%) (x 107 (x 1078 (< 107%
Pig No. 24 (25.8 kg)
Skeleton (total) 8890 5660 660 1010
Liver 31 0.40 0.33 6.4
Colon and contents 12 5.0 2.4 3.2
Lung (alveolar) 1.5 0.22 0.20 0.8
Stonmrach 1.2 0.22 99 § 1.3
Intestine (small) 2.3 0.62 0.50 0.51
Kidney 3.3 0.21 0.42 0.74
Remaining tissues €90
Total 9630 5667 665 1020
Urine sample, 24 hr 13 8.7 1.2 1.6
Pig No. 25 (22.7 kg)
Skeleton (total) 8800 5100 530 6%
Liver 27 0.53 0.20 5.5
Colon and contents 16 5.0 3.2 4.9
Lung (alveolar) 1.1 0.26 0.23 0.33
Stomach 3.0 0.29 G.13 0.30
Intestine (small) 3.6 0.83 0.88 0.88
Kidney 3.1 0.14 0.19 0.52
Remaining tissues 320
Total 8870 5107 534 702
Urine sample, M hr 6.2 4.4 0.40 0.54
Semmary
Gross bta activity Sheleton ‘Total body Urine (24 hr)
i  srme 620 w0 9.0
Ba 140 6.8 [ ¥ ) 1.9 ]
+ = RN Sarth Y | D 05— | o
) Total 8.8 3.8 8.4

Fht i, v ol 5 5% e

* All values corrected for decay.

3.2.3 Radiochemical Analysis of Tissues and Excreta

The excreta of the Utirik pigs contained less than 10 per cent of the gross beta activity
found in the excreta of the Rongelap pigs at the same time. This ratio of 10 was approximately
the same ratio found between the activity of th¢ Rongelap and Utirik food, water, and soil

Radiochemical analysis of pig tissues indicated that 62 per cent of the skeletal beta activity
was derived from Sr®, 7 per cent from Ba'®, and 10 per cent from the rare-earth group at
82 days postdetonation (Table 3.3). The radioisotopic composition of the urine at this time was
very similar to that of the skeleton. This distribution of activity in the body of the pig probably
represents the distribution in human beings. The absolute amount of human internal contamina-
tion in the Rongelap group was, however, only '{, of that found in the animals.
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Fig, 3.1 —Beta and Gamma Activity in Chicken Excreta.
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TABLE 3.4—Beta and Gamma Activity of Fish from Rongelap Lagoon*

(3 months postdetonation)
Fish No. 1 (803 g)
Radiochemical analysis
Gross activity in barjum, strortium, and
Barium, strontium, ’
(uc) and rare earth; rare-earth fraction (%)
Beta Gamma  Total activity (%) S1® Ba'® Rare earth
Head 0.568 1.2¢6 9.9 38.3 8.8 52.1
Scales, fins and tail 0.800 0.88 9.5 174 9.9 73.7
Viscera 0.800 3.3 48.0 14 0.8 $6.0
Gills 0.160 0.43 1.8 13.9 6.7 9.4
Remainder of body 0596 1.78 8.3 452 11.2 43.6
Total 3.724 6.41
Fish No. 2 (807 g) Fish No. 3 (168 g)
Gross activity (uc) Gross activity (uc)
Beta Gamma Beta Gamma
Head 0,101 0,323 0.045 0.017
Scales, fins, and tail 0.087 0.23 0.058 0.084
Viscera 1.620 2.14 0.115 0.208
QGills 0.0¢3 0.00 0.033 0.011
Skeleton 0.197 0.38 0.030 0.070
Muacle 0.181 0.8 0.038 0.07¢4
Total 317 388 0.301 0.461
Clam No. 1
Total beta activity — 8.4 x 10° dis/min
Rediochemical analysis
Total
Radiceloment | activity (V)
T T T M7¥** .‘
Ryt %4
R Other ] 114
™ 0.7
| N 0.7
Rare eathe 8B4

* Samples collected two months postdetonation.

At 4 monthe postdetomation the alkaline earths comprised less than 2 per cent of the total
activity in the clam (Table 3.4). The rare-earth group constituted 33 per cent of the total beta
activity. The balance of the activity was contributed chiefly by Zr™ (31 per cent) and Ru!%.1%
(32 per cent). About 50 per cent 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 about 10 per cent of the total

activity,

3.3 AUTC .ADIOGRAPHS

A number of autoradiographs of the tibiae and femurs of 1 chick, 4 pigs, 1 rooster, and 2
chickens were prepared both at NRDL and at the Argonne National Laboratory (ANL) to deter-




mine the pattern of deposition of {ission products. Contact printing on X-ray no-screen {{lm
was found to be the moat satisfactory method of preparing the autoradlographs. The discussion
and conclusionz presented below summarize the findings reported by Norris et al.'?

The autoradiograph of a tibia from a chicken sacrificed at 45 days postdetonation (Fig. 3.3}
indicated 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. TH* .rea of high activity
corresponds to an area of dense trabecular bone.

Fig. 3.2— Autoradiograph of Tibia of Chicken Sacrificed 45 Days Postdetonation (ANL).

The tibla and femur of a baty chick, which died spontaneously 47 days postdetonation,
showed the heaviest concentration of radioactive material in the dlaphyeis (Fig. 3.3). The end
reglons of the bone, which were laid down after the animals were removed from the contami-~
nated environment, were relatively lacking in activity. The region cf greatest activity was in
the dlaphysis, which appeared to be abnormally constricted, possibly because of a decreased
rate of endosteal resorption.

The tiblae from pig 1 sacrificed 45 days postdetonation and from plg 6 sacrificed 58 dive
postdetonation each have an area under the growing epiphysis free of activity (Figs. 3.4 a=2 2.8},
As ln the chick described above, this area corresponds to the growth that took pless usler e
animals were removed {rom the area of contair.’ _-i:an. The mavrrow cavity in these tithiae
contained dense trabecular bone along their entire length, 2 formaticn not norivelly fésad i
rniammalian bones. The cexters of the diaphysis were abnormaliy thick, poasikiy hecause of 2
failure of the normal resorptive process. In pig 1 there were also tvro distinct areas of {n-
creased densily In the trabecular reglon, which appear as two lines <f radloactivity in the
autoradiograph.
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The pattern of radioactive deposit in the bones of two adult animals is illustrated in a sow
sacrificed 38 days postexposure (Fig. 3.8) and In a boar sacrificed 26 days postdetonation (Fig.
3.7). Faint deposits of activity in the trabecular bone were noted, separate from the higher
level in the epiphysis, which is characteristic of uptake of the alkaline earths by adult bone.

Sacrifioed 46 Days Postdetonation (ANL).

Bloom® has shown that atypical osseous tissue in trabecular space is a characteristic
histopathological finding following radiocactive deposition. For example, clinical studies have
shown that following radium deposition in bone, atypical osseous tissue is formed in cancellous
bone. These formations appear as areas of increased density in roentgenograms (Looney'!).

It is difficult to interpret the anomaly in the pig, described above, and the dense trabecular
bone in both the pig and chicken. No normal controls are available for comparison with these
animals, and the history of the animals from the time of exposure to the time of collection is
not known. Severe dietary changes and disease also produce changes in the pattern of deposi-
tion of osseous tissue, and such changes are often indistinguishable from changes produced by
exposure to radiation.

3.4 PATHOLOGY

Sections of lung, liver, and tibia, as well as thyroid and other endocrine organs of most of
the fowl and pigs dying spontaneously or sacrificed, were examined by Reed at NRDL. A few
pathological changes were found, including an aplastic marrow in one of the bones of a duck.
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However, none of the changes cculd definitely be ascribed to radiation. Sections of bone ex-
amined by Lisco at ANL indicated no detectable pathological changes.

P

-

3.5 EGG PRODUCTION IN CHICKENS

In birds extraordinary demands are made on the calcium metabolism in (he production of
egg sueils. It was, therefore, of particular interest to observe, during the process of egg pro-
duction, the metabolism of those internally deposited radioelements that are metabolically
similar to calcium.
Forty-four days after detonation, a group of hens from Rongelap began laying eggs for the
first time since their collection. During the next month and a half, 319 eggs were laid by 13
hens. All the eggs were normal txcept for two eggs from one hen which were laid without
shella. The shells were complete, smooth and of normal shape. The weights of the egge ranged
--—— -~ —{ronmr 30 to 64 g, but thoge Irom a given hen were of uriform weight. In 14 eggs studied, the
shell and membranes weighed an average of 13.8 per cen of the whole egg weigt.., and the ashed
shell weighed 6.8 per cent of the whole egg weight. These values are within the normal range
for eggs of domestic hens.
The gross beta and gamma activities of the shell, albumer, and yolk were measured in the
first 50 eggs obtained, and the gamma activity of the shell was measured in the remainder of
the eggs. An increasing amount of ggmma activity appeared in the shells of the first few eggs
laid by each hen. The maximum gamma activity was usually noted in about the eighth egg laid.
After the activity reached a maximum value, the subsequent eggs in the series showed a general
decline in activity. An example of this phenomenon is illustrated in Fig, 3.8.
The highest gamma activity found in a single egg shell was 66,300 counts/min, measured
at 60 days postdetonation (Fig. 3.8). For a gamma ¢nergy of approximately 1 Mev, this figure
corresponds to 0.07 pc. The yolks and albumens hid much less activity than the shells, as was
anticipated. The average distribution of gamma activity in the eggs is given in Table 3.5,
The resuits of the radiochemical anaiysis of two eggs are presented in Table 3.8.
The alka.ine earths are the principal fission products deposited in the shell. In the allu-
men and yolk the beta activity contributed by the alkaline earths was only a little greater thar
that associated with the rare earths.
The pattern of deposition of the radioactivity within the egg was also studied by means of
autoradiographs. A series of 50 eggs was hard boiled and sectioned, and autoradiographs were
prepared of the cut surfaces. Only four of the yolks of these 50 eggs were sufficiently radio- ,
- active to produce autoradiographs (see Fig. 3.9). There is a correlation between the rings of
radioactivity in the yolk and those of pigment.
- The amount of activity removed from the body 6i the chicken through egg laying is very
- much greater than the amount excreted in the urine and feces during the period of this study.
F.gg production in the chicken represents a unique form of natural decontamination.

3.6 FERTILITY AND HATCHABILITY STUDIES IN CHICKENS

Fertility studies on the contaminated chickens weres begun three and one half months post-
detonation, with the mating of hens and roosters and the incubktion of the eggs obtained. In the
first clutch of 20 egge, four were hatched. One of the chicks had the crippling slipped-tendon
condition, congenital perosis, which is not uncommon. Radioanalysis of the chick tissues indi-
cated that only a barely detectable amount of radioactive material was transferred to the chick,
although the mother hen had at this time an appreciable contamination.

In another hatch six months postdetonation, 65 eggs were incubated. Of thes., 28 were
infertile, 3 fertile nnes were opened prematurely, 11 developed complete embrycs but failed to
hatch, and 23 live chicks were hatched, one of which had congenital perosis. The latter rhick
and six normal ones were sacrificed and their tissues radioanalyzed. Again, only barely de-
tectable amounts of internally deposited activity were found. The remaining baby chicks are
being raised and observed for possible long-term effects. At the present time all the chicks
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are growing normally and are in good health. Comparison of the fertility and hatchability data
from the Rongelap hens with those from domestic hens does not demonstrate any effect of ra-
diation on these phenomena.

TABLE 3.5 —Distribution of Radioactivity in Chicken Eggs

Total Total
gamma activity (%) | beta activity (%)
Shells 81 ]
Yolks 15 23
Albumen 4

TABLE 3.6 —Radlochemical Analysis of Chicken Eggs

(Beta activity given in disintegrations per minute per total tissue
at 4 months postdetonatior)

Rare Gross bota

Sample srit Bal* | carths activity
Egg No. 27

Yolk 358 546 683 1,560

Albumen 52 92 90 260

Shell 18,080 3520 | 6060 30,000
Egg No. 29

Yolk s 8325 997 2,i78

Albumen 45 132 132 316

Shell 22,300 4900 | 7830 38,000

$.7 INTERNAL RADIOACTIVE DECONTAMINATION STUDIES IN CHICKENS

A study was undertaken to determine the ability of both sodium EDTA and zirconium citrate
(Schubert and White'?)-to incresse-the excretton rate of internally deposited fisston products in
the Rongelap chickens. On the basis of previous experience, it was not expected that any ap-
preciable decontamination could be effected at the time of this experiment (four months follow-
ing internal radioactive deposition).

The excretion rates of eight chickens with large body burdens of internal contaminants
were determined for a period of four days as the base line for the study. Following this, two
chickens were injected daily intraperitoneally with 75 mg sodium EDTA for four days; two
received injections of 70 mg of zirconium citrate (Schubert and White'%); and two were injected
with both zirconium citrate and sodium EDTA. Two chickens were kept a1 controls. The mean
beta and gamma activity excreted by these chickens was determined individually for each of
the treatment days and for one day following cessation of treatment. Neither the zirconium
citrate nor the sodium EDTA alone was effective in increasing the excretion rate as reflected
by the beta-activity measurements made. The combined administration of zirconium citrate and
sodium EDTA, however, doubled the excretion rate of the beta activity. No detectable change
in the rate of excreticn of gamma activity was noted. The excretion rate of fission products at
this long period postcontamination was less than 0.1 per cent per 24 hr. Thus the enhancement
of the excretion rate by the combination of zirconium citrate and sodium EDTA did not signifi-
cantly decrease the total body burden.

38



© R e AT NG e o

3.8 SUMMARY AND CONCLUSIONS

Studies of ammals provided data on the nature and distribution of the radioisotopes in the
tissues and the excreta. Over $0 per cent cf 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 observed
in some of the bones may be the result of the exposure of the animal to radiation, although the
effects of severe dietary changes and disease cannot be ruled out.

The alkaline earths, Sr™ and Ba'¥, and the rare-earth group together cometituted 75 per
cent of the gross beta activity in the pig at 82 days postdetonation, 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 distribation of fission products in the pig is probably representative of the
distribution eing An e mate-of -the-human-body burden 8 d y
on piga.

Studies made on egg production of contaminated hens gave no evidence of any effect of ra-
diation. The ratc of production of the eggs was normal, and the eggs produced were also nor-
mal. The extraordinary ability of fow'l to mobilize calcium in sktell formation resulted in the
presence of vei1y high activity in the shells of the first few eggs. The activity was associated
with the fission products of the alkaline-earth group. A 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 effective natural decontamination process.

Fertility of the hens and hatchability of the eggs produced by the mating of contaminated
roosters and hens showed nc effect of radiation. The baby chicks hatched from these eggs are
growing normally, and the amount of radioactivity in their tissues is barely detectable.

Although the adminiztration of the combination of sirconium citrate and sodivm EDTA to
chickens doubled the excretion rate of fission products, the rate at this long time after exposure
was 80 low that the body burden was little affected.

In the six-month period postdet~nation neither significant gross changes nor pathological
changes that could be definitely ascribed to radiation werv detected in any of the animals from
Rongelap. Gross beta activity of urine and tissue sempies indicated that all the animalis had
significant internal contamination. The level of intern..ly deposited radioisotopes in the pigs
from Rongelap was 10 times the amount in human beings from this area. The difference in the
amount of internal contamination of the animals and the human beings was the result of the
prolonged stay of the animals-in-the contaminated area. The chickens were found to have the
same concentration of radioisotopic material per uait of body weight as the pigs.

All the animals remaining will be obeer vad throughout their lifetime-for-the possible ap-
pearance of any long-term biological effects resulting from their exposure to sxternal and
internal radiation.
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CHAPTER 4

ENVIRONMENTAL STUDIES

4.1 CHEMICAL AND PHYSICAL CHARACTERISTICS OF THE FALLOUT MATERIAL

The fallout material consisted la-gely of calcium carbonate and calcium oxide particles.
The fission products were adsorbed mainly on the amaller particles. The fallout material wae
found to be 10 per cent water soluble and almost completely soluble in acid. An extensive
physical and radiochemical analysis of the fallout material, and determination of its gamma
and beta spectrum, was performed by the Chemical Technology and Nucleonics Division of the
NRDL and will be issued as separate reports.

4.3 RADIOCHEMICAL ANALYSIS OF FOODSTUFFS, WATER, AND SOIL

4.2.1 Methods

Radiochemical analyses of the food, water, and soll samples reported here were performed
by the Chemical Technology Division of the NRDL. Additional analyses were made by NYOO -
AEC and the NMRI. Bince a complete radiochemical analysis of all biological samples was not
feasible, only 8r%, Ba'®, figsilc material, and the rare-earth groups were measured in addi-
tion to the toial beta activity, These measurements were found to be the most useful for de-
termining the nature of the contamination,

“The inttial external activity of the sumples, us detaTtad with A rapid survey instrument
(114-87/PDR-27 Radiac meter), is listed in Table 4.1. The values are given in milliroentgens
per hour at surface contact unless otherwise stated. For the food plants with large surface
areas, & range of activities is given.

A more accurate estimate of the activity of environmental samples was obtained by using
a 4 gamma jonisation chamber. A number of eamples were first evaporated to dryness and
wet ashed with fuming nitric acid. The residues were made up to voiume in HCl, and an aliquot
evaporated to dryness for beta-activity determination. The samples were then counted with a
proportional counter, with appropriate corrections made for mass absorption, backscatter, and
geometry of the counter. The disintegration rate determined was plotted against millivolt
reading of the ionization chamber for the samples. This ratio was then used to convert the
gamma ionization chamber readings into disintegrations per minute,

The values obtained in this manner are listed in Tables 4.2, 4.9, and 4.4, discussed below.
An empirically derived ratio of alpha activity to lonization chamber reading was also obtained
on a number of samples. An estimate of the alpha activity of the remaining samples was then
obtained by applying this ratfo.
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TABLE 4.1 —Survey of Initial Activity of Samples Collected from Rongelap

Initial actlvity at
surface (mr/hr)
Samples Rongelap Utirik
Day 32 Postdetonation
L Soil (containing considerable organic 2.5+
material
Soil 4.0*
Grass 8.0
———Pandanus-(tong stem)
1, Fruit 0.5to 5.0
2, Stem 5.0
3. Leaves 0.5 to 5.0
Day 52 Posidetonation
II. Grass 2.0 0.38
Water
1, Well 0.1 0
2, Cistern 0.1 (]
Pandanus (2) 1.8-8.0 1.8
Coconut tree sap
1 0.1 0
2 0.1 0
3 0 0
Coconuts (2) 0.4 0
Arrowroat 0.28 0.1
Papaya 0 ¢
Soll
1, Burface sample 2.0 0.3
2, Sample (8 ia, deep) 0.2
Breadfruit
Squash ] ea
Eggs (gull) o 3.0
3 tish, 1 clam (in formalin) 0.4
Day 84 Postdetonation
oI, Hair 2.0
Grase (from village) 6.0t 2 In,
Thatch 8.0at 12 in,
Coconut (3) 0.1-8.0
Pandanus (3) 0.3-8.0
Papaya (2) 1.6+3.8
Day 28 Postdetonation
Dirt (about 1 liter) 4.8¢
Water (abaout 1 lfter) 0.8¢
Day 32 Postdetonation
Water (about 1 liter) 0.8

* Measured through 0.3 cm of glass.
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4.2.2 Results and Discussion

(a) Food. A summary of the alpha and beta activity on the surface ci representative food
samples from Rongelap at 43 days postdetonation is pre: ented in Table 4.2. The beta activity
was relatively high, the alpha activity fairly low. The surface contamination found on Utirik
samples was considerably lower than that found on samples from Rongelap.

After the surface contamination of the foodstuffs was measured, decortamination meas-
ures were studied. Coconuts, papayas, and pandanus werc decontaminated Uy scrubbing with

TABLE 4.2—External Contamination on Representative Rongelap Food Samples
(Day 42 postdetonation)

Alpha activity of Beta activity
figsile material (8r* equivalent)
Food-sample 1oy c)

Coconuts (3) 2,2-3.3 0.9-1.3
Papayas (2) 0.6-1.0 0.2-0.4
Pandanus (surface) 22-56 8.9-22.7
Pandanus (peel) 3.5 0.76
Pandanus (leaves) 8 1.1
Pandanus (stem) 4 0.40

tap water and detergent. Approximately 90 per cent of the activity was removed {rom the
papayas and the coconuts (Table 4.3). Decontamination of the pandanus was more difficult than
that of the other foodstuffs because of their rough surface. Only 50 per cent of the contamina-
tion of the pandanus could be removed. In general, effectiveness of decontamination was
inversely proportional to the roughness of the surface of the fruit.

After the surface was washed, the edible portions of the food were surveyed with an ioniza-
tion chamber. Beta activity of individual fruits ranges from 0.001 uc for a papaya to 0.2 uc for
a pandanus (Table 4.4). The relatively high levels of activity detected in the pandanus were
probably the result of contaminaticn from the rough external surface of the fruit. It is possible
that active material was transported through the root system of the plant and deposited in the

arrowroot may very likely have been contaminated in this manner since it is a tuber growing
underground. -

~ The ITkellhood of the incorporation of radioactive contaminants into plants is supporied by
the very high levels of activity found in the Rongelap cocorut tree sap at two months (1.4 puc/
liter) and in the Utirik specimens, which showed about !/, of this activity (Table 4.4). The
presence of this activity in the trae sap appears to be the result of uptake of contaminaterd
water by the root system since both the water and the tree sap had approximat.:ly the same
isotopic composition.

Larsen'! has shown that small amounts of fission products are immediately taken up by
plants growing on soils contaminated from failout material. This early uptake of fiss on prod-
ucts seems to be a function of the solubility of the material. The predominant fission product
incorporated into the plants in Larsen’s studies as well as in the present studies 1s Sy ®, This
high strontium concentration is probably a function of the relatively high solubility of il e ele-
ment in water. Thus 8r', because of its abundance and long half life, is the radionuclide of
greatest potential hazard associated with ingestion of the contaminated food.

The radiochemical anaiysis for clkaline-earth and rare-earth activity of the material found
on pandanus, grass, and thatch, as well as in water and coconut tree sap, is listed in Table 4.5.
The highest levels of beta activity found on thatch, grass, and pandanus at this time appeared
in the rare-carth fraction. The alkaline earths, strontium and barium, contributed a small
{raction of the total beta activity. There was a marked variation in the ratio of the strontium,
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TABLE 4.4— Radioactive Contamination Associated with Edible Portions of
Food Plants of Rongelap and Utirik

(Day 69 postdetonation)

Estimated uc beta activity®
Food plant Sample Rongelap Utirik

Pandanus Entire edible portion 0.02-0.2 (3) 0.036
Couvonut Entire milk 0.004 0.008
Papaya Entire edible portion 0.025 0.001
Arrowroot Entire wasked edible portion 0.004 (2)

Entire unwashed plant 0.152 (3)

Entire unwashed plant 0.160
Squash Entire edible portion 0.200
Coconut tree sap 1 liter 1.41 (3) 0.11 (3)

* Number of individual samples analyzed are given in pareatheses.

TABLE 4.5 —Radiochemical Analysis of Various Rongelap Samples

Total beta Stroatium Barium Rare—carth activity
Sample activity activily activity Sepr. time{ Timet [t(hr)
Disintegrations per Minute per Total Sample, Day 72 Postdctonation
Thatch 1,85 10" | 1.08x10" | 9.15 x 10° | 6.88 x 10% | 5.84 x 10*| 66
1.2
Grass 2.21 x10% | 1.03x10° | 3.77 x10° | 8.28 x 10° { 7.35 x 10°] 52
989
Pandanus 2,70 x10% | 5.21x10¢ | 1.96 x 10 | 1.92 x 10° | 1.82 x 10%| s2
{entire core)
Water
Filtered 1.24 %10 | 8.12x10% | 1.07x10* | 2.11 x 10 | 1.24 x 10*| 66
Solids 2.88x10° | 6.70x10° | 1.61 x10* | 1.55 x 10% | 1.46 % 10%] 52
Wash from hen 1.06x10' | 9.8 x10* | 2.38 x 10
No. 1
Disistegrations per Minutc per Total Sample, Day 93 Postdctunation
{Rongelapcocomat | 1.22x30 | 272 x10¢ | 457 x 10
tree sap (300 cc)
Roagelap cistern
Water liguid 420%x10° | 5.6x10' | 9,0x10
Bolid (800 cc) 2.26 x 10* | 7.48 x 10" | 11.2 x 10?
Total 4.31 x 10 6.4 x10' | 10.1 x 104
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barium, and rare-earth components between the samples of thatch, pandanus, and water,
probably as a function of the different solubilities of the radioelements.

(b) Water. One of the most important sources of contamination for the Marshall Islanders
was their water supply. Water on the island of Rongelap was obtained from one of two systems,
open cisterns or open wells. Rongelap and Utirik cistern water showed higher levels of con-
taminatior than the corresponding well-water samples, as might be expected. At 34 days post-
detonation a representative sample of water taken from an open well had a beta activity of ap-
proximately 0,88 uc/liter. Another sample of water taken from a cistern had an activity of

2.5 uc/liter at 34 days postdetonation.



The distribution of activity between particulate and dissolved material in the well water is
presented in Table 4.8. Much of the activity was associated with particles that could be filtered
out of the water. Individual isctope an.lysis (Table 4.5), as well as the beta to gamma ratio of
Rongelap water samples (Table 4.7,, indicates that the ratio of strontium to rare earth, at 2
months postdetonation, is much higher ia the liquid phase than in the {iltered solid particles.
This is largely the result of the higher solubility of strontium salts compared to the other
radicelements and its longer radiciogical half life. Sr* ie potentially the most hazardous

TABLE 4.6 —Distribution of Activity between Particulate and Dissolved Material
in Rongelap Well Water
{43 Days Postdetonation)

Beta activity
uc Total beta
T —Samptr (Sr valent) activity, %
A. Gross assav
H,0 + susjended matter 0.54 60.6
HNO, wask: of bottle 0.35 3y.4
Total 0.89 160.0
B. Centrifugation of an aliquot
Supernatant 0.018 ”5.3
Precipitate 0.033 64.7
Total 0.051 100.0
C. Filtration
1. Through fine {rittered glass
Supcrnatant 0.010 20.0
Matcrial filtered out 0,040 80.C
‘Total 0.050 100.0
2. Through #42 Whatman paper
and finc frittered glass bed
Supcrnatant Background Less than 10
Material filtered out 0.045 $0-100
Tota! 0.045 100

fission product associated with ingestion of water or with food in this particular situation. This
would not be true for situations in which exposure to fallout occurred at later times than that
which occurred here; nor would it be correct when long periods of exposure are to be con-
sidered, as coripared with the short exposure of the Marshallese.

There was less than 7 x 10™% ug/liter of fissile material found in the cistern water examined.

(c) Soil, Thatch, and Grass. The most representative samples of fallout material on the
contaminated islands were obtained from soil and roof thatch. A sample of soil taken at 25
days in the center of the village on Rongelap showed an activity of approximately 0.18 uc/g.
The cuntamination was associated v ith very fine particulate matter and was uniformly distrib-
uted throughout the individual samples. Autoradiographs of the soil samples indicated that the
activity was associated chiefly with fallout particles ranging from 60 to 200 u 1n diameter. A
sample of earth was separated in a multiple sieve and the specific activity of the various frac-
tions determined in an ionization chamber. The bulk of the activity was asscciated with the
smaller earth-particle sizes (less than 400 ) in diameter, and the highest specific activity was
observed on the smallest earth-particle size (Iess than 200 u), Table 4.8,
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TABLE 4.7 —Beta-Gamma Data on Water from Rongelap and Utirik
(68 Days Postdetonaiion)

Beta activity
Amount of | Ion chamber | (Sr™ equivalent) | Beta to gamma
Sample sample (cc) Rdgs (mv) ue) ratio (uc/mv)
- 3
Rongelap Water
Well solids 0.042 0.09 2.1
Well filtrate 800 0.011 0.04 3.6
0.0563 0.13
Cistern solida 0.087 .10 1.5
Cistern filtrate 800 0.180 G.A2 3.4
0.247 0.72
Utirik Water
Well solids 0.002 0.002 1.0
Well filtrate 600 0.005 0.008 1.2
0.007 0.008
Cistern solids 9.029 0.02 0.7
Cistern filtrate 800 0.041 0.15 3.7
0.070 0.17

TABLE 4.8 —-Distribution of Beta Activity Among Various Size
Rongelap Earth Purticles

Weight of Beta activity

Diameter range fraction Total Beta activity (percentage of

() ® weight (%) (uc/traction) total activity)
>1680 140.9 4.6 0.89 3.3
8331080 18.3 4.5 6.3 1.2
416-033 2.6 12.7 1.20 4.4
00-418 121.2 36.3 18.10 68.7
<208 8.8 1.7 6.46 23.9

Abgorption measurements made on the varth samples gave the results listed below.

Particle-size range Ty, Percen:age
800-1600 u 104 mg Al/cm? 37
38 mg Al/cm’ 43
7 mg Al/cm? 20
400-800 p 92 mg Al/cra? 54
26 mg Al/cm? 35

(Remaining fraction very soft)

The activity associated with earth sampl.s had about equal amounts of a hard and 2 medium
compcnent, in addition to a very soft component.
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After the initial gross activity was surveyed, samples of human hair, grass, thatch roof-
ing, and soll were analyzed for their beta and alpha activity (Table 4.9). The presence of fis-
sile material on the thatch was of the order of 10™% ug/g and on grass about one-half that on
the thatch, at 35 days postdetonation. The fissiie material aciivity in humzn hair was quite
low,

TABLE 4,8 —Gross Beta and Alpha Activity of Soil, Grass, and
Thatch from Rongelap

1
Days Beta activity
post- (Sr*™ zquivalent) Fissile material
Sample detonation ue/g wg/g * 109
".Ihﬂ.tch,w PR P - S OO -3
T1-6 35 2.7 1.3
Té 56 1.6
Grass
G1-3 35 0.5 0.3
G4 41 0.3 6.1
GS 67 0.09
G6 (Utirik) 87 0.03
Soil
S1 (organic) 41 0.10 0.47
S2 (sandy) 41 0.06 0.03
83 (surface) 67 0.08 3.0
S4 (6 in. deep) 67 0.003 1.9
85 (Utirik) 14 0.008 0.8

4.3 SUMMARY AND CONCLUSIONS

The fallout material was found to consist largely of caicium oxide and calcium carbonate.
The {ission producis were adsorbed mainly on particles of 60 to 200 . This material was 19
per cent soluble in water and completely soluble in acid.

Radioanalysis of soil and water samples from Rongelap indicated high levels of radioactive
contaminstion from thé falIout &t early timeas Tollowing detonation. Bignificant amounts of beta
activity as well as smaller amounts of fissile material were present on the external suriaces
of plants 43 days after detonation. Only small amounts of beta activity and no alpha activity
were detected in the edible portion of fouds. It appears that during the first month a limited
amount of fission products is available to plants growing on contaminated soil. However, high
levels of activity in the coconut tree sap wer. detected which had an isotopic composition very
similar to that of the water analyzed.

Radiochemical analysis of thatch and water samples indicated a marked variation in the
ratio of 8r®, Ba'" and the rare-earth group probably as a function of the different solubilities
of the radioelements, The activity of food, water, and soil samples from Utirik was approxi-
mately ' of those of Rongelap.

It appears from this study that the ingestion of zontaminated water was one of the principal
sources of contamination for the Marshallese. Ot the individual radionuclides, Sr*, because of
its high solubility and relatively long half life, was probably the isotope of greatest potential
hazard in the environment,
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CHAPTER 5
RECOMMENDAYIONS
5.1 FIELD

1. In any emexgency situaticn aris:ng frown a contaminating type detonation, the early col-
lection of 24-hr urine samples would be highly desirabie,

2. EDTA decoptamiration procedures snould also be applicd early following contamination.
EDTA 1» of potentia. benefit ualy when administered at early intervals fo''awing exposure.

3. Information conceining the mature of the internai-radi.tion hazar ‘»id be widely
disseminated to minimize the :ahalation and ingestion hazard.

4. Simple procedures for decomtamination of food and water shoul be developed for uae
in emergency situations.

5.2 LABORATORY

1. More data ca the ratio of body burden of indivadual {iasion products tn the amounts ex-
creted in the urine as a function of time shoxid be obiained. These aata would serve as toe
basis for an estimate of the iatesnsl hasard to human beings & posed ¥ fissicn producis.

3. The combined effects of internal and extermal radiation shouiu be studied in detail.

3. Radiocheinical technigmes for the isolation and measurement of inaividual radionuclides
in uring und u the tissass should bs Imgroved.

4. The iong-term eilects of intermally deposited radioactive isotopes, particularly the
effects in bone, should be stedied.

48



e *- i e a4 o,

-

10,
11,

12.

13.

14,

18

16,

REFERFNCES

Reports CH-3485 ana MDL C-248.

W. Bloom, ed., “Histopatholcgy of Irradiation from External and Internal Sources, National
Nuclear Energy Series, Division IV, Volume 221, McGraw-Hill Book Company, Inc., New
York, 1948,

. S. M. Cohn, J. K. Gong, and M. C, Fishler, Studies on EDTA Treatment of Internal Radio-

active Contamination, Nucleonics, 1: 56 (1953).

S. H. Cohn and J. X. Gong, Effect of Chemical Agents on Skeleta: Content and Excretion
of Injected Sr¥, Proc. Soc. Exptl. Biol. Med., 83: 550 (1953).

F. P. Cuwan, L. B, Farabee, and R. A. Love, Health Physics and Medical Aspects of a
Sr*® Inhalation Incident, Am. J. Roent., Rad. Ther. Nuc. Med. 67: 80% (1852).

H. Foreman and J. G. Hamilton, The Use of Chelating Agents for Accelerating Excretion
of Radicelements, AECD-3247, 1951,

J. G, Hamilton, The Metabolic Properties of the Fission Products and Actinide Elements,
Rev. Mod. Phys., 20: 718 (1848).

. J. Harley, personsl communication, 1964,
. P. Harris, personal communication, 1984.

H. F. Hunter and N. E. Ballou, Fission-product Decay Rates, Nucleonics, §: (1951).

W. B. Looney, Late Effects (35 to 40 years) of the Rarly Medical and Industrial Use of
Radioactive Materiala (Presented in part at the S8th Annual Session of the American
College of Surgeons, Chicago, Il1., Apr. 9, 1984).

K. H. Larsen, J. H, Olafson, J. W. Neil und A. J. Bteen, ’l‘ho Uptake of Radioactive Fission
Products by Radishes ard Ladino Clover {rcm Soil Contaminated by Actual Sub-surface
Detonation Fallout Materials, Report UCRL-272, Dec. 14, 1953,

National Bureau of Standards Randbook 83, U. 8, Government Printing Office, Wuchington
25, D. C., 1953,

W. P. Norris, T. W. Speckman, and P. F, Gustafson, Studies on the Metabolism of a

Radium in Humans, unpublished.

. W, P. Norris, L. A. Woodruff, P. F. Gustafson, and A. M. Brues, Report on Biological

Snecimens Collected on Rongelap Atoll in March 1954, (to be published as AINL-5328).
J. Schubert and M. R. White, The Effect of Different Dose Levels of Zirconium Citrate on
the Excretion and Distribution of Plutonium and Yttrium, J. Biol. Chem,, 184: 191, (1950).

49-50

. R. NABrimﬁA, etal., Metabolism ‘of Inhaled Fission Product Aerosols, PPR zzG 5 16



