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1330 .  FALLOUT FROM NUCLEAR WEAPONS TESTS
INTRODUCTION.
Pollowing the detonation of a thermomuclear device at the Pacific Teet Site

on 1 March 1954, 239 Marshallese people vere exposed io si@iﬁcut levels of’

’ gu:m radiation from fallout. Estimated total exposures ranged from 175r on

Ronsela.p to lhr on Utirikx (1).
These populations were evacuated to Kvsjalein for decontanmination and ctu-e

During the 'two days of fallout exposure before evacuation was campleted, the

Marshallese also received some radioactive nateri&ls internally by ingestion and

inhalgtion, Estimates of the internal body burden from fallout vere cbtained
from the apalysis (1) of urine semples collected soon after exposure.

These data indicated that the acute hazard from internally deposited fission

" _fregments wns quite small cs compared to the whole body garma radiation exposure.

~Although the radioactivity levels in the urine were low, the activity wvas

a.ufficient to obtain rcasonsble precision and to varrant additional long term
sﬁudiea of the ;ctivity levels and excretion patterns of this rather large and
well isolated p@latim.

The people from Alinginse and Utirik were returned to their home islands
in June 195%. Radiation intensities on Rongelap, however, precluded an early
return to this atoll and the Rongelap people lived on Majurc from June 1954 until -

-

Basic data on the food crops of tb:h:hrshnuese indicated that after

resettlement on the contaminated atollé inteke of etmnti\m9° would be increased

considerably, and that cestuml, zinc65 and coba1t50 vere detary constituents
of 1sland and ocean foodstuffs, and also vould be a.ssimila‘bed (2). The expected
incressee in the trace emounts of radionnclides in the fiood supply of a large
pcpulation vould afford an opportunity 4o investigate the rate of equilibmtion

and the discrimination tactors operati.ng between food supply and man. Urinary
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excretion levels of ceslumt3’ and stromtium?? vere measured from March 195k
through March 1958. 2inc65 levels vere first measured in 1958 samples.
MATERTALS AND METHOD3.

One hundred and forty one individual urine samples collected from 24 March

1954 through 7 September 1354 were cbtained by the Health and Safety Laboratory,

AEC. Uripe volumes were small (about 350 ml) and it was pecpssary to pool

saxples. This ves done according to the age of the subjects and 19 samples of

——i e

pocled urine were assayed. A 57 liter pocled urine sample fraa Rongelap vess
collected and assayed in 1956 (3). Three pooled samples end seven individual
samples were assayed in 1957. Thirty individuel urine somples were assayed in
1958,

In samples collected in 1954 and 1957 cestumt 3T vas scavanged by nickel "
ferrocyanide {urine made strongly alksline) and counted in e crystal well counter.
A tventy channel gemma-ray spectrum wes determined for each sample and the eesiumnq
photo spectrum count rate used. The 1958 seamples were essgyed directly for ¢sl37,
l.n65, and K40 {n 2.5 liter plastic containers placed op an 8 x b inch (TH sctiveted)
sodium iodide crystsl. The activity for each radio-isotope vas determined by
gmn-rsy-!péctrsl analysis. Sample activities were compared with known redio-
active standards (: 5 percent) counted in the same geometry.

Strontiun ves precipitated from urine as the carbonate. Yttriusd0 vae
separated and identified by its half.lifc using thin walled gas flow counters.

Urine samples were corrected for radio-active decay to the time of collection.

There 1s some uncertainty as to the completeness end the duration of time
over vhich samples were collected and therefore twenty-four hour urine volumas
are not sccurately known. Potassiuml0 excretion, using 360 d/m or 2 gm K/day
indicates an average deily volume of about 1180 ml (% 56 percent). It was con-
venient to use one liter as en average 2k hour urine volume and to express redio-

assaYys in micramdcrocuries per liter.
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RESULTS AND DISCUSSION.

Cestunl37 Evcretion Levels and Body Burden

The urinary excretion levels of cesiuml37 for the years 1954, 1957, and 1958 -
are shown in Tebdles 1 - 4. On 24 - 25 March, 1954, the mean excretion level of
cesiumd3T for all age groups vas 405 uuc per liter. With an excretion rate of
0.46 percent (4) of cestum!37 body burden per 24 hours, the mean body burden
6

fram fallout 24 - 25 days after exposure was h05/1+.6x_10'3 x 10° or 88 muc

(2 Sk percent). This value is about 20 times the average body durden reported
by E. C. Anderson, et al (5, 6) for people measured during 1956 - 1957 in the
United States. The cesiuml37 urinary excretion levels for the six months {ollow- )
ing exposure con be expressed as an exponential hmction, and a best line of

fi¢ drawvn through the data resulted in & half time for elimination of about

110 days (Fig 1). A biological half time of about 1%0 days hes been odssrved

on volunteers vho ingested one microcurie of redio-cesium (4).

Fram the 1957 Cs137 excretion levels {Table 2) the Rongelap group exposed
to fallout wvas estimated to heve an average bdburden of about 7 muc, whereas the
Rongelap control group was about 2 muc. Body dburden in either group in 1957
is comparable to levels measured in the U. S. population (§). Witk a half time
for elimination of the order of 150 days, the body durden of the exposed Rongelap
group should have decreased froum the March 1954 level to 7 muc in about 550 days,
or late in 1955. A body burden of 7 muc for this group im March 1957 could then
indicate a continuing exposure to cal3? during 1956 of the order of 32 micro-
microcuries per day from stratospheric-tropospheric fellout while residing on
Majuro.

Since the Utirik group vas returned to their atoll in 1954, the mean dody
burden in 1957 was elevated to an estimated 337 muc, some 48 times the Csl37

burden of the exposed Rongelap people who resided on Majuro. This long residency

time on Utirik atoll after fallput contamination, as compared to the excretion
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rate of Cs137 should have resulted in en equilibrated cel3l burden, with an
estimated dally intake of sbout 15€0 uuc of csl37 Unfortunately nc systeuatic
suxrvey of lfc:odstui'fs grown on these eatolls has been reported. Data aveilable,
hwever. show that coconut grown on Rongelsp contained about 9 uuc cel37 per
graz, and arrowroot (Utirik) conteiped sbout 8 uuc €3137 per gram. The datly
intake of several hundred grems of either staple would be sufficient to account
for the 1957 excretion level in the Utirik group.

The Rongelap groups had been resettled for sbout nine months at the time
of the March 1958 medical survey, snd urinary excretion levels of 06137 had
increased about one hundred fold over 1937 levels. Mean body burden for the
tvo groups at this time was 0.9 uc (* 27 percent) and 1 2 uc (* 47 percent)
(Tables 3 and &) cestum® 3T body burden may have equilibrated by. late 1958 end
predicted burdens were about 1.3 and 1.6 uc respectively

Strontiun’" Excretion levels and Body Burden

Urinary excretion levels of 5trcnbium90 are presented in Tables 1'. 2, end 3,
The strontiun®® excretion level in 195C was 0.5 uuc/liter as determined in &
pooled sample of 57 liters Figure 2 phows the excretion of Sr90 for the three
years following fallout exposure. Although there is consideradle variation in
the data for the various age groups at eerly times, mean values for all groups
plotted sug,[;ést thet the excretion pattero can be expressed conveniently as the
sum of two expomential terms The lerger portion of sto vas excreted with a
half time of ebout 4O days. and a small fraction, 20 percent, wvas excrsted with &
helf time of about 500 days. This is similar to Covan's (7) urinary excretion
study of an accldent cese involving imheled 5190,

As was noted in the March 1558 C5137 levels, the excretion levels of Sx90
vere alco incressed to 3.5-b 0/0.2, or ebout 20 fold Since Csl3! levels in-
creased b300 - 5°GC/34, or about 140 fold, the ratio is about seven in favor of

ccsi\:nl}' With the increases in urinary Srgo excretion levels in 1958, it was

500717106 :
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3

pertinent to estimate body burden, burden expected at equilidrium, eand daily

_intake of 8:90 g-on these excretion levels.

The metabolic bebavior of strontium as outlined in Supplement 6 of the
British Journal of Radioclogy ves used.to estimate body burden, etc. from uripary
excretion levels of strontium?0 (Appendix). The fraction of strontium sbsorbed
from the gastro-intestinal tract is 0.6 and the biological excretion rate from
the total body 1s 190 ;tws. Of the sbaorbed fractionm, 0.25/0.60, about 42 per-
cent 1s deposited in bone and the biological half-life is 4LOOO days. Assuming
that the absorbed frection is excreted entirely in urine, the mean body durden
of the exposed Rongelap group in March 1958 was 2 muc (¢ 52 percent). This is
sbout nine percent of the expected equilibrium value of 23 mic. The estimated
burden of ltrontium9° for March 1958 is probaebly too low and compares vith
levels measured in stillborn children in the U. S. several years ago (8). The
daily intake of strontium’© is estimsted to be about 15 micromicrocuries or 15
Sunshine Units (assuming & daily calcium intake of one gramj.

Dunning (2) reported that the average concentration of strontiumgo in the
Marshallese food supply could be about 360 Sunshine Units, but this vould reduce
to well under 100 Sunshine Units if the consumption of high Sr9° content foods
were eliminated. With the elimination of pandanus and land crabs the diet used
by Dunning indicsted that the intake of strontiun9° vould be 17 Sunshine Units
per day. This compares favorably with the estimated intake of about 15 micro-
microcuries from excretion analysis.

Zim:65 Excretion Levels and Body Burden

In eu-l.); 1957 Miller (9) detected 2085 in selected residents of Rongelap
and Utirik by vhole body gamua-ray spectroametry. Body burden ranged from 29.5

to 73.0 mc for the Rongelap reaidents, and 482 and 229 muc ves detected in two

subjects from Utirik. The Rongelap subjects were residing on Majuro at this time.
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et
RONGELAP
S i 1951& Erposed Group Control Group (Unexposed 195k4)
- Bcdy Burden (March 1958): 260 muc (t ¥04) 540 muc (* 903)

‘; xq\;llibmud Body Burden: 330 muc 650 muc

Dnily Intake: 2100 uue/day 4100 wuc/day #

- Parcent Equilibration: 85.0 percent 83.0 percent

.- The mean body burden estimated from 1958 excretion analysis for all Rongelap

FALLOUT FROM NUCLEAR WEAPONS TESTS 1335
Miller obteined an effective half-time of 110 days for the elimination of
l;n65, and for the two subjects from Utirik the urinary to fecal excretion ratic
vas 1/9.
Aseuming the excretion to be entirely exponen;cin.l and 10 percent of the
body burden of 2055 excreted in urine, the March 1958 urinary excretion levels
of 17h and 342 micromicrocuries indicote body burden, equilibrium body dburden,

" and daily intake as follows:

\1'_' subjects showed a ten-fold increase over the 1957 whole body measurements. This

iﬁbjects in 1957, and the Utirik subjects would have been in equilibrium in

_, 1957 (half time of 110 days for the elimination of uncés).

The estimated intake of zinc®9 (2000 to LOOO wuc per day) can not be

accounted for by Z.x\65 activity levels reported in foodstuffs. Although this
radlo-nuclide reportedly sc¢countc for a large fraction of the total activity in

fish, this amounts to only about six uuc per pound of muscle up to 75 uuc per

'Pou.nd of whole fish (2) or at most four percent of the estimated intake.

CONCLUGIONS.

the urinary excretion level of ceaiuml37 has increased about 140 fold and ebout

fhusumina 100 percent absorption from the GI Tract

500717110 -

Since resettlement of the Marshallese people on Rongelap atoll in July 1957,
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20 fold for strontiw’. 2inc5% was resdily detected in semples frou the March
1958 medical survey. '

The estimated mean body burden st equilibriwm for cesium®> 1s about 1.5
microcuries or about 1/6 of the tolerance recammonded by the International
Camnission for Radiological Protection for non-industrisl populations. For
stroutiumgo the mean body burden of the exposed Rongelap group in March 1958 was
estinsted to be tvo millimicrocuries. This is about nipe percent of the expected
equilibriws value of 23 millimicrocuries. The equilibrated stront{uz’® burden

is about 1/5 of tolerance. The estimated mean body burden of zinc65 for

"Rongelsp 3Mcete §n March 1958 4s about 85 percent of the equilibration value

of 0.6 1icrocuries and the cquilidration value is 1/70 of tolerance.
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EXCRETTON LEVELS OF URINARY CESTUM™3' AND STRONTIUMC
(uuc per liter) IN THE MARSAALLESE AT VARIOUS TIMES AFTER IXPOSURE IN 1954

TABLE 1

AGE GROUPS MEAN
‘DATE OF COLLECTION < yrs 516 yrs Lo-24 yrs 2L-10 yrs R 1S.D,
' ]

cst37 590 csl3V srd0 cs237 590 03137 r;‘51'90 cst37 590 csl37 50

24 March 195k - - 889 11.0 294 5.4 372 3.9 | 258 -
405218 | 7.1¢2.4

25 March 1954 - - - - - - 268 7.7 352 T.7
17 April 195k o4 16.4 780 - L3 1.7 N1 1.2 323 2.3 5204214 | 5.426.5
14 or 31 May 1954 - - 255 13.% Lot .2 L34 0.9 543 5.5 4154100 { 6.0%h.€
6 or 7 Sep 1954 - - 118 2.0 281 1.9 86 0.5 1l 0.5 157273 | 1.2%0.6

8EE1
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PRIVACY ACT MATERIAL HEMOVED
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2

EXCRETION LEVELS OF URINARY CESIUM'37 AwD STROWTTUM®

IN THE MARGRALLESE DURING MARCH 1957

SOURCE MEAN SAMPLE ACTIVIY (uuc/liter)
VOLIRE cesruwtd? STRONTTUNIO

Exposed - Rongelap 4,100 md 3k, 0.2
Controls - Rongelap 3,604 ml 8. < 0,2
Exposed - Utirik 2,875 ml 1535. 0.2

TOTAL SA'PLE
VOLUME

Vo 5,400 m 6. 0.5

{20 10,200 ml 168. 0.¢

tho 2,700 mi 128. -
19 5,400 m1 103. " co.2

182 8,800 ml 120. < 0.2

J2123 2,700 121 3,759. -
2125 5,400 m1 1,48 <0.2
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TABLE 3

Lo 65

EXCRETION LEVELS OF URINARY CESIWM3!, POTASSIWM'C, ZINCU?, and STRONTIWMC DURING MARCH 1958

1954-EXPOSED GROUP

43A0W3d TYIHILYIN LOY AQVAIYd

=
—
m
=
x>
'”
v
m
%
()
RONGELAP .
. ACTIVITY )
CASE AGE  URINE 1 %o =
SUBJECT  No  SEX (1958) VOL. CESIWA ! PORASSIM' ca/k  zmmc”’  sTRowTIme?® E
(m1) uuc/1 @2 K/l wuc/gm uue/l uuc/1 %
7 M b1 2680 218) 1.0 2003 162 1.6 o
9 M 27 5700 1033 0.7 1665 100 3.8 §
12 F 23 675 2924 1.3 2232 26k 1.5 4
22 F 21 5525 5917 2.5 2357 345 6.0 a
>
26 M 16 5915 4330 1.6 2706 223 2.1 e
' 4
3 I 36 2580 3393 2.3 1438 238 1.2 ;3
39 F 19 130 13130 - - 155 NDA §
Lo M k. 1740 2275 0.9 2015 143 6.1 :
L) M 48 2690 2245 -- -- 107 5.3 g
66 F 3h 2665 2413 1.4 1664 22 3.1
13 M 22 4125 5584 -- -- 147 5.7
76 M 13 2665 ;_1708 0.3 k503 237 2.8

T M kg 1015 3IN7 2.1 1796 121 2.0




CASE
SURJICT NO,

818

830
LEY
836
632
&0
8u3
840

865
812
o7
876
817
883
887

PRIVACY ACT MATERIAL REMOVED
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URINE

AGE
s&x (1958) voL.

- X ® ~N X X T X

x®x X

~

16

18

20

3

10
20

20

13

{

I}

(m1)
1880
Lo
LaT5
1430
585
10515
2355
thoa
2640
2053
2125
5275
u650
2155
52k5
2015
263

TABLE &

CONTROL GROUF
(UNEXPOSED- 1954)

RONGELAP

cestuc 37

wue /1
7674
9928
5165
T2
0%
1807
333
2068
388
n7é
52k
7%
(ST
2009
330
3300

11733

POTASSTUM*®
2= K/l
0.3
2.8
1.9
1.4
3.8
1.1
1.4
0.7
3.3
1.2
1.7
1.9
0.9

3]
~N

PRIVACY ACT MAIERIAL REMOVED

Cs/K
wue/en
24755
35LE

21xc®?

uue /1
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EXCRETION LEVELS OF URINARY csIdd 37, porassiw®C, zINc®5, and STRONTIWMIO DURING MARCR 1958

ITROINIC

uue/1
6.4

10.2
[
2.7
2.5
3.5
b1
1.7
5.0
2.5
L.l
1.3
3.2
3.3
2.C
2.7

b7

g
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STRONTIUM®® EXCRETION (ftfLc/LITER)

Ot

SAVO N! 3N1L
009
L

[»]
1

savaov  2/1}

§Av0 008 2/t }

Excretion Levels of Urinary Strontiur’® et Various Times After Exposure
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APPENDIX

I. In the case of strontium elimination, the following aseumptions were made:

a. The pepulation was returned to the contaminated atoll at time t = o,
with a zero strontiuwm body burden,

b, The population abscrbs a daily increment of x uc, and x is cc;msidered
to be a constant indcfpendent of time.

c. The amount of strontium excreted in the urine emch day 1s given by
P(t) = %‘R(t), vhere E(t) is the total excreted by all routes each day, and k 1s
a constant independent of time.

d. The dbody is considered to be & two compartment system, A and B, vhare

A+ 3B =1, The excretion rates for each coupartment are a and b dqa'l

respectively. The portion of E(t) excreted from each compartment is proportional
to the burden remaining in thet compartment. For cesium and zinc elimination
similar assumptions are made, except that only one compartment le assumed.
e, Now:
s8{t) 1s total strontium body burden at time ¢ in uc
sl(t) and sz(t) are the portions in each compartment
and 8(t) = 8 (t) + 5 (1)
1 2
Considering each coupartment sepera'u.sly and adding the results,

%-M-El(t)-m-kl’l(t)-u.u,
henes 8 () « Ax (1 - o) and s () = Bx (1 - e0Y
N 2 'y

i

Since B(t) = a3 + Bs
1 2

P(t) = f (ss » bs,,)
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equilibriwe dody burden M = lim s{t)

t —~ o0

s(t) = *.‘é (1 - e~8%y +% (1 - e‘b?’j

M-'x(e¢%)

P(t) = 3 E 1-e®*%ep(2- e'“)_j e § (1 -aem®t . oBePYy {
st A B
1. y= % of equidibrium = W = 8 (1 - e'“’) +5 (1 - e'“)
A+ B
PO

A
2. s(t) = xP(t) s (2 - e'“‘) + % {1 - e'b‘)
AL - e"®%) 4 p (1 . e-bt)

3. x=

kp(t)
AL - e"8Y) 4 p(1 - DY)

+ B
%
e'“) + B(1 - e

A
b, M= kP(t) @
Al -

f. The following valucs for strontium netadolism were obtained fram Supplement
Ho, 6 of the British Journal of Radiology:

i $
A= 12 Bw 12 k=1 and s, =0

8= 3.35 x 16°3 aays-l and b = 1.73 x 10-% days-1, corresponding to a
balf-time of climination of 190 and LOOO days respectively.

x = 0.6 x' and x' 4o tousl daily intalic.
At t = 270 days:

P(t) = 3.k5 x 20-6 uc/day (1954 Exposed Rongelap Subjects)

3.9 x 1076 uc/day (control Rongelap Subdjects - Unexposed 1954)
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II. In the case of cesium and zinc:

* .
#(t) =3 (2 -0 4 o ordt

x is the daily accretion in uc/day, and s, {8 the bedy burden in uc at t = o,

- x
=.83 + X = -a ?soe'“’ +3 (1 - e'“)] + X

2

= -B(t) + x

xP(t) = E(t) = a Eoe'“' 3 e'“ﬂ
M= 11a 8(t) = x
a

t— o0

23nc®

a=06.3x 1073 asys~! (t1/2 = 110 days) k= '10
8, = 0.03 ue

Ceatunt37
a= b€ x 1073 doys"l (t1/2 = 150 days) k= 2f

8_ = O
[+]

#The urinary/fecal ratio of readiocesium for human subjects is about 5/1, so that

eetimates of body burden are too low by about 20 percent.

A3

50C7H121
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