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1330 . FALLOUT FROM NUCLEAR WEAPONS TESTS
INTROQDUCTICON.

Pollowing the detenation of 3 thermonuclear device at the Pacific Test Site
on 1 March 1554, 039 Marshallese people were exposed to significant levels of
gemoa radiation from rallout. Zstimated total exposures ranged from 175r on
Rongelep to 1lir on Utirik (1},

These populatione were evacuated to Kwajlalein for decontaniraticsn and care,

During the two

failout exposure before evacuatlion was campleted, the
Marshallece ais50 rveels,=d scme redicactive caterials internally by irngestion and
inhalaticn. Zotimates 1D the internal bedy burden from fallout vere cbtairzed
from the apalysis (1) o0 urine samples collected soon after exposure.

These data indicuwsd that the acute hazard from intermally deposited fission

fregnents WS

5 carpared to the vhole body garma radiation exposure.
Although the rodicacti. oy levels in the urine were low, the activity was
sufficlent to :ttain ;osscoable prucision and %o varrant additicnal long term
studles of the netivity levels and ~xeretion putterns of this rather large and
wall fsolated puprilatisn.

™~

The piuple from Al ase and Utirik were returmed to their haoe islands

in Juoe 1954, Radietion fatensitics ou Rongelap, however, precluded an early
return to this atoll snd <he Ringelap people lived on Majuro from Juse 1954 until
July 1957.

Bagic dnta on the focd crops of tbfh:Zursb&Ilese indicated that alter
resettlement cn the ccutamirnated a‘vollsAin‘.s.ke of strontium’® vould be increased
considerably, anand that cesiuml37, zinccs, and cobaltéo vere dietary constituents
of island and ocean foodstuffs, and also vould be assimilated {2)., The expected
increases in the trace ezounts of radionuclides in the frod supply of a large

populetion wuuld afford an opportunity to investigate the rete of equilibration

and the diasc

minntion fuctors operating Detween food supply and man. Uricary
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excretion levels of cesiuml37 and stroptit vere peasured froa March 1954

through March 1958, 24065 levela vere first messured in 1958 sazples.

One hundred end forty ome individual urine seamples collected fram 2k March
1954 through 7 Septembder 195h were obtained by the Realth and Safety Laboratory,
AEC. Uripne volumes were small {about 350 ml) and it vas pecpssery to pool ‘
saxples. This was done according to the sage of the aubjects end 19 samples of
pooled urine were aseéayed. A 57 liter pocled urine sample from Rongelap vas !
collected and assoyed in 1956 (3). Three pooled samples end seven individual
saxples vere mssayed in 1957. Thirty individual urine scmples vere assayed in
1958,

In saxples collected in 1954 and 1957 cestum'3! vas scavanged by nickel
ferrocyanide (urine made strongly alkaline) and counted in s crystal vell counter.
A tventy chacrel gamma-ray spectrum was determined for each semple and the <:¢:s:1|.unl3’r
photo spectrun count rate used. The 1958 samples wvere asamyed direc’tly for Csl37,
Z.nés, and X% 1o 2.5 liter plastic containers placed on an 8 x 4 inch (TH ectivated)
sodium fodide cryetal. The activity for each radio-isotope vas determined by
gamna-TEY -Spectrel analysls. Sample activities were compared with knowvn radio-
active standards (% 5 percent) counted {n the same geometry.

Strontiun’® vas precipitated from urine as the carbonate. YetrimO was
ceparatcd and ldentified by its half-11fc using thin valled gas flow couqters»

Urine sarples were corrected for radio-agtiive decay to the time of collection.

There s sooe uncertainty as to the completeness and the duration of time
over vhich samples wvere collected and therefore twenty-four hour urine volumes
are not sccurately kmown. Potusimho'cx:retion, using 30 d/m or 2 gz K/day
indicates sn aversge daily volume of about 1180 ml {2 56 percent). It was con-
venlent ¢o use one liter es an average 24 hour urine volupe and to express radlo-

assays in microsicrocuries per liter.
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1332 . FALLOUT FROM NUCLEAR WEAPONS TESTS
RESULT3 AND DISCUSGION.

Cestunl37 Evcretion Levels and Body Burden

The urinary excretion levels of cesiuml37 for the years 1954, 1957, and 1958
are shovn in Tables 1 - 4. Om 24 - 25 March, 1554, the mean excretion level of
cesiunt3T for all age groups vos 4C5 uuc per liter. With an excretion rate of
0.46 percent (4) of cesium!37 body burden per 2% hours, the mamn body dburden

6

fram fallout 24 - 25 days efter exposure ves hos/k.exlo'3 x 10” or 88 muc

(% Sk percent). This value 1s ebout 20 times the average body burden re'pomd
by E. C. Anderson, et al {5, 6) for people messured during 1956 - 1957 in the
United States. The cesiumt37 urinary excretion levels for the six monoths follow-
irg expcsure con be expressed as an exponential function, and a best line of

i< dravn through the data resulted in a half time for elimination of about

110 days (Fig 1). A dlological half time of about 140 days hes been cbserved

on volunteers who ingested one microcurie of redic-cesium {4).

From the 1957 Cs137 excretion levels (Table 2) the Rongelap group exposed
to fallout vas estimated to have an average burden of about 7 muc, whereas the
Rongelap control group was about 2 muc. Body burden in e{ther group in 1957
{8 cocparsble to levels measured in the U. S. population (6). Witk a half time
for elimination of the order of 150 days, the body dburden of the exposed Rongelap
group should have decreased from the March 1954 level to 7 muc in about 550 days,
or late {n 1955. A body burden of 7 muc for this group in March 1957 could then
indicate a continuing exposure to csl3T during 1956 of the order of 32 micro-
microcuries per day from stratospheric-tropospheric fallout wvhiles residing on
MaJuro.

Since the Utirik group vas returned to their atoll in 1954, the mean body
burden in 1957 was eleveted to sn eatimated 337 muc, a'cme L3 times the Cal37
burden of the expcsed Rongelap people who resided on Majuro. Thia long residency

time oo Utirik etoll after fallput contamination, as campared to the excretion
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rate of Csi3T should have resulted in an equilidbrated Csu7 burden, with an
estimated daily intske of about 15€0 uuc of Cal?’? Unfortunately no systematic

survey of foodstuffs grown on these atolls has been reported. Data evaileble,
however show that coconut grovn on Rongelap contaiped about § wuc 65137 per
graz, and arrcwvroot (Utirik) contained ebout 8 uwuc Cs 37 per gram. The datly
intake of several hundred grams 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 cine months at the time
of the barch 1958 medizel survey, and urinary excretion levels of Csl37 had
incremsed about one hundred fold over 19357 levels. Mecan dbody dburden for the
two groups at this time was 0.9 uc (* 27 percent) and 1 2 uc {* U7 percent)
(Tables 3 and %) Cestum37 body burden may have equilibrated by late 1958 and

predicted dburdens were sbout 1.3 and 1.6 uc respectively

Stron:iumgo Excretion Levels and Body Burden

Urinary excretion levels of strontum90 Aare presented in Tebles 1, 2, and 3.
The‘ stront'.\.m90 excreticn level in 195C was. 0.5 uuc/liter as deterniped in e
pooled sample of 5T liters Figure 2 shows the excretion of Sr9O for tkhe three
years following fallou® exposure. Although there is considerable variation in
the Qata for the varicus age groups at early times, mean values for all groups
plotted sugpest thet the excret.iox; pattero can be expressed convenlently ag the
sum of two expomentiel terms The larger portion of 3190 was excreted vith a
balf time of ebout 43 days, and a small frection. 2C percent, was excreted with =
helf time of about 50 dmys. This is similar to Cowan's (7) urinary excretion
study of mn accident case invelving inheled 599,

As wus noted irp the March 16358 Ca137 levels, the excretion levels of SI’QO
were alsc increased tc 3.3-4 0/C.2, or sbou: 20 fold  Since cst37 1evers 1in-
creesed B20C - 5°0C/34, or about 1LO fold, the ratio ie sbout seven i{n favor of

ccsLL:.':L3' With the increases in urinery 599 excretion levels in 1958, 1t vas

s
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pertinent to estimats body dburden, burden expected at edu.uibri\m, and daily
. intake of 8:99 fyom thess excretion levels.
The metabolic behavior of strontium as outlined in Supplement F6 of the

British Journal of Radiclogy was used to estimate body burden, etc. fram uricary

excretion levels of strontiundC (Appendix). The fraction of strontium absorbed
frcm tha gastro-inteatinal tract is 0.6 and the biological excretion rate from :
the total body 1a 19C days. Of the absorbed fraction, 0.25/0.60, about 42 per-
cent is deposited in tone and the biological half-life is 4000 days. Adsuning

that the absorbed fraction i1s excreted entirely in urine, the mean body durden

of the exposed Rongelap group in March 1958 was 2 muc (% 52 percent). This is

wbout nine percent of the expected equilidbrium value of 23 muc. The eatimated

dburden of strontium90 for March 1958 18 probably toc low and compares vith !
levels measured in stillbornm children in the U. 3. several years ago (8). The
daily intake of stromium90 is estimated to be about 15 micramicrocuries or 15

Sunehine Units (aseumirg & daily calcium intake of one gram).

Diernere. £ e

Dunning {2) reported that the average concentration of strontium?® in the
Marshallese food supply could be mbout 360 Sunshine Units, but this would reduce
to well under 100 Junshine Units if the consumption of high S99 content foods
were eliminated. With the elimination of pandanus and land crabs the diet used
by Dunning indiceted that the intakxe of atrontium90 wvould be 17 Sunshine Units

per day. This compares favorably with the estimated intake of about 15 micro-

microcuries from excretion analysis.

Zi.x:u:65 txcre’tion levels and Body Burden

In early 1957 Miller (9) detected Zn65 in selected residents of Rongelap 1

and Utirik dy wvhole bod; garma-ray spectrometry. 3ody burden ranged from 29.5
to 73.0 muc for the Rorngelap residents, and L2 and 229 muc ves detected in twvo

subjects from Utirik. The Rongelap sudbjects were residing on Majuro at this time.

TR
1 };e {‘:Péx"

SN T T R :




FALLOUT FROM NUCLEAR WEAPONS TESTS 1335

Miller obtained an effective balf-time of 110 days for the elimination of
zn55' and for the two subjects from Utirik the urinary to fecal excretion ratio
vas 1/9.

Aseuming the excretion to be entirely exponential and 1C percent of the

body dburden of :‘.né5 cxcreted ip urine, the March 1958 urinary excretion levels

of 174 and 342 micromicrocuries indicete body burden, equilibrium body burden, ;

and daily inteke a5 follows: :
RONGELAP )

1954 Exposed Group Control Group (Unexposed 195h)

Body Burden (March 1958): 280 muc (* 49%) 540 me {* 903) ¢

Equilibrated Body Burden: 330 muc 650 muc ,

Deily Intake: 2100 wuc/day 4 4100 uuc/day # j

Percent Equilibdration: 85.¢ percent 83.0 percent

The mean body burden estimated from 1958 excretion analys4s for all Rongelap
subjects showed a ten-fold lacrease over the 1957 whole body measurements. This
increase correlates with the return of thece people to Rongelap atoll from
Majuro. Also the 1958 Rongelep Z.ns'; burdens are comparable with the Utirik
subjects in 1957, and the Utirik subjects wvould have been in equilidrium in
1957 (half time of 110 days for the elimination of zincés).

The eatimated iptake of zinct? (200C to 4OOO uwuc per day) can not be
accounted for by ’.’4165 activity levels reported in foodstuffs. Althougk tals
radio-nuclide reportedly sccountc for a lerge fraction of the total ectivity in
f1sh, this amounts to only sbout six uuc per pound of muscle up to 75 uuc per
pound of whole fish (2) or at most four percent of the estimated intake.
CONCLUGIONS .

Since resettlement of the Marshellese people on Rongelap atoll in July 1957,

the urinary exeretlon level of <:csiuz:.l37 nas increased about 140 fold and adout

f).nm.u:xing 100 percent absorptlon from tze GI Tract
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20 fold for strontiwn’®. 2inc®? vas readily detected in samples from the March
1958 medical survey.

The estimated mean body durden at equilidbriuwnm for cesi\mln is about 1.5
microcuries or about 1/6 of the tolerance recamended by the International
Camission for Radiological Protection for non-industri_s.l populations. For
strontiun?® the 2eean body burden of the exposed Rongelap group in March 1958 was
estir:icd to be tvo millimicrocuries. This is about nine percent of the expected
equilit:iwn value of 23 millimicrocuries. The eguilidrated strontiumgo "burden
{s about 1/5 of tolerance. The estimated zean body burden of 210¢%% for

Rongel: Yroots fn March 1958 4s about 85 percent of the equilibdration value

of C.¢ ‘crocuries and the equilidration value is 1/70 of tolerance.

5052341
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TABLE 1

EXCRETION LEVELS OF URINARY CESIUM'S' AMD STRONTIUM?C
(uuc per liter) IN THE MARSAALLESE AT VARIOUS TIMES AFTER EXPOSURE IN 195k

"

AGE GROUPS MEAN
"DATE OF COLLECTION <5 yrs ~5-16 yra 16-24 yrs 24-L0 yys R $S.D.
cal3T | 5299 | cel37 | 599 | s23T | 5290 | gtdT %190 cel3T | S99 | cel3T  |s590
\

24 March 195k - - 8% 11.0 294 5.4 372 3.9 258 -

4052218 | 7.122.4
25 larch 1954 - - - - - - 2068 1.7 352 1.7
17 April 195k 94 16.4 780 - L3 1.7 11 1.2 323 2.3 520221k | 5.426.5
14 or 31 May 195k - - 255 13.4 k27 4.2 L3k 0.9 543 5.5 4152100 | 6.024.6
6 or 7 Sep 1954 - - 118 2.0 281 1.9 86 0.5 1k 0.5 157273 | 1.2120.6
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TABLE 2

SXCRETION LEVELS OF URINARY cezsiumt3T o sTrowrTund®
I¥ THE MARSHALLESE DURDNG MARCA 1957

ACTIVITY {uuc/liter)

SOURCE MEAN GAMPLE
VOLRE cesut3? STRONTTLMS?
Lxposed - Rongelap 4,100 m 3h. 0.2
Controls - Rorgelap 3,060 ml 0. . 0.2
Pxpused - Utlrik 2,875 mi 1535. 0.2

VOLUME

5,800 mi €2 0.5
10,200 =l 168. ’ o.L
2,700 ml 128. -
5,400 n 103. < 0.2
8,800 m. 120. 0.2
2,706 1n) 3,759, -

|
f

5,800 ml 1,093 <0.?
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e PRIVACY ACT MATERIAL REMOVED

TABLE 3 —
(V]
. carrped 37 . Lo 0y - 90 o8 =
EXCRETION LEVELS OF URINARY CESIWM 2!, POTASSIWM ~, ZINC™ 7, and STRONTIUM”  DURING MARCH 1958 o
1954 -IXP05D CROUP
RONGELAP
ACTIVITY
CASE AGE  URIYE 13 . I o 90 T
SUBJECT NO  SEX  (1958)  VOeL.  CESIWM POTA3SIUM Cu/K  ZINC STRONTTUM €
o)
(=) uuc/1 ga K/1 wue /e uuc/l uuc/1 E‘j
7 M 41 2650 21061 1.0 2203 162 1.6 .l
o
9 I3 27 5700 1733 0.7 1005 100 3.8 P
12 F 23 75 2924 1.3 2030 204 1.5 é
22 b2 21 5525 5917 2.5 2357 b5 6.0 E
>
26 M 16 5915 4330 1.6 2706 203 2.1 o
4
31 M 36 258¢ 3393 2.3 1438 2138 1.2 ;
L
39 F 19 130 13130 .- - 155 NDA 9
]
Lo M K 1780 2279 0.9 2615 148 6.1 5
5]
b1 M 48 2690 2245 - -- 107 5.3 ;c%
66 F 3h 2665 2h13 1.4 166k 22 3.1
73 M 22 25 558k - -- 147 5.7
76 M 13 2665 11708 0.3 45031 237 2.8
79 M Lo 1015 3717 2.1 1796 121 2.0

‘ PRIVACY ACT MATERIAL REMOVED
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XCRETIN LevELs 0P URDRY susred 3T, poTASIBNC, ZINCES, and STRONTIWI® DURING MARCE 1558

CASK
SUBJICT no.  3EX
318 M
825 ¥
83 W
031 ¥
63 A
g »
840 H
%) b4
Bho b
853 M
865 r
872 M
o7 M
£76 P
e K
e [
887 M

42165 O—59—vol. 2

ALk
195€)

¢

n

TABLE L4

CONTROL CROUP
( UNEXPOSED - 1054 )
RONGELAP

URINE L1
VoL, CESIW ~ poTASS Y Ca/K

(m2) wue /1 em K/ wuc/ gn
1880 (O 0.3 24750
[YeN) Fred 2.8 3540
2Ty 3165 1.9 22
1h3u T332 1.w SW3

585 70285 1.6 1835
151y 1807 1.1 1052
21355 113 P 2450
Ch90 2008 0.7 KoL
2640 3800 3.3 1158
2255 376 1.2 2669
2125 hG2k 1.7 2688
5273 3% 1.9 3087
4650 [STHY 0.9 533
2155 2909 0.3 9001
5245 331 1.5 2164
215 1300 2.1 128
ES'Y 1173 o2 ST

T MATERIAL REMOVED
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CESIUM '37 EXCRETION ( fLLc/LITER)
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Pigure 1.

Excretion Levels of Urinary Cesium?37 at Various Times After Exposure
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STRONTIUM 90 EXCRETION (L pLe/LITER )

° 5 5
° T L T T
= -
I
. .
3 R
3 8
[
>
b <
L3
- -
R oa z :
z 3[ s
2 \
< - § ;
(") ° .
%
- -
©
8 ‘ v
&
§ -
Plgure 2. Excretion Levels of Urinary Stmntim9° at various Times After Exposure ’.
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APPENDIX

I. In the cese of strontium elimination, the following assumptions were mads:

a. The population wms returned to the contaninated atoll at time t = o,

with a zero strontium body burden.

o A

b. The populaticn abaor®ts a daily increment of x ue, and x 18 considered

to be a comstant independent of time.
¢c. The amount of strontium excreted in the urine esch day is given by
P(t) = %E(t), where E(t) 1s the total excretad by all routes each day, and k is

a constant {ndependent of time.

d. The body 1s considered to be a two coupartment system, A and B, vhare

A+ B = 1. The excretion rates for each ccopariment sare a and d d;ys'l
respectively. The portion of B{t) excreted from each compartment is proportional
to the burden rexaining in that compartment. For cesium and zine elimination
similar essumpticns are made, except that only ore coxpartent is assumed.

e. ow:

s{t) is total strontium dody burden at time t in uc

D e ot S TUNNE Y

al(t) and sz(t) are the portions in each compartzent

EA
r

and (2) =8 (1) + 6 (t)
1 2

Considering each compartment seperately and adding the resultes,

T

48 = Ax - B (t) m AXx - k P -
'El. l() l(t)-Ax as,

s () mAe (1- 0™ wta (1) ax (17
a 2 iy

PAPNPRSRY

S{nce E{(t) = es + Bs
1 2

P(t) = & (a8, + vs,)

1

A-1

s
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equilidbrium body burden M = lim s{t)

t - 00

s(t) = XL’% (1 - a"") -»% (1 - e’btj

M= x (-’;‘t%)
P(t) - § E\ (1-e®)es (- e[ o F a5 N

st A B
1. y =« % of equilibrium = _g—l =a (1 - e-“) +o (1 - e‘M)
A+ D
a % 4
[
1
A B
2. a(t) = xP(t) & {1 - e'“‘) +% (1 - e‘bi)
A(L - ™% 4 p (1 - e-PY)
3. oxa kp(t) {
Al - c-ot) + B(1 - c-bf) !
, '
A +3B )
b, M=xp(t) & ©

a
AlL - e'aE) + B(1 - c'm‘) P
i

f. Tbe following valucs for strontium netabolism were obtained from Supplement

¥o. C of the British Jourtal of Radiology:
A=;l(-2 B-%? k=1 . and 3, =0
ae 3.05x 1073 aays™l emd b o 1.72 x 1074 days™1, carresponding to a
half-time of climination of 190 and LOOO days rvepectively.
¥ = 0.6 ' and x' 135 bota.L daily intalc.
At ¢ = 270 days:
P(t) = 3.b5 x 10°¢ uc/dsy (1954 Exposed Rongelap Subjecte)

3.9 x 107 uc/day (control Rongelap Subjects - Unexposed 1954)

Sewr <

T e

B
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II. In the case of ceafum and tinc:

x .
s(t) = a (1 -a" %) 4+ s e-8t

x is the daily accretifon {n uc/day, and 8, ia the body burden in uc at t = o.

- X

z-88 4+ X = -& soe'“ +a {1 - e'“')] +x

ae

= -B{t) + x

~ X
XP(t) = E(t) = a fs,e®* 43 (1 - e'“ﬂ
M= 1in s(t) = x
a

t— 00

Zincés

a=6.3x 103 asys~! (t1/2 « 110 days) k = 10
8, = 0.03 ue

Cesfumt 37

a = 4.¢x 1073 days-! (t1/2 = 150 days) k = if

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

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

A3
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