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1380. —. FALLOUT FROM NUCLEAR WEAPONS TESTS

INTRODUCTION.

Pollowing the detcnation of a thermonuclear device at the Pacific Test Site

on l March 1954, 2390 Marshallese people were exposed to significant levels of

 

gemma radjution from lout. Estimated total exposures ranged from 175r on

 

Rongelap to l4r un Utieak (2).

These pepulati ons were evacuated to Kwajalein for cecontaniraticon and care.

During the two tuys * Tavlout exposure befcre evacuation vas campleted, the

Marshallese aiso rene’. ed scme r6dtcactine satertals internally by ingestion and

iohalaticn. Zotinatese i the intermal budy Prurcen from fallout vere cbtained

from the unalysis (1) vf urine samples collected soon after exposure.

These data indicev:d that the acute huzard from internally deposited fission

fragments wis quite oaall os cuxpared to whe whole body gamma ridciavion exposure.

Although the rodicunct...ty levels in the urine were low, the activity was

suffictent to train ..sccnable preeision and to warrant additicnal long tern

studies of the setiv.vy l.vels and cxereticn vatterms of this rather large and

well isolated population.

Tue p-vple from A°inginse and Utirik were returned to their hance islands

tm June 1954 Radiation {atensities on Rongelap, however, prectuded an early

return tu thés atoll aut the Rongelap people lived on Maguro from June 1954 until

July 1957.

Basic data on the focd crops of theFarsballese indicated that after

resettlement on the ccoutamtizated atollsintake of etrontium?? vould be increased

considerably, and that cesiun*3?, zinc®S, and cobalt were dietary constituents

of island and ocean foodstuffs, and also would be assimilated (2). The expected

imcreases in the trace c.counts of rudionuclides in the food supply of a Large

population would afford an opportunity to investigate the rate of equilibration

and the discriatn.tion fxctors operating between food supply and man. Urinary
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FALLOUT FROM NUCLEAR WEAPONS TESTS 1331

excretion levels of cesiur 3’ and stronti: were measured froa March 1954

through March 1958. zinc®> levela were first measured in 1958 samples.

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

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

AEC. Urine volumes were small (about 350 ml) amd it ves necessary to pool

sexples. This was dona according to the age of the subjects and 19 samples of

pooled urine were asgayed. A 57 Liter pocled urine sample from Rongelap was

collected and assayed in 1956 (3). Three pooled samples and seven individual

semples vere assayed in 1957. Thirty individual urine samples were assayed in

1958.

In samples collected im 1954 and 1957 cesium 3! was scavanged by nickel

ferrocyanide (urine made strongly alkaline} and counted in a crystal vell counter.

A tventy chancel gamma-ray spectrum was determined for each sample and the cesium?!

photo spectrum count rate used. The 1958 samples were asanyed directly for cst37,

zn05, and x40 in 2.5 liter plastic containers placed on an 8 x 4 inch (TH activated)

sodium fodide crystal. The activity for each radio-isotope vas determined by

gomma-rey -sSpectrel analysis. Sample activities were compared with known radio-

active standards (+ 5 percent) counted in the same geometry.

Strontium’? vas precipitated from urine as the carbonate. Yttriumvas

separated and Identified by its half-life using thin walled gas flow counters.

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

There is some uncertainty as to the completeness and the duration of time

over which samples were collected am therefore twenty-four hour urine volumes

are not accurately known. Potasstum4© excretion, using 360 d/m or 2 gm K/day

indicates an average daily volume of about 1180 ml (+ 56 percent). It was con-

venient to use one liter as an average 24 hour urine volume and to express radio-

assays in ricromicrocuries per liter.
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1332s FALLOUT FROM NUCLEAR WEAPONS TESTS

RESULTS AND DISCUSSION.

 

Cesium'37 m:cretion Levels and Body Burden

The urinary excretion levels of cesitml3? for the years 1954, 1957, and 1958

are shown in Tables 1 - &. On 24 - 25 March, 1954, the mean excretion level of

cesiual37 for all age groups wos 405 uuc per liter. With an excretion rate of

O.46 percent (4) of cesium’3? body burden per 24 hours, the mapo body durden

fron fallout 24 - 25 days efter exposure wes 405/4. 6x20" 3 x 10° or 88 me

(+ SL percent). This value is about 20 times the average body burden reported

by B. C. Anderson, et al (5, 6) for people measured during 1956 - 1957 in the

United States. The cesium 3? urinary excretion levels for the six months follow-

ing expesure can be expressed as an exponential function, and a best line of

fit deawn through the data resulted in a half time for elimination of about

110 days (Fig 1). A diological half time of about 140 days has been observed

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

From the 1957 Cst3” excretion levels (Table 2) the Rongelap group exposed

to fallout was estimated to have an average burden of about 7 muc, whereas the

Rongclap control group was about 2 muc. Body burden in either group in 1957

fe cocparable to levels measured in the U. S, population (6). With a half time

for elimination of the order of 150 days, the body burden of the exposed Rongelap

group should have decreased from the March 1954 level to 7 muc in about 550 days,

or late in 1955. A body burden of 7 mc for this group in March 1957 could then

indicate a continuing exposure to cals? during 1956 of the order of 22 micro-

microcurics per day from stratospheric-tropospheric fallout while residing on

Majuro.

Since the Utirik group vas returned to thetr atoll in 1954, the mean body

Durden in 1957 was elevated to an eatimated 337 muc, pone 48 times the Csl37

burden of the exposed Rongelap people who reaided on Majuro. Thia long residency

time on Utirik atoll after fallput contamination, as campared to tha excretion

tes
. 4 ade te t "
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FALLOUT FROM NUCLEAR WEAPONS TESTS 1333

rate of Cs*37 should have resulted in an equilibrated ¢gt3? burden, with an

estimated daily intake sf about 15€0 uuc of csl37 «unfortunately no systematic

survey of foodstuffs grown on these atolls has been reported. Data availeble,

however show that coconut grown on Roneclap contained about 9 wuc cet 3? per

gran, and arrowroot (Utirik) contained about & uuc Csi37 per gram. The daily

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 about nine months at the tine

of the harch 195@ medical survey, and urinary excretion levels of cst 3? bed

increased about one hundred fold over 1957 levels. Mean body burden for the

two groups at this tine was 0.9 uc (* 27 percent) and 1 2 uc (+ hy percent)

(Tables 3 and 4) Cestun?3? body burden may have equilibrated by late 1998 and

predicted burdens vere about 1.3 and 1.6 uc respectively

Strontiun’> Excretion Levels and Body Burden

Urinary excretion levels of strontium” are presented in Tables 1, 2, and 3.

The strontium? excretion level in 195G was.0.5 uuc/liter as determined in a

pooled sample of 57 liters Figure 2 chows the excretion of $r?? for the three

years following fallout exposure. Although there ig considerable variation in

the data for the varicus age groups at early times, mean values for all groups

Plotted sugpest thet the excretion pattero can be expreesed conveniently ag the

sum of two expomential tema The larger portion of 3r?° was excreted with a

half tine of ehout 45 days, and a smail fraction. 20 percent, was excreted with a

helf time of about 500 days. This is similar to Cowan's (7) urinory excretion

atudy of an accident case involving inheled sr??,

As wus noted in the March 1953 cat?! levels, the excretion levels of sr°°

were also increased tc 3 5-4 O/C.2, or about 20 fold Since cet37 tevets in-

creased L200 - 57C0/34, cr about 140 fold, the ratio ie about seven in favor of

eestus’? With the increases in urinery sr?° excretion levels in 1958, it was
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e 1334 FALLOUT FROM NUCLEAR WEAPONS TESTS

pertinent to estimate body burden, burden expected at equilibrium, and daily

_ intake of 310 fyom these excretion levels.

The metabolic behavior of strontium as outlined in Supplement # of the

British Journal of Radiclogy was used to estimate vody burden, ete. from urinary
&

axcretion levels of strontiuny? (Appendix). The fraction of atrontium absorbed i

from the gastro-intestinal tract is 0.6 and the biological excretion rate fron :

the total body is 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. Assuming :

that the absorbed fraction is excreted entirely in urine, the mean dody burden ‘4

of the exposed Rongelap group in March 1958 was 2 mic (+ 52 percent), This is :

adout nine percent of the expected equilibrium value of 23 mic. The eatimated ;

burden of strontium” for Mareb 1958 is probably too low and compares vith

levels measured in etillborm children in the U. S$, several years ago (8), The

daily intake of strontium”? is estinated to be about 15 micromicrocuries or 15

Sunehine Unite (asaumirg a daily calcium intake of one gram).

Dunning (2) reported that the average concentration of strontium”? in the

se
ar
.
e
a
s
e
e
e

Marshallese food aupply could be about 360 Sunshine Units, but this would reduce

ex
te
n
e
e

to well under 100 Sunshine Units if the consumption of high sr?° content foods

were eliminated. With the elimication of pandanus and land crabs the diet used 1

by Dunning indicated that the intake of strontium’™ would be 17 Sunshine Units

per day. This compares favorably with the estimated intake of about 15 micro-  microcuries from excretion analysis.

Zines Pxeretion Levels and Body Burien  In early 1957 Miller (9) detected zn? in selected residents of Rongelap i

wa
gd

n
=

and Utirik by whole bedy gamma-ray spectrometry. Body burden ranged from 29.5

to 73.0 mec for the Rongelap residents, and 4&2 and 229 mic was detected in two

subjects from Utirik. The Rongelap aubjects vere residing on Majuro at this tine.
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FALLOUT FROM NUCLEAR WEAPONS TESTS 1335

Miller ottained an effective half-time of 110 days for the elimination of

zn, and for the two subjects from Utirik the urinary to fecal excretion ratio

was 1/9.

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

body burden of mn65 excreted in urine, the March 1958 urinary excretion levels

of 174 end 342 micromicrocuries indicete body burden, equiliprium body burden, |

and daily intake as follows: ‘

RONGELAP

1954 Exposed Group Control Group (Unexposed 1954)

Body Burden (March 1958): 260 muc (+ 494) 540 mec (+ 903)

Equilibrated Body Burden: 330 muc 650 muc

Daily Intake: 2100 wuc/doy 100 uuc/day

Percent Equilitration: 85.0 percent 83.0 percent

The mean body burden estimated fron 19598 excretion analysis for all Rongelep

subjects showed a ten-fold increase over the 1957 whole body measurements. This

increase correlates with the return of these people to Rongelap atoll from

Majuro. Also the 1958 Rongelap mn©? burdens are comparable with the Utirik

subjects in 1957, and the Utirik subjects vould have been in equilibrium in

1957 (half time of 110 days for the elimination of zine®?),

The estimated intake of zinc 3 {2000 to hooO wue per day) can not be

accounted for by zn) activity levels reported in foodstuffs. Although thts

radio-nuclide reportedly accounts for a lerge fraction of the total activity in

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

pound of whole fish (2) or at most four percent of the estimated intake.

CONCLUSIONS.

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

the urinary excretion level of cestunt 37 has increased about 140 fold and about

# Assuming 100 percent absorption Cran tne OF Tract
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1336 . FALLOUT FROM NUCLEAR WEAPONS TESTS

65 was readily detected in samples from the March20 fold for etrontium’?. zine

1958 medical survey.

The eetimated mean body burden at equilibrium for cesium? >? 1s about 1.5

microcuriea or about 1/6 of the tolerance recommended by the International

Commission for Radiological Protection for non-industrial populations. For

strouviua’? the mean body burden of the exposed Rongelap group in March 1958 was

eatin .icd to be two millimicrocuries. This is about nine percent of the expected

equilit:ium value of 23 millinicrocuries. The equilibrated strontium’? ‘vurden

{s about 1/5 of tolerance. The estimated mean body burden of cine®? for

Ronge> Sirste fn March 1058 4s about &5 percent of the equilibration value

of C.C scrocuries and the equilibration value is 1/70 of tolerance.
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TABLE 1

F
A
L
L
O
U
T
F
R
O
M

90

N
U
C
L
E
A
R

W
E
A
P
O
N
S

T
E
S
T
S

4

1.2%0.6

 

MEAN

+5.D

5

sefeok 15.446.5

4154100 6.0¢h.6

4052218 7.112

157273

 

2.3

222

0.5

7-7

 

> 40

258

352

323

543

141

 

3-9

1-7

1.2

0.9

0.5

 

24-46 yre

311

h34

86

 

ch yrs

5.4

1.7

1.9

4.2

 

lo-
AGE GROUPS

 

11.0

13.4

2.0

 

5-16 yra

889

780

259

118

 

EXCRETION LEVELS OF URINARY cesium’?! any srronrrun??

sr99 egl3t 5x90 egh37 5x9 cgi3? 629° cats? sp cst37

372

268

16.4

 

<3 yrs

Cgtst

{uue per liter) IN THE MARSHALLESE AT VARIOUS TIMES APTER EXPOSURE IN 1954  
794
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TABLE 2

EXCRETION LEVELS OF URDKARY CesruM'3! ax srronzTun??
IX THE MARGHALLESE DURTIG MARCH 1957

 

ACTIVITY (uuc/iiter)
 

 

JOUR E MEAN SAMPLE

VOLUME cacrut37 STRONTIUM?”

Lxposed + Ronce Lap HY1OO ml qh. 0.2

Controls - Rongelap 3,C64 al 8, ‘0.2

heposed - Utirdk 2,875 ma 1535. Q.2

 

 

VOLE

5,400 mi 62 ais

10,200 =i 168 Ot

2,700 ml. 108 -

5,400 nt 103 < 0.2

8,800 mn 120. € 0.2

2,7UG vl 3,799. -

BY ml 1,698 «U.P   
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3
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CESIUM '37 EXCRETION ( [Lj/Lc/LITER)
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Excretion Levels of Urinary Cesium/37 at Various Times After Exposure
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STRONTIUM 9° EXCRETION (fz fee /LITER)
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Figure 2. Excretion Levels of Urinary Strontium’? at Various Times After Exposure
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1344. FALLOUT FROM NUCLEAR WEAPONS TESTS °

APPENDIX

TIT. In the case of strontium elimination, the following assumptions were mada:

a. Tne population was returned to the contaminated atoll at time t = 0,

with a zero strontium body burden.

n
e
y
t
e
a
t
t
e
h
!

b. The population absords a daily increment of x uc, and x ia considered

te be a constant independent of tim.

¢. The amount of strontium excreted in the urine each day is given by

P(t} «= et), where R(t) ie the total excreted by all routes each day, and k is

a constant independent cf times.

d. The body is considered to be a two compartment system, A and 53, whare

A+Be2i]. The excretion rates for each compartment are a and b days”?

5

respectively, The portion of E(t) excreted from each cacpartment ia proportional

to the burden remaining in that compartment. For cesium and zinc elimination

sindlar assumpticns are made, except that only ore capartment ia assumed.

e. Mow:

R
e
t
e
R
E
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Y
e
b

ot
be

a(t) ie total strontium bedy burden at time t in uc

e
e
e

8 (t) ami ot) are the portions in each compartment a
1
2

apd a(t) = 6 (t) +6 (t)
1 2

Considering each campartment seperately and adding the resulte,

l
e
e
t
h
a
m
p
e
e
”

da m Ax - B (t} = Ax - EP = .a it y(t) Ax aa,

bthence

=

8 {t) = Ax (2 - 078) antin (t) wm (1-0)i z 2 >

fe
a
o
e
e
e
n

Since E(t) = as + Be
1 2

P(t) = ¢ (aa, + vs)
i
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equilibrium body burden M = lim s(t)

& —- 00

a(t) « ie (1 + an@ty 6 B (1 - evPty

A.B
Mex (lee ;
P(t) = § [a (ree*y43 (1 - et) = & (1 -ae** - BePy ‘

 

  
 

a(t) A B
1. y= £ of equilitrim ese MW » 4 (1 - e**) 4d(l- et)

A+B
a Db ;

{

4
A B j

2. a(t) = eP(t} a (2 - eS) 4 FePty

ACL - e**) 405 (2 - en bt) 4

a. x = kP(t) ‘

AQ, - e798) 4 BCL ~ cP)
. '

A + ,
ho Me kP(t) 8 8B

ACL - e7°*) 4 BCL - ety

f. The following values for strontium metabolism were obtained from Supplement

Yo. G of the British Journal of Radiology:

hate a= oo k= 1 . and a,0

ae 365 x 1073 days"? and b= 1.72 x ro} days7?, corresponding to a

half-time of climination of 199 and 4OOO days respectively.

xe OC >! and x’ is total daily intolc,

At t+ = 270 days:

P(t) = 3.45 x Lo“® uc/day (1954 Exposed Rongelap Subjectc)

3.9 x ioe uc/day (control Rongelan Subjects - Unexposed 1954)
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1346 FALLOUT FROM NUCLEAR WEAPONS TESTS

II. In the case of cesitm and tine:

x
s(t) =a (1 -a ®t) 4 84 eat

x is the daily accretion in uc/day, and a, ia the body burden in uc at t = 0.

” x

=-a8 +X = -8 set +a(l- e78t)} +xal
e

= -E(t) + x

xP(t) = E(t)» a [se** +e Q- eat

M= lin s(t) =x
a

t—» oO

zine”?

a= 6.3.x 1073 days! (41/2 « 110 anys) k= 10

BAF 0.03 uc

Ces furl 37

a« 4.€ x 1073 days") (t1/2 = 156 days) k« if

BL =O

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

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