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te stmg of atormc wea.pons. In dealing thh thjs problenr} the fallout

In time_‘of';’a:r,‘ however, local falléut Would be :vbf direct coricei:n in
all stages of recovery due to the extensive areas covered. Local
fallout can cover tens of square miles fromkilotonyield weapons and
thousands of square miles from megaton yield,ﬁi&é_apdns so that 50%
or more of the United States can be blanketeci ‘with lethal radiation

levels coming from local fallout by a multiweapon attack of 200 to
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éariy phases. ‘The troprssphe ric, stratosphenc and old 1oc'al fall— |

_ Thus the contributors to the internal hazars

‘will vary Withtime after burst.

. This paper;presents a discussion of (l)the ;‘élétivq COﬁtribi;fib‘

jv_to the mternal dose of the more importa.nt radmnu ides durmg the ly

-phases of radiological recovery and (2) the sigmﬁcance of Sr90 1 ated
with fallout in the early and final phases.

Early Phases:

From the standpoint of quantity available, body retention, radioactive
half-life and biological half-life, the following radionuclides present the major
problems of irradiation inside the body; Neptunium-239, iodine-131, strontium -89
strontium-90 ¢ yttrium-90, yttrium-91, zirconium-95 ¢ niobium-95,

2
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“after approxima.{ely 90 days the Sr?0 contribution to the chronic dose to

bone becomes far greater than the contribution by other nuclides to the dose
to their respective critical organs.

Final Recovery Phase:

As we approach the final phase of recovery or the period involved in

living with a contaminated environment, Sr?0 becomes of major concern
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Fraction of Total Activity of Individual Isotopes at
Various Times after Burst
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“TABLlE 2

Perwisaible C ation (pc/oo) in Water of Gross
Pallout Material for 7 Exposure Times (o} at 11 Different
Times after Burst to Deliver a Dose to the Critical Organ of
15 rea in 90 days.

» o Tine ACter Purst
3.5 bre, 1 day 7 duye 28 duys | 105 aas 'vlrr.
1 2.8 ous 02y 71 x 10?2 01 7x107
7 0.5 0.0 242107 | 122107 1,; 20?1
2 0.2 5.9 2107 132102} 542107 5.7 x 107 452107
2 0.29 sazw 1107 asz210” 4ax10” 3w’
0.25 L6102 982107 | 33x10” 2.7x107 1.8z 107
0.4 sazw? 922107 | 29217 212107 13:107
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" Beletive Comtributions Vo the Gross Fellout Mixtars Based on U.P.C. Veloes for ,
3 ‘ Fime After Burst
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may be attempted by comparing an acce

stimate of the present and

special occupations; hov;reve'r this is not suitable for #ppﬁéation to the
whole population made up of children with their greate.:r‘r’sens,itivity and
greater life “éxﬁe‘ctanc‘y and of ‘individuals haying varying vxﬁ;’yti‘evs'ses and
strains. The commission has re'cently recommend’éév‘g}»;‘alt: 'it'he pé rmissible
level of 5r?0 for large populations be set at 1/10 of the oégupatioxxal

level (0.1 jc in the body or 100 micro-microcuries sr?0 per gram of
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radium pra&uc}.n‘g a ,ﬁoﬁé ‘garcoma in thi: bé:iég was 3,6 microcuries’
Sarcomata were seen in five other patients included in this study, but

these patients may well have ingested a mixture of radium and meso-
thorium. . Among these five, the lowest level associated with the

production of a tumor was 0. 52 microcurie of 'radium’ «(ﬁiixture). n

The British Medical Research Council further states '"with all these

considerations in mind, it would be unwise to fix the maximum allowable




induced leukemia is proportional to the accumulated dose and also that the

beta particles from the sr90 . v90 radionuclides damage the hémétopoetic

centers of the bone as is the case in external whole bdev'»raﬁ;ati'dn. This

view is not shared by many scientists who believe that there is a threshold
for radiation induced somatic damage and/or by those who do not believe

P

that the beta particles reach the blood forming centers of bone marrow.
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estimated that the average sr?0 fallout by the end of “195v‘5‘"i‘v‘,5;_s“13mc /mi?

in the upper midwestern region of the United States. . Th
Hardy and Morse (9) suggest an average of about 15 m® /ﬂxiz for the
United States.

The amount of Sr?0 in the soil which gets taken up by the plants

0011912 7



out 'i-eq\ii’i-'ea‘1959‘rm€t‘idnm:\iptake in é:ac;iiu'of thebf*e’;pg of thé chaing leading
from soil to human bone. Although Sr?0 will follow cal;;i\im thl“mghout
the chain it is discriminéted against in fnost of the steps ;lo‘{zg tﬁé
path. The ecological problem here is to get adequate k‘e,xp;ef;i"n‘iex;itaz.l
values for the discrimination factors. Kulp, Eckelm#n_h' a.‘nc'lyi‘bs"cliﬁle‘rt (8)

have reported that strontium is discriminated against by a factor of

about 1.4 when it goes from soil to plant and by & factor of about 8 in
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.go;ing-im.ﬁ‘,if‘l’ b°n° Studie: b Gﬁ?ﬁar, Wasser!"‘mj"iﬁ

onbone ~-stock dxet = 0.27
OR is the "Strontium-Calcium Observed Ratio" and is de fined as follows

the diagram lho,wn in Figure 2.

It has been reported by Kulp et al (8) that the average American : o

aohtains 80 percent of his calcium from da.iry producta a.nd the’ remainder

mainly from vegetation. Therefore the overall obse rved ratio (ORb -s) is

given by:

‘OR'b-s) -

-8 (ORp_g) (ORy, p) (ORy, ) # 42 (ORp_g) (ORy,-p)
.08

The values of (ORy, _, ) and (ORb__p) are approximate values

extrapolated from animal data (11). However Harrison et al (13) have
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‘1‘ BLEX. :‘;Btyro_‘ntium-Calcium Observed Ra 8
“'and Percentage Exeretion in the Rat.” (Valu

= resent mean =+ stand. error of mean.)
Milk and - Com-
Diet Milk corn merecial
No. of animals 4 3. AL I

Ageatstartand  30-50 21-81 .

3050
* end of study, days -

ORuosediee® . BT 02 45 01 21
retained.diet? - 57 L D56 ] 0 b
ORn1cosdtet 46+ 04 433 .08 .21*.04
Berine 1 199+ .01 147x .03 11'% .03
ORtecos 5 1412 08 133+ .05 127+ .03
% excretiont . :
Ca45inurine 4.5 +1.1 57 = 6 18 = 3
Sr89” " 87 %19 B84 x .6 19 x .2
.Ca45infeces 44 =2 50 =3 . 71 6
Sr89” ” 62 +4 67 =2 907 *8

“OR “ 7 Sr*/Catinbome . ;.

‘ ‘ bone’—dltt - sru-/caa- in dlet ., 18
t Caleulated by difference from excretion values.
Execretion during last 4 days of exp. ‘

% 100,

Intake during last 4 days of exp.
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reported that an adult man, receiving a somewhat highe
intake than normal, absorbed calcium about twice as )

"This is in f.air agreement with the va.lue one Would ob
milk a,nd pla.nt weighted according to human diet ( 8 x

.456 4 .05 = .506).
To obtain the body burden, ' (Sr9° /Ca)p> from the above val_ue of

(ORp.g)+ the value of the ratio (590 /Ca)g in soil is needed An estimate
_of this may be made from knowledge of the surface speciﬁc activity and

the value for the exchangeable calcium in the soil According to Kulp
et al (8) the concentratxon of Sr90 in soil drops rapidly with dep‘th 80 that/

- most of the strontium is found in the top two inches of soil Libby (9)

has assumed that the soil conta.ins an average cf ZO gr ' g of a.vailable

calcium per square foot of soil to a depth of wo and oﬁ’é 14 ,inchés

Thus one millicurie of Sr‘m/miz is equiva.lent to'l.8 micro-microcurie

(,

of Srq0 per gram of available calcium. The range in the available

calcium content reported by Libby was actumy 0. 4 to about'*IOU- grams

per square foot. Thus the range in the rati.oo{ ppc sr90/g available Ca

is 90 to 0. 36 for one millicurie of S0 per square mlle As stated

before the surface contamination values range from 1. 8 to 24 milli-

curies per square mile. From the ranges in data reported thus far the
possible minimum and maximum values of the ratio of Sr?%/available

Ca were determined and are shown in the second column of Table 5.

Using these minimum and maximum values and the estimated observed ratio
for humans (ORbOne 80 il) of . 08 the body burden values were calculated and
tre Bhown in the third tolumn bf Table 5. Included in this table are

10
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TABLE 5

Estimate of Body Burden Resulting From Fallout Through 1955

Furfuco Agtivity [Sr Javail Ca Fody burden
nc/mi uuc/gn (at oqui%briul)

uudSr

1.8 65 lin. 0,05 aln,

162 w. 13 i‘!.

<.“

24 8.6 min, .'7\ nL:.

2160 max, 173 max,
.l. Cardigan 39 32

(Wales)

# Calculated by multiplying 1953 value of 1,1 by 4 (ramr
_ obtained from 1955 oonoctionl in England), ‘
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values obtained from a city in Wales.

The e_aﬂmatag”givén above assumed that Sr%0 in the s i
equilibrium; with the surface contaminatidﬁ_. Also the cai"
not included (or cor‘rectéd) for the amount ente ring the ‘ecof.f':w
through direct surface contamination on vegetation.

Direct Analysis

A direct detetmination of body burden may be ohtai.ned fn)mv‘*he‘

analysis of bone aamples from humans as reported by Kulp et 311;;(3)

and from 17 stations throughout the world. The disadvantage to _ithis,

NS

approach in predicting the future body burden is that equilibx

may not have been reached at the time of sampligzg, _Theix m :
show an average Sr%9 value for all ages of .12 uucSr”/g N
children's bones showed three to four times (. 36 to.48) fhiﬂa\;erage '_

value and a few values for individuals of various ages wexeft"gn to
twenty times (1.2 to 2.4) the average. One value in V’ancmwerwas

6.7 uucSr¥%/gm Ca.

Prediction of Future Body Burden:

According to Kulp et al (8), taking decay into account, a total

quantity of 26 millicuries per square mile frombursts through the fall of 1956

11
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by the md1rect method through the ecological chams would: be as shown‘

in Table 6, which also shows the predicted values from bone a;nalysis_

based on the estimatel made by Kulp et al (8)

i 1955 € 0.6 in 1956 and to 1. 3ppcSr9°[gm Ciin 1970,

The 1970 predictions are ba.sed on the explosions that have occurred

5OMT of ﬁssion. since according to Libby (10), 1 megaton of fis on’i.f.__'

distributed uniformly over the entire earth is equivalent to 0 5 mcSr9°/
II\liZ_ This relationship was used to estimate the amount “o'f iissiop yield
necesear); toj ii-e"eult m the ’world-wide and occupational m imumper-
missible levels'frem estimates of the predicted bc-)dy. b_tifdeii .levels.
The i-esults are shown in Table 7.

It can be seen that individuals, obtaining food primarily from soils
such as that in Cardigan, Wales, would exceed the body burden of
100 ppc Sr90/ gm Ca if 20 megatons of fission are added to the 50

megatons that have been released as of the fall of 1956. Further if the

maximum possible ratio of 2160 uuc Sr90/ gm Ca in plant producing

0011981 12
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TABLE 6

PREDICTION OF FUTUKE BODY BURDEN
(BASED O'f WEAPONS TESTFD THROUGH 1956)

"
METHOD Micro-Hicrocuries S¥ /guCa
1958 1970
ECOLOGICAL AT EQUILIBRIUM AT EQIILIBRIUM
MINTNON 0,05 to 0,7 0.1 to 1.4
ANALYSIS
MAX INON 13 to 172 26 ‘o 2Ub
(THIS REPORT)
WAWES 32 (A
1955 1970 ?
FCOLO S1CAL X —
AYALYSIS AT EQUILIBHIOM AT PQUILIBRIUM |
BASED ON U.,S. AVERAGE 1.9 3.8 }
AVERAGE VALUES ;
|
1956 1970 ;
!
BONE !
AVERAGE 0.6 1.3 ;
ANALYSIS :'
MAXT'UM 33.5* 72+
(XULP ot 81.)

® (Calculated by author frow 6.7 of 1955 using same proportionality

used by Kulp et al. to arrive a2t 0.6 for 1956 and 1.3 for 1970 average

values from .12 aversce valus determined in 1955,
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TAELE 7
NI OF FISSION REQUIRED 70 RVEVTUALLY P0DUCE HPL, '

TR = . : dos r . T

IR ki am i oy ARk o :::‘
»

! ’Y i 790
; METHOD | 1900 L0
; ’uuaSr /puCa } wueSr  /fpuCe
i : k
3 - . L
f ] , ;' [ )
% HE ANALYSTS AVERASE | 35, 000 ; 2500
v : |
i (KULF at a].) MT I THUUR | 640 : 64
H
g 12 #
ECOT.OUTCAL ANAL- !
j ! | :
é frsis (sasep ov |
; AVERAGE 11, 600 | 1160
; U.S., AVERAGE ! ‘
{ ; o
%» VALTES) l |
! ! ?
N 4 &
ECOLO%TZAL A AL~ W]y VK : 2000 to 140 { 2C0 to 14
1518 (T1s REPORTYMAXTHUM | 35,000 to 500,000 ! 3500 to 50,000
- ! '
byALs ; , 700 o 70 |
) dl P
* Calculated by authcr on basis o7 maxitum “elus in bone samnle “ound by”‘
Kulp et a1.
i

N . -
B \fA-Al"l‘.i;\,‘,‘a;‘:szjb~v. S AR NERS R S “n



_pick-up rate which would be expected from t : e a,lcium deficiency in the

soil if peoplev lived eﬂtirely off the 5611 for thp wholegrowingperiod
of 20 years or so. o

The minimum and maximum values are presénted in this report to
point out the possibility of certain individuals exceeding the maximum
permissible body burdgns from material a.lready‘revleased. - The exact
numbers in this category await detailed analysis of .ér9° aidng the
ecological chains in various geographical areas, and the parameters

'

(such as discrimination ratios) involved along these chains.
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‘In the cue of atomic warfare, the" 19' els of Sr"0 ma

of ma.gnitude gre;ter than theae preu nt.’flevels, so that

‘living in a qontminated environment after survxvallof 3 j’y"'.and

recovery: pérlodl mnlt be lolved by adequate coun'
survival and reeovery from the immadiate effects of w‘a‘xﬁrev will
have been in vain if we can not cope with thc‘lutini gbbii“édntmmuon.

'rhoro!oro it is imperative that ecological ltudhl' ] promptly

started on thl urleat problcml thn muld ruult !rom ,uﬂc wu!n-o.

14
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