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BIOLOGICAL HAZARD OF RADIOACTIVE _SW
R. A, Dudley, 6/17/5h
I, Uptake and retention of Sr

In Table 2 48 é&ollected a #Bet 6f data from Sr and Ca uptake and
retention experiments repotrted 1 the 1i£erafure| Fron these data it
may be concluded that when 3:‘ dHd Ch ate administered inder equivalent
conditions, the Sr/Ca ratio retained falls between 025 and 1. These
equivalent conditions" includet

(1) Wide range of species (mice, rat, steer)

(2) Wide range of age

(3) Wide range of carrier Sr

(4) Conditions of normal or disturbed (rachitie, of P or Ca

deficisnt variety) Ca metabolism.

(5) Oral or injected

With a few exceptions, these experiments extend over periods of only
a fow days, One may have confidence that similar experiments over pro-
longed periods would give closely similar results for these reasonsi

(1) The two chronic feeding experiments on rats give a ratlo

\ of retained Sr/Ca = 0,4 and 0.25, respectively,

Ty

(2) Exeretion of Sr and Ca is very slow after the first week.
This is spparent in item 7 of Table 2, Extensive studies
en Sr excretion in large animals have been carried out by
Comar (13) (steers and sheep), and Kisieleski (1) (dogs).
Thes o~ data are sumarigzed in Table 3, where dally ex-
cretion is expressed as a percentage of body burden and
as the corresponding half life for retention, Sines Ca
is excreted less rapidly than Sr, the ratio Sr/Ca retained
would be expected to drop with time, but perhaps less then
25% after 10 days.
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TABLE 3
Rate of Excretion of Sr9o

v % body burden
Days afder in daily Associated
s administration ~Sxerotion half 1ife
Yearling steers 10 | 0.,6% 120 days
20 0.1 700
720 0,00l 1,7 x 0%
Mature sheep 10 29 35 days
20 1 T0
50 0.3 230
100 0.15 1160
500 0,02 3500
Dogs 1 0,5% 140 days

From these metabolic experiments it appears that Ca and Sr behave
nearly (though not exactly) like isotopes, Consequently, studies of Sr
metabolism under unspecified conditions of Ca metabolism cannot be
relisbly interpreted, Parallel series of Sr and Ca experiments in
similar animals, or better yet, double tracer experiments in the same

animals, are to be strongly recommended.

IT, Loocalization of Sr and its radiation in skeleton

A, Strontium atoms
The distribution of Sr in the skeleton has been extensively
studisd, Unfortunately, many experiments have been qualitative
rather than quantitative in character, Withim the accuracy of the
experiments which have been performed, the localization of Sr is
‘ identioal with that of Ca.

On the molecular scale, it is probable that Sr is located in
tg0lid solution" within the bone crystals —= again essentially lso-

topic with Ca, MacDonald, et allg, have carried out x-ray diffraction
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gtudies on rat bone ash which, by gdjustment of the rat dlet,
ebntained a few percont Sr, The diffraction pattern indicated

the presence of only a sing‘ie phase in the erystal structure:
hydroxyapaéiﬁe , the seme as #ontrédl Béro ash. Unit cell distances
wore distorted by the Sr, resulting in blurred diffraction lines,
Support for the hypothesis that Sr Iis incorporated into the latice
is given by the existence of a series of apatite~like minerals in-
volving Ca, Sr, Ba, and Pb, all of which are capable of forming

80lid solutions, one with another,

On the miocroscopic scale, numerous autoradiographic studies

have been performed showing the qualitative similarity in Ca and

Sr localization, A good comparison of the two clements in growing
large animals has been made by Comar, st allé. Weanling pigs

(80 days) were injected with Ca, Sr, or P and sacrifised at inter-
vals up te 60 days, The resultant pattern of activity is suffi-
clently familiar that a detalled description is unnecessary.
Briefly, the initial deposition was very pronounced at the opiphys-
eal_plate, under the periostoum and endosteum, and at spots through-
out the trzbecular and eortical structures, A lower concentration
of activity was evident in diffuse distribution throughout the whole

bonee

With time the &piphyseal growth left behind the lnitial
epiphyseal deposit, whioh was then evertaken by the trabecular
region and later resorbed. altogether when replaced by the elongating
marrow cavity. The sub-perisstesl depesit was similarly overtaken
by growth in the shaft diameter, and ultimately resorbed at the
marrow cavity surface. Sineo little of the resorbed Sr is excreted,
1t must be redeposited. Very similar results were found in rabbit
bones by Kidman, et a117. An additional mode of redistribution is
the exchange process, Toemlin, ot al18 » made quantitative auto-
radiographic measurcmente on 0aliS 1n ratey proocumshly Sr would have
ylalded the seme results. It was found that in the perioed from
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L to 6 weeks of Age, 1% of the disphyseal Ca in femur and
humerus were rev.ewad By exchange; and 2L% by the 16th week,

Exchange in adults was ftich lower.

A significant effect of this todorption and exchange must be
a progressively more homogeneous #istribution of activity; and

therefore a more nearly uniform dose rate throughout the bone,

. Arnoldl? has studied by quantitative autoradiography the locallza-

tion of Call® in the cortical bones of rabbits, The hot spot acti-

vity concentration, relative to diffuse activity throughout the

cortex, ranged up to about 15, with a mean of about 6.

On the scale of whole bones, differences in concentration of

Sr per gram wet welght are found between different bones, Pre-
sumably, this is caused by differences in amount of Ca per gram wet
weight or differences in rate of growth at time of injection, For

example, in the bones of yearling steers Comarzo found activity

ratios of 2 or 3 botween differsnt bones,

The foregoing discussion assumed administration of the Sr in
a single injection or feeding, However, if the Sr 1s incorporated
into the skeleton under conditions of chronic feeding, the Sr would
presumably be distributed in an essentially uniform mixture through-

out the skeletal Ca.
Bs Sr'V = Y99 padiation

The distribution of the parent 70 or Y90 atoms and the dis-
tribution of their radiation dose is not identical, If the bones
or the reglons of localization are comparable in size with the
rangs of the radlation, dose distribution will be more nearly unie
form than is the parent atom distribution, This effect may be
especially significant when an attempt is made to extrapolate mouse
toxloity data to larger animals. Despite corresponding localiza=
tion of the atoms in epiphyses, etc,, of mice and larger animals,doese

distribution throughout the mouse bones would be much more uniform
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bedause the bone diamoter (e.g, femur shaft diameter about 1,5 mm)
is domparébie with the Y90 raiﬁée; A‘lsbl, irradiation of surrounding
soft tissus wouid be greater in the movde than in larger animals,
For toxicity studies the Béé:‘:d' {sﬁysiéai parameter is dose distribu-

tion, not parent atom distribution,

There are apparently no quantitative studies avallable on small
scale distribution of 8r’0 .dose in animal bones, There are such
studies, however, for Cahs in dog bones, and presumably the sr90
situation may be inferred by analogy. Maletskos will report in per-
son on his measurements, which are still in progress. Dudley and
Dobyns®l exemined the localized (0,005 mn2) dose distribution from
cal® 1n 2 dogs, 1 adult, 1 growing, and related these measurements
to the blood activity, the average bone dose, and the effects of
nominal decalcifying procedures, It was found that 5 weeks after
administration the maximum local dose rates in rib, humerus, femur,
tibia, and jaw wore all substantially equal; they were from 5 to 10
times average bone dose in the young dog and 10 to 2% in the old.
Successive rib reseotions follewing troatments with CaCly, NH)Cl,
and parathyroid hormone showed only small reductions in hot spot
dose rates; these reductions were quite likely produced by normal
exchange processes over the peried of the experiment rather than

by the treatment,

Prosumably the much greater range of sr?0.y70 beta radiation
would have given a somewhat more uniform dose distribution in the
same dogs than did the Cal‘5 radiation, Quantitative autoradiographic
studies of dose rate distribution from Sr90 in bone would add much

information where 1little 1s now availsble.
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III. Logaligzation of in Skeleton
Since the Y'0daughter of S0 has a half life of 64 hours,

suffieient time is conceivably avuilable for a si_nificant redistribution
of this elemeﬁb in the skelston,

Studies of Yéi skele{ai distiibution following I. V. injection have
slown differences tetween Y and St iﬁdaiiéation. For example, Comar 22
exanined the distribution of Y’% in growing caitle at intervals up to
5 months, and hayner et 81<3 mede similar measurements on rabbits (both
young end adult) at intervzls up to 3 months, The chief difference
between Y and Sr is that Y is not laid down in such high concentration
under the periosteum and endosteum, ihile Y is presumably assoclated
with the protein bone mutrix rather than with the mineral crystals llke
Sr, its chief initialconcentraticn in growning animsels is at the epiphysis,
It is then held even more firmly than Sr as the bone grows, until finally
being resorted at the marrow cavity, & light diffuse distribution of ¥
throughout the bone cortex is also found, 83 in the case of Sr.

An outstanding characteristic of Y deposits, whether in bone or
soft tissue, is the firmness with uhich they are retained, Comar found
essentially constant activity in the steer bones and soft tissue between
13 days and 5 months and Rayner found retention hi_her than Sr, Although
not yet experimentally established, it secems very unlikely that si_nificant
redistribution of Y90 tekes plece following its "birth" from sr90, The
dose distribution from Sr7° ¥7° would then be produced ty paroat atoms

in the Sr and Ca distribution pattern.

1V.Comperison of 5r%%nd Ra Dose pistribution

f é The distribution of Ra ¥n the skeleton is covered in detain in

i Locney's talk, Tne Jocalization is qualitatively, at least, identieal

with that of Ca and Sr. The "hot spot" dosec rates in human bone héve

been examined by Looney and Woodruff<4 and by Hoecker and Roofe?5, In

all cases, da .as administered vhen the individual vas an adult, Betwean
in some cases only a fraction of -

2 and 15 % of the Haversian systems contained ita, althougg/the lanellae

in any one system vere active. Similar spotty localization were otserved

in the trabecular bone, From the data presented, it would appear that

the ratio of hot spot to average dose rate throughout the bone is in the

range of 10-100, This suggests a somewhat higher localization of Ra dose

than the Ca%’ dose observed by Dudley in adult dog bones (10-20) and the

Ca®’ concentration otserved by Arnold in rabbit bones (5-10),
-6~ - ‘1§§’!! ’
D 5 - 7~ ”vEg




013277

It 18 quite pdssible thet in animals of the same age and specles the local
concentrations of Ra, Sr, and Ca atoms would be the same, while dose
concentration would be in the order Ra )Ga"’S,\ sr70 in inverse relationship
tb the range of the radlation,

The difference betveen tHe ranges bf Ra and Sr90 - %0 rediation
may have greater implications than the associated differehces in hot
spot dose concentration. rirst, for Ra Hawrison systems are effectively.
isolaeted from radiation originating in adjacent systems, whereas for
Srgo-Y90 the iamediately adjacent systema receive considerable radiation
dose, Second, the high specific ionization of alpha rays mey of course

have &« different biologlcal effectivness from B radiation,

Ve Toxlcity of radicactive Sr

A set of experimental dataindicating Sr toxicity in various specles is
1listed in Table L., The data include essentially all the significant . : -
experiments I have been able to find, with the exceptirn that some acute
mouse end rat data arc omitted., Skeletal dose rate 1ls calculated under
the arbitrary éssumptions of skeletal weight equals 1/10 body weight,
and rotained dose equals 50% of administered dose (unless further data
on retention obtained in experiment). While the list is fairly extensive,

very few of the items are of much value in determining human tolerance
for Sr90 « Most of the experiments used Sr89, and were at the acute rather
than long term hazard levsl, Several methods for estimating human toler-

ance are briefly discussed below,

A, Direct observations in humans
There is no supply of human Sr cases paralleling the Ra cases, The

89

Sr”~ patients in Table L are not numerous enough to be of much value,.

B, Comparison of Sr and Ra tbxicity
The comparison of Sr with Ra toxicity in animals would permit an

estimate of human Sr toxicity from the known human Ra toxicity. This

mothod is probably the most promising., However, few experiments have

boen dasigned to make this animal comparison at chronic levels of radiations

A small scale Ra mouse experiment, in parallel with Brues' large Sr89

mouse experiment, indicated29’ 38 a Sr89aRa toxicity ratio of 1310 on

DOE ARCHIVES;



a microcurie basis, If it is assumed that the Ra dose in humans, per
microcurie, is twice as great as in mice on account of lower Rn exhal-

. 0
B9:Ra ratio for humans would be 1:20, and Sr9 tRa ratio

ation, the Sr
would be 1510; The differences betweeﬁ bone size of mice and humans
influence the respective dose distribution patterns, and may require a
correction to this ratio for humdhsi From the human Ra "tolerance" of
0.1 microcurie/man, one would compute a value for Sr90 of 1.0 mierocurie

per man,

C, Comparison with x and gamma radiation of bone

The lowost value in Table L of bone dose required to produce a mal~
ignant tumor is =bout 5000 rads. There is no reascn to suppose that this
is a lower limit. The amount of Sr 0 required to produce this cumulative

skeletal dose in 50 years is about 35 microcuries per man,

The accepted whole body maximum permissible exposure is 0,3 rad/week,
or 750 rads in 50 years., If Sr9o were distributed gubstantially uni-
formly throughout the bone, the dose characterwould be very similar to
that from external x and gamma radiation, thereby justifying a comparison.

0
A dose of 750 rads would be produced by 5 microcuries/man for Sr9 .
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Col. Re G. Butler

Ordrance Corps Assistiant

0ffice of ihe Chief of Ordnunce
Departament of the Arcy
Haghinglon 25, De Ca

Reference 00/4c-5LT0
Lgar Col., Butler:

In your letter of ¥arch 17 you requested us to review
coments of the Arngy Chemical Corps, Chemical and
Radiclogical Laboratories, on the health and zafety
aspects of “"Renny*, '

Fe have prepared some comments, copy attached, acoord-
. ing to the topics apecified ia your letter, and hope
ﬁ they mgy be of value to you, especlally in the light
i of our eariter discuasion with Messrs. . %. Fosepan
apd J. I. ¥istle of your office,

Jincerely yours,

VWalter L, Claus, Chief
Biophyuies Branch
Division of Blolegy and Sedicine
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