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BXOLCGXCBL HAZARD OF RADIOACTIVE- 
R, A. Dudley, 6/17/!% 

I, Uptake and retent ion,of  Sr  

Table 2 4.a Collected a , l e t  of d&a from Sr and Ca uptake and 

Fronl these data it retention experiments Tepotted ik the l i t e r a tu re ,  

may be conclucled tha t  when dr' d d  &i .!&e administet'ed &del' equivalent 

conditions, the Sr/Ca r a t i o  retained falls between 0s and 1. 

tlequlvalent conditions" include: 

These 

(1) Wide range of species (mice, r a t ,  s t ee r )  

( 2 )  Wide range of age 

(3) Wide range of aa r r l e r  Sr  

(4) Conditions of normal or  disturbed ( rachi t ia ,  of P or Ca 

deficient  var ie ty)  Ca metabolism. 

( 5 )  Oral o r  injected 

With a few exceptions, these experiments extend over periods of only 

a few days. 

longed periods would give closely similar r e su l t s  for  these reasons; 

h e  may have conf'idence tha t  similar experiments over pro- 

(1) The two chronic feeding experiments on ra t s  give a r a t i o  

of retained Sr/Ca : 0.4 and 0.25, respectively,  

( 2 )  Excretion of Sr  and Ca I s  very slow a f t e r  the first week. 

This is apparent i n  item 7 of Table 2, Extensive studies 

en Sr excretion i n  large animals have been carr ied out by 

Comar (13) ( s teers  and sheep), and Kisieleski (l.4) (dogs). 

bh OS 0.- data a r e  swmnarised i n  Table 3, where da l ly  ex- 

cret ion is expressed as a percentage of body burden and 

as the corresponding half l i f e  for  retention, Since Ca 

is excreted l e s s  rapidly than Sr, the r a t i o  Sr/Ca retained 

would be expeated to drop with time, but perhaps less than 

25% a f t e r  10 days. 



TABLE 3 

Rate of Excretion of Sr9’ 

% body bwden 

- . . : admWat@at.tan ~, excretion . 
Des efter i n  da i ly  

Yearling s teers  16 0.6% 

20 0.1 

720 0~004 

Mature sheep 

Dogs 

10 

20 

50 

100 

500 

14 0.5% 

Ass o ciated 
half  l i f e  

120 days 

700 

1.7 104 

3.5 days 

70 

230 

460 

3500 

140 days 

From these metabolic experiments it appoars tha t  Ca and Sr behave 

nearly (though not exactly) l i k e  isotopes, 

metabolism under unspecified oonditions of Ca metabolism cannot be 

re l iab ly  intuqretod.  Para l le l  se r ies  of S r  and Ca experiments i n  

s i m i l a r  animals, or be t te r  yet, double t racer  experiments i n  the same 

animals, are t o  be strongly reoomended. 

Consequently, studies of Sr  

11. Looalization of Sr and i ts  radiat ion i n  skeleton 

A, Strontium atoms 

The dis t r ibu t ion  of Sr in the  skeleton has been extonsively 

studied. 

ra ther  than quant i ta t ive i n  character. 

experiments which have been performed, the local izat ion of Sr  i s  

ident ida l  with tha t  of Ca. 

Unfortunately, maw experiments have been qual i ta t ive 

Within the accuracy of the 

On the molecular scale,  it i s  probable tha t  S r  is located i n  

“solid solutionft within the bone crystals  -- again essent ia l ly  ieo- 

topic  with Ca. MaoDonald, e t  all’, have carr ied out x-ray diffraot ion 

- 2 -  

013272 



013273. 

studies on r a t  bono ash which, by adjustment o f  the r a t  diet ,  

cbntained B few percent Sr, 

the presence of only a s i n g h  phase i n  the cryeta1 structure:  

hydroxyapatite, the s m e  as dontrdi B6rlo ash. 

wore dis tor ted by the Sr, resul t ing i n  blurred diffraotiori lines. 

Support f o r  the hypothesis t h a t  Sr is incorporated i n t o  the l a t i c e  

is  given by the existence of a aer ies  of apati te-l ike minerals in- 

volving Ca, Sr, Ba, and Pb, a l l  of which are capable of forming 

so l id  solutions, one with ahother, 

The diffract ion pattern indicated 

Unit c e l l  distances 

On the microscopic scale, numerous autoradiographic studies 

have been performed shaving the qual i ta t ive s imflar i ty  i n  Ca and 

Sr localization, 

large animals has been made by Comar, e t  allb. Woanling pigs 

(80 days) were injected with Ca, Sr, o r  P and sacrificed a t  inter-  

vals  up t n  60 days. 

c ien t ly  familiar t h a t  a dotailed deacription is  unneoessaryl 

Briefly, the i n i t i a l  deposition was very pronounced a t  the opiphya- 

eal-plate,  under the periosteum and endosteum, and a t  spots through- 

out the tr-&ecular and aor t ica l  s t ructares ,  A lower concentration 

of a c t i v i t y  was evident i n  diffuse dis t r ibut ion throughout the whole 

bone. 

A good comparison of the two elements in growing 

The resul tant  pattorn of a c t i v i t y  is suffi-  

With time the Bpiphyseal growth l e f t  behind the  i n i t i a l  

epiphyseal deposit, whioh was then overtaken by the  trabeuular 

region and l a t e r  resorbed altogether when replaced by the  elongating 

marrow cavity. 

by growth i n  the shaf t  diameter, and ult imately resorbed a t  the 

marrow cavity surface. Sinco l i t t l e  of the resorbed Sr is excreted, 

it must be redeposited, Very s i m i l e  r e s u l t s  were found in rabbi t  

bones by Kidman, e t  all7.  An additional mode of redis t r ibut ion is 

the exchange prooess. 

radiographia rneasurenenta an Cdrs ln r&o) pmem4ably Sr  would have 

yialded the eams results. 

Tho subeperh&eal deposit was  SbdkWly Overtaken 

Tomlin, e t  all', made quantitative auto- 

It was found that in t h e  p&od frm 
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4 t o  6 weeks of Age, 3.4% of the  disphyseal Ca i n  femur and 

humerus were &&.wed by exchangej and 24% by the 16th week. 

Exchange in adults hties muoh iower. 

A signif icant  e f fec t  64 tha fed&ption and exchange must be 

a progressively more homogenootls dis t r ibut ion of act ivi ty ,  and 

Cherefore a more nearly uniform dese r a t e  throughout the bone. 

% &n01d19 has studied by qumti ta t ioe  autoradiography t h e  localiza- 

The hot spot act i -  t ion  of Call5 i n  the cor t ica l  bonws of rabbi tsr  

v i t y  concentration, re la t ive  t o  diffuse ac t iv i ty  throughout the  

cortex, ranged up t o  about 15, with a mean of about 6 ,  

On the scale of whole bones, differencos in concentration of 

Sr  per gram w a t  weight are found betmeen different  bones. 

sumably, t h i s  is caused by differences in amount of Ca per gram wet 

weight or differences i n  r a t e  of growth a t  time of injection. 

example, i n  tho bones of yearling s teers  hmareo found ac t iv i ty  

r a t i o s  of 2 or 3 between different  bones. 

b e -  

For 

The foregoing discussion assumed aamlnlstration of the Sr in 

a single inject ion or feeding. However, i f  the Sr i s  incorporated 

in to  the skeleton under aonditions of chronic feeding, the Sr  would 

presumably be dist r ibuted i n  an essent ia l ly  uniform mixture through- 

out the  ske le ta l  Ca, 

Br SrYb - Yyo radiat ion 

The d is t r ibu t ion  o f  the pment Sr9' or Y90 atoms and t h e  dis- 

t r ibut ion of t h e i r  radiat ion dose i s  not idantical .  

OT tho regions of local izat ion are comparable i n  siae with the 

range of tho radiation, dose dis t r ibut ion Will be more nearly uni- 

form than i s  the parent atom dis t r ibut ion,  

especially s ignif icant  when an attempt is  made t o  extrapolate mouse 

t o d o i t y  data t o  la rger  animals. 

t i o n  of the atoms i n  epiphyses, efc., of mice and larger  animds,dose 

dis t r tbut lon throughout t h e  mouse bones would be much more uniform 

I f  the bones 

This e f fec t  may be 

Despite corresponding localiaa- 
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bedawe the bone diameter (8.g. femur shaf t  diameter about 1.5 m> 

is dompSrabPe d t h  %he Y90 ra&e. 

so f t  t issue wodd be greater  &I the modide than i n  larger  animals. 

For tox ic i ty  studies the Beak &$ktba i  parameter i s  dose distribu- 

t ion,  not parent atom dis t r ibut ion,  

Also, i r rad ia t ion  of surrounding 

There are  apparently no quantitative studies available on small 

scale  d is t r ibu t ion  of Sr90 dose in animal bones. There are such 

studies,  however, fo r  cab5 in dog bones, and presumably the S r w  

s i tua t ion  maybe inferred by analogy, 

son on h i s  measurements, which are s t i l l  i n  progress. 

D o b p 2 1  examined the loca l imd  (0.005 mm2) dose d is t r ibu t ion  from 

Ca45 i n  2 dogs, 1 adult, 1 growing, and re la ted  these measurements 

to the  blood ac t iv i ty ,  the average bone dose, and the effects  of 

nominal docalcifying prooedures. 

admhistrat ion the m&mm l o c a l  doee ra tes  in r ib ,  humerus , femur, 

t i b i a ,  and jaw wore a l l  substant ia l ly  equal; they were from 5 t o  10 

times average bone doso i n  the young dog and 10 t o  24 in the old. 

Successivo r i b  reseotions following troafnents with CaC12, NHbC1, 

and parathyroid hormone showed only small reduotiom i n  hot spot 

dose rates;  those reductions were qui te  l i k e l y  produced by normal 

exchange prooesses over the period of the experiment ra thor  than 

lay the  treatment . 

Maletskos will report  i n  per- 

Dudley and 

It was found tha t  5 weoks a f t e r  

Presumably the muoh greater range Of SrPO-Y9' beta radiat ion 

would have given a somewhat more uniform dose dis t r ibut ion in the 

same dogs than did the Cab5 radiation. Quant i ta t ive autoradiographio 

studies of dose r a t e  d i s t r ibu t ion  from Sr9' i n  bone would add muoh 

information where l i t t l e  is  now 8vaaable .  

013275 
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111. Local izat ion of i n  Skeleton 

Since the Y9Odaughter of SI$’ has a half l i fe  of 64 

suf f ic ien t  time i s  conceivably tivailutle for  a s1,nIficant 

of t h i s  element in the skeleton. 

Studies of ekelethi  dis tkibut ion folloidn2 I ,  V. 

hours, 

redis t r ibut ion 

inject ion have 
22 shun differences tetc.een Y and Sf Idaa lha t ion ,  

examined the d is t r ibu t ion  of Y3I i n  &-owin; ca , t le  k t  in te rva ls  up t o  

5 months, and ! taper  e t  8123 -de similar measurements on cabbi t s  (both 

young and adul t )  a t  i n t e r v d s  up t o  3 months. 

betr,een Y and Sr is t ha t  Y i s  not l a id  dow i n  such high concentration 

under the periosteum and endosteum, 

with the protein bone mutrix rather  than with the mineral c rys ta l s  l i ke  

Sr, i ts  chief ini t ia lconccntrat icnin grownin,: animals is a t  the epiphysis. 

I t  is then held even more firmly than Sr a s  the bone grotrs, u n t i l  f i na l ly  

being resorted a t  the marrow mvity.  

throughout the bone cortex i s  a lso  found, a s  i n  the  case of Sr, 

For example, Comrtr 

The chief difference 

i.hile Y i s  presumably associated 

n l i g h t  diffuse d is t r ibu t ion  of Y 

An outstanding character is t ic  of Y deposits, whether i n  bone or 

s o f t  t issue,  is the firmness rlith \ hich they are rctdincd. 

essent ia l ly  constant ac t iv i ty  i n  the s teer  bones and s o f t  t issue between 

13 days and 5 months and tiayner found retent ion hidher than Sr, 

not ye t  experimentally established, it soems very unlikely tha t  si,nificont 

redis t r ibut ion o f  Yx takes plrce folloning its “birthf1 f rom Sr9O. 

dose d is t r ibu t ion  from Sr9’ Y90 would then bo produced by pamnt  atoms 

i n  the Sr and Ca d is t r ibu t ion  pattern. 

Comar found 

Although 

The 

1V.Comparison of Sr90and RE Ooso bis t r ibu t ion  

The diatr ibut ion of Ra i n  the skeleton i s  covered i n  detain i n  

Looney’s ta lk ,  Tne Jocalization i s  qual i ta t ively,  a t  l ea s t ,  ident ica l  

.. , . 

:Ath tha t  of Ca and Sr. 

been emminod by Looney and hoodruffZ4 and by Hoacker und R 0 0 f e ~ ~ .  

a l l  cases, ,in ,+as administered v,hen the individual {.as an adult. B&tmew 

2 and 15 $ of the Haversian systems contained ita, cilthou&/the larnellae 

in any one system \.ere active. 

i n  t h e  trabeoular bone. 

the r a t i o  of hot spot t o  averade dose r a t e  tnroughout the bone i s  i n  t h e  

range of 10-100. 

than the Ca45 dose observed by Dudley i n  adul t  dog bones (10-20) and the 

d5 concentration observeu by Arnold i n  rabbi t  bones (5-10). 

The “hot spotP dose rates i n  human bone Wve 

I n  

i n  some cases only a f rac t ion  of 

Similar spotty local izat ion :.ere observed 

From tho data presented, it lvould appear t ha t  

This swges ts  a someuhat higher local izat ion of Ra dose 
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It i s  quite  possible t h a t  i n  animals of the same age and species the loca l  

concentrations of it&, Sr, and Ca atoms would be the same, wNle dose 

concentration oould be i n  tho order Rap Ca43 Sr9' i n  bveree relationship 

t b  the .range of t h e  rabiation. 

The diffel'ence totceen tHe ran& ef Ha and Srg0 - Y90 radiat ion 

may hove #eater implications than the assodated  differenties i n  hot 

spot dose concentration. 

i so la ted  from radiat ion originating i n  adjacent systems, \;hereas for 

Sr9'-Y3' the immediately adjacent sp tems receive considerable radiat ion 

dose, 

have b di f fe ren t  biolokictrl effectivness from b radiation, 

r'iret, for Ra Hamison aystems are  effect ively,  

Second, the high specif ic  ionization of alpha rays may of course 

0132?'7 

V, Toxicity of  radioactive S r  

A s e t  of experimental dataindicating Sr  t ox ic i ty  i n  various species is 

l i s t e d  i n  Table 4, 

experiments I havo been ab le  t o  find, with the exceptirn tha t  some acute 

mouse end r a t  data are  omitted, 

the a rb i t ra ry  assumptions of ske le t a l  weight equals 1/10 body weight, 

and retained dose equals 5'0% of administered doso (unless fur ther  data  

on retent ion obtained i n  experiment). While the l i s t  is f a i r l y  extensive, 

The data include essent ia l ly  a l l  the s ignif icant  

Skeletal  doso r a t e  is calculated under 

very few of the items are of much value i n  determining human tolerance 

for Sr9* . 
than long term hazard levsl .  

ance are br ie f ly  discussed bclow, 

Most of the experiments used Sr89, and were a t  the acute ra ther  

Sevdral methods for  estimating human tolor- 

A *  Direct observations i n  humans 

There is no supply of human S r  casos paral le l ing the Ra cases, The 

SrE9 pat ients  i n  Table 4 are  not numerous enough t o  be of much valuo. 

B. Comparison of S r  and Ra toxic i ty  

The comparison of Sr  with Ra tox ic i ty  i n  animals would permit an 

This 

However, few experiments have 

estimate of human S r  tox ic i ty  from the  known human Ra toxicity. 

method is  probably the most promising, 

been designed t o  make this animal comparison a t  chronic leve ls  of radiation' 

A small scale Ra mouse experiment, i n  para l le l  with Brues' large Sr89 

mouse experiment, indicated 29, '38 a Sr iRa tox ic i ty  r a t i o  of ltl0 on 89 
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a microcurfe basis. If it i s  assumed tha t  tho Ra dose i n  humans, per 

013278 

microcurie, is twice as great as i n  mioe on account of lower Rn exhal- 
89 90 

:Ra r a t i o  for  humans would bo 1:B, and Sr  ation, the Sr tRa r a t i o  

would be l f Y 3 ,  The differedces betwoeh bone s ize  of mice and humans 

influence the respective dose distributioti  patterns,  and may require a 

correction t o  t h i s  ra t io  for  humdhsl Prom the human Ra t%olerance" of 

0.1 microcurie/nan, one mould compute a vdue for Sr9' of 1.0 miWOCWie 

per man. 

C. Comparison with x and gmme radiat ion of  bone 

The l a w o s t  value i n  Table 4 of bone doso required to  produce a mnl -  

ignant tumor is ?bout 5000 rads. 

is a laver  limit, 

ske le ta l  dose i n  50 years i s  about 35 microcuries per man. 

There i s  no reascn t o  supposo that t h i s  

The amount of Sr90 required t o  produce t h i s  cumulative 

The accepted whole body maximum permissible exposure is 0.3 rad/week, 
90 

o r  750 rads i n  50 years. 

formly throughout the bone, the doso characterwould be very similar 

t h a t  from external x and gamma radiation, thoreby just i fying a COmpariSOn* 

A dose of 750 rads would be produced by 5 microcuries/man for  Sr  

If Sr  were dis t r ibuted substant ia l ly  uni- 

90 , 
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