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Late Effects  of In te rna l ly  Deposited Radioactive Haterids 
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Radium e a t s  were given orally and tntravenourly f o r  hypertension, 
% 

mthritle, syphi l is ,  anemia, leukemias and mental disorders from about 

1915 t o  1930. 

tainfng radium, mesothorium, and radiothorium started in this  country 

The painting of watch aiala with luminous material aon- 

i n  about 1915. 

elements that  c m  be sa fe ly  retained by the body are baaed i n  a large 

l?he present determinations of the mounts of heavy radio- 

maour8 on the radiobiological data obtained from these pat ients .  How- 

ever, additional information is nscesrsry t o  es tab l i sh  more accurately 

parlmum permissible levels of expoellre. 

.) ,. .; 
Seventy eight people were recently evaluated at the Harvard Medical 

8ahoolb the Argonne National Laboratory, and the h688ChUSettS I n s t i t u t e  
1 .  

.,e. *, .- . 1 9 I 

of Fechnologg who had radioact ive materials preaent i n  t h e i r  bodies  for 

protraatsd periods of t ine .  Twenty eight of these people were forner ly  

employed as luminous d ia l  workera, and f i f t y  were glren radium salts.  

Mors than 90% of the radium le rapidly eliminaQed. The average 

amount of radium present in 19 mental patiento at 6 month8 -8 4%. at 12 
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wnthr  2$, and at twenty years .8$. 

i r  deporited in the skeleton in amall highly conuentratd areae. 

Prac t ica l ly  all of the retained radium 
cI1 
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This i r  a gross autoradiograph of a t i b i a .  The dark area8 ahow t h o  

.;.s;.i_ lrre oughout the e n t i r e  reution. 
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SLIrn 2 

%tiis is a detai led autoradiogfaph showing the alpha tracts uoming 

f rom radium concentrated in 2 haversian s;~etems. 

One.- of the most important hi6topathologiCal f indings of these 

Investigations has been the preeence of an atypical  osseop13 t l a e w  i n  the 

trabecular spacee. Similar change8 have been found in animal+ folloving 

the administration of plutonium, etrontium, and other bone oeeking radio- 

elements. 

, SLfDi3 3 

This is a photomicrograph showing bone, the darker staining at;pioal 

08seus tissue, and acellular fibrous tissue. 

SLIDE 4 

This is a roentgenogram of a v e r t i c a l  and horizontal aection of the 

- 4  - f i b u l a  shwing  the %mall aitreae~ of de6tmation that OUCWred in::$+ cortex 

of tile long tones of these patients, 

SLIDE 5 

This is a roentgenogram of the humerus shoving arees of increased 

density i n  the head produced by atypical osseue t issue and areas of deareased 

density in the cortex produced by bone destruction. 

Ele long bones of patientta having over one microgram of radium wero 

involved about three times as of ten  as those pa t ien ts  having under one micro- 

gram, thus ahowing that aome correlation can be made betveen the roentgeno- 

graphiu changse and inorearring amountr of  radium in the body. 

Deratwtive ahangse were found a8 often in the abesnoe a0 in $he presenm 
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processes can no longer be maintained at a r a t e  equal t o  the destructive 

, procera~es, permaent change0 occur. 

Symptoms which could reasonably be a t t r i bu ted  t o  radium deposition, 
T 

u s u a l l y  resulted from aaeptic necrosis of the bones. Symptoms began t o  

develop about 15  years a f t e r  radioelement deposition. 

the pat ients  had symptoms referable  t o  the presence of radioactive materiala. 

About one half of 

Significant hematological ohnges  did not occur u n t i l  the disease process 

was well advanced and tersainally they usual ly  had about 10 grams of herno- 

globin and 3 million sr throeyter  per oubic millimeter. 

There is a rather  general agreement the mlignanoies originate 'in o r  

axom&. the pro l i fe ra t ion  of  f ibroua uonneative t issue and atypicr.1 08seu6 

tiesue. .Since rad ioac t iv i ty  is uaually absent i n  these areas, the i n i t i d  

c o L k i t . n  of Wtland that aaxcomgs develop a0 a d i rec t  result of irradi- 

a t ion  is unlikely. 

'ifhirteen tumors developed i n  the 89 pa t ien ts  of the 1951 series.  8 of 

these tiunore developed in luminous dial  workers and 5 i n  t k  radium pat ients .  

SLID3 6 

'Phis al ide shows the d i s t r ibu t ion  and type of tumor found i n  the 1951 

investigations. -%e tumors t ha t  developed in the radium patiente are shown 

on the right, and the tumors that developed i n  the luminoue d i a l  workers are 

shown on the left, side of the akeleton. Xote that tumor origfn was almost 

alwayr In oancelloua bone, the Bite of atyplual o8iseu8 t issue formation. - 
9!he c l in ioa l  coarae of 5,&$lentr of Xartlsnd'a 1931 seriee was t3ompared, 

!&e a v q g 6  age at the tlme of  deposition of the radio- 
i 

\ 

,,: with the 19-51 series.  
/ 
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ac t ive  materials was 17 years  € o r  the lamidous dial  workers and 39 yeare 

f o r  the radium patients.  %e tempo of the e n t i r e  a l i n i c a l  aourse Beems t o  

be aczelerated with increaaing amounte o f  radioactive nmterials. It took 

about three times as long for the first symptom t o  develop and death t o  occur 

i n  tile 1951 aer ies  aompared t o  the 1931 ser ies .  

had about 8 times as much radium as the pa t i en t s  investigated i n  1951. 

l?heae data are  inconclusive but they suggest that eoce relation exist8 

However, Ylsrtlam5's call06 

hetweeu the amount of radium present and the tine maligaancy develop%. 

There is a marked accelerat ion of the dieease procss? when malignaa6,- 

change6 occur. 

becows emaciated, anemia develope, mad. pain increases and becomee generalized 

Death uaually occurs about one year after spptoms began at  the aite of the 

humor o r i g i n .  

emacfrttion, anemia and secondary infection. 

The pat ient  follow a rather rapid dowr+hlll o o ~ ~ r s e (  he 

Pat ien ts  who do not die from malignancy ueurrlly die  from 

I ,  - - ?  

There haa been conafderable interest recent ly  i n  the potent ia l  use of 
. .  

thorium a8 a breeder imter ia l  in the production of atomic energy. 

trast containing thorium began t o  be used for the visual izat ion of  the l iver ,  

Hfioro- 

spleen and blood vessels In  about 1930. 
I 

Two investigations of the  l a t e  e f f e c t s  of thorium a re  now being carried 

out, one at the Haval Medical Oenter, Bethesda, )baryland in aondnnction with ' 

the Universitlea of Utah and hchee te r ,  and the Atomic Energy Qon;.bssion and 

t h e  other at the Pinsen Ins t i t u t e ,  Oopenhagen, Denmark in aonjrulotion with 
- 

tha Briki&h:. Medical Beeearch Eouncil. ' 

1 .- Approximately 250 geople who reaeived 

thoro tmaC have been reasnfly sv&ated .  

i 
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When thorotrast  i s  given almoat all of the thor ium i s  taken up by the 

reticula,-endothelial system and retained indefini te ly .  Only om half of one 

. percent of the thorium was@Unimted from a pat ien t  who died 17 d 2 y s  after 

thorotrast  administaation. More than 90% wag eliminated the f i r a t  week. 

SLIDE 8 

This is a slide showing the dietribtl t ion of thrrrium i n  this patient. 

The thorium concentration i n  the adrenal gland was one t h i r d  the concentration 

i n  the l iver .  

murcla. 

Concentration in the heart was f o r t y  times greater than in 

Denee cortical bone had a very small amount af thorium. 

SLIDE 9 

This i s  a al ide showing the concentration of thorium i n  the pat ient  who 

received t h o r o t h s t  17 days prior  t o  death compared w i t h  another who received 

thorotrast  20 years pr ior  t:, death. 

to the spleen and lungs and sternam. The concentration in the l iver ,  bone 

JUU';POW and skeleton &a about the same i n  

There is an apparent redistriiiatL2-i 

the two patients.  

Badiochemical analysis of  the organs wae made f o r  the r a d i u  isotopes, 

mesothorium I and thorium X* the f i r a t  ana fourth daughter products of thorium. 

If w 6 8  considered that mesothorium formed i n  the l i v e r  and apleen might be 

transferred t o  the akeleton in signif icant  amouLits. !Ria results from these two 

patients does not indicate tha t  transfer occurred. 

lu!2uQ 
This i r  a photomicrograph of a hietologicral eeation of the liver showing 

the l.&p thorium deposits. Note the der t ruat ion of normal l ioer architecture 

and repSrac=emant f ibroei t .  The mtterial  for this e l ide  and the s l ides  t o  follow 

was t&en from a pat ient  who had thorium 20 years p r i o r  t o  death. 
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SLID3 11 

This is a photomicrograph of an autoradiograph of the l i v e r  &-?wing 

alpha tracts coning f r o m  thorium d€pOSit8. 

SLID5 12 

This i s  a photograph of  longitudinal d e c a l c i f i e d  sect ion of the f e m u r .  

The enuosteum has a trabeculated appearance. 

‘Piis i s  a photomicrograph of the endosteal surface of the bone. Note the 
A 

small particles of thorium i n  re la t ion  t o  the cells. 2 1  

SLIDiG 14 

!Phis ita a roentgenogram of  the midsection of the t i b i a .  Hate t’ae longitudinal 

s t r i a t ions  and the thickened shaft. 

We have evaluated seventeen g a t i e n t s  who were given thorotraet on an averags 
t 

o f  16 p a r a  prior to  this study‘. Ovel f i f t j  peruent of these pat iente  had 

minor ske le ta l  changes which were present most  often- i n  the humerii, ulnae, 

and tibiae. 

The inherent d i f f i cu l ty  i n  c r i t i c a l l y  evRluating these changes sild the i r  

re la t ion  t o  thorium administration is the wide var ia t ion  in the normal skeletal  

r o  erit @no @-@phi c pat ter  XI. 

the radium isdtopcs 

that B ae f in i t e  r e l a t inn  between them skeletal  cL2aagee and thorium administration 

exists. W t h e r  rtudy is i n  progress t o  c l a r i f y  this relationship. 

n e  demons t rF:t iw of thor tuna; and radioac t iv  i t :i f r o m  

mesothorium f and radiothorium)in bone is highly suggeative 
1 

Three large follow-up studies were nade i n  1936. 1943, and ‘i950 on the 

clinicdl atatua of patienta i n  t h i s  countG who reoeived thorotSast. I t  was 

concluaed from theae investigations t k t  no s ign i f icant  c l i n i u a l  changes had 

ouourred in over 4000 patients.  
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h 1953 a confidential  report was made on the 243 cases studied in 
EtJROQc 

3sZEEWk. 

patients.  

symptomatic r e l i e f  of pain i n  the region of the spleen. 

Xquivocal complaints have been re lated t o  throium in some of thew 
' Spleenectomy Y a 8  performed on f ive pat ients  w i t h  eone reported 

The hernodobin, 

erythrocxtt ,  and lymphocyte values were s l i ' h t l y  decreaetd i n  8 msjority 

of these pat ients .  

SLID3 15 

This s l i d e  gives the number o f  patients who de7eloped e i the r  m a l i p n c f o a  

or  hematologioal disorders in the United States and himark .  

nunber of cases is not s ignif icant ,  and the findings may be coincidentaZsince 

This very emall 

radium began t o  be used 1U-15 years before t h o r o t r a s t  w 2 6  introduced as a 

diagnostic procedure, a longer time w i l l  be necessary f o r  adequate c.valw.tion. 

It  is evident from these recent investi tations that  smll m o u n t s  of 

. -  %radioactiveiraterials may remain i n  the body f o r  long periods of time before 

significant c l i n i c a l  changes are produced. Tne f o u d a t i o n  fnr  the sa.fe 

industr ia l ,  mil i tary and medical use of  radioactive Eter ics l s  is based in 

a larte measur= on the radiobiolokical data obtained from these 2ac ien t s .  

From these t r a , i c  results of the f i r s t  medical sn2 inciustrial use oZ radioactive 

inateiials elaborate safety precautions h v e  been taken. 

recent invts t i&at ions indicate, however, t b t  subtle changes such as reduction 

i n  t o e  reserve function of an organ, may be produced ahd be undetected by present 

c l in ioa l  t e s t s .  

isaterids 

medical, mil i tary and indus t r ia l  use. 

The r e s u l t s  from the 

- -  

Unt i l  the foundation upon which the safe use of  raclioactive -e 
i s  completed, we muat exercise caution and conatant vi t i lenoe in t he i r  

Ma I urge you t o  refer these pat ien ts  t o  Y 
l awra to r i e s  equipped t o  evaluate the t r  s ta tus  and determine the radioact ivi ty  prer 

sent. It is only  through proper evaluation and oontinuad follow up 8llXldieS that 

Hiay more adqquately pro tec t  the increasing numbere of o m  popnlation who w i l l  be 
TXposed t o  radioactive materiale. 

.. 


