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11. Individual X r J i c a l  Reports  
I 

During the past  >ea r  the medical work of ! ' . e  Radioactivity Center  has  cor:?i wed 

Their  medical f..:s;:ory 
on well-establishcd lines. F o r m e r  dial  pa in t e r s  :inrl o the r s  exposed to  radioacti,.x 

m a t e r ~ i s l s  have been interviewed with r e spec t  to ! Leir exposure. 
has  been obtained, and breath samples  have bc(--i cd lec t ed .  

s amples  was at o r  above 0. 02 uc Ra226, t h e  ~ ~ i - s ~ n  v:as brought to M. I. T. f o r  m o r e  

coinpletc testing and f o r  a physical examination. V'hile a t  M. I.  T., x-ray,  blood, tind 
ur ine studies were a l so  ca r r i ed  out. 

exainir-.;ltioiis have been completed, ranging i n  place from northern New Hampalii1'.. to  

Ohio and Maryland. 

lvhere the level of tljc breath 

The exhumction program has continued and 9 z1wh 

This year m a r k s  the f i r s t  instance of an event which it is hoped will be repeated 

In accord with carefully p rea r ranged  plans 

in the fiiture. 

R?.dill~oi- i n  the 1020 's  died in August 1964. 
agreed ui>O!i by the deceased, his  body was  sent  t o  M. I. T. fo r  intensive study at the 

Rac?in:icfi\*ity Centei-. 

pro?;!ems f l a t  ! u v e  ?-wen niet successfully and which will pave the way f o r  other coopera- 
tivc Fzticrits v.li0 I.;P:.-C cxprcssed in writing their  d e s i r e  t o  do likewise. 

with funds s:~pp!icd Since the Radioactivity Center 

was onc of s eve ra l  gi'o'-lps interested in this  Center ,  it w a s  with much gratification that 

this f;tcility became available this spring. 

the Clinical Rcsczrc!; C e r t e r  for body burden and excretion studies. 
pcrso:incl usrd to co1li~ctir.g excreta expedites t h i s  procedure and m a k e s  f o r  a much m o r e  
accur:itc resul t .  

as the Radioactivity Center .  

Case  C 1 -  130 who had a R a  body burden of 1.27 cc following ingestion of 

A s  c a ~ :  be imagined, t h i s  situation r a i sed  seve ra l  procedural 

The Clinical R c c a r c h  Center  at hl.1. T. was completed during the past  year  
the Sational Insti tutes of Health. 

A Radithor c a s e  (01-175) w a s  admitted to  
Having trained 

I t  is c.vc:i more advantageous t o  have th i s  facility on the same  campus 

A t r i p  t o  Florir!a by the chief medical officer of the Radioactivity Center  in  con- 

nection with soine ot?ic.i- duties in April  1965 afforded an opportunity to  check up on over 

a dozen R a  cases  tliat had moved to  that state in  the past  decade. 

personal coiltact ui th  thesc persons becomes apparent af ter  such a t r i p  when compared 

with tcll:phone and  le t ter  communications. 

The importance of 

.Attempts ha\.e been made f o r  s eve ra l  y e a r s  t o  get in d i r ec t  touch with a known 
c a s e  of injury folloving a Ra  injection in  a wes te rn  city (see C a s e  01-302, 1960 Progress 
Report) .  Jlcr body burden w a s  es t imated as 0.5  uc R a  on the b a s i s  of one breath sample 
in 1 ? 5 ?  v:hich was provided by her  p r e s e n t  physician. Until recently we had been balked 
by the unwillingness of the physician involved t o  let u s  interview the patient. When quite 

indtpendr:ntly the lady in question went t o  the May? Clinic f o r  t reatment ,  that  hospital 
notified tlie Ra  study group at  the Argonne Natio'nal Laboratory. Through them we were  
able t o  examine x - r a y s  taken in Chicago and consequently were  at least  able t o  get some . 

indication of her  x - r a y  score.  

' 

! 
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~ ~ ~ l . ; , ; ~ ;  ::;,. -* ,-.,II- Case 01-028, described f i r s t  in Medicine (1952) died in a 
9- y, .n inp  7.r.-  *!+. 

[- '. , ! 1 .  : t (:I foi .mer Waterbury dial painter)  was  hospitalized with what was  

preiLii1;cci !:: ' . :. : : -O::~; . : :L~OUS f r ac tu re  of the femur.  

'l'!;, :.,.: 'c.tl ~ * c s ~ I I ~ s  on CBSCS studied th i s  yea r  are contained in  Tables 1 5  2 l .d  16 

and i ~ i  t?,!: I.-' ,.-,: 1ii:stui.y S L I I I I  ~iici~*ies. F o r  complete details, please refer t o  the .i.;-2G-?idix. 

(11. D. Evans, A. G. Braun, H. F. Braun, S. D. Clark,  

11. AI. Costcllo, E. D. Dillon, J. A. Foley, J. E. Gary,  

A. T. Keanc, R. J. Kolenkow, C.  J. Maletskos, D. McIntyl'c, 
R .  H. Ryder ,  AT. hl. Shanahan, N. C. Telles,  and S. C. I l t7 . )  

12. Central  Catalog 

l-I,ii*i!:g p:s t  year c a r d s  have been prepared and distributed t o  a l l  depositories 

o n  54 i - x i ~ l : : i i  c;,sL'>. !i*~iiii thc hl.  I .  T. series. 
to ti:c cor!t. L u c k  ;.L l.,t.:iig to thc assignment for punching purposes of prefix numbers  

(01, . 0 2 ,  03, t t c .  1, n! id  to  the assigrment  of one hole designating the control series current ly  

under S ! L I ~ ~  by tlit Nv:: .Jersey group. 

The re  have been two additional pages addcd 

FoI'li>crly ;.:I O ' J ~  x - r a y  co[?ii.s wcre made  by the LogEtronic method at the 
Rlavficld Cli!iic i t :  Ilr2 las, Tc>:ae. The recently developed Eastman Blu-Ray radiograph 

:,licator pi-o\.il!,.s cc j ; , i c*s  of c-q!:ivslciitly good quality. It has  been purchased by the 
Jdioactivity Ct.!-,:~s:- s:-.c! o u r  f i l ~ ; ,  s ii1-e fiow being copied locally. The easy availability 

of t l i i  s co;,ic.~* f~ci!::;::cs tli,, cl.ir;l;ca:ion of x - r a y  f i l m s  which a r e  stored f o r  safekeeping 

o u t s i d e  o f  t!ic 31. i .  '1'. a r r a .  

(3l .  M.Shanahan and A. L. Ar\;anian) 
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Table IS. A suinmary of data on lumil-,ni:s dial painters ,  with 

par t icular  r d c r e n c e  to Ra content, occc;,;rtional history,  past  
medical and dental history, mari ta l  stzt  .s, fert i l i ty,  physical 

examination, x-ray and laboratory f i,-.f:i.:gs. Brief summar ie s  
of all cases  will be found following Table 16. 

a r e  given ir. the appendix, together with a l i  s t  of normal values 
f o r  t h e  labora tory  t e s t s  done. 

of laburdiory co rk  a r e  included here .  

of br'.i' ': !:;>;,i-g 2nd in severity of dental pathology a r e  as follows: 

Complete his tor ies  

Only significant abnormal results 

The gradations in  amount 

b r 1: h 1; t :;>ping : -- - 
1:. * '  c c d > i o n a l ,  - .  over an indeterminate t ime  period 

2:. frcqucrit lg,  up to 1 month 

5 .  , rc..i;::. ... c pointing of brush  in  mouth, f o r  less than 

( 8  :::o:lths 

1 .  ic..::i!:c point ing of brush i n  mouth, for 6 months 

o r  more 

d i -  : ..;.ti.o!ogy: ---. ,--- 
1-  s:ib:i: to moderate dental c a r i e s  o r  pyorrhea,  o r  loss 

o! 1 to  6 teeth 

2 - 54;.. .c;e c i r i e s  o r  pyorrhea,  o r  l o s s  of over  half the 

teeth 

Z -  l o s s  of 211 teeth but without osteomyelit is  or necrosis  

of j a w  

scvcre dental pathology with l o s s  of many teeth and 

kistory of osteomyelitis o r  nec ros i s  of j aw 

.it 
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. 

Table 16. 11 summary  of data  on individua!s exposed to radioactive 

mateiic!s by means other than dial painting, w,ith par t icular  refer- 
ence to  R A  content, occupational history,  past  medical and dental  
history,  I : . . .  ~ ; ! a l  status, fert i l i ty,  physical examination, x- ray  and 
laboratory ficc!ir?gs. Brief summar ie s  of all cases  will be found 

following t h i s  t ab le .  Complete his tor ies  a r e  given in the appendix, 

together with a l i s t  of normal  valucs for the laboratory t e s t s  done. 
Only significant abnormal r e su l t s  of la?;oratory work are included 

he re .  

below. 

T h e  gradztions in sever i ty  of dcr:tsl pathology are given 

1+ sligkt to moderate dental caries o r  pyorrhea,  o r  
loss of I to 6 teeth 

2+ 6evc-1.i. car ies  or pyorrhes ,  o r  l o s s  of over half the 

teeth 

3t loss  o f  all  teeth but without osteo:nyelitis o r  necros is  
of j a u  * 

s e v c r e  deatal pathology u,ith !oss of many tceth and 
his tcry of osteomyelit is  o r  necrosis  of jaw 

4 t  

I O b b 2 b 4  DOEIHQ 



58 

\ 
W 
0 
n 

U D 
# 

i f  
. 

n 
N N ~ O  - 4 N O  4 

O C  
n N  

n t .  
r n t  

I I C  
n -  

N O O O  I- 2 : :  " 2  t n t  n 
s -  



59  

t 

C 
- 

. c 0 - 
c c 

6 

t 
r 
C 

L 

0 F 

0 
- 

a 
It 
\ 
LJ 
0 a 



4 
60 \ 

L3 
0 
0 

- . -  . .  

I - _ .  . - I y  
=. : .:.. . 
:: ,? j 

- -  
0 0  
9 9  
9 3  



Case History Sutn ~n :I r i es 

. .  

61 

,( 01-019) See case 19 ( M r s .  K.M.), Medicine 31, 7 ? 1  (:‘!52). 

i n  1965. Fatal effects  f rom radiation 15 y r s .  af icr  :,i..g;roning of exposure.  
X-ray s tudies  of exhumation specimens show minir.-ial radii t ion changes, score 5t. 

Body burden R a  0.243 pC 

(01-052) See c a s e  0’1-052, M. I .T .  -952-1, 1964. ?c-!y blirden Ra 2.00 pc i n  1965. Fatal 
effects  f r o m  radiation about 5-  1/2 y r s .  after begiii:?ing of cxposure.  
X-ray s tudies  of exhumation specimens show advai;*....rj 1;:rliation changes, score 13-1/2. 

(01-054) See case 01-054, M.I.T. annual progr0 : -  1-1 .>t i i * t ,  1960. Eorn 31  July 1909. 
Died 20 Ju ly  1937. Ra dial painter 2 April 1924 - l ?  l-t.!)?\iary 192s star t ing at a g e  14. 

Body burden Ra 2.10 pc in 1965. 
beginning of exposure.  

X-ray studies of exhumation specimens show mod..:. !i? :.t~!;.Itic~n changes, score 21. 

Fatal  effects fr ,  1 . )  ! ;.i!:.tt;on about 13-1/3 y r s .  after 

(01-094) See c a s e  01-C94, P.ECC-4285, 1959. 1 : \ : &  0 a .  ;#-d i n  good health. Luminous dial 
painter  18 July 1921 - 23 Iiovember 1922; 1 May : ‘?’7 - 2 Jill). 1924. 

Ra 2 0.01 pc in 1965. 
KO physical exam. , x-ray,  o r  lab.  ueork done. 

Dody burden 

KO effects f rom radiation ! ’ l;? A f t e r  beginning of exposure.  

(01-122) See case 01-122, AECU-4285, 1959. l ~ ~ , s r i l  i 0  ! . . : , t I . ~  h 1912. Living and i n  good 
health. Ra  dial painter  26 September 1927 - 1 S C , ~ : . .  :!,, r I??.?, s tart ing a t  age 15. Did not 

t ip brush.  Body burden Ra 0.01 pc i n  1965. No ‘r. .t-ts frtjrn radiation 37-1/2 y r s .  after 
beginning of exposure.  
Has all but 2 of h e r  own teeth.  Marr ied  1946 - 1957. l!t,-:dralid dead. KO pregnancies .  
P a s t  medical  h i s tory  noncontributory. No physic:al ~ - . ~ : ~ i - t ~ .  , lab. ,  o r  x-ray s tudies  done. 

(01-130) Born 8 October 1909. 

8 October 1928; 20 November 1928 - 14 October I ? ” ? ;  30 Angust - 17 November 1932, 
s tar t ing at age  .16. 
tion 38-1/2 y r s .  after beginning of exposure.  
Has 13 teeth remaining. Marr ied ,  husband and 3 c1t i l*jrc ,n  l i v i n g  and well, 2 m i s c a r r i a g e s .  

Past medical  h i s tory  noncontributory. Physical exam. c c  cr-ntially ncgative. Lab. findings 

normal  except f o r  a few atypical lyrnphocytea. X-ray si1.irlics showed ? polyp or  mucocele  
in rt. an t rum,  mcore 0. 

Living and i n  goo2 iicilth. R a  dial painter  17 Februa ry  1926 - 
Tipped brush .  Body burden R.i C.0 1 1  pc in 1964. KO effects f r o m  radia- 

-- 
*Note: The  Ra body’burdens listed in these s u m m a r i p s  a r c  the l?z226 component only. 

For the  contribution of M s T h ,  and the co l - r c spond in~  PRE vnlucs, see Tables no6. 
6, 7, 10, 15 ,  and 16. 
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(01-147) See c a c c  01-147 ,  AECU-4285, 1959. Living and in  apparently good health. 

Body burden Rn  0 .97  pc i n  1965. 

beginning of C>;;I.- L I  ~ ~ c .  Kc ;hysical exam., lab. , or x-ray studies dclne. 

No apparent effects f r o m  radiation 48 y r s .  af ter  

(01-175) See r .c 01-175, M . I . T .  -952-1, 1964. Living and in f a i r  health. Body burden 

Ra  1.53 ~c in I?cbS. 

Since l a s t  adi.,'. 

decompensation. 
normal  except for  

X-ray studies S!-.L sd advanced radiation changes, s c o r e  29.5F. 

Severe  effects f rom radiation 38 yrs .  after beginning of exposure. 
ic*i 2 y r s .  ago has had regress ive  l o s s  of vision and 3 attacks of card iac  

1'18) 3ical exam. showed a lmost  complete loss of vision. Lab. findings 

ilmc elevation of sedimentation rate. 

(01-179) See c a s e  01-179, M.I .T .  -952-1, 1964. Living and i n  f a i r  health. Body burden 

Ra 2 .  05 pc in 1959. 
Patient  has recently lrad double vision with p a r e s i s  of eye muscles ,  subrctinal hemorrhages ,  

and petechias.  Incrcasingly s e v e r e  headaches. Hearing appears  normal .  Physical exam.,  

l a b . ,  and x- ray  studies not done. 

Marked effects f rom radiation 40 yr6.  after beginning of exposure.  

(01-236) Born 18 November 1910. Living and well. D i d  painter  28 July - 28 September 
1927, s tar t ing at age 16. Did not tip. Body burden Ra <, 0.02 pc i n  1965. No effects f r o m  

radiation 37 y r s .  af ter  beginning of exposure.  
Has lost  only 4 teeth to present .  Marr ied  33 y r s .  Husband is semi-invaiid. One child 
living and well, 2 m i s c a r r i a g e s .  

lab.  o r  x- ray  studies done. 
P a s t  medical  his tory noncontributory. KO physical e x a w  

(01-252) 
Living and well. 
a f t e r  beginning of exposure.  

Edentulous. 
f emur  and toe, both presumably t raumatic .  No physical exam., l a b . ,  o r  x-ray studies 

done. 

See case 01-252, h1.I.T. annual p r o g r e s s  repor t  May 1960. Corn 13 July 1898. 

N o  effects f r o m  radiation about 48 y r e .  Body burden Ra 0.02 p c  in 1965. 

Marr ied  1919 - 1960, no pregnancies.  P a s t  medical  history of f r ac tu res  of 

. .  

(01-254) Born 31 March 1910. Li.ving and well. Dial painter  2 - 15 February  1927, 
s tar t ing a t  age 16. 

radiation 38 y r s .  af ter  beginning of exposure.  
Has loet 'only 4 teeth t o  date.  Marr ied ,  3 children living and well. 
noncontributory. No physical exam. , lab., o r  x-ray studies done. 

Did not tip. Body burden Ra  5 0.01 pc in  1965. N o  effects from 

P a s t  medical h i s tory  

(01-264) 

Ra 0.09 p.c i n  1964. 
See case  01-264, M.I.T. annual p r o g r e s s  r e p o r t  May 1960. Body burden 

Pat ient  is confined to mental  hospital with diagnosis of paranoia.  

I O b b 2 b 9  
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( 01 -302) 
wcasu rcmen t s  made  by h l .  I. T .  

X-ray  findings (incomplctc s u r v e y )  shov:ed advanced radiation changes, s c o r e  25. 

See c a s e  0 1-30?, M .  I. T .  anilual progress  report  May 1960. No radioactivity 

(01-303) See c a s e  01-3C3, 51.1. T.  annual progress  report  May 1960. 

1919. 
y r s .  a f t e r  beginning of c . . ~ ; - ‘  : : : . e .  

Has 20 teeth remaining. 
medical  his tory nonco;itri!j.:tory. 

i30xn 26 November 

Living and \vcll. l i r d ) .  Lu idcn  Ra 5 0:Ol pc in  1965. No effects f,*.,in radiation 25 

l : . . t . r ied  1941 to present .  Two children.living :t::ll wcll., Past 
N o  physical exam. , lab., o r  x-ray studics done. 

(01-327) Born 21 Septcm’uer 1908. Living and in poor health. Dial painter 28 October - 
2 ?;‘;\-ember 1927, s tar t ing at age 19. Did not tip. NO 
cift.tr:s f rom radiation 38 y r s .  af ter  beginning of exposure. 

I i n s  only 10 teeth remaining. X a r r i e d  1946 to present.  One child living and well. Past 
medical  his tory noncontributory. 

Body burden Ra  C - 0.01 pc in  1965. 

No  physical exam. , lab. , or  x-ray studies done. 

( 9 1  -332) 
2 ,^..*.ig:ist 1928, s tar t ing a t  age 14. 

f r o i n  radiation 37 y r s .  a f t e r  beginzing of exposure.  

Sa niedical his tory available at present .  

Born 1 1  August 1912. Living and apparently well. Dial painter 8 August 1927 - 
No effects apparent  Body burden Ra <_ 0.01 pc i n  1965. 

No physical exam., lab. , o r  x- ray  studies done. 

(01-364) See c a s e  01-364, TID-!6349, 1962. Body burden Ra  6 0.01 pc i n  1964. NO 
cfrc‘cts f rom radiation 37 y r s .  a f t c r  beginning of exposure.  
N o  ftirtlier medical h i s tory  obtained. N o  physical exam.,  lab. , or  x-ray studies done. 

(01-379) See case  01-379, NYO-9505, 1963. Born 2 2  December 1909. Dial painter  

19 January - 5 March 1926, start ing at age  16. Tipped regularly.  

i n  1764. 
E:dc.ritulous. 

Zccoyid mar r i age  1944 to  present ,  2 children living and well. 
Cciilributory. Physical  exam.,  lab. ,  and x- ray  studies negative. 

Body burden Ra  0.032 PC 

No effects f rom radiation 38 y r s .  a f t e r  beginning of exposure.  
Marr ied  f i r s t  t ime 1929 - 1939; 4 children living and well, 1 miecar r iage .  

Past medical his tory non- 

(01-359) 

*.cas ccronary thrombosiej  coronary s c l e r o s i s ;  f rac tured  thighs, ‘pathological. 
u:.krio-~~z amount of Radithor, probably s e v e r a l  hundred bottles, 1928 - 1930. 

R.? 2-60 )IC in 1965. 
E*iC?it.ilous. 

fr:ik-.turcs in 1932, ,1933, 1934, and 1936. 
- 1  -:as stiiclic:: of exhumation specimens showed advanced radiation changes, s c o r e  19-1/2F0 

Born 3 1 October 1873. Died 25 Apri l  1944. Cause of death p e r  death certificate 

.. 
. .  

Drank . 
Body burden 

Severe  effects f r o m  radiation 16 y r s .  a f t e r  beginning of exporure.  
hlarr ied,  no children. Past medical his tory of epilation and four  rpOntaneOUs 

NO fur ther  medical  data amilable at present .  
\* .._ 

l O b b 2 1 0  
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(01-390) Born  19 September 1887. Died 4 October 1931. Cause of death per death 

certif icate was  Ra poisoning, ingestion of R a  v:.;tr?i-, ostcotnyclitis of facial  bones. 

about 200 bottles of Radithor 1925 - 1929. 

f r o m  radiation 6 y r s .  af ter  beginning of exposure.  
Edentulous. 
transfusions.  
specimens showed minimal  radiation changes, :,i-orc 3 -1/2+. 

Drank 
Fatal effect. Body htlrdcn Ra 7.41 pc in  1965. 

Marr ied,  2 children. P a s t  mr#l:c.A: his tory of high \vbc, anemia,  multiple 
No fu r the r  medical data avail~.bIc. et present .  X-ray studies of exhumation, 

(01-392) Born 4 June 1913. Living and well. J . i : c ~ I  in Ra-contaminated home f o r  10 yrs. 
(1950-1960) s tar t ing at age 37. 

t ion 14 y r s .  a f t e r  beginning of exposure. 
Has 9 teeth remaining. 
well; 7 children living and well. 
negative. 
albuminuria.  X-ray findings negative for radiation chmigcs, s c o r e  0. 

Body burden Ra 0.001 pc i n  1964. No effects f r o m  radia- 

Marr ied  25 November 1936 to  present .  Wife, age 50,  living and 
Physical  exam. P a s t  medical  h i s t o i y  iloncontributory. 

Lab. findings normal  except f o r  SI. elevated blood sugar ,  1 1 1  eosinophils, 

(01-404) See case  01-404, M.I.T. -952-1, 1964. Body burden Ra  2 . 8 0 ~ ~  in  1965. 

(01-415) See c a s e  01-415, M.I.T.-952-1, 1964. Born 2 1  Ju ly  1898. R a  chemist  1921 
1931, s tar t ing at age 23. Body burden Ra -0.001 pc in  1964. No effects f r o m  radiation 

43 y r s .  a f t e r  beginning of exposure.  
Has lost  only 3 teeth to  date. 

T h r e e  children livirlg and well. 

lab. and x- ray  findings negative,' s c o r e  0. 

Marr ied  3uly 1924 to present .  W i f e ,  64, living and well. 

P a s t  medical  histcjry noncoiitributory. Physical  exam., 

(01-424) Born 12 December 1882. Living and f a i r ly  wcll. Received about 300 pc R a  
(1.v.) i n  1924, f o r  asthma, at age 42. 

f r o m  radiation 40 y r s .  after beginning of exposure.  

Edentulous. Marr ied  19 February  1900 to present .  Two children living and well, 1 mi.- 
car r iage .  

No physical exam.,  lab.  , o r  x-ray s tudies  done. 

Body burden Ra  0.28 pc i n  1964. Minimal effect6 

Past medical  history of bronchial  a s thma  in 1924, f rac ture  of rt. femur  in 1963. 

(01-425) Born 13 August 1933. Living and well .  Lived in Ra-contaminated houre 1960 - 
1962, s tar t ing a t  age 27. 
4 yrs. a f t e r  beginning of exposure.  
Has lost  only 2 teeth t o  date. 
2 children living and well. 

lab. findings negative except f o r  slight glycosuria .  

Body burden Ra -0.001 pc in 1964. No effects . f rom radiation 

Marr ied  24 April  1954 t o  present .  

Past medical history. noncontributory. 

Wife, living and well4 
Phys ica l  exam., and 

X-ray studies negative, s c o r e  0 .  

I O b b 2 1 1  
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( 2 1  - 126) 

;Q62, s t A r t i n €  a t  a g e  30. 
bilcr beginning of exposure.  

7 .l,:s I_ lus t  no permanent  teeth.  
Z children living and well. Past medical  his tory noncontributory. Physia . . :?-. ncgative 
csce;)i  f u r  minimal  enlargement  of thyroid, l ipoma on It.  buttock. 

C:.:CC':JI for  reversa l  of poly-lymph rat io  and sl. elevation of sedimentatic:: I : . . f a t .  

sriidics negative, s c o r e  0. 

Born 8 Kovember 1930. Living and well. Lived in  Ra-contnmi1x:ctI F.C.JSO 1960 - 
No effects f ~ . c ' - . . ~  ~ i * : . ~ ' ; , ~ t i . u n  4 y r s .  Body burden Ra  0.005 pc i n  1964. 

Marr ied  24 April 1954 to present .  Husband ; : . : ; , a i  J . r r i i l  u.cllj 

Lab. 5.i",?ia.a !.cg:itive 

x-ray 

( $ 1  - 4 2 7 )  a o r n  10 July 1960. Living and well. Lived in Ra-contaminated !:oust 1960 - 
. ; ? I , ) . ,  start ing a t  age 6 months.  Body burden Ra  0.005 pc in  1964. No  effccts f r o m  radia- 

tic;; 4 y r s .  aftc'r beginning of exposure.  
30 c : L - f o t , t l  ;1;~!:101ogy. 

+\+!::. , 1 ~ 1 ) .  , and x- ray  s tudies  negative, s c o r e  0. 

P a s t  medical  his tory negative except fo r  duodenal ulcer. Physical  

(C!-.:?S) BL.rn 28 Kovcmber 1957. Living and well. Lived in  Ra-contaminated house 

! f ( . O  - 1962, star t ing a t  age 3. 

i i i s : )  4 yrs. zf tcr  beginning of exposure.  

Body burden Ra 0.002 pc in 1964. No effects f r o m  radia- 

.. ..c ti.,::t;31 ~ , . : i ' : G ] O g ~ .  P a s t  medical  his tory negative. Physical  exam. negative. Lab. 

~ ; L ~ ? ~ s F  ~ h ~ ~ \ v c d  clcvzted wbc. X-ray studies negative, s c o r e  0. 

( 0 1  -,$Z9) Born 26 August 1897. Living and well. Laboratory assis tant  1922 - 1926, 
s:;:i.;ing a t  age 25. Body burden Ra 5 0.01 pc in 1965. No effects f r o m  radiation 42 y r s .  
.. r .  , ~ r  I ~ c ~ i t ~ n i i i p  of csposure .  

7 ~ ~ ~ : t . f ~ i : ; o t : ~ .  X:>rric-d 1929 to  present .  Two children. P a s t  medical his tory noncontribu- 
!(jry. ?io p?iysici>.l csain.  , lab.  , o r  x- ray  studies done. 

(01...;20) Srsrn IEFO.  Living and well. Drank unknown amount of Radithor about 1930. 
3 c d y  biircier, R a  0.0-1 pc i n  1964. 
csposure. 

Drr i ta l  history ur>known. 

Past tr.cdica1 history noncontributory. 

No effects f r o m  radiation 34 y r s .  af ter  beginning of 

Marr i ed  35 yrs . ;  wife died of c a n c e r  of l a rge  bowel, 5 children. 
No physical exam.,  lab., o r  x- ray  s tudies  done. 

(O!-431) Born 23  December 1901. Living and well. Received about 300 tic RaC12 (i .v.) 

ir. 1922, s t a r t i n g  a t  age 21, f o r  as thma.  
r:(?ihiioz 4 2  y r s .  af ter  beginning of exposure: 
~r!i .nt:dous.  

f i ~ ~ ! i c o t i ~  ributcjry.  Physical  exam. negative. Lab. studies neg. X-ray s tudies  ahowed 
m i n j i x a l  radiation changes, s c o r e  3 -  1/2+. 

Body burden 0.96 pc i n  1964. No effects from 

hlar r ied  1920 to 1963, four  children living and well. Past medical  his tory 
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(01-432) Born 7 Febi.\iary 1895. L i v i n g  and well. Ra chemist  1715 to 1925, r tar t ing at 
age 20. 
of exposure.  

No dental his tory avail,lLl:c. 

tory.  Physical  exam. S ? ~ O \ V C - ~ !  diabetes melli t is  with per ipheral  i;curopathy, hypertensive 
a r t e r io sc l e ro t i c  cardin\.?.5clilar disease with mild chronic congestike failure,  post-traumatic 

blindness of r t .  eye, dcgcncrxtive osteoarthrit is  of do r sa l  spine . t i i d  Loth hands. 

studies negative except fGr elcv.  blood sugar  and 1+ glycosuria. 

only questionable radiation changes, s co re  l+. 

Body burden I?,- 0.017 pc  in 1964. No effects f r o m  radiation 49 y r s .  af ter  beginning 

b\icrried 1939 to present.  Past medical his tory noncontribu- 

Lab. 
X-ray studies showed 

(01-434) '  Born I2 Apr i l  JEr@. Died 31 March 1932. Cause of death p e r  death certif icate 
was nec ros i s  of jaw, ~ b c c i . : ~ -  of brain,  Ra poisoning. Drank ,1000 - 1200 bottles of 
Radithor 1927 - 1930. Fatal effects f r o m  radiation 
about 4 y r s .  a f t e r  bvL:  . : . :I . .& ~f cxposure. 

Only 1 tooth remaini:-.g. X C \ . C I .  marr i ed .  

and bone necrosis  c,C ?J -:?.. i : .  .I. s, brEiri abscess  of r t .  temporal  lobe. 
t ime  of death sho\veZ j . ..: : . $ - $  r,..: is a:id extension of bone infection t o  rt. temporal  lobe of 
brain.  Seve re  anc:;ii:.; .. ' . ,c  s..,! differential normal.  X-ray studies of exhumation 8peCi- 
m e n s  showed mi!ii:!,; ' ,. . '  . . . .. cl.:!!!ges, s co re  3t. 

n,:,?.;). burden Ra 5.60 pc in  1965. 

Past medical his tory of s e v e r e  osteomyelit.ir 
Phys ica l  exam. at 

(01-435) 

b e r  1925, s tar t ing s:  : ,_ - .  . ~, 9::: r.ot tip. Body burden R a s 0 . 0 1  pc i n  1964. N o  effects 
f r o m  radiation 39 y r c .  ..',. : :..:.,L:'r.rcing of exposure. 
Edentulous. hfarricci :::.-: I ~ : ; . I :  1917 to  1956. Four  children living and well. Second 

m a r r i a g e  June  1964 !r. ;.:'. " t . : . : .  

nant adenoma of t l i y r . : - ' .  

Born hl;:j. l < < G - .  ? :..: ::& 2nd fa i r ly  well. Ra dial painter  20 October - 24 Novem- 
. ,  

Pas t  medical history negative except f o r  possible mal ig-  
?:-, i':'.yaical exam.,  l ab . ,  o r  x-ray studies done. 

(01-436) 
20 July 1929; 9 Octr,!se:r - P Dl.-ri-mber 1933; 15 Februa ry  - 10 December 1934. Body 

burden Ra 50.01 tic i: :'..' I .  
No dental  informatio:: ;*:ailLLle. 

P a s t  medical his tory r.c: t'~.l:2! r:::,-,itory. 

x - r a y  studies done. 

Born 26 K: - _  . . '?<:: i S 7 5 .  Living and fair ly  well. Dial p r i n t e r  31. January 1927 - 
XU cffects f r o m  radiation 37 y r s .  a f t e r  beginning of exposure. 

hfarricd 1 December 19 16 to  p re sen t ,  no pregnancies. 

Has mild diabetes. No physical exam.,  lab., or 

(01-437) Born 2'9 Dcce:nbcr 1910. I.iving and f a i r l y  well. Ra chemist  1931 - 1933. Body 

burden Ra 0.001 pc ir, l ? i S .  KO effects f r o m  radiation 34 y r s .  a f t e r  beginning of exposure.  
Has lost  only 9 teeth t u  (!;?Le. h i a r r i ed  30 June 1941 to present ;  one child living and well. 
P a s t  medical history nor.cc,i?tri!)~!tory. Physical exam. showed moderate  hypertension . 

nith E. sligLt1y enlarged tlAyruid gland. ],ab. and x-ray studies negative, s c o r e  0 .  

Y 
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(01-438) Born 1 Februa ry  1867. Died % !  Ia imary I ? : O .  C71ise  of death p e r  death Certi- 
ficate was acute endocarditis, exposure,  ;;id artlir{!:s. Eraiik 

1925 - 1929. 

a f t e r  beginning of exposure.  

exhumation specimens show minimal r L ? i m ; * o r i  effects, s co re  3-1/2. 

1200 bottles of Radithor 

Body burden Ra 1.85 pc in 1965. ! 7 i ~ , ~ i o U l  L-ffrcts f rom radiation 15 yrr. 
No  past  nieal;~ ; l l  r! t t a  uv;t i lxl~lc  a t  prcsent .  X-ray rtudier of 

(01-446) Born 27 July 1907. Living and z:-#parcntly i n  good health. Dial painter 2 -3  
December 1925, s tar t ing at age 18. 

effects f rom radiation 39 y r s .  af ter  Icginriing of exposure.  No  medical data  available. 
No physical exam. ,  l ab . ,  o r  x - r ay  studies done. 

Body I:udcn Ra 50.01  pc in  1964. No apparent 

(01-448) Born 19 June 1907. Living and apparently i n  good health. Dial painter 

16 October - 27 November 1925, s tar t ing at age 18. 

No appar,ent effects f r o m  radiation 39 y r s .  af ter  hcgintiing of exposure.  
Patient refused to  give any medical data.  

Body burden R a  0.02 pc i n  1964. 

(01-457) Born 1904. Living and well. Ra cheiiiist 1 9 2 1  - 1923, s tar t ing at  age 17. Body 
burden 

exposure.  
No dental his tory obtained. 

R a  50.01 pc in 1965. N o  effects f r o m  rcldi.:;ion 4 4  y r s .  a f t c r  beginning of 

Mar r i ed  34 y r s .  to prc>c.nt t ime. T h r c e  ,children living anh 

' well. P a s t  medical his tory - no information r eco rd id .  N o  physical exam. ,  lab. ,  or 
x- ray  studies done. 

(01-458) 

Body burden Ra 0.06 pc in 1964. 
exposure.  

Edentulous. Marr ied 1926 - 1942, no pregnancies .  P a s t  medical his tory negative except 
for seve ra l  t raumatic  f r ac tu res  (1942, 1958, 1963). S o  physical exam. ,  l a b . ,  o r  x - r ay  

etudies done. 

Born 18 May 1892. Exposed to radioactivc fn l lou t  1 Scptcrnber 1957 a t  age 65. 

No effects f r o m  radiation 7 y r s .  af ter  beginning of 

(01-459) Born 1887. Living, in  poor health due to diabetes and s t roke.  Ra chemist  f o r  

1 y r .  1921 at a g e  34. 

a f t e r  beginning of exposure. 
Body burden Ra  50.01 pc in  1963. N o  effects f rom radiation 43 y r r .  

- Edentuloue. Marr ied,  no pregnanciee. Past medical his tory noncontributory. NO physical 
h 
ET 
Q" 
N (01-460) Born 1880. Living and in  f a i r ly  good health.  Ra chemist  between about 1912 

4= 

exam.,  l ab . ,  o r  x-ray etudiee done. 

and 1914 for 2 yre.  s tar t ing a t  about age 33. 
f r o m  radiation 5 1 y re .  a f t e r  beginning of exporure.  

Dental h i r to ry  not remarkable .  M a r r i e d  1908, 5 children, 1 misca r r i age .  Pant  medical 

hietory noncontributory. No physical exam., lab. ,  o r  x-ray studies done. . 

Body burden Ra 20.01 J.LC i n  1964. NO effectr  
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(01-461) '-- I I I  19 1 4 .  1,abDratory assis tant  intermittently about 1933, s tar t ing a t  abc-.:t 

age 19. 
n i  n g  of c \;>os 11 r e .  

Dental hi..tiry iiot r c i ~ n r k ~ b l e .  Married,  1 child. Past medical his tory noncon t r ibdc ry .  
No  pl:ysical  c ' x a n i . ,  I h b . ,  o r  x-ray studies done. 

 rad^!). Litrlcn Ra 50 .01  pc in 1964. N o  effects f rom radiation 31 y r s .  a f t e r  L ~ x i l Y -  

(01-468) Born 30 July 1910. Living, i n  poor health due to  Parkinson 's  disease.  1 X d  

painter  3 - 4  March 1927, never tipped brush. 

effects froin radiatio!; 3s y r s .  af ter  beginning of exposure.  

Edentulous. h t z r r i e d  1933 to  1946, 1 child. P a s t  medical his tory noncontributory. No 
physical e x a m . ,  l zb . ,  o r  x - r ay  studies done. 

Body burden Ra 50.01 pc in 1965. NO 

(01-470) 

12 Sep temtc r  1926 - 22 h fa rch  1929. Never tipped brush. 

1965. 
No dental histo1 u'>L: : ; led.  Three mar r i ages .  One child by each mar r i age ,  living and 

well. P a s t  n . ~ ? i ~  ..I :-:r,r\- noncontributory. No physical exam., l a b . ,  o r  x-ray studier 

done. 

Rori. 26  h;ay 1912. Living and well. Dial painter 17 October - 5 December 1927, 
Body burden Ra 50.01 pc in 

KO cffcc.ts 11.37) radiation 37 y r s .  a f t e r  beginning of exposure. 

(01-472) Born 2.;  / - . i j J ' i :  1 $ ? 5 .  Living i n  poor health following s t roke 5 yr.s. ago. Ra 

chemist  I920  - 1?23 ,  rt;.r:i:g at about age 24. 
effects fro:l: r ; ~ ~ l : c . t ~ + - ~ c  4 3  y r s .  d t e r  beginning of exposure,  

Body burden Ra 0.02 pc in 1965. NO 

(09-102) .Sr:c- I{.-!-. S + i l ,  C..!I. 'diol, and M.A. Gordon, N.Y. Med. J . ,  1 May 1915. 

Born 5 Fcbruary l P - : k Z .  

diverticulosis of q-rlui: \\ i t i .  obstruction, coronary hear t  disease,  a r t e r i o s c l e r o s i s ,  

obstruction of sigmoid. Ra chemist ,  1912, f o r  indeterminate time. Body burden Ra 

0.15 pc i n  1964. 
No fur ther  medical rlatii available at present.  

D ied  5 January 1951. Cause of death p e r  death cer t i f icate  was 

KO e i fec ts  f r o m  radiation 39 yrs .  af ter  beginning of exposure.  

(09-103) Born 29  M a y  1895. Living and well. Ra chemist  1918 - 1926, s t a r t i ng  at age 

23. 
of exposure.  

Body Liirden Ra - <0.01 pc in 1965. No effects f r o m  radiation 47  y r s .  a f t e r  beginning - 
a 
cp Has 8 teeth reinaining. Mar r i ed  1 May 1920 to present ,  2 children. P a s t  medical  h i s to ry  
u- 
rc3 
A 
cr*l 

noncontributory. No  physical exam.,  l a b , ,  o r  x-ray studies done. 

(09-104) Born 24  October 1880. Living and well. Ra chemist  1906 - 1913. Has been 
drinking Rn \ \a ter  for  many yea r s .  
radiation 59 y r s .  af ter  beginning of exposure.  

Dental history unknown. 

Body burden Ra 0.04 pc in  1965. NO e f fec t s  f r o m  

P a s t  medical his tory noncontributory. No physical exam., lab. 
o r  x - r ay  studies done. 
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. 

i3. Riffcrci:t;.i! :ris:.>hl? of lC~c~ ,e i i t , s  88 and 90 

Following Cr.11 I1:gcstion by Human Beings 

Previous progress Yikorts' I:~Lc; ilcscribed the reasons  fo r  conducting this experi- 
ment and the developinc-r,t rjf inethods :::.(! ;:rocedures f o r  it. 
extent to which Th228 id! : ~ : . i . c s  the tc?: ,  ; : j -  resu l t s  in  those subjects who ingested Ra dial 
paint containing Ra The  intravenous metabol i rm of Ra and Th 
(using Itazz4 and Th234 a s  respective short-l ivcd t r a c e r s )  in  e lder ly  human beingr ha8 
also been described, f rom wlrich resu l t s  calibration fac tors  have been obtained for u6e 

in the.experiments  involving the ingestion of thcsc nuclides. 

The question concern. the 

228 . 
in :-::2!tion to 11a226. 

This repor t  descr ibes  this final phase of the experiment in  which human subjects  

-1 pc Ra224 and ingested mock Ra dial paint containing 

paint was adminis tered in a gelatin capsule and w a s  swallowed with water  
breakfast .  

acted as their  own controls for establishing the absorption of Th relat ive to  that  of Ra. 

The resu l t s  of the experiment ,  ca r r i ed  out on eldcr ly  male  and female human subjecte,  

a r e  given below. 
Ra toxicity a r e  a l so  presented.  

~ 1 5 0  pc Th234. The mock 
1-2 hr a f t e r  

Both isotopes were  g iven  to each subject as the s a m e  t i m e  so that  the  rubjectr  

The assessment  of the resu l t s ,  the conclusions, and the implications to 

224 1. Results and Discussion on the Relative Absorption of Ra - -  -- -- 
Administered Oral ly  -.- 

Having obtained information on the metabol ism of RaZz4 and ThZ3' and on the  

calibration factors  derived from these resu l t s ,  pilot experiments  were  conducted to  

assess the problems to be encountered and to get an es t imate  of the  absolute absorpt ion 
by means  of the separa te  o r a l  administration of Ra224 and Th234 t o  two subjects .  In 
par t icu lar ,  i t  was necessary  to show that the shielding f o r  the SXB positions, when l a r g e  

amounts of activity were  i n  the s tomachs of people (as  opposed to phantoms), was adequate,  
to show the extent to which scat ter ing of the y r ays  may influence the  SXB posit ionr,  

especial ly  the L8 positions; to  s e e  how much t ime  was requi red  to  eliminate the  bulk of 
the activity f rom the GI  t r a c t  and whether a good accounting of the t o t d  activity war  

obtainable; to see i f  the absorption calculated f r o m  the seve ra l  parameter8  gave the 8ame 
answer;  and to determine whether the precautions did prevent  radioactive contam ination. 

The two pilot experiments  showed that everything worked favorably and th i s  in forma-  

tion is shown l a t e r  with the resul ts  f rom the main  study. The  adequacy of the  rhielding 

1. C. J. Ma.etsko6, e t  al., pp. 113-149, MIT-952-1, (1964). 
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f o r  Th234 can be shown only when it is administered separately.  The resu l t s  a r e  given i n  

Table  17 and show thal the 138 SXB method meets  thc attenuation requirements  of 10-3-10 

originally specified.  

observable frcjm thc few higher energy y rays  of Th234 because the contribution dec reases  
a f te r  the f i r s t  day. 

men t s  and in te r fe res  for the f i r s t  few days whilc significant activity is still present  i n  tge  

G. I. tract. 

-4 

Scattering in  the 1.00-MeV rekion for  Th234 is presumed to  be 

On the other  hand, scat ter ing is noticeable in the L8 SXB measure -  

The pilot experiment  on RaZt4 also shoNed that the absorption of Ra224 is - 10 

t imes  g r c a t c r  t h a n  the - 1% anticipated f r o m  previous information. This resul t  
pointed to  the success  of the experiment in the determination of the l o w  relative 

absorption of Th to R , but showed that no meaningful L8 SXB measurements  could 

be  made f o r  Th234 within a f e w  days after the administration. 
information was dcvcloped i n  the intravenous pa r t  of the experiment,  Ra body y 

measuremen t s  f c r  the o ra l  par t  of the study were done with the H8 SXB position Boon 
after admi::istrAtion. 

position 1 on: ar!cr t h e  Ra224 had decayed, and this was possible ,  fortunately, because 
of the high Th234 retention. 

Thus,  while much 
2 24 

The Th234 body y measurements  were  done with the L8 SXB 

Shsoip t ion  f r o m  the gut ( t h a t  is, the t ransport  of mater ia l  f rom the gut to  the 
blood, i r rccpcc t ive  of what happens to this  mater ia l  a f t e r  it gets i n  the blood, otherwire  

cal led cuniLilative absorption) can be measured  in  many ways such as:  

technique v:ith stable mater ia l ,  ( b )  the balance technique with radioactive m a t e r i a l  
when endcgcnous cxcrct ion is known o r  known t o  b e  low, and (c )  the radioisotope method 

using thc blcod a i t ;v i :y  oL ta incd  f rom both o r a l  and intravenous administration. The 

l a t t e r  technique ( J c s c r i b c d ,  for example,  by Silverman and Burgen ) is part icular ly  
useful for  carrying out thc cxperiment  over  a relatively short  per iod of time. 

(a )  the balance 

2 

. The information contained in the blood curves,  for  example, obtained f rom 111 
intravenous a n d  a p c r  os administration, is the  same  even though the two curves are 
different at short  t imes  af ter  the administration. 

const a n t s  involved in the absorption process ,  however, the two curves become enBentially 
equal  in magnitudc and identical  a s  t o  rhape, on a p e r  pc retained basis .  This  condition ir 
lrimilar to the si tuation encountered fo r  the  relat ive activit ies between a short-l ived 

daughter  radioactive isotope and a long-lived parent .  At t imes (days)  long a f t e r  the 
abso rp t ion  is coinplcte ( - 5-10 h r )  the respect ive curves f rom the two methodr of 
adminis t ra t ion for  all the var iables  of the rys t em (blood, urine,  feces ,  retention, etc.) 
will be indistingnishable f rom each other .  At these long t imes ,  then, the da ta  obtained 

f r o m  the intravenous adminis t ra t ion can be  used a s  calibration data fo r  determining the  
amount of ma te r i a l  that was t ranspor ted  ac rosu  the gut wall o r  absorbed after the oral 

At t imes long compared with the rate 

2. M. Silverman and A. S. V. Burgen, J. Appl. Physiol. ,  16, 911 (1961). - 
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administration. 

variable,  after the appropriate dc!zy, shoiild give the r a m e  value of abrorption within 
the experiment e r r o r .  

each of the different variables i:it>.?sured, again within the experimental e r r o r .  

As a fur ther  clicck on t h i s ,  several  consecutive mearurements  of each 

And f i n z l l y ,  thc  same value of absorption should be obtained f r o m  

The absorption of Ra224  was determined by measurements  made on the 4th day and . 
as long a s  possible thereaf te r  until radioactive decay prevented fur ther  reliable mearum- 
menta. 
rubject administered mock R a  paint  containing only RaZz4. F igure  23 rhowr that r tabil iza- 

tion in  the body measurerrielits dc.cs not take place until N 4 d af ter  the Itazz4 i8 'admid.- 
t e red .  By this t ime the t rans i tc ry  cffccts of absorption f rom the G.I. t r ac t  have become 

negligible. This is shoivn i n  F i g .  2 1  ..:hcrc the f i r s t  blood value taken at  1.12 h r  after the 
administration has the hi,!;c.s: ~ n l u c ;  tilnt i s ,  the peak in . the blood curve occurr  at 

t 
with the intravenous i n j c c t i o r : ~ .  

mock Ra paint containing oi i ly  ' l d 3 4  \+ere  too low to deduce a reliable shape f o r  the curve. 

and Th234 a r e  showr. 

The adequacy for this pi-cccdiire is shown in Figs .  23 and 24 obtained f r o m  a 

1.12 h r .  This blood c & . i r v c  h a >  tl;c same shape as the blood curves f rom the experiments  

'r:.;: Llood results obtained f rom the subject administered 

224 The resul ts  f r a i r  t!-,c o r s l  .:.?i.i.~:,istl-;~tion of mock R a  paint containing both Ra 
'TiiSlcs 1 5  -?C. ,T,:!!Slcs 18and 19 show the resul ts  reparately f o r  

and Th234, rcs;;g.ct':\,cly, ? i  8 ',t.iincd f rom the seve ra l  metabolic pa rame te r r .  On 

the  average, the resti l t-  i- :  1 , ~ ~ : ' , ~  ':.,.!)?t.s 19 arid 

of N 2. 
s eve ra l  pa rame te r s  arc. L . c : .  :. ! .  T!-? conclusion can a l so  be made that no significant 

contamination has t&.c*.  I-.:, ,.c c; :- . - '  .., . . * \ - . . *  . * I  Licular sample  o r  sample type. 

a g r e e  with each other within a factor  
The resul ts  :!.$:-:: I ; . . : ;  :!..: ..-;?::cs of fractional absorption calculated f r o m  the 

One exception t s -  t!.i.: i s  t ' . < .  t : : ; ~ i I t s  on the absorption of Th234 obtained f rom the 
. ii ' *  : ..b.l**rc t;&en soon ( 2  t 4 h r )  af ter  the administration in  blood values.  The b l n ,  .+ 

o r d e r  to  observe B O ~ C  f ' c : . . ! f i l : : . : . :  ** . : : . i  i 'y above background before metabolic activity 
234 reduced the Th CG:;. I .: :.!.t.i~:: l . ~ . . ~ c t . v  tlic detection l imit .  The absorption calculated 

f r o m  blood samples  taF-ci: ; I (  t i i : ~  t..lr-ly t i l l 1 2  (using the method of calculation descr ibed  
above) will underesti : j :?:e thc  tri:c \:Tue n s  t1;c resul ts  in Table 19 indicate. These  
resu l t s  confirm that T1;234 \ \ a s  it!..;rsy':cd icto the blood, but they cannot be and are not 
used for calculation oC !!IC R V C ~ L ~ ~  :ibsoi.ption. 

Tables 18 and 19 for  R a 2 2 4  and Th234  for cach subject and these resul ts  a r e  shown in 

Table '  20. 

Average values ~i fractio??! .r-bsorption o r  t r anspor t  have been calculated f rom 

The  fractional Th ?.l)sorpt?on or  t ransport  averages  < 3  - x with a most  probable 

value of 2 x 

g r e a t e r  and within a n  o rde r  of magnitude of the values determined in the Utah  experiment8 
on r a t s ,  guinea pigs,  and monkeys.  

A diffexcncc ii; a5sorption due to sex  is not indicated. This value ir 

The fractional Ra absorption. averages 0.2 with a most  probable value of 0.2. Again, 
t h e r e  is no sex difference indicated. 

I O b b 2 1 9  
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TIME AFTER ADMINISTRATION (DAYS) . 

FIG. 23 COMPARATIVE NET COUNTING RATES AFTER ORAL ADMINISTRATION 

OF - R O ' * ~  FOR VARIOUS COBAFAC COUNTING METHODS, 
SUBJECT RPOM I 
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T I M E  A F T E R  A D M I N I S T R A T I O N  (DAYS) 

FIG. 24 R$24  I N  ESTIMATED TOTAL B L O O D  VOLUME FOLLOWING 
ORAL ADMINISTRATION OF 2.45 p c  Ro224, SUBJECT RPOMI 
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0.007 
0.18 
0.18 

0.18 
0.23 
0.28 

0.21 

I 

<, 0.06 

0.16 
0.09 
0.13** 
0.13** 
0.2 1** 

0.14 

I 

I Subject 

TRPOhll 
TRPOMZ 
TRPOM3 
TRPOFl 
TRPOF2 
TRPOF4 

Averages* I 

*. - 0.014 

0.2 1 

0.14 

0.20 

0.18 

0.27 

0.20 

* Excluding TRPOAll 

** Error associated with thc5c  vnlues is  - 5007,. 

Table 10. Fractio:~?l 7'rsi;sport of Across Human Gut 

Subject 

T R P O M l  
TRPOMZ 
TWOM3 
TRPOFl 
TRPOFZ 
TRPOF4 

Averages 

Parameters 
I - -  Body y h i t a s .  

- LR S N B  

< - 0.0003 
0.0006 

< - 0.0003 
0.0002 

- < 0.000 1 

0.0002 

- < 0.0003 

I O b b 2 8 2  

Urine 

< - 0.0006 
0.0009 

<_ 0.0003 
0.0002 
0.0003 
0.0008 

<, 0.0005 

< 0.0001 
0.0003 

< 0.0001 
0.0003 
0.000 1 
0.0001 

- 

- 

- < 0.0002 

DOEIHQ 
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Table 20. Absorption of Th and Ra F r o m  Mock Ra Dial Paint  by Human Bcingr 

Subject -- 
T RF OM 1 

TRF'OMZ 

TRPOM3 
TRPOFl  
TRPOF2 

TRPOF4 

Averages 

Most 
Probable 
Value 

Fract ional  Th 
Tr  a 11s DO r t  

5 0.0003 

0.0006 
<_0.0003 

0.0002 
0.000 1 

0.0002 

< 0.0003 - 

0.0002 

F r a  stional Ra 
Tr snspo r t  -- - 

0.0 1 
0.2 
0.1 
0.2 

0.2 
0.3 

0.2 

0.2 

Relative Uptake 
Th/Ra 

< 0.03 - 
0.003 

< 0.003 
0.001 

0.0005 

0.0007 

- 

< - 0.006 

0.001 

The f i r s t  male  subject,  TRPOMl, has a f ract ional  Ra absorption of - 0.01, about 
20 t imes  l e s s  than the other  subjects.  

t ion calculated f rom the different pa rame te r s  are consistent (Table 20 ). 

t h e r e  is n o  known reason  to  explain this difference.  

subject  had had gas t r ic  surgery ,  especially with the evidence of an  abdominal s c a r .  
a detailed check of h i s  hospital records  and a check of the anatomy and function of h i s  G.I. 

t r a c t  by radiography indicated that he is normal .  His resu l t s  are included because t h e r e  
is no reason to  ornit them, but they appear  to  be highly unlikely especial ly  s ince the paint 
he  ingested was f rom the same batch adminis tered to  subjects  TRPOM2 and TRPOM3. 

This  difference is r ea l  s ince  the values of absorp-  
To th is  date 

At one t ime i t  was suspected that t he  
But 

The fractional Ra absorption of 0.2,  obtained f r o m  a supposedly "insoluble" 
m a t e r i a l  i s  much l a r g e r  than those of the Utah animal experiments  by a s  much as 2-3 
o r d e r s  of magnitude. 
dog experiment conducted a s  a pre l iminary  to  the experiments  on the  human rubjectr .  

The  value is about the s a m e  as that calculated fo r  human subjects  ingesting Ra from 
drinking water  and foodstuffs. Using the data of Lucas3 on the Ra226 body burden of 
normal  human subjects a n d  the RaZ2' concentrations in  the i r  food and water  intakes, an 
absorpt ion of -0.15 is calculated. This  calculated absorption value applies to the  condi- 
tion when Ra226 in  water  is the p r i m a r y  mource of Ra o r  when RaZz6 in food is the p r i m a r y  

The value of 0.2 is i n  agreement with the value of 0.2 found in the 

3. H. F. Lucas,  ANL-6297, p. 5 5  (July -Dee.  1 9 6 0 ) .  
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source of Ra under c i rcumstanccs where the Ra226 in  water i r  extremely low. A sunie- 

what higher absorption value (best esti tnate - 0.3-0.5)  can be calculated f rom the  data  Of 

Sei1 ct al.4 for  a male subject (age - 3 3  y r )  ingesting a "Ra rolution" (presumablc RaC12). 
Finally, the result of interest ,  the relative absorption of Th t o  Ra, is give? in the 

Except fo r  the first subject all the values are consistcl;t, yield- l a s t  coJumn of Table 20. 
ing a iiiost probable value of N 1 x 10 

the Utah  experiments and is - 10 t imes  lower than the value of N 10'' acceptablc f r o m  the 
dosimetr ic  viewpoints, indicated a s  b d n g  desirable  f o r  the human toxicity resultc des- 
cribed i n  the introduction and in the section onmethode. 

-3 . This value is close to  the lowest value f V i L l d  in 

What is the validity of this relative T h  to  Ra absorption value of in human 

. . 
beings and i ts  applicability to the Ra d i d  paint problem? 
tion of Ra f rom the insoluble RaS04 (with Ba c a r r i e r )  deposited on the ZnS phosphor is 

quite largc.  
be iiiurc than 5 t imes g r e a t e r  t!ian the 0.2 found and very few substances are absorbed 

1 0 0 5  fr,om the (3.1. t r ac t .  
ZnS ::.'us c?issolvcd in the s tomach 1cab.ing the absorption p rocess  t o  a c t  on errsentidly 
frcc R a S 0 4 .  The chemicals of the G . I .  t r ac t ,  the pH, and the wa te r  content are such  

that 20.;; of this insoluble ma te r i z l  is absorbed. (The p repa ra t ion  of the paint insured 

thzt the Ra224 found in the wash ~ . V ; ~ ~ C T  was consistent with the RaS04 solubility product.) 

As t o  what extent the Ra Ltbsurption may  be lower than 0.2 i n  human subjects, the 
bust  coidcncc is a comparison of t1,c cs i imatcd amount of Ra226 eaten by dial painterr  
and :he estiis1;lted amount predicted f ro in  measurements  30-40 y r s  later. 
the aJJl0Unt ingcstcd b y  a subject ti;c p re sen t  body burden is multiplied by 250 f o r  physio- 
logic21 loss based on the Kor r i s  Cr;1latiGn and by 5 = 1/0.2 fo r  absorption o r  by a total  of 
ry 1250. Thus,  persons n i t h  prc'si'!lt d a y  body burdens of 1-10 pc Ra226 presumably 
ingcstcd N 1.25-12.5 mc Razz' in tlie forin of dial  paint. Analysie of his tor ies  of d i a l  
p i n t c r s  indicates that those who t;ypc'd t he i r  brushes m o r e  often have the higher body 

burdens.  

bruslk, etc.  would indicate that s u c h  pairitcrs ingested 1-10 mc p e r  total  exposure period. 

Thus,  whilc a n  exact 1 t o  1 correspcjndeiice cannot be established now, it would appear  
that this analysis is consistent with a Ra absorption of H 0.2, including the  variable nature  
of the dial paint a s  made by diffcreiit manufacturers  and at different timer. 

In the f i r s t  place, the absorp-  

The absorption of Ra under the best  c i rcumstances of f u l l  solubility cannot 

The hig;i value of 0.2 would indicate that moet, if not all, the 

To calculate 

Calculations based on tlic b rush  lipping frequencies,  the amount of paint on a 

It is concluded that a R a  absorption of -0.2 is probably good within a factor  of 
-2-3 and that t he re  a r e  no indications that it would be significantly less such as, say, 
10 t imes,  in human beings fo r  R a  din1 paint conditions. 

4. H. A. Seil, C. H. Viol, and M.  A.  Gordon, 
Radium 5, 40  (1915). 

N. Y. Med. J. ,  - 101, 896 (1915) or 
- 
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7,.:*- .v  regard  to Th  nnc has  only to consider how much l a r g e r  the absorption may  be, 
f a , , -  ij 5: is 1c;s than  t ' I . . - ?  !t-,i*nd i n  this experiment the resul t  would be  even  more  favorable 

to I.L!;?ec.-ting the ts.,.:ii:;ty d '1'h228 after ingesting Ra dialpaint .  T h e r e  is no good evidence 

for a g r e a t e r  TI1 .??Jsairljtion ahxi, at best ,  it  is indirect. Th(SOq$is much more  tsoluble 

i b i n  RaSO ant! is trap21-d o n  the ZnS-mock Ra paint complex only with g rea t  difficulty 
c!::riv; preparation of the pa in t .  In fact ,  Th234 is warhed off the  mock paint with ease 

2.6.-:r,,; the final washing s teps .  

of :!.e Ra224, it would appear  that Th234 could be m o r e  ~~uolubilized" by  the gaetro- 
j!:!cstinal actions and be pz; in a more  favorable state fo r  absorption than  the Ra is. 
C O U ! ~  a rgue  that, s ince sc7 n:ach Ra was absorbed, the conditions w e r e  m o s t  favorable 
f o r  absorbing the Th a n d  t h a t ,  hccnusc of this,  the absorption could approach that f rom 

ingesting Th(S0 ) This argument, however, gives no clue as to how much 

more the T h  might Lc I '  

4 

In view of these facts  and in  view of the high absorption 

One 

in cn!r.:!nn. 
4 2  

. ,.',Fc? L\it sxggests that it might not be too much greater .  
In the applicaF'c I::.; . :i ' lments at Utah, the relative absorption of Th/Ra in the rat 

f o r  chloride and citr:,!p ~ . . ' . 8 : : t > 7 ? 5  a r c  - 0.02 and - 0.0001, respectively. 
the relative absorptic,:. i s  '-- 5 \,:;ten the mock R a  dial paint is administered indicating that 

T h  is absorbed m o r c  r f C . : ,  !'.:.-.I!. t ? i m  R a  i n  this species.  These  resul ts ,  therefore ,  can- 
not be uscd to ded:icc. c4 i .  ( .  ' i  :..-.:e h o w  l a rge  the absorption of soluble Th  might be in  human 
beings. 

Unfortunately, 

The Ra dial p:,' + .  ';. s:d i n  t he  ear ly  1920's were  made in a va r i e ty  of ways and with 

1.: !T:.,..)- or even most paints, the soluble act ivi t ies  w e r e  not va ry ing  degrees  G f  c;:r'c. 

washed off. 
different sur;aces or1 \..:.!I-~I i t  -::#?s applied. 

ing, along with vary::.: ?..;.'.; ,-f t!;c paint, all introduce variables for  absorption. 
radiation dose f rom tl-,.. 

paint might not encocb.;s-.r. 

final working f o r m ,  a:..,! 'I ?\:tent to which "soluble" activitiee were  p r e s e n t .  Finally, 
even the subjects car.. . ' '.-.: ~.cproduced, since the dial painters  were  young gir ls  usually 
in  the i r  l a te  teens an8 ~- - . r?<  t\(.cnties as  compared with the older subjects  who participated 

ln this  experiment.  
ducted today to duplicalc t!:c cGnrlitions of the past  and that make interpretations of presen t  
experiments  complicated. 

book 52 (March 1953) a r c  0.2 and :'5 x 

Ra value is the same  as  thzt found in this  experiment fo r  an  "insoluble" paint,  while the 

Th i o  only -2-3 t imes  l a rge r .  
missible  concentrations for  NI3S Handbook 69 (June 1959) a r e  found in  the IC- Report  

Committee I1 on Pe rmis s ib l e  Doses for Internal Emi t t e r s  (1959) and are 0.3 and < 
respectively. 
and 1940's and a r e  derived a n d  estimated f rom a n i m a  experiments.  

Varying c .  : . . : '  ..:-.ds were used for  the ma t r ix  to make the paint adhere  to  the 

Varying sc reen  eizes and clumping af te r  d ry -  
The  

. 1.1 ; c niay a lso  have an effect on older  paint that  f reshly made 

Tl..us I t  is impossible to duplicate the or iginal  paints i n  their  

,411 tl-a-sc a r c  variables that make i t  difficult for  a n  experiment.  con- 

It is interesting t o  note that the absorption values used f o r  Ra andTh in NBS Hand- 

respectively, preeumably i n  noluble f o r m .  The  

The m o r e  recent values for  calculating the  maximum p e r -  

' 

These  absorption values a r e  based mainly on the l i t e r a tu re  of the 1 9 3 0 ' ~  
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In view of the goal of finding a relative absorption of 'I-h/Ra < lo-', and in  view - 
of finding a value of ~r i t  i s  concluded that,  even i n  th;l face of the possible compli- 

cations enumerated above, the absorption of Th228 (prcc.;nt in amounts up to equilibrium 
with its parent  Razz') f rom rea l  d i d  paints ir  unlikely t.9 lj-*.-e been l a rgc  while dial 
painters t ipped the i r  b rushes  in  the 1920's. In these s i ' , iLt-ts the contribution to  the 
integrated radiation dose over  30-40 yrs by the  initially i':snrbcd Th228 is < 5 7' that  
due to  Ra  . - 

228 
2 26 

On the basis  of this conclusion, comparison be: .t C - ~ I  the effects of Ra228 and Ra  
i n  human beings with these burdens can be  continued using the concept of pure  radium 
equivalent (PRE).  

lent (MPRE) can be discarded with reasonably good confidence. 
On the o ther  hand, use  of the concept of wini lnum pure  radium equiva- 

(C. J; hlaletskos, 13. P. Anderson, A. G. Braun, H. F. Braun 
J. F. Byrum, S. D. Clark,  h?. hT. Costello, E. D. Dillon, 
J. A. Foley, J. 2'. Gary ,  A. T. Kcane, J. A. Kelley, 

hl. Lubin, M. hl. Shanahan, N. C .  Telles) 
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