
-RAD1 UM- INDUCED 

MALIGNANT. TUMORS IN MAN 
A n s 1 ' u c - r :  'I'hc iiic.idciitc of radiuiti-iiidurcd itia/;:iiuiit fuitiors a n d  

b!ood dj*scmsias uxs rclatcd i o  c u i  rciit or pretcrmiiial radium burden  
mcoct i re imnts  arid to rc/rorpcitii,e cjtit,iafcs of ijiaxiviurti raciiunt burdens 
lo r  ti  cries of 293 /)ersoiij, niost 01 ;L h ~ ? : !  ocquircd radium burdens i n  t h e  
/miorl ,  1918 to 1333. T h e  46 nialigriaiif disL>accs included 23 bone 5ar- 

coinas, 16 r~c~oplnrni.~ of tiic slrrtll (/ ,ri i iri / .all j* mastoid arid parnnasal air 
rtll carcirioinusj, arid 7 leukriiiias arid apI.is1ic aiicmias. Retrospective 
rstiititrlrs of n i n x j i i i t i i i i  radiurti 6u1 driis u'cre m a d s  bl* applicatiori of t h t  
appropricfc pou.er iui ic l ion for iii3c5/ioii or for itiultiple injections. T h e  
9orcaer function PuranicrerJ used h c t c  ( a  = 0.30 and b = - O.f.1) were 
recetifly deri;*crl 6). a n  aiialjsis of data j r o m  Ior12-fcriti ~ l u d i e s  o n  8 pa-  
tieiits for u h o n i  JuituhlP daln are c:,ai!ct/r. T h f  lours!  estimated maxi -  
m r i i i i  rndiunz bu idrn  for f h c  t o n c  .cctroitia ;aJcs w a s  6.72 pCi, and  t h a f  
for  cnrciiionia of the riinsilla x'ns 1.23 pCi. T h e  coinparable value for 
radiicrn-nffriburcd Icu1;riiiios and o:hcr blood dyscrasias was over 50 pCi.  

' h c d  on thc estiniatcd via.iii>ii/iv initial burden,  these data iiiiply at 
least a I2-fold nitrrgiii of safitj.  i i i  tiir ~ i ias i i i ium permissible lecel for 
in tc-rnally dekositcd r.ndiii in.  

IXTRODUCTIOS 
For many years \\T ha\.c been cngaged in an invcstigation of the 

long-term cffcctr of radium dcpocition in man. For the prescnt s)mpo- 
Gum wc have been asked to rc\.iew and interpret our data as they bear 
on the subject of radium-induced malignant tumors. As a rcsult of this 

Work supported by the U. S. Atomic Energy Commission. 

Research Hospiul, Chicago, Illinois 60635. 
Aponnc National Laboratory, .4rgonne, Illinois 60439. and Arsonnc Cancer 

195 

I Q b  b 3 4 9  



196 RADIUM-INDUCED MALIGNANT TUMORS IN MAN 

cniphnsis on oiicoscncxi,, this coritrihution \til1 he highly selective and  
will not attempt to cmcr iiinny other aspects of the conscqucnca of m- 
diuiii deposition in skclrttal tissues vicwcd after a considerable lapse of 
time. 

P O P U L X T I O X  A\':\IL:IBLE FOR S T U D Y  

Although the largest group of cases that w e  have studied was cx- 
posed occupationally, the cases have been drawn from 'two principal 
sources : industrial and iatrogenic. Industrial exposure occurred mainly 
in the dial painting industry although we have also studied several chcm-' 
ists who worked at extraction and purification of radium. T h e  principal ; 

route of entry into the body in the dial painters and chemists was inges- 
tion, along with a smaller possibility of inhalation. In the latter case, 
most of the inhaled particles would ha\.e passed through the gastro-in- 
tatinal tract by the clearing action of the tracheobronchial cilia. W e  
ha\,e acquired the names of approximately 250 indi\idiials who worked 
at radium d i d  painting in 'Illinois before 1930. Of these penom who 
were exposed to radium occupationally, we h a i r  studied 185 by whole- 
body gamnia-ray spectroscopy and by skeletal radiography. We have 
esmiined only a few of the 200 or so persons who started to work after 
1930, since all those that ha1.e been measured have small radium burdens. 

The  iatrogenic group of cases resulted from the administration of 
radium orally or by intravenous or intramuscular injections up to 1933 
for treatment of a variety of diseases. These ailments included, among 
others, general malaise and fatigue, myocarditis, arthritis, poliomyditis, 
venereal disease, and mental disorders.'. * In some cas= in our series, in- 
cluding children, radium was given orally as a tonic. Many of the pa- 
tients were unaware that they had acquired radium, and it was only as a 
result of the suspicions of knowledgeable ph>sicians that they were dh- 
covered actually to bear a radium burden. One  scrim of at least 41 pa- 
tients was treated in this way from 1931 to 1933 in  a state mental hos- 
pital not far from Chicago.: We have studied or  have other pertinent 
knowledge of 36 of these cases found by a deliberate search of records. 
In  addition, we have accumulated another series of 36 patients who re- 
ceived radium from personal physicians. Many of these cases have conic 
to our attention because of pathological changes that they developed, and  
they represent a very small sample out of the sci-cral thousand persons 
presumed to have been so treated by their docton. 

DOEIHQ 
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If tliccc >tiicIics arc to .;Ilcd nn! liglit on tllc pru1)lcm of masirnunl 
r-rniissible bod! LiiIdc11.; of rndiurl1: and if thc i ~ l i y n a ~ ~ t  tlinlor csper- 
ierlcc is to IIC uscd a< tlic i)i.incip;>I critcrjoii for c\duatin,-- opcrationnl 
safct)., thcn a 5LiiinI)lc Iiictllod of c\rprcs>ing rndiunl 1)urdcn must l)c se- 
iectcd for this purp0.c. \\'llolc-Lvd! counting tcchniques in\d\.iiig. gi~ln- 
~nn-ray spcc t~oscop~  J ~ ; ~ \ . c  r l l n d ~  po-.il~lc the rathcr mact  ineasurenicnt of 
radium in tlic human 11oJy du1t.n t o  Ie\.cIs approaclliug 0.001 pCi. How+ 
ever, dclight in tlicic rcccnt detcriiiinations should not obscure the fact  
that  thcy have been ni.ide 25 to -I5 )e:iw after thc radiuni deposit was 
acquircd. DirrinS this pcriud thc rndiuiii burdcn has follo\ved a pattern 
of dccrea4ny retention th;it 113s Lrcn sho\\.n to bc mathematically dacrib- 
able in fitirl?. siii~plc. ternis b\- a p \ \ . e r  function.'. ' EsperiInents with 
large populaticin~,of riiiie h v c  lcd to tlrc suasestion that the initial, or  
masirnuin, burden m a y  hc worc iiiiportant in e\.aluating tumor produc- 
tion by internally dtp&icd r,ttliu~iuclid~s ihnn any other indcs or mcas- 
ureincnt." For this rcaon  \\.e ha\-e ntteniptcd in this p a l m  and elm- 
\\*here'. s to  cva1u;itc the diCc;l*c espericncc of our patients in terms of a 
rctrwpcctive cTtiiiia t c of 111 a siiiiuni ra d i 11 111 burden. 

The ca1cul:itions of thcse ectini;ite.: hn\.c hecn based on the po\s= 
function and i t5  application.; to thc \.ar!ing modcs of intakc of radium. 
The single cx~oiirn~i;tl fu~iction nu! pro\ idc a bettcr description for ra- 
dium retention over thc nwrc recent portion cf thc time span than does 
the poiver function, but it cannot be uvd  to cstitnate the initial or maxi- 
mum body h r d e n  exccpr i n  thc c a w  of n $ingle injection.' -Any estimate 
Gf initid bod! burden computed on the I n 4 7  of sums of csponentials prc- 
supposc~ I I;no\\kdSe of thc pnrsriietcrs of cnrly csponential cum'cs, a 

After n single intra\.enous injection, rctcntion of radium according to 
* knowledge that is in fact ~ i o n - e x i ~ t c i ~ ~ .  

the Fo\\*er. function propozrd b!. Sorris rt 01:. is givcn by 

R i , , , ! t )  = at!', :t 2 1)  ( 1 )  

where I = timc dtcr administration, n is a constant that pro\.jdes the  
intercept a t  unit timc, and b has a negative \ d u e  and is the slope of the 
straight line given by thc function on a double-log p ' d .  Korris et a. 
proposed power function parameters of (I = 0.54 and 6 = - 0.52 for 
radium retention, and thccc \.alucs for u and 6 ha\.c k e n  \vidcly used. 
.Mort recentl! ,' \vc have re-examined the question after further invcsti- 
@tion involving several additional radium measurements of the same 
State mcntal hospital paticnts that Sorris had studied. O n  the bask of 
o w  more recciit anal!& we have arrivcd at sonie\\.hat different mean 
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I 

po\\cr fiinctioii valucs: LI = 0.30, 6 = - -  0.44. This.. mcrase power 
frriiction \vn< lmed  on a n  ;iritlimetic nie;in of thc slopes and R geometric 
iilc.-tn of the intcrceptq of incli~.idiiaIl!. detcmined, bcst-fitting power func- 
tions for 8 patients for \\Iioiti appropriate data \b.crc a\.ailable.' I n  this 
series, the patient who held on to radium niost tcnaciously had a poH-er' 
function given by a = 0.18, b = - 0.22, \\.hilt the paticnt who lost GI- 

diuni most rapidly had \dues  of n = 0.89, b = - 0.63. 
\\'here radium is acquired orally, as in the case of the dial painters, 

the amoiint of radium retained at f days after cessation of unit daily ab- 
sorption during F days can be shown to be gi\.en by 

Fig .  I illustrates the pnttern of radium retention after ccsation of inges- 
tion gi\,en by Equation ( 3 )  and the new po\r'er function parameters for a 
.number of selected ingestion periods. \\*hen F = 1 day, the retention 
cuwc after 90 dn!s becomes idenGcal t\.ith the familiar power function 
straisht line on a log-log plot that holcls fw a single intravenous injection. 
A s  the ingcshn  period becomes longer, the earlier portion of the =ten- 
tion curve becomes flatter. At longer times after the end of the ingestion 
period, thc slopes of the curves begin t o  approach that for a single 
injection. 

T h e  esperimental support for thii mathematical formulation was 

The pott'er function parameters for rctcntion, after a single intrinxnous 
injectior. in mice, were shown to hold for rctcntion d t e r  radium feeding 
prrioh of \ .aqing length. This correspondence of data  supports the as- 
sumption that ingestion over a period of days can be considered to be the 

the same period. In  this paper this assumption, \\.hich \%.as verified cx- 
penmentally with mice, will be applied to man in order to evaluate the 
human experience that involved two bpsic routes of ndminktntion. 

The  point of maximum retention, whirh O C C U ~ S  a t  the end of the 
feedinp'period, F ,  is given by 

I 

I 

I reported at the Second International Congress on Radiation Research.' 

I '  
I . equivalent of the integral of a series of daily intra\.enous injections over 
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In this cqu;ition thc ciid of tlic iii;tr:io~l pcriod iiiai lis the beginning of 
thc timc pcriod aftcr c c s i t i o t i  of ndniiiii5tration, ;.e., t r- 0. Tllc nota- 
tion uscd hcrc dilfcrs >lig!iily f r o m  that of Sorris' but thc nintlicmntical 
formulation is the  snnic. 

For each CASC \ \hcie r;1di1tiil nils acquircd orally, \\*c colllputcd a 
ratio, Q. in \\.hich thc rndiunl burden at the end of the ingestion pcriod 
\\*:is di\,idcd 1): thc riiJium nt time, I, after ccsation of ingestion: 

(4 1 RGlri  (F, 0 1 
= Rorl, (F, I) 

This quoticnt rcprcGeiitc rhc ratio of the inaxiinum radium burden to any 
nicnsurcd I~urdcn at time I tlicrenfter and hence provides thc factor by 

10.000 dOP 

I 2 3 5 IO 20 40 Y" 

. TIME AFTER CESSATION OF RADIUM INGESTION 

Figure 1. Log-log plot of radium retention after cessation of oral ingation 
for ingestion periods (F) of selected lengths of time. Daily absorption of 1.0 
pCi is arbitrarily assumed. Power function parameters: a = 0.30, b = -0.44. 
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200 RADIUM-INDUCED MALIGNANT TUMORS IN MAN 

\\.hich thc niasiiiiuiii burden was geatcr  thpn the sobscqucntly measured 
amount. For any iridi\.idunl nicasiirement the mnsinium burden can 
thcn be cstiniatccl froin the ni;ignitude of Q and the whole-body radium 
nicasurenient : 

Estimntcd maximum = Q X (measured radium birrden), (5) 

Samplc retention valua for a selected number of F periods and 1 intervals 
after cessation of ingestion are presented in Table I. There computations 
are based on  the parameters of the new mean power function, u = 0.30 
and b = - 0.44, and on the ,assumption that 1.0 pCi was absorbed into 
the body each day. The  second column for each ingestion period g i v e  
the Q ratios, which are dimension-free ~alues. Extensive tables such as 
these were also used to generate the cun'cs shown in Fig. I. 

For the radium d i d  painters whose work history was known, thc 
length of the ingestion period, F, wa computed in da!,s on the assumption 
that ingestion occurred throughout fie period a t  the sanie rate because of 
consistency in personal work ha& This computation docs not correct 
for absence from work on weeken& holidays, and vacations but is never- 

.theless a reasonable approsim'ation. In the cases of those dial painters 
whose work history straddled Januar). 1, 1926, we have ignored any work 
period subsequent to that date on the assumption that the bulk of the in- 
gestion occurred before the practice of pointing the bntshcs between the 
lip; \\.as discontinued. 

In  the caSes where radium was acquired niedically by multiple in- 
jections, another approach W;LS u d  to compute the maximum burden. 
Sinrc these injections were typically gii-en at weekly intends,  computer 
programs were devised to sum indkidusl power function retention curves 
at 7-day intcmals for n number of injections. A typical cunx  is given by 
Fig. 2 \vhich shows the step-like irrrease in body burden with each suc- 
ceeding standard 10 pCi injection as well as the changing shape of the 
retention cume with each successive injection when plotted on a log-log 
grid. This figure also depicts the retention of radium after a series of 15 
weekly injections when such retention is described by the new average' 
po\\er function parameters. For cases where the number of injections is 
known, or can be surmised 4 t h  reasonable certainty from t h t k n o w n  
practices of ' the phpiciam involved, the maximum body burden can be 
estimated on the basis of the number of injections and the power function 
parameters. Table 2 illustrates the retention values computed for selected 
time periods after weekly injections of 10 pCi radium for a selected num- 
ber of injection periods. The radium burden ob\.iously rcacha a maxi- 
mum with the final 10 pCi injection in any series of injections. The para- 

' 

. 



A. J. FINKEL ET A\. 20 1 

. .  ! 

- i .5 
r. 
n 
'J 

4 

c 
0 

3 L 
Y 
I 

.-. 
0 
c 
C .- e 
9 c 
ci I 

. .  

: I  
i l  

, 



a 
S 
\ 
u 
0 
c3 

RADIUM-INDUCED MALIGNANT TUMORS IN MAN 



A. J .  FINKEL ET AL. 
\ 

203 

I IO I03 I .om 
DLTS 9 4 f E  FIfiST INJECTION 

Figurc 2. Log-1% plot of :allium body burdcn during and after 15 \\.eekly 
injections of IO pCi eacli calculatcd in zccordancc \\.ith a n e ~ r l y  derived 
powr  function, I? = 0.30 i - O  ' I .  

mcten for thc average po\\.cr function ' 0  = 0.30, b = - 0.44) were 
used for all thc retrospccti\ c CGtirnatr.; rcported here, exccpt as otherwise 
noted. 

M.4LIGNAXT T I ' J I O R S  IS D I X L  P X I N T E R S  
T h e  m a l i p a n t  tumor cspericnce among the dial painters up to 

September, 1967, is presented in Trbles 3 through 6. These tables iden- 
tify the patients by codc number and, I\ here known, give the ycar of birth, 
work period, pathological diagnosis, date of death, the most rcccnt ra- 
dium body burden, and thc estimated maximum burden based m t h e  
mean power function with Q = 0.30 and b = - 0.44. I n  all, 41 p- 
developed 44 malignant tumon or fatal blood dyscrasias. 

Table 3 lists 13 cases of malignant tumors primarily in skclctal tis- 
sues. Radium burden data arc inown for 8 of thesc cases. While the 
current or preterminal radium burdcns range from 0.81 to 7.61 pCi, the 
estimated maximum burdcns range from 6.52 to 63.44 pCi. Five cases 
werc not studied and the information for these persons is largely derived 
from death certificates. Case 03665 may actually have had lymphosar- 
coma rather than a bone sarcoma, and the location of the primary tumor 
is not known for case 03- 661. 
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'I . t iblc- -# IiGLS n scric; uf tiriiic,rs t I i ; ~ t  nrc m o d y  caiiccrs of cpithclia! 
or iiicscticli\ni;tl origiii A ~ , \ y I f ~ p i ~ i ~  i n  :ti: unusual cct of locations: thc mas- 
toid nil. cclls of thc tcmpl.:tl 11onc of thc skidl, the 1);~rmas;iI sinuses, or a t  
tlic npiccs of the tccth. JIaIisnant ~UI)IOIJ in tlicsc locntions arc extrcmely 
iiiiusunl :Iiid it is note\\~ot-tI~!. that i l l  this sci-ics of 8 patients, deaths from 
t!mc tiiiiiors h,c\.c 311 cccurrcd sincc 1853 niid G of them \\.ere after 1960. 
Thc Iatc appcarancc of thccc tutiiors is i n  contrast to thc situation with 
~iinlign:~iit tumors of Imne, \\*hich hn1.c occurrcd in this series from 1935 
to  1963. Current or pretcrminal radium body burdens for the patients in 
Tublc 4 ransc from 0.13 to 7.61 pCi and thc estimated mwimum bur- 

. dens ransc from l .23 to 63.64 pCi. 
T h e  situation \\.it11 Icukcinias and other serious blood dyscrasias is 

less clear. Onl!. tic0 of the p;iticnts listed in Tuble 5 h a w  had quantita- 
tivc dctermination?; of rxliiini burdcn. Case 03487 had chronic lympha- 
tic lcukcmia, ;1 disesc  not  usuaily a t t r ihted to the presence of radionu- 
clides that deposit principlly in skelctal tiszue. Tlic atiniated maximum 
for caw 03-657 is lased on n \\.liolc-l)od~ determination of radium bur- 
den by Prof. Roble!. D. Evans a t  thc 1lassachu:etts Institute of T e c h n e  
l o g  in 1936,'" and it is includcd herc bccause this patient worked as a 
dial painter in the gruup that w'c ha1.e bccn stud!.ing. Information for 
the other cases again is largely dcrived from hospital records, death certi- 
ficatcs, or cxaniination of thc originirl blood smears, and no radium bur- 
den data  are available. l ' ~  hundred and fif ty  women of this scrics 

. painted watch dials in thc 19Xs.  Thc elapsed time sincc ingestion of 
radium is 40 !cars. T h e  natur;rl incidence of myeloid leukemia in the 
gcnrral popuhtion is approsimatel! oiic case per 16,000 subject years. 
I n  this instance, nnmcl!~ 10,000 suljject ycars, the probability of seeing at  
]cast one case of m!rloid leukcmia in a n y  group of 250 women obsen-cd 
for 40 !can is high. 

Finally, thc malignmt tuniorr t h a t  are riof directly attributable a t  
the prccent time to orcuptionnl exposure or to radium deposition are 
listcd in Tuble 6. Current or preterminal body burdens in  this series 
range from <0.001 to  0.90 pCi while the corresponding estimated maxi- 
mum radium burdcns range from 0.30 to 7.29 pCi. 

' 1  

' '.. 

hlALIGX.AKT TUMORS A F T E R  MEDICAL 
X DBl IN ISTR AT1 0 h' OF R.4 D I U hi  

State  hospital patients 
This group of casu derives from a study carried out by Schlundt and 

his collea~gues'*' in 1931-33 in which a group of psychotic patients a t  

I O b  b 3 5  9 
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most of these czes \ m e  acqnired as a result of systematic search. The 
rncdical treatment cases frequently came to our attcntion becnusc of scr- 
ious symptoms and to that extent they do bias the incidence data. This 
bias is mostly at  the higher body burden icvels. 

T h c  data in Table 13, which are arranged in increasing blocks of 
current or preterminal radium burdens, are plotted as a dose-ruponse 
c u n e  on a semi-log grid in Fig. 3. Escept for the 0.42 incidence between 
1.0 and 3.2 pCi ,  the other points above 0.1 pCi can be connected by a 
straight line or  perhaps somewhat better by a slightly S-shaped cume. In 
either case the points above 3.2 pCi arc based on rather small numbers 
of cases and are prob2bly not very dependable, especially since the higher 
radium burdens in some cases are the consequence of measurements made 
15 to 30 years ago whereas the majority of cassa were studied in the past 
10 years. 

More important for the establishment of a dose-response cume is the 
rearrangement of the 205 suitable cases in terms of blocks of incrcashg 
estimated maximum radium burdens (Tubfe 1 4 ) .  Twelve fewer cases 
are listed here than in Table 13 because retrospecti1.e cstimata of maxi- 
mum burden could not be made for these dozen patients who neverthe- 
less did have current or preterminal rndium measurements. These data 

1.0 . 
c 

Figure 3. Incidence of radium-induced malignant tumors and blood dys- 
crasia in the hSL-.4RCM series plotted against current or preterminal ra- 
dium burdens in  pCi, September, 1967. 
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protide the dow-response cun'e shown on a scnii-log plot in Fig. 4 where 
an S-sh.kpcd nature is nioic c1e;trlg c\.idcnt and  \\.here a straight line is 
niorc dimcult to justify. 

T h e  data prescntcd and discussed here have ccrtnin implications for 
the establishment of maximum permissible Ietels. Briefly, no person that  
we ha\*e studied whose maximum radium burden has been estimated to 
have been below 1.2 pCi has devcloped a malignant tumor reasonably 
ascribable to radium deposition. This approach in terms of estimated 
maximum burdens is much more rational than that which b a s s  maxi- 
mum permisiblc levels on the  relationship of pathological changes to cur- 
rent measurements, which are high shortly after administration of the ra- 
dium and which decline steadily thereafter. T h e  1.2 pCi value given 
above and in Table X I  implies that on the average, based on the  ati- 
mated peak radium burden, there is at least a 12 fold margin of safety in 
the currently accepted maximum permissible level of 0.1 pCi for pure 
2:6Ra and its daughters. A peak burden of 0.1 pCi would be expected to 
decline throughout the life of the bearer a t  H rate that  depends on the 
route of administration, the amount incorporated, the time period during 
\t.hich the burden was acquired, and the particular bbne turnover rate of 
the indi\.idual. 

F ind ) . ,  no attempt has been made here to interpret the data in t e r n  
of delivered dose. The present state of knowledge of tumor induction does 
not permit the delineation of the precise volume of tissue that needs to be 

* 

, 

Figure 4. Incidence of radium-induced 'malignant tumors and blood dys- 
crasias in the AKL-ARCH series plotted qainst  estirnsted max'hum radium 
burdens in pCi, Scptember, 1967. 
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;\iiotl~cr difirulty is in thc c>t~tl)li-lii~1c~~t of thc timc span rcquired for the 
induction of thc i i i ~ I i g ~ i ; ~ i i t  t i i i i i o i ' ,  i.c., f ro in  the ndnlinistmtion of thc 
radi;ition t o  tlic 01icct I f  i r r cvc r~ i lh  ncoplx4c clinngc. ?'his period of 
tiiiic, u.hich is tlic rC.!I 1,itcnt pcriod ;ind \\.hich has up to now dcficd even 
rough definition, is f a r  iiiorc iniportnnt in radiation carcinogenesis than 
the apparcnt latent period to t l ~  tinic of Jetcction of the tunior or to tinie 
of death as a rcsult of the tumor. Until these many factonkvolvcd in 
dosinirtn and in the initizntinn of n~align;int chmge arc rcwlvcd, the 
practicc'of computing an! t!pc of cumulativc radiation dose that results 
in neoplasia k probabl!. nii~leading and doc5 little to illuniinate the prob- 
lem of radiation oncoccii~is.  
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D I .\LO G U E 
w L L U r t r  D. SHARPE: I was,struck by the rather hish incidence of 

the central nenous system malignancies in  Table 6. I wonder if these 
might not also be related to the radiation? 

. 

A S H E R  J. FISKEL: \Se too wcre struck by the fact that there w e n  
two gliomas and one acoustic neuroma. At this point there is no reason 
to ascribe these turnon to radium, but they arc m a i n l y  not cxcludable. 

ROBIS NOLE: Do you get irradiation of the nen’ous tissue from the 
bones of the skull? 

A S H E R  J. YISKEL: Quite likely. M’hether it is enough to instigate tu- 
mors: I don’t know. If in the next few yean we see seven1 more cases 
of glioma of the brain, I think we would havc to start considering this 
particular pathological entit!. as perhaps &butable to radium. 

HERTA SPEFCER: Since the main pathway of excretion of ndi6 is 
via the intestine, is there a possibility of inducing carcinomas of the c o b ?  1 .‘. 

ASHER J. FIKIEL: IVe had one can3noma of the stomach, two&- - . . 
cinemas of the colon, and one carcinoma of the rectum (Table 6); ‘Q i- + -  .’ , 

diurn. This is one reason we havc listed all these miscellaneous tumoSin~ .$ .: 
a separate table. 

CHARLES’ w. BiAYs: I would Iik to txprcss my very sincere thsllip . 4 .L 

to  the M.I.T. team and the Argonne team for presenting at this &n- 
posium such a tremendoiis wealth of new nunlcncal data. I was parti- 
cularly pleased to see this paper’s detailed tahulation of all tumors, regard- 
less of whether or not they are currcntly bdievcd to be radiation-induced. 

The induction of bone sarcomas and the head carcinomas is relative- 
ly e3sy to estaldish because of their estrcmely low natural incidence in the 

-. ..- 
may very well be that these also should be considered attributable to$?- . -: , s4 k- .. *. 

*-: ,..- .- 

? :  - i .- - 



. .  . .  ..  . 

P 

L'-.. 
..' . .- 

A. J. FlNKEl ET Al .  225 

scwcr;11 pnpulntion conrr.i.tcd : l ~ . ~ i i l - i  thcir high. oicurrrncc an~ong the 
Iienvil!. cspoqd r;idiiitn C:W.. r t  i s  n : ~ i ~ - I i  morc dificult to nnign a cause 
to tltc ~nnligiiancieg ~\.hicIi ]).I\ c: ; I  I i lg l ;~~ .  itatiirnl incidcncc, such as cnr- 
cinonins of thc dig,c*sii\.c tr;lct :tiid ncopl:im~s of l~cn~atopoictic tissue. 

R01113RT J. H A S T L I ~ I  11; : Sornc: \TI'? c;!rcful scnliintic considerations 
went into the Iicadings on t l i ~  tnlilc~. Sonic list "tuiiIors a result of 
occupational cxposiirc," \\ liilc otlieis: list "tumors not attributed to OC- 

cupational exposure." \\.e rcccr\.e tlic rizht to change our opinion. I 
agree with thc othcrs who 11a1.c coninientcd that wc must think very ser- 
iously ConccrnIng thc rchtionship of radium burdens to the possible in- 
duction uf the \.arious tumors. 

COXSTASTISE J. ZlALEl  

current and  initial hurdcns than hn\c bcen obcencd in the 1l.I.T. series. 
HOW does this affcct thc inicrprctntion of 3 practical threshold? 

ASHLR J. FISKEL: \\'e hnvc a case of carcinoma of the maxilla in a 
person whose currcnt radium burdcn is diout 0.13 pCi '"Ra. Although 
this finding bothers sotme pcople, I 311: not disturbed b y  it because I don't 
think thc current burden inenns th::t much. I think the estimated maxi- 
mum hurdcn ( in  this c x e  about 1 .? pCi)  mcans nmrc and we are safe. 

ROBLEY D. EVANS: There is n 500 rad aiwagc accumulation in that 
3 articular patient e\*cn \+.ithout an! bizarre distribution of radioactivity. 

CHARLES w. M A Y S :  1 hopc these studies tcill continue long enough 
SO that  when we predict thc effcct of othcr einittcrj siich as "'Ra, 2'9Pu, 
and  ''lA1n in man, wc can do so \\.iih detailed information on the com- 
plete cffccts of radium throughuut ihc cntirc human life-span. 

ROBIN MOLE: I u.ould like IO cecond everything Dr. Mays has said 
about the importance of these stiidicc. I hope they \\.ill go on and expand. 
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