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ABSTRACT-h!h'Iinary findings for the origind group of ap]iroximatcly i.DW 
spcialists given a Radiation Registry of Physicians qucstionriaire are presented. 
The questionnaire was dcvelopcd for the purpose of studying thc biologid 
eflects of prolongcd exposure to ionizing radiations among radiologists and 
comparable slncialists. Tlw study population is the total living niembership 
of the Americnn College of Radiology and the College of American Pathologists 
as of Dccembcr 1951 and thercaltcr. Thc qucstionnairc furnislicd information 
about personal cliaracteristics. Imsible exposures to ionizing radiations or other 
health hazards, and reproductive and family histories. 
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Injurious ERccts. as rcsult of di:ignwtic procedures Radiations. Injurious Ef- 
fects, in ph-ysicians, radiation prwnnel,  etc. Radiology and Radiologists 
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data on radiologists and suitable com- 
parison groups as a resource for future 
studies, recognizing that this was one of 
the few availnbll: means of gaining knowl- 
edge regarding the long-term effects of 
iiomring radiations in man (1,3,5, 6, 12). 

Because of the s tudia  of survival among radiol- 
sogists then being conducted at the Johns Hopkins 
University School of Hygiene d Public Health by 
Raymond Seltwr and Philip SartweU (0, lo), the 
NAS-NRC initiated the Registry project as part of 
the existing Jolms Hopkins activity, thus c ra t ing  a 
new, more comprehcnsive Registry project which 
was to bc supcrviscd by a standing committee of l l ie  
NAS-NRC. In 1060, dcvclopment of tlic Registry 
at the Johns Hopkins University began IU a pilot 

HE HISTORY of the Radiation Registry 
dates back to 1939, when an ad koc 

(:omdttn on the ~ ~ l l ~ ~ - ~ ~  study of "adiolow convened by the Division 

Venture witti modest cxpcnditures of prsonnel and 
f u t h .  Plans for the long-term cooperation of the 
put ic ip t ing  d l egcs  of nicdiral spcialists and their 
membership wcre worked out, and procedures for 
data collection, prmssing, maintaran=, alld m& 

of M e d i d  Sciences of the National ysis \YVC devc~oped. Itegistcrs \ w e  established a t  
Academy of Sciences-National Research the participating c o l l ~ g a  and a central s ta t i s t id  

Atomic Energy Comiiiitsion.' 

(2ounal (NAS-I\'RC). In December 1950, unit  IS Kt Up at Johns IIopkins. Financial sup 

t$ig committee, stimulotcd by the interest 
Of committee chairman IVarren 

port came frolll the Public 1 I d . h  Service m d  the 

In July lor& the RcgisW project and respond. 
(131, unanilnously voted to approve the . bility for itsopcntion \vcre transferred to tlic Bureau 
tstablishment of renistnes for collectinn of Radiological Health of thc Public Health Service, 

where a Central Registry Unit is maintained. The 
Radiation RCRiSlry of Physicians now opcrota 
jointly with thc Americq College of Radiology 
(ACR). thc Collcgc of A m c n w  Pathologisla (CAP), 
md the NAS-NRC. The originnl plans for the 
Xegistry envisioned the involvcmcot of at 1 m t  two 
other spccialty d c t i c s ,  the .&nicrican Collegc of 
Physicians and tlic Anicrican Acnderpy of Oplithal- 
mology and Otolarynjiology. Subxquent discus- 
sions led to the decision to initiate the project with 
the ACR and CAP, with the idea that 0th- societies 
might be invited to participate if experience showed 
this to be desirable. It was felt that broader par- 
++a t ion  would be cosier to sccurc if it wre  demon- 
Watcd that the two "pilot" registers could bc 
opcrnted successfrilly 
, I t  is importnnt to clarify at this p i n t  what is 

m w t  by  the term tqirltr and retidry in this re- 
- 

1 From the Division of Biological Effects (C S., Deputy Director), Bttrcau of Radiolocical Hcaltlt, Public Health 
Scrvice. Rockville. hId , atid the School  of Hgcicnc and Public lfcalth ( d .  S . Associate Dean and Profeuor of 
Epidcntiology), Johns llopkinr University, Baltituore. hid. 

'Publia Health Scrvtcc. Xntionol Institutm ol n th Coutract PI{ 13-84-44 and Atornlc Encrllg 
Commiuion Contract hT(N-;)-I9Mi wcrc rcccivcd $&!lM;5. Since 1MO. The PUhllc Hul t l i  Service 
(Division, then Nntional Center, now Uurcnu of Radiological IIcaltIi) I t a s  funded the proJect under Contract3 sjlt PH 80-66-170, CPE-R-700002, and CPE-R-70-W. 

Accrptcd for publication in Jantlary 1971. 
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port. The reriiler is defined as u listing of anomalies, maternal exposures, or 

rcgarding tlinse ~rnonr. whcrcns a rrgirlry is dcfined 
m the organizataon and procru involved in the sup- a family including 0 WfviVal 
port. maintcnnncec, and opcrativn of il register. A record of parents, siblings, spouse, children, 
single radiation registry. therefore. representr M and grandchildren (including both family 
organization which can support s c w a 1  rrgistur. and respondcnt histones of spcdfic mndi- 
This is more than men! scmantics. Evcn though the tions thought to be to radiation ex- 
idcal research design mlls for the collection of data 
in an idmtiml fmhion for both ~~rpscs" and *'an.  POSure, such leukemia, skin cancer, etc.). 

The qucstionnrira rernain the propmy of each of 
gram calls for a certain amount of iq)ro\.ircation. the m w t i v c  mileg-. ~ o ~ ~ ~ ~ ,  they pro for. 
Thus the two colleges liarticipaliiig in the Registry rmded to the Crntral Registry vnit  in the hnau 
i"ogrPm are each opra tmg sparate  registers, which of Radio1ogi-l EIealtll for promsing pnd coding 
must h evaluated separately. after they have becn checked by the college OK-. 

Elaborate precautions have been taken to rofewrd 
the confidential nature of the compktd  quation. 
naircs. A11 members of botll mueg" ha\- been 

establish a long-term follow-up of radiolo- assigned R e d s t y  Code numben which msututr 
gists and comparison groups "designed to the only identifying mark on the quationnaim. The 
disclose such effects on life expectancy, responSibiW ior *signing the Reg~stry code 

nu'mben are now cwigned to all new memben mch 
may be the Of exposure to radia- w a r  on the basis of cards fonvudcd from the college 
tion." The interest of the Registry pro- ofices. The individual rapondent doer not sign his 
gram covers thc entire gamut of biological name, and numerous procedures hve been dc- 

said tl,Pt of its airns is the collection the questionnaim from also obtaining a- to the 
code book which identifies the individual. 

of data on the variables of today which may && qucrtionnairc, iu &ted dmmcnts ,  
serve as indicators Of the radiation c l k t s  kept in M individual file identified by a study ntlm- 
of tomorrow. ber. No names arc evcr attached or related to the 

completed questionnaire. Each college, as well as 
METHODS the project o h  in the Central Registry Unit, bas 

a shglc master log of the study number assigned to The basic source document of the Radia- a l p h a h t i d  
tion Registry of Physicians is an eight- 61etmd t h e m t r a l u n i t  keepsanurnendlog. ~h 
pagc, self-administered questionnaire Central Registry Unit also maintains current fila of 
which i s  mailed to  members of the two member: Of the t*ro 
collegcs and returned to the respective f ' ! ~ ~ t r ~ ~ ~ t ~ ~ s t i o n n ~ i r e s  bnn fonrPrded to 
college offices* The questionnaire has been tlie Central R c ~ . r t ~ y  Unit, the in fomhon  u redd 
designed to furnish inionnation about and punched on IBLI cards for stonge and OK in 
such personal characteristics of the Registry analysis. The identifying data on each respondent 
group as age, sex, marital status, place of PTC irnmcdintcl?. coded and punched 50 that curreat 
birth, and information regarding profes- l is ts  of respondent* nonrespondents rue alwar 

available. A detailed coding system has becn de- 
siond Oafeer; gross descriptions Of POs- \&pd to generate a mmimum of l l  IDAX cnrds 
sible exposures to ionizing radiations, from tach questiomairc. The coding system b 
including type of x-ray work, years of ce derived during the first few 
occupational exposures of various types, w l s n  detailed studicr were con- 

sainplc of questionnaires as they 
thc Statistical Utiit a t  Johns and personal cxposurcs to diagnostic and 

therapcutic radiation proccdurcs; per- milings of qucsrinnnauer are 
sonal cxposures to othcr Iiealtli hazards, ing nrcinbcn. rind rrvcral other 
illcludiug tuberculosis and cigarette smoke; uscd or ore being contemplated 
rqrodticti\*c histories which might faciu- 
tate evaluation of possible genetic cffccts 
of radiation exposure (including a history 
of miscarriages, stillbirths, congenital , The data generated by the Radiation 

PenOnS W the ~ C W I I ~ I I ~ ~ ~ C ~  body Of recorded d3to otIlcr conditions during pregnancy) ; and 

a study* the develot)mcnt of 

The Radiation Registry wi's 
defined at its inception an attempt to 

and charactc"sti~ n u 1 n h  f a t s  \\+h the central Unit, &d 

effects of ionizing radiations. It may be velopd to prevent individuah who need amem to 

indi,<dual. ~ 1 , ~  college, 

n a m e  and addresses of 

b the dleges to improve the rerPnre rate. 

RESULTS 

! 
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Registry are classificd as cross-sectional, CAP. Sotncwliat difierent tcchlliques 
rctrospcctive, and prospective or lo@- were uscd by the two mllcges, (or 
tudinal. Examples of these three t y p  nuniter of rcasons. The most enective 
of data are given below. results were obtained by the American 

Colkge .of Radiology, which employed 
its local councillors in a coinbincd telegraph 

A. Composition of the Total Rodiafiorr and tclcplione campaign and achieved an 
Registry PoptiIatiori: The total popu~a- overall response rate of S9.2%, compared 
tioa included in the Radiation Registry to 77% for the CAP. The ACR response 
mmp&es all u. s. physicians \she lverc rates were a t  the Same high level in all 
members of the American College of geographic regions Of the u. s. ; there W a s  
Radiology (ACR) and the College of more variation by region in the CAP re- 
American Pathologists (CAP) in Deccinbcr sponsc rates, but these differences are not 
1961 (later changed to Jan. 1, 1962) and :emarkable. 
all those who subsequently becanle mem- C. Response of lVnv Afentbcrs: The 
bers of the participating colleges. By Registry is a dynamic instrument which 
March 1970, the Radiation Registry in- needs continued follow-up efforts to main- 
cluded 7,090 members and former mrmben tain satisfactory response rates. The new 
of the American College of Radiology members takcn into the ACR in l962'at- 
and 5,675 members and former members taincd response rates similar to the overall 
of the College of American Pathologists. response of the original group, but con- ' 
It is an important aspect of the Registry sidcrably fewer of those who were enrolled 
operation that once individuals have been in 1963 responded. The same is esscntidly 
enrolled into the Registry, future follow- true for new CAP members, whose 62% 
up will be attempted regardless of whether response is similar to that of the original 
they retain their college membership or group one year previously. 
not. Thi, has not posed a problem QS Yet, D. .4gC DislrOiition of Responderits and 
but it will involve extra work in tracking 1Vorrrcspo?tdejrfs: TABLB 1 shows the im- 
down individuals who drop out of a portance of age as a variablc in respnse to 
college for any reason. However, this this program. There is a rather consistent 
does not represent a major problem when inverse relationship between the age of thr 
dealing with physicians, since they are members and the level of response, which is 
followed continuously by the American to be expected. In vicw of the fact that 
Medical ./issoriation through its directory . future initial quest:ocnaires will be filled 
department. ont by relatively younger men, the prog 

I. Cross-Secfiorwl Data 

* 

Of the ACR members. 4,741 represent individuat 
enrolled in the original Registry program in D m m -  
ber 19Gl; 3,115 of the CAP members were in the 

-original group. The additional 2.349 ACR and 
2,563 CAP registrants represent new niembcm. 
Most of the material analyzed thus far has dealt cx- 
clusively with the original registnntr. 

B. IPcsponse of the Origirral Rcgisfry 
Group: When the qucstionnajres were 
returned by the original group of respon- 
dents, two peaks were notable: one COV- 
ering the initial six-month period of 
mailing and follow-up requests and a 
second peak which reflects the intensive 
clean-up campaigns carried out first by 
the ACR and then, onc year later, by the 

nosis -for continuing improvement of the 
level of response in this program seeins 
excellent. 

Cornprism of responses in the current Registry 
projwt with the response t c d s  attained by a pre- 
vioiis rtud$'carricd out by Slncht m d  Liwrencc in 
19.j1 (41, :& which the fottnw-iip activities \ w e  
limited to ,$IC follow-tip letter, reveals that the re- 
sponr? r 3 b  haw lxen consistrritly lligller for 
responden& of all agcs despite the bngcr question- 
naire u w d h  our study. MYIY rndiolrrgists did not 
repond t+ the 1'351 suhcy but have responded to 
the cum& project-either spontaneously or OS the 
result ol$the persistent fullo\v-up eaorts of the 
college off+5ds. There is an i m p r u n t  difference in 
the oric&ition of thcsc two studies. h g u n  ten years 
apart, l ~ j l  survey \VBS a well-conducted 

j; 
'e 
'I 
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study derived to collect retrospective data on 
congcnital abnorrnalitics among the onspring of 
radiologists and comparison groups of physicians. 
It is unlikely that any invcstigator initiating a 
similar study today Lnuld expect to do much bctter 
in terms of the degree of cooperation clicitcd from 
groups of busy practicing physicians. Although the 
methodology used in the Radiation Registry ini- 
tially is identical to that of the 1951 survey ke . .  Y 
xlf-administered questionnaire), the informntion 
generated on congcnital abnormalities among off- 
spring is really incidental to the hs i cd ly  longitctdinal 
orientation which is the hallmark of an ongoing 
Registry program. 

Infomation ohtained regardind some of the de- 
scriptive variables of respondents i t  uscfnl not only 
in checking the comparability of the two partici- 
pating college memberships but a h  for the intelli- 
gent anailpis of information generated by othcr 
sections of the qucstionnaire. These descriptive 
vatiablw dcal with sex (more fcmale pathologists). 
marital rtatus (more unmarried respondents in the 
CAP, consistent with its younger membmhip), 
birthplacc (more forcip-born females than males. 
and more foreign-born CAP members), location of 
the medical .chool from which the respondent 
graduated (no marked dilicrences betscen the two 
colleges), region of ns idcnn  (no important differ- 
ences), and current professional status, whether 
activc or retircd (roughly thc MZIIC proportion of re- 
tired rrspondcnts in both colleges). 

Another piccc of cross-sectional informa- 
tion deals with the individual's willingness 
to participate in a controlled trial of 
dosimeters. As a result of response to this 
question, we now have access to a roster of 
2,975 radiologists who have volunteered for 
studks, aimed at quantitating the current 
level of occupational risk involved in differ- 
ent types of x-ray practice. This is an 
example of another possible by-product of 
the Registry program. 

s 

A major problcm with which the Registry project 
must cumc to grips is the matter of "incomplete 
rcsponsc." Evcn though M individual is listed as 
n respndcnt, in a nuntbr of QSCS only portions of 
the questionnaire were complcted. l h i s  was rather 
alarming when first m g n i r c d ;  however, we have 
found that this incomplete rcqionsc is seen almost 
csclusively in a limited number of the items dealing 
with retrospective data. The information of a 
cross-sectional nature and the type of dnta which 
will be nceded for longitudinal studies hare usually 
bcen answered by an ovcraliclming proportion of the 
respondents: for tlicse items, the incomplete re- 
sponse levels are usrialty lcrs thnn 5%. which seems 
low enough to prewnt a serious bias from being 
introduccd into future ttatistird maly~Crcs. Specific 
arms in which thc incomplete responses are signifi- 
cant enough to cast doubt upon the usefulness of the 
dcrived nata will be mentioned later. 

II. Refrospeclive Data 
The type of information most rcadily 

generated from this questionnaire survey 
is, quite understandably, retrospective in 
character. We prcsent a few findings deal- 
ing with such information simply to illus- 
trate some of the features of these data. 
Many of the more interesting items of in- 
formation have not yet been processed and 
tabulated. 

Factors OlLcr Than Zwadkfwn: The 
problem of the effect of initial selection 
factdrs on radiologist survival was exam- 
ined;: I t  has been suggested that physi- 
ciarl? who are in poor health arc more apt to 
& m e  a sedentary type of practice or one 
which is primarily hospital- or oficebased 
rather than one which involves house calls. 
One reason for choosing pathologists as a 
co4parison group was that the same factors 
w]&h jnflueiice the choice of radiology as a 

. ' 
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f 



., , 

,i‘ 

vat. OB RADIATION REGISTRY OF PIIYSIC~ANS 
563 Diagnor!ie 

Radiolopl 
specialty rnight operate in  tlie choice of 
pathology as a field of specialization. We SRX OF Oirsrniwa 

found a slight but unimpressive excess of Ractwloaists Patholorism 
radiologists who gave a history of having ( A C K )  (CAP) 

11: Rarionucttvr H i ~ t o ~ y :  

chosen their specialty as a result of illness. 2;; !zb&$ 10.~0s 4 3% 
11 . O N  4.400 

4.521 1 m a  
1.501 81 1 o 52 0 40 

This secmri to bear out  the relative com- Malcr 5.008 1.881 
parability of thcse two college niemberships 

able sclectiion.” 
Preliminary analyses thus far have re- 

vealed no rcmarkablc differences in factors exposure on the scx ratio of offspring. 
which might influence the comparability of One proposed liypothcsis has been that the 
the two groups of medical spccialists, such prescnce of radiation-induced dominant 
as smoking: habits, prior cxpericnce with lethal changcs in the x chromosonies of the 
tuberculosis, or urban-rural residence. father would be expected to kill off the 

B. Norioccupaliorial Radiafimt Ex- female offspring but not tlic male, resulting 
Pqsure: There may be an important pre- in an excess of male births. (Conversely, 
ventable occupational hazard of the field of inasmuch as the male derives ita only 
radiology, i .e.,  an excessive exposure to x chromosome from the mother, maternal 
nonaccupal.iona1 diagnostic x rays. The radiation-induced damage to the x chromo- 
crude data show only that a greater propor- somcs should result in the death of the male . 
tion of radiologists have been subjected to offspring. The reverse is not necessarily 
medical diagnostic x-ray procedures (ex- true in the female offspring if the lethal 
clusive of routine cliut  films and dental gene is recessive, since the female also 
x-ray examinations). If these data are possesses an x chromosome from the 
valid and hold up on inore refined analysis, father.) 
the classical type of occupational exposures Some preliminary SCX ratio data derived 
to irradiation niay be found to be less im- from the Registry experience were com- 
portant than the exposures which are “in- pared with those of previously published 
directly occupational” in view of the studies reported by Ncwcombc dealing with 
radiologists’ greater accessibility to x-ray the effects of paternal radiation exposure 
equipment. Some previously obtained (7). For this purpose, all radiologists in 
preliminary data Indicate that there is the Registry wcre regarded as “exposed”; 
considerably more x-rav exposure among a much more refined analysis will be needed 
radiologists’ families than among pathol- in ordnr to separate out those offspring 
ogists’ familics. This type of data will . born prior to the father’s entrance into the 
always be suspect in view of the possi- field oI radiology. However, even taking 
bility that radiologists may give a better this into account, these data represent a 
history of radiation exposures, since they group of exposed fathers considerably 
would remember the procedures better. larger than any reported previously, in- 
This is an csccllent illustration of the ad- cluding t@ Atomic Bomb Casualty Com- 
vantages or collecting such data for future mission *up (5). Thc difference in pro- 
use rather than relying on the retrospec- portion ofhale births betwcen radiologists 
tive survcy. and patliblogists is consistent with the 
C. P~ssrlrle EJecfs of Irrudiufiorr: Some previously: stated liypothcsis (TADLE 11). 

of the possible genetic effects of irradiation, The data have becn brokcn down by family 
which might be detccted from thc data size, w h i a  demonstrates that the propor- 
accumulatrd on the responding members of tion of gale offspring decreases among 
the two participating colleges, were exam- respondink pathologisu’ families as the 
ined. One of the most interesting of these family si= increases: this is not true for 
is the possible effect of patertial radiation the radiologists’ families. The magnitude 

~ ~ ~ ~ ~ t d  
in regard tlo this factor of “initial unfavor- scx ratio (% males) 

Includes niulliple births 

’ 

t 
L 

I l 5 k 4  1 1  



6G4 CIIARLOTTE SILVEWUAN AND RAYMOND SELTSER lumr 1011 

. T A n L E  111: RErroDvcrivs 1f lSTORY: C O N C I S I T A L  Asorr*Lirr Raporten 
=- - Pattiolulrists - 

Pregnincin Precnancica 
5 .1  30 0.8 Heart and blood 

hlurcln Piid joints 
151 14.1 80 19.7 Bonn nnd cartilace 

Cnstrointrrtitisl tract 
Cciiitourinary tract 
Central nervous system 21 1.9 22 5.0 

-Radiologists- 
Hsle/1,000 so. K O l C l l . ~  NO. 

58 

Type of .4iioniJy 
- 

40 3.7 li 3.9 

31 2.8 16 3.7 
68 e .?  23 5.3 

Serisc orpiis 99 
Dcvelopineiital arrcst 50 
OtllCrl ?25 . - - TOTAL 744 68.1 53 58.2 

9 . 1  
4.0 

20.0 

45 
21 
82 

10.3 
4.8 

18.7 

of the sex ratio shift is iriiprcssive for all 
thrce classes of family site (as nicasured 
roughly by the number of reported preg- 
nniicics). 

I n  ordcr to clicck this inforniation more closely, 
v c  Jctidctl to look at the data on scx of obspring as 
rcl,nrtccl iii two scparate parts oi the questionriaire. 
Iii addition to questions dmling with rcprndiictivc 
history. them is also a i  itcin dealing with ianiily 
history which asks for the current survival status of 
all children, as \vel1 as tHe year of birth a id  sex of 
each child. \Ve felt that the tabulations should be 
ruuglily comprablc fur these twn sections. although 
on{! might c q x c t  n slijlitly grcater iiumber of off- 
spring rcported iii the section on lomily history. 
l47icti the sex ratio (lata dctcrinincd from these two 
sotirccs wcre compared. the tntal number of livcborn 
olTiipring was indeed coiiiparal)le ior both scctioiis of 
the qucstionnaircs retrirncd by the radiologists. 
However. thcre tviu a reiiiarkable excess of some 
2,000 yatliologisl offsprhig reported under thc family 
history but missing from the reproductire history. 
The explanation for this is contained in tlie "un- 
kno\\ns." reprcscnting questioanairw in which the 
scction on reproductive history \vas not completed. 
This wns true for 3200 oi the responding pnthologists, 
in contrast to 11% for the responding radiologists. 
Thc reason for this specific deficiency in the com- 
pletcncss of the qucstionnaircs hac not yet been 
de,tcrmined. There is evidence khat P number of 
incn felt tha t  they ob\iously did not have a "repro- 
d u c h  Iiistory," sincc they had never bccn pregnant1 
If this is tlie u s e  and tlic scctim was ninittcd as a 
rcault of iiiiprnpcr qticstinniiairc dcsigii. n specific 
quationiiaire dealing csrliisivcly with this subject 
might be uscd to obtain the data. If, on thc other 
hand, thcre is a gcncral reluct.uce oii the part of 
pathologists to  furnish this typc of information, the 
potential of tlic Rcgistry prosrain in the arca oi  cluci- 
dating possible genetic cliccts oi irradiation will be 
scii6usIy limited. At any rate. in view of the large 
proportion cf pathologist olTsItring for whom data 
a x  missing, w e  must be cxtrciiicly cautious in inter- 
prethg the sex ratio data 3t this tiine. 

The data on congenital abnormalities 

have not yet been completely tabulated. 
Howver, the level of conipletcness of 
rcsponse is apparently evcellcnt in this area, 
with only 33% of the pathologists and 
4.3% of tlie radiologists omitting the. , 

question. At present, there are 7.1.1 "con- 
genital anomalies" of all types among the 
offspring of radiologists and342 such a?om-- 
alies among the offspring of pathologists 
(TADLG 111). 

Data on reported miscarriages and still- 
births show a remarkable similarity be- 
tween the two groups. Information was 
dcrivcd from the same section on repro- 
ductive history previously used to provide 
sex ratio information, and it is interesting 
to speculate why the large group of "non- 
responding" pathologists did not seem to , 

influence these results. .Possibly the fac- 
tors influencing the failure to complete this 
section of the questionnaire may not be 
rclated to pregnancy history or sex of off- 
spring in any way; the nonrespondeub to . .  
this question might actually be a repre- 
sentative sample of the entire responding 
group. If this is the case, the ses ratio 
data presented above would reflect the true 
s i p t i o n .  
' %licrc arc certain \vcll-bionn limitations inherent 

ikihc iise oi a scll-administered q~cstiomnire to ob- 
t@i rctrospcctivc data of this typc. The memory 
f t t o r  becomes imlartant in evaluating the validity 
of'ccrtain typcs of datn: the older the rcspondcnt. 
tG leu  likcly that lie or she will remernber all of the 
details rcqucsted UI the reproductive, personal, or 
fqbily history.. On the whole. h o n c w .  there is B 
c+siderahle advontagc in ha\ing respondents who 
a n  all qualified specialists nnd completely familiar 
\vilh the language. Notwithstanding tlie gcncral 
d$icicnces in this method of obtaining information, 
aq unusual body of dam h a  been obtained with re- 
:u 
r 
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r p c t  to IIic probablc liigll fcvel of rcliability of the 
information on thc initial qiicstiotitinirc. 

It must bc rccognizcd tlint tlicsc typcs of data 
could havc bceri collcctcd without cstablisliing a 
registry, :u was doiic in the previously citcd survcys. 
Therefort:, the cvpcnsc and timc of maintniiiiiig an 
ongoing rcgistry operation must be justified on 
grounds clther than tlic typcs of information available 
from the retrospective or historical approach. 

III. Prospective Datu 
The real justification for establishing a 

radiation registry is related to the longi- 
tudinal or prospective studies and analyscs 
which are possible only if such a rcgistry 
has been establislicd and is maintained. 
It is sometimes difficult to kecp this fact 
in minsd, since the cross-scctional and 
retrospcctive data are readily available for 
analysis and discussion, whcreas tlierc is 
very littlc to show for thc longitudinal 
aspect of the registry even after a number 
of years,. 

A .  Factors Other llran Irradiation: Data 
are not yet available, but in time there 
will be longitudinal information on the 
smoking; practicu of members of the two 
specialty groups. 

B.  No?wcctrpaliortat Radialion C '2 -p o s w e :  
Through updating the questionnaire and 
obtaining information on new members, 
there will be an opportunity to determine 
nonoccupational exposure as the members 
go through life. Special studies can be 
carried out to validate any marked diffu- 
ences that appear between the two groups. 
The suggestive differences observed so far 
will bc tested. 

C. C'cctipalimral Radialwn Expositre: 
No valid data are yct available on quanti- 
tative erstiinates of x-ray exposures. The 
data to be obtained from repeat .question- 
naires and special dosinietric studies will 
offer opportunitics to study trcnds in the 
use of >: rays by different gcncrations of 
radiologists and other physicians. 
D. Possible EJects of Irradicrtion: Tlic 

data which can be potcntially gcncratcd 
longitudinally from the Radiation Rcgistry 
should provide information on both somatic 
and genetic late effects of ionizing radia- 
tions. 

stC?Vhl is thc most straiglitlonvard and 
pcrllaps most valid information wliicli can 
bc dcrivcd from thc Rcgistry. Siiice basic 
age data are available 011 all colicgc iiicin- 
bcrs rcgardlcss of wlictlicr they return the 
questionnaire or not, it  will bc possible to 
derive age-specific death rates for the mem- 
bers of thesc two specialties as the years 
pro g r c s s . 

A later study by Seltser and Sartwell (11) 
indicated that the type of occupational ex- 
posures to radiations used by radiologists 
prior to 1940 had an cffcct on survival. 
That study was based cntirrly upon recon- 
struction of rnernbership rosters of various 
spccialty socictics and lollorv-up for sur- 
vival status of all individuals who had ever 
been mcmbcrs of those societies. It was 
not possible to investigate othcr factors 
which might liave influenced survival, such 
as smoking habits or pre-misting illnesses 
which might have selcctivcly biased the 
composition 
studied. 

Estimates based on current mortality 
r a t a  of radiologists indicate that of the 
4,200 original respondents from the Amer- 
ican College of Radiology register, 1,450 
would be expected to die within the next 
twenty years. Of these deaths, 250 would 
occur during the next five ycars, with an 
additional 300 deaths during the subse- 
quent five years, 400 deaths during the 
third five-year interval, and another 500 
deaths during the fourth five-year period. 
If the mortality analysis for this sizable 

.group could bc correlated with informa- 
tion recorded in the Radiation Registry 
files, there would be an opportunity to 
draw inferences with considerably greater 
confidence than was possible wvlicn such 
information was nct available. As a result 
of the procedures devcloped during the 
radiologist mortality study at  Johns Hop- 
kins, tlrcre is an csccllcnt mechanism avail- 
able for review of all deaths of Aincrican 
physiqns.  At prcscnt, nll Aincncan Mcd- 
icnl Adqociatiori death records arc scnt from 
Chicaqo for revied and radiologist and 
pathologist deaths can bc detected. This 
will bg; especially helpful in determining 

the specialty groups being I 
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Total -Radiologists- -pathologirt. 

Deaths dcntr dcnu 

so. of son- So11- Cl.ssrification 1'' so. Cnncer R:t::F rmpon- ~ o - 1  R z r  rupon- To-l 

All nt:oplasrns 87 48 13 01 ' 8  11 26 

l; 
Digestive 150-159 26 11 4 15 
Respiratory lM.C-IG5 ' 14 10 2 12 1 1 
Male genital organs 177-179.9 11 9 I 10 ... 1 1 
Urina.ry IN-LSI . s  5 1 6 ... 1 1 
Skin 190.0-191 9 i 1 ... 1 2 ... 2 
Brain and ccntral 

nervous system 192-183.9 3 1 1 2 ... 1 1 
Other 140.0-145 

4 1 5 3 ... 3 
I ... 1 

IQ.l-IB9 8 
Lymphoma "XI. 0-203 7 5 1 6 
Leukemia Xk&W2W.4 . 8 2 2 4 1 3 4 - 

Radiology 

survival status of nonrcspondcnts. The late rapidly during the coming years. It 
participating collcgcs are also a sourcc of should also bc possibIe to investigate second- 
reports of deaths, since s u r y i d  status is re- generation effects of radiation esposures 
vicwecf annually for all activc ducs-paying by conducting special studies of the fertility 
members. As of April 10dS, there had patterns of the okpring and looking for * 

been 465 deaths among the original Reg- congenital malformations among the grand- 
istry rnemben; tlie s p e d c  causes of death children. More tlian 1,070 grandchildren 
are shown in TABLE IV. have been reported by ACR inembers and 

It may be estimated that of tlie expected GOO by CAP rncmbers. Forty-six con- 
deaths from cuiicct a trd It*ir!ictrriu occurring genital anomalies have been reported thus 
among the 4,200 rcsponding rndiologists, far in ACR grandchildren ( 2 3 % )  and 23 in 
200 may be due to cancer, of n-hich 13-20 CAP grandcliildrcn (3.370). 
may be due to leukemia. Investigation of 
thcsc cases could be carricd out using the 
case-control mctliod of study, since it would 
be po'jsiblc to cniploy both niatclied pathol- 
ogists and other radiologists for coinpari- 
son purposes. The cancer deaths by type 
among the original groups of radiologists 
and pathologists as of April lOGS are given 
in Table V. 

SVhlSlARY 

This is the first report of the Radiation 
Registry of Physicians, conceived and grad- 
ually establishcd during the past decade. 
The Rcgistry was developed as a vehicle for 
the long-tcrm follo!v-up of radiologists and 
comparable medical spccialists for the pur- 
pose of studying biological effccts of pro- 

In  addition, recent studies indicate a longed esposure to ionizing radiations. The 
suggestion of an across-the-board effect on study population is comprised of the total 
mortality from most major causes of death. living incnibership of The American College 
Cause-specific data thcrciorc may be most of Radiology and the College of American 
important for detcriiiining possible effccts gathologists asof Decembcr 1951 and there- 
of irradiation on other riiajor diseases as kifter. The basic source of information is a 
well. detailcd, self-ndministercd questionnaire 

In  rcgard to getielic rfccls, i t  is antici- bandlcd confidcntinlly b!' the two colleges; 
patcd that thc data on scs ratio and con- 'the prcccssing of data is done separately in 
genital abnorma!itics aicong oiTspring of Q central registry unit of the Public Health 
radiologists and patl iolo~sts will be more 'Senice. 
valid on a longitudinal study basis tlian on To date, the principal types of tabulated 
a retrospcctive basis. Many new members klata available are cross-sectional and 
of both colleges rcprcscnt young families .retrospective; longitudinal data, cxccpt for 
still in their child-bearing \cars Some sunival figures, h a w  not yet been 
collccted on thcse groups should accumu- ,generated. The future productionof longi- 

Data 

c r 



I 

tudinal data is the primary goal of the 
Registry. Important as cross-sectional. 
and historical data are, they can be 
gathered by srirvcy tcchniqucs without the 
necd for rcgistrics. The collection of 
longitudinal data on an ongoing basis 
offers the advantage of rcliability of current 
data as comparcd with recollected data, 
as well as the opportunity for soundly based 
prospective studies. 

Bccausc the Registry includes total pop- 
ulation groups, it  can serve as a frame for 
sampling subgroups of radiologists or 
pathologists for intciisive study. Sam- 
pling on a known probability basis, cven if 
i t  involvcs only small numbers, provides 
the basis for the use of conventional sta- 
tistical tests and cvaluation. 

There are already inany suggestive leads 
from the data concerning the nonoccupa- 
tional use of irradiation by radiologists and 
their families, thc diminished occupational 
exposure of youngcr radiologists, and possi- 
ble alterations in the sex ratio of offspring. 
The Registry is not designed to yield 
quantitative dosimetric information, but 
this weakness could bc overcome by study- 
ing samplcs of practices and exposures and 
relating thesc to the study of population 
esposure to x rays in the United States 
which was carried out in 10134 (2) and re- 
pentcd in part in l9iO. 

The feasibility of dcveloping a physician 
registry which may prove usdul in de- 
lineating biological effects of occupational 
exposure to ionizing radiations has been 
dernonstratcd. The existence of the Reg- 
istry poses a challenge to those responsible 
for establishing safety standards in  the 
radiation field. A number of studies might 
employ appropriately drawn samples of 
physicians for intcnsive studies of dosim- 
etry and related areas. Such studies 
wotild have thc advantage of yielding a 
maximum amouut of information eco- 

-- 
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nomically. However, the Registry’s major 
contribution is the opportunity for l o n e  
tudinal follow-up of responding physicianr 
and the compilation of increasingly relevant 
and useful data over the yean with ade- 
quate opportunities for the validation of 
such data. 
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I 1 

As the principal object ives of the biological rasswch af the 
'.!eta,Uur&xl Project approach attainment, a new goal should be 
esta.bl iahed ror the conduct of the  v:ork. This ~oal should be 
dual, and should include both A'ork on the practical problems 
associated with RliCleOniCS and xork in  p w e  resoarch aimed broadly 
at t h e  attainment of fundamental knonlcdge. 
cleonics b s  furnished biolcgy udth izporr;ant n- tools i n  the 
form of various kind8 of ratiation. The p t e ~ t f a U t i e s  of these 
too29 are not clearly seen, chiefly bucause they have never been 
looked Cor. A program s l o u l d  be id - t ia ted  t c  conrider these 
questions, and such a pr:Jgrm should incl ide research i n  cancer, 
aginlr, 5iochemistry, phy;iology, and bacteriology. 

Tho soience of nu- 



.e- Introdii c t ion. 

I a wri t ing  t h i s  l e t t e r  b rea;:onsa tc your recent l e t t e r  
requ+sting s1:ggestlcns i'or a .pmt-r;.rir O i O h L J  ;ror;ran. I have 
talklzd B roo< deal  rscar;tl.y r i i t h  Lk. Itaper, B. iienshaw and 
others,  to tbSs l e t t e r  * : i i l l  '33 x i  z t tezpt  t o  r e f l e c t  the view3 
of  a:L1 of b:;. 

ca t ions  on t i i s  subjecL, so the present views do not necessar i ly  
reprosent a chtmc? Prca ??.?vi3c'3 v iam;  indeed, I have found 
t h a t  our views UR this tuhjsc i .  !.ai-e changed remkab1;- l i t t l e  
durinr the past three nonthu. iIc:'ever, - m y  of them have becme 
c r g a h l l i z e d  so they c a  be ;lore w e c i s s l y  s t a t ed .  

.it t h e  prosent time i t  appea.-s thet  the  p e a t e s t  contribution 
xhi.-,h t he  science of ~l\iclaonics czn of'fzr t o  thn science of' b b L -  
(**# Ls i n  the  field oi rad icac t ivs  t r ac i r a .  Follo.t'Lng your 
suggestion, I am omittiny: discussion of t h i s  im;rortant t i s l d .  

U c t i w a  of Zeuearch Prorrasl. 

In cons:derin(r a propiin of r a s e x c h  i n  b i O l O F j ,  it is perti-  
nent to  consider f ' i r s t  the obiectives. .'.e fae l  there  should be 
txo, namely, 1) a b e t t e r  nnda r s tmdiw of the  hazards involved 
i n  the  nucleonics profession mnCi 2) a b a t t a r  understandinc of 
ce r t a in  o ther  b io logica l  problems which can be attacked more 
s a t i s f e c t o r i l y  b:- the  sethods of nucleonic biolcqy than by any 
other.  T : d s  d i s t inc t ion  is qr;ite similar t o  the d i s t i n c t i o n  
COih710Il~J trade between developmental and wra research. In  a 
Fred, m n y  ~.is$9 t he  problems ari3i:lg f r o n  thase two objectives 
uiou1.d bs indistinguishable, but  it is im,ort,ant t o  es h b l i s h  
c lea r ly  tkerre tzo objectives.  

",onsii.,*rinr the f i r s t  of these objectives,  I think It io s b e  t o  
say  t h a t  6;- the time our present axperbent:  ar? compltte, ivs 
h;vci rzached a turn- point in the  oiolocy Dro,:rm. <'est or' the 
e;C;,erimezts have been aimed d i r e c t l y  aLddmL-  5 , :  to..iciries and 
satt,inr toler.mcc doses, and ti;is wcrk should consLitute a r.:ther 
com;)latE surmy 0,' the e n t i r e  fiel5. i t  is inpossible t c  predict  

I have also &bun heavily on previous ccmrelmi- 
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t h e  outxome of these experLPlc..’s, b u t  present i ad ic i t i oas  a r e  
t h a t  they dll substant ia te  .lost of our early predictions. 
Howevei:, they w i l l  t e l l  us very l i t t l e  &bout the fundamental 
nature of the act ion of rnrliations on t issues ,  and very l i t t l e  
aboQt the v a l i d i t y  of the concegt uwn  vhich a l l  current ly  
acceptad r ad ia t ion  tolerance values w e  based. However, these 
Could be used a s  a basis for  3 r ro t ec t i cn  hrogrm and t h o  nude- 
onics h d u s t r y  would involve  no :>ore rfsi .  than,  sap t h e  am- 
facturo of t e t r ae thy l  lead. I would be t h e  l a s t  t o  advocate a 
cessa t ion  of research on lead poiscning, arid by the same token 
f e e l  that rosearch on radiation injury shauld continue. Such 
research will continue i n  a sDor.idic w y  i n  various i n s t i t u t i o n s  
j u s t  ait research i n  lead poisoninp. has unless a ne11 organized 
pror.raai is uniertaken. 
on the jyounds of protection 0:’  t h e  valuable personnel, t h e  
d i f f i c u l t y  in diagnosinc r:-liatioti 
t h e  fundamental nechar.isms involved i n  r ad ia t ion  injury, or the  
ever-present poss ib i l i t y  af the eiscovery of new radiat ions or 
new prtxhctr .  If there  is to  be a program i n  r a d b t i o n  in ju ry  
then niiclscnics laborator ies ,  being more concerned than any other  
s i - v l e  i n s t i t u t i o n  i n  t he  cou.itry, should undertake it. 

Turnin!? now t o  the seconr! object ive,  namely, t h e  applications of 
t h e  i d m s  and techniques of nucleonics t o  biological  problems, 
1 f e d  t h a t  if a research center :or nJxleonic8 is to lie estab- 
l i s h e d ,  it would be a grave mistake t o  c d t  fundamental research 
in biology. I wYhl not enter  i n t o  8 discussion of the merit8 of 
pure research, but  would U k e  t o  quote fron Bush i n  ‘‘Science, 
t he  Endless Frontier“. ‘The s t r i k i n g  advances in uedicine during 

s c i e n t i f i c  clata accurmlated thraugh basic research in r a y  scien- 
t i f i c  f i e l d s  i n  the par s  before t h e  w a r t ,  and a p i n ,  ‘progress 
i n  combatine disease depends upon M expandiq  body of new scien- 
t i f i c  lumtledpe - - profless i n  the  war against  disease r e s u l t s  
from d:lscovsries in rcnote and unexpected l l e l d s  of medicine and 
t h e  underlyinr sciences.‘ 
t h a t  i f  only devclopnsntal reselrch i n  biology can be justifie:, 
thsn I f e e l  t h a t  KO biological morrm at all should be unc‘ertaken 
i n  connection with the nucleonics oromam. 

s 

I believe ouch a program is juetFfied 

injury, lack of knowledge of 
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c a 1 the  war have bean possiblecr&- because ne had a large bacWoe of 

Indeed, I vratld r o  so “ar as t o  say 4 
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In establ ishing e procrm of rswnrch ,  t h e  two objectives 
would be  cloeely associated, and in f a c t ,  probably each incii- 
vL2ual r:ould be working t o ' b w d  both peals simul', neousi7. 

Research F a c i l i t i e s .  

There a r e  reaaarch f a c i l i t J a s  which have been uncovered by 
the  ' k t a l l u r p i c a l  Project  hLch offer trurendaus ~1ssibilitids. 
'':e have devotzd curselves :!urinp. ti?c rYbr en t i r e ly  t o  develop- 
mental r ssearch  i n  biolo.0, so t h e  problems of t h i s  f i e ld  can 
be r a t h e r  clearly foraeen; but. the  field of pure research i n  
untouched and therefore  the problem cannot be as c lea r ly  
stated. 
w i l l  bo f a r  ZorJ important. The f a c i l i t i e s  DecuUar to t h i s  
f i e l d  a m  &oat e n t i r e l y  In the  nature of radiat ions,  and 
therefors ,  problems ehould center  around the e f f ec t8  of radi- 
ations OII biologics nvrterial and mater ia l s  of I n t e r e s t  In 
biology. Radiatlcw ncm availabls or under consideration a re  
as foUovrs: 

a) Therm1 h'eutrc?s: These a r e  availabl a t  Clinton, 105, 
in plre form a t  i c t e n s i t i e s  of n- 3 x Id and contaminated 

it i s  tlafe tc say that they, none-the-less, ult imately 

at  nv - 2  x 1 O u .  A t  Argonn CP - 3, 
on l05B ( p r o p s a d )  no- 2 x IOb contam- 

h a t e d  and nv u 

b) Beta Hays: Sources have been developed on the project by 
ac t iva t ion  of phosphorus containing plaque5 having surface in- 
t e n s i t i e s  of 15ooo r/hr.* and with the completion or the pro- 
posed Clinton 1G5B p i l e  values a t  l e a a t  10 tines as s t rone  
should be avauable. These eources could be shipped, bat  for 
resssrch purposes could b e s t  be used near a production pi lo .  

c )  Fama T i s :  Mles the,;lselvee a c t  as a m e l l e n t  sourcaa of 
gam rays Ind the ~olloninp: maximum i n t e n s i t i e s  .SAY be obtained. 
Cliaton 1C5, - 30,COC r/,dnin; Hanford 1053, Y 150,OcO r/nin; 
Clinton 105B (proposed), .- 3,000,000 r /dn.  
vated tantzl-un sources of ZLO cur i e s  are available a t  C-inton, 
and larger cnes could easily be made. Xssion products can be 

in  pure form su i t ab le  for animal exposure. 

I n  addition, a a i -  



separated to  Eive wry intense scurces. 
8vaU.able tr9 N 1 "e-r, b u t  SF?SI.?L isotopes can be developed 
t o  ~ i v e  stronger ar neiiicar rac5~'L3r ,s .  

d)  F s 3 t  Xeutrans: These rajiaricns are readily avail .-ble a t  
Clinton in pure form for a n h d  ~ X ~ O S L - O S  at i n t e n s i t i e s  of 
aboQt 1% n/sin,  (1.7 !!ev a-rerard sner .5 ) .  
pUe,  the h t c n s i t y  nv- I,@. 
u n i t  t he re  w i l l  not be very i - ~ ? d y  access t o  fast neutrons, but  
i nd i r ec t ly ,  i t  shculd be. posjibie to  obtain them in pure form 
a t  i n t e n s i t i e s  of &bout 3CO n/min. 
i t  should be possible t o  obtain r e l a t i v e l y  mno-crnergetic new 
t rons having energies betvsen 1.5 Xev and thermal Fn i n t e n s i t i e s  
considerably belon these values. 
may prove t o  be extremely valuable research too l s ,  as indicated 
bel0W. 

Elargies conveniently 

Inside the Clinton l L 5  
In the Clinton 10- (Qromsed) 

By neans of velocity selectors ,  

These velocity se l ec t ion  methals 

e )  Fission Recoil#: These radiatima w i l l  be avaailnble ch ia f ly  
i n  the Liquid. in homot7enou8 piles, but enormous energies ar8 
avallab.10 (about 75 t:ev) and react ions might be anergired in 
t h i s  way which cbuld not be achieved by any other  method. 

f )  I!inh !ker.pr b d i a t i o n o :  The betatron and t h e  large 
cyclotron offer the p o s s i b i l i t y  of exploring en t i r e lg  new f i e l d s ,  
and the invest igat ion of t h e  biolorical e f t e c t o  of these radi- 
a t ions ciho:.ld be consice:-d in fomnilatirq a prozram of biological 
research . 
From this discussfon of research facilities, i t  ~ o u l d  eppear 
that rebeax&, in xucl4cmic bldlnw, should take place i n  the 
neighborhood of one of the present or @'.rposed piles. Hovever, 
t h i s  is not necessar i ly  t h e  case, since 8 mal l .  experl-ental p i l a  
such os has bean operated a t  Los Alamoa for sone tima, nipht pro- 
f i t a b l g  be constructed a l  a nunber of research center and used 
t o  produce nost  of t h e  radiat ions listed above i n  i n t e n s i t i e s  

be done very  easily, given about 5C0 e. of e i t h e r  USk or Pu 
erect  enough t o  be sa t i s f ac to ry  for expe rben ta l  no 

The advice and stimulation which cculd b% obtained by close asso- 
. c i a t i m  with a s c i e n t i f i c  proup workinp on closely R8SOCiated 

problems in phy'sics and chemistry is a factor which should not be 
werlooked . 

i 

i 

/ .  
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Research Problems. 

It is impossible t o  t e l l  WhP-re Q program of rssearch may lead,  
bu t  a t  t h e  prassn t  t h e  thars are a nmber  of s p e c i f i c  problsms 

point .  .E ' 1) Cancer: Our present  resdarch propram i r  showing t h a t  m q ?  
of t h e  a r e n t s  assoc ia ted  :: i th nuclaonics a r e  even more carcino- 
genic  t h n  we had feazed, and t'rat cancer induct ion prcbably 
fs the  e: -eatest  ba.szerd of this profession. 3 do not know, and 
our mesc!nt p r o p u n  w i l l  nct t e l l  us, all t h a t  must be ham 
about t h i s  hazard if persons -orkiry i n  t h i s  profession a r e  t o  
he protected as mll. I?S t h sp  could be. %search here should 
ini?1vde, r!spw!alt:r, wart on beta  r a p  &id slow neut,rons, s ince  
*>zg rn.:Fttfnns ma net as m:-l nndarw+ad bioJfic5calJ.y 98 o t t ~ e r s .  
The re  aru soma i nd ica t ions  that they may have very l n t e r s e t l n g  

the  purely pro tec t ive  p o h t  of view but  f c r  cancer research: 
They can b e  worked on conveniently only i n  the presence of a 

S' ' 
airC5nOgedC action vihich should be fnves t i s a tod  no t  only from 

3 
s', pus. c s  "' 
8 %  
11 

The cancer  ?roble% should be rrttacked i iral;  by a c a r e m  com- 
par ison between t h e  above r ad ia t ions  and x-rays and u l t rn -  
v i o l e t  r a d i a t i c r s ,  since the  l a t t e r  are conporat ively well  
understood. Cn the bas i s  of t k i s  comparison, further v m k  
could be contsmplsted. 
search for t h e  catise and cure of cancer. 

No stone shoald be l e f t  unturned l p  a 

$ 2) w: Cne'cf the East imprtjnt problems of t he  p teaent  
$ 
1 

Ji 
! 

\ 

time AB t h e  one of aging. 
at ion,  thsere is a s i g n i f i c a n t  loss of v i t a l i t y ,  md that a n b a l a  
d i e  prematurely in a s t a t e  of atrophy. 
resemble In most respac ta  old anhala.  ::e sfmuid deterizino as 
sooa as poss ib le  whather or not  any of t h e  r ad ia t ions  of the  
p ro j sc t  are more e f f e c t i v e  fo r  etudyinr  the p n e r a l  problem of 
aging than x-rays which my be obtaiced elsewhere. This pro- 
blem i s  0% p r m o u n t  M p r t a n c e  for  mrkars 5n nacleonics .  

![e have found t i a t  following irradi- 

Thus i r r d h t o d  3ninal.e 

'i 3) Radiation Induced Biochenical Reactiors: It haas lone been 
knom t h a t  rad ia t ions  produce des t ruc t ive  chanical reactions, 
?;ch as t h e  decompoetion of mater. However, c e r t a i n  construe- 

... .. 



t i v e  r eac t ions  CYI be a n e r ~ i z e d  by aadiatto.ls, ar.d t h e  posei- 
b i i i t i e s  seem q u i t s  i nv i t i ng .  
I r r a d i a t e d ,  with or wittwt other %,iced conat i tuents ,  t o  form a 
d d e  v a r i e t y  of orKanic conpoucds. 'This N a l d  is only begin- 
ning t o  be explored from the cherLca1 point of vLqw, bu t  the  
p o s s i b i l i t i e s  for the prodLCtion of new biochemical materials 
d l  atcltc! t he  d u l l e s t  imc..rination. The production of one t drue sbUa.r  to sulfanilanide w u l d  be zmpla reward for t h e  ex- 

4 penditure of mny  mi l l i ons  of ci01l~"s. 

?m -?le, =thane can b 

this is no iclle dream, .Nil1 be r s a l i z e d  by consider ing tho  
f a c t  t h n t  biochemicalsynthesis  depend u p n  oxtrernelg d e u c a t e l p  

r eac t ions ,  and small cheilres in conditione mean t h e  
betvfeen success  and b i l u r e .  For example, the  a l e  
sex harmones are a b o s t  i d e n t i c a l  chemically, g a t  

produce u i t e  d i f f e r e n t  phgsiologicai  effects. A mvLl a l t e r a -  
t i o n  in environment xF11 change oae I n t o  t he  o ther .  Radiation 

.~&tt~rmal  neut rons  having an snerEy of 9 e-t rill break simple 3 - 4 - H  bonds, whereas it requires 30 ev neutrons t o  break simple 
Fk-C bonds. &ads of d i f f e r e n t  s t r e n g t h s  coQd be brokan by neu- 
9.s t rons having d i f f e r e n t  energies .  This techni4ua could be used 

the possibility of 'rery lo,:auzed, spec ia l ize&-  
c o n t r U e d  energ iz ing  of react ions.  Tor axample, 

only for the  production of specific chernical reac t ions ,  b u t  
be  invaluable  

d i f f i c u l t y  i n  .mking fairly 

&ch a progrim as this s h d d  be s t a r t e d  immediately, but  signif- 
#cant results should no t  be axpected for  a t  l a a t  f i v e  ysars. ~ e -  

earch may even have t o  s t a r t  with inorganfc chemistry and grad- 
a n y  work up t o  t h e  cocplex r eac t ions  of phys io loe ica l  chemistry, 

4) g e n e t i c  Xffects :  
biology i s  the one of biolobfical synthes is .  

One of the most i : l p r t , an t  branches of appl ied  
In  -MMlt years i t  was 

ustcmary t o  search tho world over for  orEanims vhich would make 

pose of obta in ing  another organism t o  manuiacture a spec i f i c  product. 

desired end product. Rscentl:,, hmiever, there have bean many 
! C  
! @ccesaf\iL a t te -p ts  t o  produce mutations i n  organisms for the pur- 

I 
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i n i t i a l  program should investigate the di f fe rence  between x- 
. rays and the varims r ad ia t ions  X s t e d  at,ovs Tor a t  l e a s t  two 

organism5 and then proceed on the b a s i s  of these r e s u l t s .  

5 )  &ttection of RAdiation In.:urg: ?ram t h e  p ro jec t  point  of 
d e w ,  t h i s  i a  one of t h e  cost important problcas. Considerable 
raseac:h on the  p ro jec t  So r'ey ha3 r s v d e d  only that the blood 
count is a poor ind ica t ion  of r ad ia t ion  damage. Hcmevo:r, enough 
work hcis Seen done so that i t  appears t h a t  a f u r t h e r  f r o a t a l  at- 
tack 011 t h i s  problem i 8  ~ s a l ~ s 3 ,  and the problem shoulS be re- 
opecd m l y  after s ! . @ ; n i f i C ~ ~ t  advmces have berr! made in the pro- 
blom ox' $he mechanipm Of r ad ia t i cns  i n j r z y ,  as outl ined below. 

6 )  ?echnnism of Psdiat ion Inlurg: This problem is of paramount 
i m p o ~ m c e  from t he  F o t u c t i o n  poin t  of v i m ,  and Sign i f i can t  
advances mst be ffiade i n  it before  the problems of detec.;icn and 
th3rapy can be undertaken e f f ec t ive ly .  Tds prcblem nho:;ld be 
attacked by mans of 8 )  mamalian biochemistry, s ince  it o f i e r s  
the possibility o 
chomical systems of the body; b) rnenmalian physiclof!!, 3.:.ri.:e a 
study of shanp,es in iunction due t o  r ad ia t ivn  s h c u l d  evb,:t i a l y  
lead t,o Fmnorbnt 3r i ic t ica l  d i scover ies ;  ad C) colluizr p i ~ ~ d . o l o ~  
and b i o c h e d s t r y ,  s ince  ths p r b q  da-qe ,rom radiat io: l  is t o  
individual cells. 
on t h e  p ro jec t  and all htve yioldad valuable i n f o n a t i c n .  They 
should be continued, but t he  problem is ver:r complex and re ,u l t s  
should no t  be ucpected too sccn. 

find* the  s f i e c t s  of r ad ia t ions  on h e  variov.s 

A l l  a i  Lhsw appro-ches h;i;s been use:! somewhat 

i 
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7) Bacteriolm: 
fundamental problems i n  this conntcticn xhich could profi tably 

investiapa.ted, such 8s the uce 3f thu 3ilc f o r  the Fastear- 
t i o n  of d . l k ,  s t a r f l i z & t i c n  cf vaccinss, blood plasna, etc., 
it has even bean suggested that B p i l e  be used For senage 

p o d .  

There are 3 i!ull.~er 01 pr-cctical  as well as 

It, is e n t i r e l y  poss ic le  t h a t  radiations m y  se l ec t ive ly  

om applicxtions i n  bacteric,J.oa:r 'Nero co t  found. 

d i a t ion  LqSurp: 
t for rddiation injury. 

At present there is no knm 
It i s  unthinkable t h a t  

. - i i an t  cannot be deviszd Ff the  problea is activa- 

Injury: I n  s e t t i q  up the present 

b l s  I s  ce r t a in  $0 be ar! hade -ua te  coverkp: of the l'isld and vhsn 
these results are complete and analyaed, 6 new proprzm should be 
initiated t o  cover t h e  g-lps which a re  sure t o  be seen. 

f T h i s  problem is c lc se ly  r e l a t ed  t o  t h a t  of re.qeneratioc .and re- 

i! 310) XaxPrun Allowable Doses: So f ~ .  no aork on tile project ha8 
thrown very nmch light on the fundanenfa1 postuaates of t h i s  im- 
portant .,uest,ion, but  some relevant r e su l t s  ndJ.1 come from the 

and %in& as outlined ata-fi. 

It is raasonablp sa fe  t o  a s s u e  
e that the  answer t o  ttds .luestion x i l l  cone from t h e  studies on cancer 
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The appl icat ion of the& r e s u l t s  on l o v e r  anirmla t o  corresponding 
problems for man i s  e x t l k e l p  d i f f i c u l s  and liable t o  error. Tho 
only reasonable approach is bg.,nams of a comparative study using 

periments on nan. 

11) ztial f l o d y . . ~ ~ ~ ~ i o n :  :lost of t h e  nroject s tud ie s  w i t h  
ex t e rna l  radiat ions ha72 b;.m an Rninals whose e n t i r e  body fiaa been 
exposed t o  the rta&iationr in Tractica, t!iis s o r t  o f  exposure 
usual ly  is not erwomterzd, so it is cf h t e ? e S t  to ::now m a t  
diff : ,er .ces  can be expect.;&. 1s it  :iossibie, for 3xanpA%, to 
til.lovr a greater exposure, to  Lt13 i:wulbs : . h a  t o  the t o t a l  body? 
if, for exanple, ode had ) . ~ r a  t o  receive 'a very Mgh dose of radi- 
at ion,  u:hat is th3 prornosis md '{.hat t reatment  ohould b e  under- 
taken? This problen may .e attacked h connection v i t h  those of 
cancer and therapy. 

J 

And 

% H  
12) Internal  Radlatlone: 'Yith t h e  exception of &utonium and 
aossibiy p loniun ,  it ap~ears  t b t  in general, the  hazard on t h i s  
p ro j ec t  from iwrtrted r a d i m c t i v s  matzrials h a s  not been very ereat. 
From a p r a c t i c a l  point of d a w ,  if an area is 80 badly contvninated 
with Ns,slon products t h a t  t h e m  is dancer from internal r a d i a t h n a ,  

be a s i g n i f i c a n t  industrial hasnrd. 

t h e r e  w i l l  be a t  l e a s t  a ten fold preatar  danger from externs1 radi- 
at ions.  :-fork w i t h  platoniun shcul? corrtinue, since it appears t o  

There have been many i n t e r a s t i n r  n o s s i b i l i t i e s  brought forriard on 
the  p ro jec t  i n  connectipn rith i n t e r n a l  radiat ions both i n  3c~deraic 
biology and in medicirie, but these may be consicsred properly under 
radioact ice  tracers. 

?sil Flascarch Propar?.. 

In  order  t o  a t t a c k  succcsefullg [.he above problems, it i v l l l  be 
n e c e s s q ~  t o  esta ,  lish a biolcRfca! laboratory in cclncec' i n n  r 5 t h  
one o r  fiwe of thp- ?ronoBed research centers  i'or nuclecn.ks .  3e- 
pendin? on the  evai1:ibil i ty of ec ien t i e tv ,  a rese.:rch p?oeraci 
mipht be orpanized a t  @ne or  Tore laborator i8s  as follows: 

y 
% 
.k 

I 

1) 
ing t h e  nroblern cf cancur, a ~ i w ,  tolerance dcsos, and ';Frr,e-;ntengity 

A chronic study frorip, ccnsist 'np of about t h e e  m n  fm- study- 
.& 

r factors.  



2 )  A ,vecat,ics erocp, ccnsistinE of about two -Ler,. 

3 )  X p h y s i o l . o ~ y  rroui), ccnaisflny of about t,xo men, t o  study 
the  problern cf i7echsnisrn JL' inju:y, detection of injur:), etc.  

4 )  
studyinr t he  cses of r ac i i t l s -ns  i n  b ioc i ieds t rg .  

5 ;  
Studyhk! t h e  applic, t ions ol' ;:uclecjniCs in bacteriology. 

6) In addition, there stimld be seace for sev..ral nen who 
mag have soecilic idees  along these lines. 
ehculd b e  ande fo r  p a d u a t e  s tud tn ts ,  prol'easors on leave, etc.  

I n  add i t ion  Lo these men, t h e x  sbould be technicians and helpers 
3s needed. 

This profram i h d u d e s  only these  th in r s  f o r  which a d e f i n i t e  
need can be forrcen. 
t h a t  as :mrk FropeSses m r e  Frcbleris are uncovered than are 
solved, so i n  ?lanninp a croFras c m s i d e r l b l e  expansion should be 
a c t i c e i l t c d .  

I do r.ot ?.em t o  imply by t h i s  woncsed oreanlzstion t h a t  1 feel  
t h a t  t ' h e  xork should be ca re fu l ly  planned, coordinated and d i -  

t h e  nro.qran is ?n t h e  h i r ing  of the senior  personnel. 

I would l i k e  t o  re-cmphazize t h e  f a c t  t ha t  we need bere a re- 
se.?rcfi ?roFmn s h e d  a t  t h e  attainment of fundanental ideas,  and 
nc t  n e r d y  t h e  appl ica t ion  of 018 idaas t,o rm; s i tua t ions .  For 
t h a t  very r.2ason i t  is extremely d i f  i c u l t  t o  ou t l i ne  a proqrun 
and inpcss ib le  t o  ? red ic t  what r e s u l t s  nay fellow. It i s  coces- 
sary then t o  'suide our ac t ions  solely by pist ax7orience. 
t h e  past  i t  has boen f m n o  t h a t  fundmental  ideas  ve y seldcn; come 
from d i rec t ed  research, but have come from indivic'ualc vorking 
without r e s t r i c t ions .  ' h r e  has bnan an lnc reabhg  tendency i n  

success of t h e  i n d u s t r i a l  laboratoriss is piven as the  reason 

4 
A b i o c h e d s t r y  rrou?, cc;nsistinq of about t h ree  men for 

' 
4 1 

A bacterioloFy croup, ccns is t ing  of about tuio men, f o r  

Aha, provisions 'a,"; 
1; 
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5;  '. 

3 .s ' 

ii 
8 j rectad. Vir tual ly  t h e  oniv d i r ec t ion  which should be phced  on 
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It has bosn cur experlsnce on the projec t  
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for organizing d.1 research. The leaders of our i n c u s t r i a l  
1i2boratories rss l ize  that i n  t h e  lonl: run they nculd be l o s t  
n n t k u t  conti:ined :'lmdm.er:L%l research Ly ; in ivers i t ias  ard 
sdmiler In s t i t u t ions ,  -ad t h a t  no indus t r io l  type labora tor ies  
even se r i cus ly  a t t e z p t  t o  do fundamntal research. Dr. 0. E,. 
Euckley, p r e s i h n t  of ?ell. relbpi.,one Laborctories, has said 
recent ly  ('!"he :;e*.r york TL-es;', ~ / 2 5 / ~ 5 j  
research directed at un&rslandinp nature 's  laws and expanding 
cur area of s c i c n t i l i c  km1ed-e  is a lnos t  wholly a function 
ctf m i v e r s i t l e s  and cr.clcred pure rese-.rch ' n s t i t u t e s  ... one 
Jure way t o  c!sfe.:t the sc i e r i t i f i c  spirit is t o  a t t exp t  t o  
d i r e c t  inquiry from aocve. All succcsst'ul i ndus t r i a l  research 
d i r ac to r s  Lncw t h i s ,  and have l e a x e d  by experience that one 
t h i n r  e 'director of rsse-wch' nust  never da 1s t o  d i r z c t  
rese lxch ,  ncr can he ?errnit d i rec t ion  of research by any super- 
visory bczrd ... successful reeo,arch goes in the directoon i n  
rihich some i n l u i r i n e  r r k d  f inds  i t s e l f  i m x l l e d .  True, goals 
are s e t ,  goals of understandinp i n  t h e  case of fundsnentd. 
researck ,  am! p a l s  of p rac t i ca l  .xcomplishnent in the  case of 
a p7 l i  ec! r esmr c h . :I 

".. .'pure' or  basic 

DT. k s h  in his reqor t ,  "Science, t he  %dless Frontier" ha8 
entered o. strow d e a  for pure research, and 'ias outlined a nay 
i n  w?ich t h i 3  can be accsmalished i n  this country. Research i n  
nucleon'.cs is s x i c t l y  thc  3a.m as rssearch i n  other f i e lds  and I 
see no i'eason for  separating i t  from the rzst .  
used t o  strengthen the  other.  Tberetore, i t '  a r.ational nucleonics 
prccram is t o  be consickrud, it rwuld be -.ell to consider the  
cure research jnvolvod *is a part of the -:.!iole na t iona l  research 
rropram. 

I am cor\!'iCent that science is on the thrashold Lti:z:, of its 
g r a t e s t  victory or i t-  Ereciteat dtrieat. 
cur eciontii ' ic l e a 4 i r s  t o  employ t h e i r  keenest vision a i d  t o  s e t  
ti:eir s i e h t s  high. 

Each shauld be 

;*OH Is t h e  tine Lor 
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