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Radiation Registry of Physicians'
CHARLOTTE SILVERMAN, M.D. and RAYMOND SELTSER, M.D.

ABSTRACT—Preliminary findings for the original group of approximately 7,900
specialists given a Radiation Registry of Physicians questionnaire are presented.
The questionnaire was developed for the purpose of studying the biological
effects of prolonged exposure to ionizing radiations among radiologists and
comparable specialists. The study population is the total living membership
of the American College of Radiolugy and the College of American Pathologists

as of December 1961 and thereaiter.

The questionnaire furnished information

about personal characteristics, possible exposures to ionizing radiations or other
health hazards, and reproductive and family histories.

INpEx TERMS: Education e Epidemiology ® Radiations, surveys ¢ Radiations,
Injurious Effects, as result of diugnostic procedures o Radiations, Injurious Ef-
fects, in physicians, radiation personnel, etc.  Radiology and Radiologists

Radiology 99:550-568, June 1871

'Tns HISTORY of the Radiation Registry

dates back to 1059, when an ad hoc

Committee on the Follow-up Study of
Radiologists was convened by the Division
of Medical Sciences of the National
Academy of Sciences-National Research
Council (NAS-NRC). In December 1959,
this committee, stimulated by the interest
of committee chairman Shields Warren
(13), unanimously voted to approve the
establishment of registries for collecting
data on radiologists and suitable com-
parison groups as a resource for future
studies, recognizing that this was one of
the few availabl: means of gaining knowl-
edge regarding the long-term effects of
ionizing radiations in man (1, 3, 5, 6, 12).

Because of the studies of survival among radiol-
ogists then being conducted at the Johns Hopkins
University School of Hygiene and Public Health by
Raymond Seltser and Philip Sartwell (9, 10), the
NAS-NRC initiated the Registry project as part of
the existing Jolins Hopkins activity, thus creating a
new, more comprehensive Registry project which
was to be supervised hy a standing committee of the
NAS-NRC. In 1960, development of the Registry
at the Johns Hopkins University began as a pilot

venture with modest expenditures of personnel and
funds. Plans for the long-term cooperation of the
participating colleges of medical specialists and their
membership were worked out, and procedures for
data collection, processing, maintenance, and anal-
ysis were developed. Registers were established at
the participating colleges and a central statistical
unit was set up at Johns HHopkins. Tinanecial sup-
port came from the Public ITealth Service and the
Atomic Energy Commission.?

In July 1068, the Registry project and responsi-

of Radiological Health of the Public Health Scrvice,
where a Central Registry Unit is maintained. The

Radiation Registry of Physicians now operates -

joinlly with the American College of Radiology
{ACR), the College of American Pathologists (CAP),
and the NAS-NRC. The original plans for the
egistry envisioned the involvement of at least two
other specialty societies, the American College of

Physicians and the American Academy of Ophthal--

mology and Otolaryngology. Subscquent discus-
sions led tn the decision to initiate the project with
the ACR and CAP, with the idea that other societies
might be invited to participate if experience showed
this to be desirable. It was felt that broader par-
Jicipation would be casier to secure if it were demon-

Strated that the two ‘‘pilot” registers could be

1_6pcmted successfully. . .
i, It is important to clarify at this point what is
meant by the terms register and registry in this re-

1 From the Division of Biological Effects (C. S., Deputy Director), Bureay, of_ Radiological Health, Public Health
Service, Rockville, Md., and the School of Hygicne and Public Health (R, S., Associate Dean and Professor of
Epidentiology), Johns Hopkins University, Baltimore, Mg. Accepted for publication in January 1971,

! Public Health Service, National

PH 806-66-170, CPE-R-70-0002, and CPE-R-70-0003.

aud

i ; Institutes 3(’ ]
Commission Contract AT(49-7)-1906 were reccive { U
(Division, then National Center, now Bureau of Radiolo;ical Health) has funded the project under Contracts

ealth Contract PH 43-64-44 and Atomic Energy
0-1005. Since 1966, The Dublic Health Service
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port. The term register is defined as a listing of
persons or the accumulated body of recorded data
regarding those [icrsons, whereas a regestry is defined
as the organization and process involved in the sup-
port, maintenance, and operation of a register. A
single radiation registry, therefore, represents an
organization which can support several registers.
This is more than mere semantics. Even though the
ideal research design calls for the collection of data
in an identical fashion for both “cases’ and “con-
trols" in a study, the development of a registry pro-
gram calls for a certain amount of improvisation.
Thus the two colleges participating in the Registry
program are each operating scparate registers, which
must be evaluated separately.

The Radiation Registry wus clearly
defined at its inception as an attempt to
establish a long-term follow-up of radiolo-
gists and comparison groups ‘‘designed to
disclose such effects on life expectancy,
morbidity and related characteristics as
may be the result of exposure to radia-
tion.” The interest of the Registry pro-
gram covers the entire gamut of biological
effcets of ionizing radiations. It may be
said that one of its aims is the collection

~ of data on the variables of today which may
serve as indicators of the radiation effects
of tomorrow. .

METHODS

The basic source document of the Radia-
tion Registry of Physicians is an eight-
page, self-administered  questionnaire
which is mailed to members of the two
colleges. and returned to the respective
college offices.  The questionnaire has been
designed to furnish information about
such personal characteristics of the Registry
group as age, sex, marital status, place of
birth, and information regarding profes-
sional carcer; gross descriptions of pos-
sible exposures to ijonizing radiations,
including type of x-ray work, years of
occupational exposures of various types,
and personal exposures to diagnostic and
therapeutic radiation procedures; per-
sonal cxposures to other health hazards,
including tuberculosis and cigarette smoke;
reproductive histories which might facili-
tate evaluation of possible genetic effects
of radiation exposure (including a history
of miscarriages, stillbirths, congenital

CHARLOTTE SILVERMAN AND RAYMOND SELTSER

Juae 1971

anomalies, maternal x-ray exposures, or
other conditions during pregnancy); and
a family history, including a survival
record of parents, siblings, spouse, children,
and grandchildren (including both family
and respondent histories of specific condi-
tions thought to be related to radiation ex-
posure, such as leukemia, skin cancer, etc.).

The questionnaires remain the property of each of
the respective colleges. However, they are for-
warded to the Central Registry Unit in the Bureau
of Radiological Health for processing and coding

* after they have been checked by the college offices.
Elaborate precautions have been taken to saféguard
the confidential nature of the completed question-
naires. All members of both colleges have been
assigned Registry Code numbers which constitute
the only identifying mark on the questionnaire, The
responsibility for assigning the Registry Code
number rests with the Central Registry Unit, dnd
numbers are now assigned to all new members each
vear on the basis of cards forwarded from the college
offices. The individual respondent does not sign his
nasne, and numerous procedures have been de-
veloped to prevent individuals who need access to
the questionnaires from also obtaining access to the
code book which identifies the individual.

Each questionnaire, with its related documents, is
kept in an individual file identified by & study num-
ber. No names are ever attached or related to the
completed questionnaire,
the project officer in the Central Registry Unit, has
4 single master log of the study number assigned to
an individual, The colleges inaintain alphabetical
files and the central unit keeps a numericallog. The
Central Registry Unit also maintains current files of
names and addresses of all members of the two
college registers.

After the questionnaires have been forwarded to
the Central Reg.stry Unit, the information is coded,
and punched on IBM cards for storage and use in
analysis. The identilying data on each respaondent
are ilmmediately coded and punched so that current
lists of respondents and nonrespondents are always
available. A detailed coding system has been de-
veloped to generate o minimum of 11 IBM cards
from each questionpaire. The coding system is

ibased on expericnce derived during the first few

Jiyears of the study, when detailed studies were con-

“Hucted on a 105 samnple of questionnaices as they

ipere reccived by the Statistical Unit at Johns

-flopkins. Repeat mailings of questionnaires are

‘snarle to nonresponding members, and several other

“thethods have been used or are being contemplated

by the colleges to improve the response rate.
%

& RESULTS

( The data generated by the Radiation

&
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retrospective, and prospective or longi-
tudinal. Exaniples of these three types
of data are given below,

I. Cross-Sectional Dala

A. Composilion of the Total Radiation
Registry Population: The total popula-
tion included in the Radiation Registry
comprises all U. S. physicians who were
members of the American College of
Radiology (ACR) and the College of
American Pathologists (CAP) in Decemnber
1981 (later changed to Jan. 1, 1962) and
all those who subsequently became mem-
bers of the participating colleges. By
March 1970, the Radiation Registry in-
cluded 7,000 members and former members
of the American College of Radiology
and 5,678 members and former members
of the College of American Pathologists.
1t is an important aspect of the Registry
operation that once individuals have been
enrolled into the Registry, future follow-
up will be attempted regardless of whether
they retain their college membership or
not. ‘This has not posed a problem as yet,
but it will involve extra work in tracking
down individuals who drop out of a
college for any reason. However, this
does not represent a major problem when
dealing with physicians, since they are
followed continuously by the American

Medical Assoviation through its directory

department.

Of the ACR members. 4,741 represent individuals
entolled in the original Registry program in Decem-
ber 1961; 3,115 of the CAP members were in the

original group. The additional 2,349 ACR and

2,563 CAP ‘registrants represcnt new members,
Most of the material analyzed thus far has dealt ex-
clusively with the original registrants.

B. Response of the Original Regisiry
Group: When the questionnaires were
returned by the original group of respon-
dents, two peaks were notable: one cov-
ering the initial six-mionth period of
mailing and follow-up requests and a
sccond peak which reflects the intensive
clean-up campaigns carried out first by
the ACR and then, one year later, by the

R R

G

were uscd by the two colleges, for a
number of reasons. The most effective
results were obtained by the American
College -of Radiology, which employed
its local councillors in a combined telegraph
and telephone campaign and achieved an
overall response rate of 89.2%, compared
to 779, for the CAP. The ACR response
rates were at the same high level in all
geographic regions of the U. 8.; there was
more variation by region in the CAP re-
sponsc rates, but these differences are not
remarkable.

C. Response of New Afembers: The
Registry is a dynamic instrument which
nceds continued follow-up efforts to main-
tain satisfactory response rates. The new
members taken into the ACR in 1962-at-
tained response rates similar to the overall

response of the original group, but con- '

siderably fewer of those who were enrolled
in 1963 responded. The same is essentially
true for new CAP members, whose 62%
response is similar to that of the original
group one year previously.

D. Age Distribution of Respondents and
Nonrespondents: TaBLe I shows the im-
portance of age as a variable in response to
this program. Thereis a rather consistent
inverse relationship between the age of the
members and the level of response, which is
to be expected. In view of the fact that

future initial questionnaires will be filled

out by relatively younger men, the prog-
nosis for continuing improvemnent of the
level of response in this program seeins
excellent.

Comparison of responses in the current Registry
project with the response levels attained by a pre-
vious study carried out by Macht and Lawrence in
1931 {4), n which the follow-up activitics were
fimited to'#ne follow-up letter, reveals that the re-
sponsz rafes have been consistentty higher for
respondents of all ages despite the longer question-
naire used'in our study. Many radiologists did not
respond to the 1931 sufvey but have responded to
the currefit project vither spontaneously or as the
result of jthe persistent follow-up efforts of the
college officials.  There is an important difference in
the orientation of these twao studies, bugun ten years
apart. The 1931 survey was a well-conducted
*

-

i NV
W,

NN vy Xyt




without writica permission (rom the copyright kolder,

d in any fashi

, or §

A

.' Collections, The Library, University of California, San Framcisco

4

4

duction from Sp
{ may be q

_Foponiononhis i

DOCUMENT SOURCE

University of Califomia at San Franci
Special Coliections Library, San Frlncin‘:?CA

RECORDS SERIES TITLE

Fhry S 41 s

T MEs §375
CARTON NO, 5} /‘5

COPY

o KELIATIOY REE(STRY OF Phlyisiins

FOUND §Y,

ARy HovES

Dl

B T P

562
CHARLOTTE SILVERMAN AND RAYMOND SELTSER June 1971
TanLe It PERsONAL DATA: QUBSTIONNAIRE RESPONSE ACCORDING TO ACE
Radiologists (A — : :
Age (1961)  Yr. of Birth Toml OIS BCRI—Zr = ot othologists (CAT)
Sent Returned Response Sent Returned Resp‘::nse
>77 <1884 67 44 65.7
7278 1885-89 97 79 8.4 2 o -
67-71 1890~94 138 126 0.7 74 18 61.9
82-66 1835-09 a1y 175 82.9 135 93 08.9
57-61 1900-04 332 298 89.8 107 153 7.1
52-56 1905-00 547 498 91.0 278 212 76.3
47-51 1910-14 787 707 £9.8 426 370 751
4246 1913-19 869 800 92.1 325 410 781
37-41 1920-24 1,132 1,032 91.2 77 606 78.1
32-36 1925-29 58 487 2.2 529 435 82.9
27-31 1930-34 13 13 100.0 93 82 83.2
TotaL 1 4,259 89.8 g 7,405 7.2

study designed to collect retrospective data on
congenital abnormalities among the offspring of
radiologists and comparison groups of physicians.
1t is unlikely that any investigator initiating a
similar study today could expect to do much better
in terms of the degree of eooperation clicited from
groups of busy practicing physicians. Although the
methodology used in the Radiation Registry ini-
tially is identical to that of the 1051 survey (f.e., a
seif-administered questionnaire}, the information
gencrated on congenital abnormalities among off-
spring is really incidental to the basically fongitudinal
orientation which is the halimark of an ongoing
Registry program. .

Information obtained regarding some of the de-
scriptive variables of respondents is useful not only
in checking the comparability of the two partici-
pating college memberships but also for the intefli-
gent analysis of information generated by other
sections of the questionnaire. These descriptive
variables deal with sex (more female pathologists),
marital status (more unmarried respondents in the
CAP, consistent with its vounger thembership),
birthplace (more forcign-born fernales than males,
and more foreign-born CAP members), location of
the medical school {rom which the respondent
graduated (no marked diffcrences between the two
colleges), region of residence (no important differ-
ences), and current professional status, whether
active or retired (roughly the same proportion of re-
tired respondents in both cofleges).

Another piece 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
studies 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.

A major problem with which the Registry project
must come to grips is the matter of “incomplete
response.”  Even though an individual is listed as
a respondent, in a number of cases only portions of
the questionnaire were completed.  This was rather
alarming when first recognized; however, we have
found that this incomplete response is seen aimost
exclusively in a limited number of the items dealing
with retrospective data. The information of a
cross-sectional nature and the type of data which
will be needed for longitudinal studies have usually
been answered by an overwhelming proportion of the
respondents; for these items, the incomplete re-
sponse levels are usually less than 3%, which scems
low enough to prevent a serious bias from being
introduced into future statistical analyses. Specific
areas in which the incomplete responses are signifi-
cant enough to cast doubt upon the usefulness of the
derived data will be mentioned later,

II. Reirospective Dala

The type of information most rcadily
generated from this questionnaire survey
is, quite understandably, retrospective in
character. We present a few findings deal-
ing with such infurmation 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.

A. Factors Other Than Irradiglion: The
problem of the effect of initial selection
factdrs on radiologist survival was exam-
inedy It has been suggested that physi-
ciang who are in poor health are more apt to
chogse a sedentary type of practice or one
which is primarily hospital- or office-based
rather than one which involves house calls.
One reason for choosing pathologists as a
coriparison group was that the same factors
which influence the choice of radiology as a

R
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specialty might operate in the choice of
pathology as a field of specialization. We
found a slight but unimpressive excess of
radiologists who gave a history of having
chosen their specialty as a result of illness.
This secms to bear out the relative com-
parability of these two college memberships
in regard to this factor of "initial unfavor-
able sclection.”

Preliminary analyses thus far have re-
vealed no remarkable differences in factors
which might influence the comparability of
the two groups of medical specialists, such
as smoking habits, prior experience with
tuberculosis, or urban-rural residence.

B. Nonoccupational Radiation  Ex-
posure: There may be an important pre-
ventable occupational hazard of the ficld of
radiology, f.e., an excessive exposure to
nonoccupational diagnostic x rays. The
crude data show only that a greater propor-
tion of radiologists have been subjected to
medical diagnostic x-ray procedures (ex-
clusive of routine chest films and dental
x-ray examinations). If these data are
valid and hold up on more refined analysis,
the classical type of occupational exposures
to irradiation may be found to be less im-
portant than the exposures which are “in-
directly occupational’” in view of the
radiologists' greater accessibility to x-ray
equipment. Some previously obtained
preliminary data indicate that there is
considerably more x-rav exposure among
radiologists’ families than among pathol-
ogists’ families. This type of data will
always be suspect in view of the possi-
bility that radiologists may give a better
history of radiation exposures, sincé they

__would remember the procedures better.
This is an excellent illustration of the ad-

vantages of collecting such data for future
use rather than relying on the retrospec-
tive survey,

C. Possible Effects of Irradiation: Some
of the possible genetic eflects of irradiation,
which might be detccted from the data
accumulated on the responding members of
the two participating colleges, were exam-
ined. One of the most interesting of these
is the possible effect of paternal radiation

RADIATION REGISTRY OF Puvysicrans
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583
TAnL_: II:  Reproouctive History:
SKX OF OrrsraiNG
Radiologists  Pathologists
(ACK) (CAB)
Total live births 10,908
Total offspring® 11,034 ::388
Males 5,009 1,881
Females 4,521 1,008
Not stated 1,504 811
Sex ratio (% males) 0.52 0.49

® Includes multiple births

exposure on the sex ratio of offspring.
One proposed hypothesis has been that the
presence of radiation-induced dominant
lethal changes in the x chromosomes of the
father would be expected to kill off the
female offspring but not the male, resulting
in an excess of male births. (Conversely,
inasmuch as the male derives its only
x chromosome from the mother, maternal
radiation-induced damage to the x chromo-
somes should result in the death of the male
offspring. The reverse is not nccessarily
true in the female offspring if the lethal
gene is recessive, since the female also
possesses an X chromosome f{rom the
father.)

Some preliminary scx ratio data derived
from the Registry experience were com-
pared with those of previously published
studies reported by Newcombe dealing with
the effects of paternal radiation exposure
(7). For this purpose, all radiologists in
the Registry were regarded as '‘exposed”’;
a much more refined analysis will be nceded
in order to separate out those offspring

- born prior to the father's entrance into the

field of radiology. However, even taking
this into account, these data represent a
group of exposed fathers considerably
larger than any reported previously, in-
cluding tle Atomic Bomb Casualty Com-
mission group (8). The difference in pro-
portion of’male births between radiologists
and patlidlogists is consistent with the
previously stated hypothesis (TanLe II).
The data have been broken down by family
size, which demonstrates that the propor-
tion of fale offspring decreases among
responding pathologists’ families as the
family size increases; this is not true for
the radiologists’ families. The magnitude

"
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- Tante I11: RerropucTive History: CONGENITAL ANOMALIES Reronten

roughly by the number of reported preg-
nancies).

response is apparently excellent in this area,

5
Radiologists: P istg =
, § Type of Anomaly No Rate/1,000 N “holul‘l‘:::/l 000
’ Pregnancies - e Pregnancics
o Heart and blood 56 5.1 30 6.8
t Muscles and joints 40 3.7 17 39
: Boues and cartilace 154 14.1 88 19.7
! Gastrointestinal tract 31 2.8 18 3.7
Genitourinary tract 68 8.2 23 - 5.3
g Central nervous system : 21 1.9 22 5.0
- Sensc organs 99 9.1 45 10.3
Developinental arrest 50 4.6 21 4.8
ol Others 225 20.6 K- 18.7
i TotaL 44 1 3 8.2
% of the sex ratio shift is impressive for all have not yet been completely tabulated.
R three classes of family size (as mcasured However, the level of completeness of
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In order to check this inforniation more closely,
we decided to look at the data on sex of offspring as
reported in two scparate parts of the questionnaire.
In addition to questions dealing with reproductive
history, there iy also an item dealing with family
history which asks for the current survival status of
all children, as well as the vear of birth and sex of
each child, We felt that the tabulations should be
ruughly comparable fur these two sections. although
one might expeet a slightly greater number of off.
spring reported in the section on family history.
When the sex ratin data determnined from these two
sources were compared. the total number of liveborn
oflspring was indeed comparable for both sections of
the questionnaires retumed by the radiologists.
However, there was a remarkable excess of some
2,000 pathologist offspring reported under the family
history but missing from the reproductive history.
The explanation for this is contained in the "‘un-
knowns,” representing questionnaires in which the
scction on reproductive history was not completed.
This was true for 329 of the responding pathologists,
in contrast to 11% for the responding radiologists.
The reason for this specific deficiency in the com-
pleteness of. the questionnaircs has not yet been
determined. There is evidence that a number of
men felt that they obviously did not have a “'repro-
ductive history,” since they had never been pregnantl
If this is the case and the sectinn was omitted as a
result of improper questionnaire design, & specifie
questionnaire dealing exclusively with this subject
might be used to obtain the data. If, on the other
hand, there is a general reluctance on the part of
pathologists to furnish this type of information, the
potential of the Registry program in thie area of cluci-
dating possible genetic effects of irradiation will be
seriously limited. At any rate, in view of the large
proportion of pathologist offspring for whom data
ar® missing, we must be extremely cautious in inter-
preting the sex ratio data at this tiine.

The data on congenital abnormalities

with only 3.6% of the pathologists and

4.3% of the radiologists omitting the

question. At present, there are 744 '‘con-
genital anomalies’ of all types among the
offspring of radiologists and 342 such anom-
alies ainong the offspring of pathologists
(TasLe III).

Data on reported miscarriages and still-
births show a remarkable similarity be-
tween the two groups. Information was
derived 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 f{ac-
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 nonrespondeuts to ..

this question might actually be a repre-
sentative sample of the entire responding
group. If this is the case, the sex ratio
data presented above would reflect the true
situation.

‘“There are certain well-known litnitations inherent
itt'the use of a self-administered-questionnaire to ob-
i retrospective data of this type. The memory
fattor becomes important in evaluating the validity
of'.certain types of data: the older the respondent,
the less likely that he or she will remermber all of the
details requested in the reproductive, personal, or
faknily history. » On the whole, however, there is a
c&xsiderahle advauntage in having respondents who
are all qualified specialists and completely fumiliar
with the language. Notwithstanding the general
deficiences in this method of obtaining information,
agp unusual body of data has been obtained with re-
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spect to the probable high fevel of reliability of the
information on the initial questionnaire.

It must be recognized that these types of data
could have been collected without establishing a
registry, as was done in the previously cited surveys.
Therefore, the expense and time of maintaining an
ongoing registry operation must be justified on
grounds other than the types of information available
from the retrospective or historical approach.

III. Prospective Dala

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 registry
has been established and is maintained.
It is sometimes difficult to keep this fact
in mind, since the cross-sectional and
retrospective data are readily available for
analysis and discussion, whereas there is
very little to show for the longitudinal
aspect of the registry even after a number
of years.

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

B. Nonoccupational Radiation Exposure:
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 differ-
ences that appear between the two groups.
The suggestive differences observed so far
will be tested.

C. Cccupational Radiation Expasure:v

No valid data are yet available on quanti-
tative estiinates of x-ray exposures. The
data to be obtained from repeat question-
naires and special dosimetric studies will
offer opportunitics to study trends in the
use of x rays by different generations of
radiologists and other physicians.

D. Possible Effects of Irradiction: The
data which can be potentially generated
longitudinally from the Radiation Registry
should provide information on both somatic
and genetic late effects of ionizing radia-
tions.

Survival is the most straightforward and
perhaps most valid information which can
be derived from the Registry.  Since basic
age data are available on all college men-
bers regardless of whether they return the
questionnaire or not, it will be possible to
derive age-specific death rates for the mem-
bers of these two specialties as the years
progress.

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 cntirely upon recon-
struction of membership rosters of various
specialty societies and follow-up for sur-
vival status of all individuals who had ever
been members of those societies. It was
not possible to investigate other factors
which might have influenced survival, such
as smoking habits or-pre-cxisting illnesses
which might have selectively biased the
composition of the specialty groups being
studied.

Estimates based on current mortality
rates 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 years, with an
additional 300 deaths during the subse-
quent five years, 400 deaths during the
third five-year interval, and another 300
deaths during the fourth five-year period.
If the mortality analysis for this sizable

. group could be 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 when such
information was nct available. Asaresult
of the procedures devcloped during the
radiologist mortality study at Johns Hop-
kins, tliere is an excellent mechanism avail-
able fof review of all deaths of Aincrican
physicidns. At present, all Amnerican Med-
ical Asgociation death records are sent from
Chicago for review and radiologist and
pathologist deaths can be detected. This
will bg especially helpful in determining

Radiology
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Total Radiologistge—m———, Pathologi
. O gists
Classification 1ICD Xo No. of Respon- Non- R Non-
. Cancer respon-  Total espon- .
Deaths 97t “gcn, dents '?3?{,‘ Total
All neoplasms B7 48 13 61 15
Digestive 150-159 28 1n 4 15 7 11 f?
Respiratory 160.0-163 14 10 2 12 1 1 9
Male genital organs 177-170.9 1 9 1 10 - 1 1
Ur}na.ry 180-181.8 7 3 1 8 et 1 1
Sku’! 190.0-191.9 3 1 1 2 . 2
Brain and central
nervous systemn 192-103.9 3 1 1 2 1 1
Other 140.0-148
194-1090 8 4 1 & 3 el 3
Lymphoma 200.0-203 7 5 1 6 1 vt 1
Leukemia 204.0-204 .4 8 2 2 4 3 4

survival status of nonrespondents. The
participating colleges are also a source of
reports of deaths, since survival status is re-
viewed annually for all active dues-paying
members. As of April 106S, there had
been 468 deaths among the original Reg-
istry members; the specitic causes of death
are shown in TARLE IV.

It may be estimated that of the expected
deaths from cancer and leukemia oceurring
among the 4,200 rcsponding radiologists,
200 may be due to cancer, of which 13-20
may be due to leukemia. Investigation of
these cases could be carried out using the
case-contral method of study, since it would
be possible to emiploy both matched pathol-
ogists and other radiologists for cownpari-
son purposes. The cancer deaths by type
among the original groups of radiologists
and pathologists as of April 1963 are given
in Table V.

In addition, recent studies indicate a
suggestion of an across-the-board effect on
mortality from most major causes of death.
Cause-specific data therciore may be most
important for determining possible effects
of irradiation on other major diseases as
well.

In regard to genefic ¢ficcls, it is antici-
pated that the data on sex ratio and con-
genital abnormalities mmong olispring of
radinlogists and pathologists will be more
valid on a longitudinal study basis than on
aretrospective basis. Many new members
of both colleges represent young families
still in their child-bearing years. Data
coliected on these groups should accumu-

Vi
oo

late rapidly during the coming years. It
should also be possible toinvestigate second-
generation effects of radiation exposures
by conducting special studies of the fertility
patterns of the offspring and looking for
congenital mmal{ormations among the grand-
children. More than 1,670 grandchildren
have been reported by ACR members and
690 by CAP mcembers. Forty-six con-
genital anomalies have been reported thus
far in ACR grandchildren (2.8%) and 23 in
CAP grandchildren (3.3%).

SUMMARY

This is the first report of the Radiation
Registry of Physicians, conceived and grad-
ually established during the past decade.
The Registry was developed as a vehicle for
the long-term follow-up of radiologists and
comparable medical specialists for the pur-
pose of studying biological effects of pro-

567 Diagnostic

Radiology

longed exposure to jonizing radiations. The "~

study population is comprised of the total
living membership of The American College

of Radiology and the College of American

Pathologists asof December 1961 and there-
after. The basic source of informationisa
detailed, self-administered questionnaire
Handled confidentially by the two colleges;
‘the precessing of data is done separately in
a central registry uynit of the Public Health
Service.

% To date, the principal types of tabulated
data available are cross-sectional and
retrospective; longitudinal data, except for
‘some survival figures, have not yet been
;,generated. The future production of longi-
i
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tudinal data is the primary goal of the
Registry. Important as ecross-sectional-
and historical data are, they can be
gathered by survey techniques without the
need for registrics. The collection of
longitudinal data on an ongoing basis
offers the advantage of reliability of current
data as compared with recollected data,
as well as the opportunity for soundly based
prospective studies,

Because the Registry includes total pop-
ulation groups, it can serve as a frame for
sampling subgroups of radiologists or
pathologists for intcusive study. Sam-
pling on a known probability basis, even if
it involves only small numbers, provides
the basis for the use of conventional sta-
tistical tests and evaluation.

There are already many suggestive leads
from the data concerning the nonoccupa-
tional use of irradiation by radiologists and
their families, the diminished occupational
exposure of younger 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 be overcome by study-
ing samples of practices and exposures and
relating thesc to the study of population
exposure to x rays in the United States
which was carried out in 1964 (2) and re-
peated in part in 1970.

The feasibility of developing a physician
registry which may prove useful in de-
lineating biological effects of occupational
exposure to ionizing radiations has been
demonstrated. 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 intensive studies of dosim-
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would have the advantage of yielding a
maximum amouut of information eco-

—e— ]

(11583713

CHARLOTTE SILVERMAN AND RAYMOND SELTSER

etry and related areas. Such studies '

June 1971

nomically. However, the Registry’s major
contribution is the opportunitytrf};r lonjgoi-
tudinal follow-up of responding physicians
and the compilation of increasingly relevant
and useful data over the years with ade-

quate opportunities for the validation of
such data. ’
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Summary,

A8 the principal objectives of the biological ressarch of the
Yetallurgical Project approach attainment, 2 new goal should be
established for the conduct of “he work, This goal should be
dual, and should include both work on the practical problems
associated nith nuicleonics and work in pure research aimed broadly
at the attainment of fundamental nowledge. The soience of nu~
cleonics hes furnished biolc\y with important new tools in the
form of various kinds of raciation. The poteatialities of these
tools are not clearly seen, chiefly because they have never been
looked for. A program stould be initiated tc conslder these
questions, and such a program should include research in cancer,
aginp, diochemistry, phy:ioclogy, and bacteriology.

sional
£ whe
A . In~ "a*emlssicn
aticn of i*s conterua 11 amywsiiar Lo an

T

R

W .ty 1 4

LB e TR we . o

st A



SLLamen neoE i
\nwersty of Calfornia at San Francisco
Specal Co'lectians Library, San Francisco CA
RECORDS SEAUES "ITLE

FRTT DO Lapiety A FAPErS

ACCESS ON NG /4/,4;1 ‘gg') ,()
fee cone na
| COPY
: CARTON NO . ’(
: VAR

«;omeangj‘('/’/ //:;5/ ':.’_’//) . p/) C/'%JF'

NOTES

\
[:cwo Bv

i By HonEeS /MJ/M

Reproduction from Special Collections, The Library, University of California, San Francisco

without writtea permission from the copyright holder.

d in any fashi

"

4

ied
L 'm

"

ial may be q

No portion of this

SEZCRET

Introduction.

I am writing this letter in response tc your recent lettar
requasting sugpesticns lor a vost~var blolery grojran. I have
talked a good deal recently viitn Ur, ltaper, Dr. Henshaw and
others, so this letter will b2 an atteapt to reflect the views
of all of »i. I have also druwn heavily on previous communi-
cations on tris subjeci, sv the present views do not necessarily
reprezsent a chuapz froa pravious views; indeed, I have found
that our views on this &ubjeci rave changed remarkabl; little
durinr the past three months. Hevever, many of thsm have become
crystallized so they con be more nrecisaly stated.

it the present time it appears thzt the rreatest contribution
whish the science of nucleonics can off2r to the science of biol~
oLy 13 in the field of radicactive tracars. Follouving your
suggestion, I am omittins discussion of this important field.

Ob jactives of Research Prorram.

In consicdering a program of reseirch in biolopy, it is perti-
nent to consider first the obiectives, e fsel there should be
tvo, namely, 1) a better understandine of the hazards involved
in the nucleonics profession and 2) a batter understanding of
certsin other biological pyroblems which can be attacked more
satisfactorily by the methods of nucleonic biology thun by any
cther. Tuis distinction is quite similar to the distinction
commou-y made betiween developmental and mura research. In a
preat many cases the problems ariaing fron these two objectives
viorld be indistinguishable, but it is imoortunt to estublish
clearly these tvo oblectives,

Consi‘ering the {irst of these objectives, I think it is safe to
say that v the time our present axperiment: ars complate, we u.ill
hiove reached a turning point in the oviology procram. .ost ol the
exyeriments have been aimed directly atd.lurmi-L.s toxicities and
setting tolerance doses, and tiils wcrk should constitute a rather
complete survey o. the entire field. 4t is impossible tc predict

SECRET
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the outcome of thase exverine..’s, but present indications are
that they will =substantiate most of our early predictions.
However, they will tell us very little about the fundamental
nature of the action of radiations on tissues, and very little
about the validity of the concent upon which all currently
acceptad radlation tolerance values are based, However, these
could be used as a basis for 3 rrotecticn nrogram and the nucle-
onics industry would involve no wore ris: than, say the mam=
facture of tetraethyl lead, I would be the last to advocats a
cessation of research on lead voiscning, and by the same token
feel that raesearch on radiation injury should continue. Such
research will continue in a sporadic vay in various institutions
just as research in lead poisoning has unless a well organized
prorran is un.ertaken. I believe such a program is justified
on the prounds of protection o' the valuable personnel, the
difficulty in dlagnosing rcdiation injury, lack of knowledge of
the fundamental mechanisms involved in radiation injury, or the
ever-present possibility of the discovery of new radiations or
new products. If there is to be a program in radiation injury
then nuclecnics laboratories, being more concerned than any other
single institution in the couatry, should undertake it.

without writica permission from the copyright holder.
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Turning now to the second objective, namely, the applications of
3 the ideas and technijues of nucleonics to biological probleams,
i I feel that il a research center ior nucleonice is to Le estab-
O lished, it would be a grave miatake to omit fundamental research
i in biclogy. 1 will not enter into a c¢iscussion of the merits of
& pure raesearch, but would like to juote from Bush in "Science,

E the Endless Frontier®, 'The strildng advances in medicine during
< the war have bean possible«l-because we had a large backlog of

3 sclentific data asccumulated through basic research in many scien-
) tific fields in the years bafore the war', and arain, 'progress
in combating disease depends upon an expanding body of new sclen-
i tifie knowledpe - ~ propress in the war against disease rasults
from discoveries in remote and unexpected {lelds of medicine and
é the underlying sciences.! Indeed, I would ro so ‘ar as to say
32

that 1f only developmental research in biology can be justifie’,
then I feel that no biclogical orogram at sll should be undertaken
in connection with the nucleonics ororram.
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In establishing a8 program of ressarch, the two cbjectives
would be closely azszociated, and in fact, probably each indi-
vidual would be working towvard both geals simul”: neousiy.

Research Facilities,

There are research facilitlss which have been uncevered by

the “etallurgical Project hich offer tremendous nossibilities.
e have devotad curselves durinp the war entirely to develop-
mental reseiarch in biology, so the problems of this fleld can
be rather clesarly forseen; tub the field of pure research ia
untouched and therefore the problems cannot be as clearly
stated. It is nafe tc say that they, none-the~less, ultimately
will be far mors important. The facilities peculiar to this
field sre almost entirely in the nature of radiations, and
therefors, problems should center around the sffects of radi-
ations on biologicil material and materials of interest in
biology. Hadiaticas now availabla or under consideration are

as follows:

a)} Thermal Neutrcas: These are available at Clinton, 105,
in pure form at irtensitics of nv® 3 x 10° and contaminated

with other radiations at nv ~ 2 x 1012
nv ~ 104, At Clipton 105B (proposed) nv .~ 2 x 10

. At Argonni&CP - 3,
contam-

inated and nv -~ 1 in pure form suitable for animal exposurs.

b) Beta Rays: Sources have been developed on the project by
activation of phosphorus containing plaques having surface in-
tensities of 15000 r/hr., and with the completion of the pro-
posed Clinton 105B pile values at least 10 times as strong
should be available. These sources could be shipped, but for
resnsarch purposes could best be used near a production pile.

c¢) Camma Jays: Piles thamselves act as excellent sources of

gamma rays and the rollowing maximum intensities may be obtained.

Clinton (35, ~ 30,C0C r/min; Hanford 1053, ~ 150,000 r/min;
Clinton 105B (proposed), ~ 3,000,000 r/min. In addition, acti-
vated tanta:um sources of 1CO curies are avallable at Clinton,

and larcer cnes could easily be nade.

rission products can be

R L T RN
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separated to pive vsry intense scurces. Energles conveniently
available are ~~ 1 “ev, but spizial isotopes can be developed
to give strongsr or weakaer radia“ions.

holder.

d) Past Neuirons: These radia-icns are readily avail-ble at
Clinton in pure form for animal exnosures at intensities of

about 3 n/min, (1.7 Mev averacs snerey)., Inside the Clinton 1C5
pile, the intansity nv~ 1012. 1In the Clinton 1053 {provosed)
unit there will not be very ready access to fast neutrons, but
indirectly, it should be possible to obtain them in pure form

at intensities of about 3CO n/min. By means of velocity selectors,
it should be possible to obtain relatively mono-energetic neu-
trons having energies bastween 1.5 llev and thermal in intensities
considerably below these values. These velocity selection methods

may prove to be extremely valuable research tools, as indicated
below,

e
ol
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e) Fission Recoils: These radiations »ill be available chiafly
in the liquid. in homorencus piles, but enormous energies ars
available (about 75 t'ev) and reactions might be ensrgized in
this way which could not be achisved by any other msthed,

£) Very I'igh Znerpy Radiations: The betatron and the large
cyclotron offer the possibility of exploring entirely new fields,
and ths Investigation of the biological effects of these radi-

ations shoulc be consicer:d in formulating a pro-ram of biological
research.,

ial Collections, The Library, University of Califomia, San Francisco

From this discussfon of research fac{lities, it would zppear

that research, in nucleonic bioclogy, should take place in the
neighoorhood of one of the present or piisposed piles. However,
this is noct necessarily the case, since a =mall experimental pile
such as has been operated at Los Alamos for some time, night pro-
fitably be constructed ai a rnumber of resserch center and used
to produce most of the radiations listed above in intensities
great enough to be satisfactory for experinmental wo£§9 Thiszssuld
be done very easily, given about 500 g. of either U or Pu .
The advice and stimulation which could be obtained by close asso-
ciation with a scientific proup working on closely assoclated

problems in phrsics and chemistry is a factor which should not be
overlookad.
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Research Problems.

It is lmpossible to tell where a program of research may lead,
but at the presant time thare are a nuzmber of specific problams
which nead attention, and these mirht be used as a starting
point.

1) Cancer: Our present research propram is showing that many
of the apents associated with nucleonics are even more carcino~
genic than we had feared, and that cancer induction probably

is the greatest hazard of this profession. s do not know, and
our present program will net tell us, all that must be known
about this hazard if persons working in this profession are to
he protected as well 28 thay could be. GHesearch here should
innlvde, esnecially, work on beta rays and slow neutrons, since
thess wodiatinnm sra not as wall andarstocd biolocically as others.
There are scme indicetions that they may have very interesting
carcinoganic action which should be investigated not only from
the purely protective point of view but for cancer research.
They can be worked on conveniently only in the presence of a
rile.

The cancer problem should be attacked iirst by a careful com-
parison between the above radiations and x-rays and ultra-
violet radiaticrs, since the latter are comparatively well
understood. (n the basis of this comparison, further vork

. eould be contsmplated. No stone should be left unturned in a
search for the cause and cure of cancer.

: \
2) Aging: (ne’'cf the most important problems cf the present

time is the one of aging. ‘/e have found tiat following irradi-
ation, there is a significant loss of vitality, and that animals
die prematurely in a state of atrophy. Thus irraciated animals
resemble in mcst respects old animals. ‘e should deteriine as
scon as possible whether or not any of the radiations of the
project are more effective for studying the gsneral problem of
aging than x-rays which ray be obtained elsewhere. This pro-
blem is of paramount importance for workars in nucleonics.

3) Radiation Induced Biochemical Reactions: It has long been
known that radiations produce destructive chemical reactions,
cuch as the decomnostion of water. However, certaln construe-

IR ' .-
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tive reactions con be enarpized by radiatioas, and the possi-
biiities secem quite inviting. For exazrle, methane can be
. {irradiated, with or without othar aided constituents, to form a
iﬁde varlety of orpaniec comvounds, This fl21d is only begin-
ning to be explored from tha chemical point of visw, but the
4 possibilities for the production of new biochemical materials
will excite the dullest imapination. The production of one
drug similar to sulfanilamide would be ample reward for the ex-
dpenditure of many millions of dolla“s.

That this is no idle dream, will be realized by considering the
dfact that biochemical synthesis depend upon axtremely delicately
gcontrolled reactions, and small chanres in conditions mean the
ifference betwesn success and feilure. KFor example, the male
and female sex harmones are almost identical chemically, yet
d Sproduce wite different physiological effects. A small altera-
tion in environment will change one into ths other. Radiation
gchemistry offers the possibility of very losalized, specialized”
nd precisely controlled energizing of reactions. For example,
pithsrmal nsutrons having an snergy of 9 ev will break simple
--%g-H bonds, rhereas it requires 3¢ ev neutrona to break simple
Bt

rsity of California, San Francisco
from

~C bonds. Bonds of different strengths could be bro:en by neu-

rons having different energies, This technijue could be used

ot only for the production of specific chemical reactions, but

or the investigation of bond strengths rhich would be invaluable
gor different types of synthesis. Once methods of synthesis were
& wrorked out, there should be no serious difficulty in making fairly
O ;arge quantities of material even fo™ ncdicsl use, 7r. Burten, of

‘The Library, Unive

he Chemistry Division is even enthusiastic about the commercial
roduction of such things a3 synthetic rubber and plastios by
eans of radiation energized chemical reactions.

‘h
£ Buch a program as this should be started immediately, but signif-
cant results should not be expected for at least five ymars, Re-

. Bearch may even have to start with inorganic chemistry and grad-
d;ally work up to the complex reactions of physiological chemistry.

| 1) Genstic Zffects: One of the most iaportant branches of applied -
. Blology 1s the one of blological synthesis. In nast years it was

} Sustemary to search the world over for organiusns which would make

: desired end product. Rscently, however, there have been many
Successful attepts to procuce mutations in organisms for the pur~
pose of obtaining another crganism to manufacture a specific product.

Protisid
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or exazple, autations produced in P. lotiatun have recently in-
c,-gssed venicillin producticn markedly. This Cield 1s lust te~
'mnj_ng to oven up, and tae possidbilities are ‘remendous. It is
i'mpoasible now to say ~.~:::x-:—ther 2a7 of the av "3 rudiations will
prove @ore uselul in t.is resard than x-rays but, considering
that 8 20% increase in zulatiun afficiency undoubtedly - ould bs
: ,.,].comed, the chances o. sca? sustess sesm particularly brigit.
" pt the other extre s onz re:s tha nczsibility not only of in-
ereasing enormously the zuirlion efficie-cy out of producing

selective _utatlcns,

permission from the copyright bokder.

" geneticiste are, of courss, axtrimely intarested in any agent which
. ijs capable of producing mutstions, and will therefore unjuestion-
"gply cemand that the rssearch nossibilities of these tcols be in-

yestirated,

without

An initial program should investigate the difference between x-
- rays and the various radiations listed atova for at least two
organisms and then proceed on the basis of these results.

University of California, San Francisco

Library,
in any fi

5) Detection of Radiation Infury: From the project point of
view, this is one of the most important problems. Considerable
research on the project so rar has revsaled cnly that tha bloed
count is a poor indication of radiation damage. However, enough
work has bgen done so that it appears that a further frontal at-
tack on this problem is usals:s3, and the problem should be re-
" opened only after significant advances have be=n made in the pro-
blem of the mechanigm of radlaticns inp.wy, as ocutlined below.

picd, or

(2
9

] 6) Mechanism of Padiation Injury: This problem is of paramount
importance from the protection peint of view, and significant

advances must be made in it before the orcblems of deteczicn and

tharapy can be undertaken effectively. Tnis prcblem should be

attacked by means of &) mammalian biochemistry, since il cffers

the pogsibility ¢ [finding the eflects of radiations on the various

2 chemical systems of the body; b) mammalian physiclopy, sinze a

% study of chanpges in function due to radiation sheculd evei:t ally
lead to important wractical discowveries; and ¢) ecellular piaysiology

| ~and biochenistry, since the primary damapge .rom radiation is to

J individual cells. All oy thesa appro.ches huss been used somewhat

2 on the project and all have yisldad valuable informaticn. They

should be contimued, but the problem is very complex and results -

should not be expected teco soon.

tion from S;
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7) Bacteriolcpy: There are a rumder or prictical as well as
fundamental problems in this connscticn which could profitably
e investiacated, such as the ucs of the oile for the rastemr-
zation of milk, sterilizaticn of vaccines, tlood plasma, stc.,
it has even been suggestad that a pile be used {or sevage
sposal, It is entirely possitle that radiations may selactively
1 one strain of bacteria leaving othemintact, may kill bacter'-
saving proteins undenatured, or may uven be used as a mzthoc for
dentification of bacteridl strains. In short, we have here a
hysical arent, like heat, capatla of accurately controlled selec-
&ive destruction of matter., It would be extremely surprising if
ome applicutions in bactericlogy were rnot found.

3

g ) Therapy of Radiation Injury: At present there is no known
.s. pecific treatment for radiation iajury. It is unthinkable that
k]

ome sort of tr...smnt cannot be deviszd if the rroblem is active-
y pursued, particularly in connection with the problem of the
£fnechanism of radiatiea injury. Ccnsidering the numoer of persons
rking vith radiations both inside and outside the nucleonics
o Yorosgram, and considering the patients beine treated daily with
- ix-raya and radium, the importance of this problem cannct be over
g'mphasized. Its solution wdll not come [rom directed research, but
E will be a result of some of the vork on other radiation problems,
{29) Time Factors in Radiation Injury: In setting up the present
% fbiological program it was [elt to be impossible to cover adeguately
5the entire field of time-intensity relations so two extremes wers
.gcrhosen; small daily doses until death, and a single large dose.
 3This is certain Lo be ar inade-uate covering of the [i:zld and vhen
“gthese results are complete and analyzed, & new program sinould be
3initiated to cover the gups which are sure to be seen.

Coli

1.1

i §~This problem is clcsely related to that of regeneratior and re-
covaery, which has been studie’ only casually on this proiecct. It
;'gis of ovrime importance in the de’inition of tolerance and should be

t dconsidered in connection with time factors.

élO) Maximum Allowable Doses: So fu no work on the project has
thrown very smuch light on the rundamental postusates of this im-

'S portant .juestion, but some relevant results will come from the

3 chronic profram now in prorress. It is rsasonably sale to assume
that the answer to this juestion will come from the studies on cancer
and aging as outlined auvove.

i
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The application of thesé resul:s on louer animels to corresponding
problems for man is extferely difficult and liable to error. The
only reasonable approach 13 by meons of a comparative study using
various animals, and leading finally to carsfully conductr 4 ex=-
periments on man.

11) Partial Body Irradietion: :lost of the vproject studies with
external radiations have bsen on animals whose entire body has been
exposad to the radiationi In mractica, this sort of axposure
usually 48 not enceountersd, so it is =f interest to lnow unat
diff:i ences can ba expect.d. Is it 1ossible, for axample, to
ullow a greater exposure tc the hands ‘r&n to the total body? And
if, for example, one had wera to receive'a very high dose of radi-
ation, vinat is the prornosis and what treatment should be under-
taken? This problem may -.e attacked in connection with thoss of
cancer and therapy.

12) Internal Radiations: 'With the exceotion of plutonium and
nossibiy poloniunm, it appears that in general, the hazard on this
project from inrested radicactive materials has not been very great,
From a practical point of viaw, if an area is so badly contaminated
with fission procducts that there is danger from internal radiations,
there will be at least a ten old greater danger from external radi-
ations, “ork with plutonium shculd continue, since it appears to

be a significant industrial hazard.

There have been many ihterastlnp nossibilities brought forward on
the project in cornectipn with internal radiations both in academic
bioclogy and in medicine, but these may be consicered properly under
radicactice tracers.

Rasearch Program.

In order to attack successfully the above prcblems, it will e
neceasary to estailish a biolepgical laboratory in connec’ ion with
ene or nore of the sroposed research centers lor nuclecnics., De-
nending on the availnbility of scientists, a ress:rch propran
might be orpanized at one or more laboratori®s as follows:

1) A chronic study group, censisting of about three men for study-
ing the nroblem cf cancesr, aging, tolerance dcses, and .ime-;nveﬂe{ty
factors.

115830
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2) A peretics group, consisting of about two =en.

3) A physiolopy rroup, consisting of about two men, to study
the problem of iechanism of injury, detection of injurv, etc.

4} A blochemisiry rroun, consisting of about three men for
studying the uses of radiaticns in bischemistry.

5, A bacterioloyy groap, ccnsisting of about two men, for
studying the applic.tions of iuciecnics in bacteriolegy.

6) In addition, there should be space {or sev.ral men who
may have soecilic idecas along these lines. Also, provisions
should be made for rraduate students, proiessors on leavs, etc.

In addition to these men, there should be technicians and helpers
as needed.

This prorram includes only these thinrs for which a definite

need can be forseen. It has been cur experience on the project
that ag work progresses mcre prcolems ars uncovered than are
solved, 30 in olanning a rrorram ¢onsiderable expansion should be
anticirated.

I do rot =ean to imply by this nroncsed orranization that I feel
that the work should be carefully planned, coordinated and di-
rected. Virtually the oniy dirzction which should be placed on
the nrogram is in the hiring of the senior personnel.

\
I would like to re-emphazize the fact that we need here 2 re-
seirch program ained at the attainment of fundamental ideas, and
nct meraly the application of olé ideas to new situations. For
that very r-ason it is extremely dif icult to outline a prorram
and impcssible to predict what results may fcllow. It is naces-
sary then to guide our actions solely by pist sxrerience. In
the past it has been founa that fundamental ideas ve:y seldem come
from directed research, but have come from indivicuals working
without restrictions. 'lhare has bacn an increasing tendency in
this couniry to orpanizs everythiog, including reseurch, and the
success of the industrial laboratoriass 1s given as the reason

——paia
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for organizing all research. The lesaders of ocur incustrial
lcboratories rsalize that in the long run they would be lost
without continued {'undamental research by unlversities ard
similer institutions, =nd that no indusirial type laboratories
even sericusly attexpt to do fundamental researcn. Dr. 0. E.
Euckley, presijent of Yell Telepione Labor:tories, has said
receatly ("The lNew York Times®, 8/25/L5) ",..'pure' or basic
research directed at uncerstanding naturels laws and expanding
cur area of scientilic itnovledr~e is almost wholly a function
of universitias and ¢ndcved pure rese-rch ‘nstitutes ... one
sure way to defeit the scilentific snirit is to attempt to
direct injuiry f{rom abeve. All suceessful industrial research
directors Fnow this, and rave learned by experience that one
thing 2 'director of rssearch' must never do is to dirszct
reseirch, ner can he nermit direction of research by any super-
visory beard ... successful ressarch goes in the directoon in
which some innuiring mind finds 4itself imnelled. True, goals
are set, goals of understanding in the case of fundamentsl.
research, amntd poals of vractical :ccomplishment in the case of
applied research,”

ncisco
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) Dr. Bush in ris ren~ort, "Science, the Gncless Frontier" has
r entered a strong plea for pure research, and has outlined a way
g in wihieh this can be accomvlished in this country. Research in
3 nucleonics is exactly the same as ressarch in other fields and I
& see no reason for separating it from the rest, Each should be
) g used to strengihen the other. Therelfore, it a national nucleonics
S srogram is to be considered, it rould be well to consider the
& nure research jnvolved 23 a part of the whole rnational research
&5 program, '
§ > I am confident that science is on the thrashold .iithar, of its
£2 greatest victory or it. greatest deleat. dow is the time for
: E our gcientific learlers to employ their keenest vision and to set
- tiieir sights high.
[
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