
CHAPTER XXXVII 

The Role of Radiology in the Development 
of the Atomic Bomb 

Staflord L. Warren, M.D. 
/' 

THE BACKGROUND OF THE ATOMIC BOMB 
1 This chapter of the history of radiology in World War I1 tells 1 

story, in necessarily brief form, of the role of radiology in the developmc 
of the atomic bomb that was first detmated at Alamogordo, N. Jlex., on 
July 1915, dropped for military purposes on Hiroshima, Japan, on 6 Aug 
1945, and at  Nagasaki 3 days later. 

i . 

The atomic bomb had been in the making indirectly for a t  least1 
years and directly for the preceding 3 years. Since i t  was an entirely new 
development, a certain amount of background information is necessary to  
make clear the relation between its military aspects and its  medical aspects, 
which were practically entirely radiologic. Therapy did not enter the picture 
in the Zone of Interior because there were no radiation casualties. 

Even when it was militarily oier Japan in August 1945, each bomb was 
still B scientific device, an experimental model, and the first of its kind. 
Before these bombs could be dropped, a new agency had to be created, the 
Manhattan District of the Corps of Engineers. The uranium oxide re- 
quired for the manufacture of the bombs came from several sources, about a 
seventh of it from the network of mines in Colorado that Iiad been actively 
developed early in the war to supply the large demand for vanadium in war 
industry. The uranium osicle for the Manhattan Project came not from 
further mining operations but from refining the large stockpiles of vana- 
dium tailings at  these mines. Ores mere iinported also from Canada and 
the Congo. Ore-refining and metallurgical plants were set up d l  over the 
United States. Finally, new techniques had to be developed for the fabricn- 
tion and delivery of uranium 338, the metal used in making material for 
atomic bombs. 

Many other scarce materials mere required for the productioii process 
and the chain-reacting piles. The procurement of these materials would 
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Probably close to a, million civiliaiis were engaged, directly or iiidi- 
rectly, in this gigantic effort during the filial 6 nionths of the war. 

There were three so-called secret cities (sites) involved in tlie produc- 
tion of the bomb and the materials for i t :  

1. Oak Ridge, Tenn., which in 1945 had ii resident population of more 
than 70,000. I t  was responsible for tlie isotopic separation of U-235 froin 
U-238, which could be accomplished readily by three different methods 
(p. 854). 

Here, plu- 
tonium Pu-239), another boinb material, was manufactured from U-238 in 
chain-reacting piles. 

3. Los Alamos, N. Mex., situated on the top of an almost inaccessible 
mesa. Here yy- located the scientific-engineering labontory for both tlie 
design and the fabrication of the bombs. 

"he first bomb was tested on 16 July 1948, on a high to\rer-whicli dis- 
integrated during the detonation-at Alaniogordo (p. 8S4). This site was 
part  of 811 Air Force bombing range in the desert-Jornacla del A l u e r t e  
south of Carthage. 

Among tlie university and federal laboratories engaged in estepsive 
secret isotope separation projects were : 

1. The Columbia, University Laboratory, S.T. (under Harold C. Urey, 
Ph. D.), known as the SA31 (Special Alloyed Jlaterinls) Laboratory. 

2. The University of California Radiation Laboratories (under Ernest 
0. Lawrence, Ph. D.) . 

3. The Special Research Division, the S a d  Research Laboratory (un- 
der hilip H. Abelson, Ph. D.) . 

. The National Bureau of Standards (under Lyman J. B r i g s ,  Ph. D.). 
5. The University of Chicago JIetallurgical Lnboratory, generally known 

as t e Met Lab (under Arthur H. Compton. Ph. D.). 
Manufacturing plants that participated in the project were numbered in 

the hundreds and Kere distributed all over the country. 
Every step of these research and manufacturing processes in which urn- 

ni or plutonium was used was fraught with radiation hazards. Some of 
the e hazards mere-or  could have been-of fantastic magnitude, such ns 
th  e from the pile nshes produced during the cheinical extraction of plu- 
to  urn from neutron-bombarded U-238. Every step in the procurement of 
U- 38 from mining to metal fabrication was accompanied by the coiistaiit 
pr uction of tlie unwanted and dangerous claugliter-products, uranium S1 
tan uranium X2, which are strong beta-radiation emitters. 

Radiologists had had R wide esperieiice with high voltage X-rays niid 
wit radium or radon, as well as a more limited recent esperience with radio- 
act ve isotopes. They mere familiar with tissue reactions from radiation' tind 
wi the lethal effects and absorption dangers froni X-rays, gnmnia and beta 
ra , alpha particles, and neutrons. They also possessed electroscopes, roent- 
ge meters, and ion chambers, all new and all a t  once in great demand. It 

- 

2. Hanford and Richland, Wash., on the Columbia River. 

. 

I . . 



! 

t , 
DEVELOPMEST OF THE ATOXIC BOMB. 833 

was natural, therefore, that radiologists should constitute the initial person- 
nel concerned with the protection of the workers in this vast organization. 

. 1  
1 

! 
I 

RADIATION THERAPY 

The principal approach of radiology to the atomic bomb was by way of 
the effects of radiation therap?, supplemented by the first laboratory experi- 
ments with radioactive isotopes. In the interim between the World Wars, 
radiation therapy was an empirical specialty rather than one based on precise 
fundamental knowledge. I t s  motivation was a frantic search, against hope- 
less odds, for a cure for cancer. The clinicaLdiagnosis of cancer was still 
discoura,&gly inexact, and all too often the radiologist first saw the patient 
when his disease was already fa r  advanced and already in the metastatic 
stage. Treatment therefore was usually little more than a temporizing pro- 
cedure, intended only to reliere pain and reduce the bulk of the growth. 

Although the radiotherapist was generally limited in both approach and 
facilities, some progress had been made before 1940 by courageous and 
imaginative workers in tracer technology (p. 833) and allied fields, who took 
advantage of the availability of radioactive isotopes in large quantities. Per- 
haps the first large-scale, well-organized therapeutic assault on malignant 
disease was on chronic leukemia and pol_\-cythemia by Dr. John H. Lawrence, 
a t  the Unirersity of California School of JIedicine on the San Francisco 
campus, who used phosphorus 32 secured from the cyclotron developed by his 
brother, Dr. E. 0. Lawrence, on the Berkeley Campus (I? 9). Dr. J. H. 
Lawrence's work was shortly yerified at  the Harvard 'Ciiiversity Jfedical 
School, Boston, Mass., by Dr. Shields Warren, who used similar material 
supplied by the Massdmsetts Institute of Technology, Cambridge (3). In 
spite of the. hopeful results obtained by both Dr. J. H. Lawrence and Dr. 
Shields Warren, clinical hematologists remained skeptical, and the contro- 
versy raged for years before the usefulness of radioactive isotopes in malig- 
nant disease mas generally accepted. 

I 

STATUS OF PREWAR RADIOLOGIC RESEARCH 

Research in radiology in the medical schools of the United States in the 
late 1930's was granted to be of some-though limited-value. It developed 
teachers. It provided a field of Fork for graduate students. It helped to 
train hospital residents, and there was considerable discussion about making 
some research vork a minor requirement for certification in radiology. But 
research in radiology had little official recognition in the allocation of funds 
or the provision of space and facilities for it. Few research groups were ade- 
quately financed, efficiently organized, and properly equipped for basic ex- 
perimental work in this field. Grants were small and were seldom given for 
more than a year. The investigator frequently had to build his own equip- 
ment, operate it in a basement or in some unfinished space in hospital or 
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school, and use hospital radiation sources at night or on weekends. A ma- 
chinist or a physicist was seldom available for more than part time, if that, 
and a grant that provided for a technician or two was a major production. 

The system described was not productive of scholars or of significant 
research results. By its very nature it restricted research to small Arbeits 
that  could be finished within a limited period of time (seldom more than a 
year) and that involved small numbers of small animals. 

The results of this kind of research were seldom accepted until they had 
been repeated and verified by other observers, a criterion that often took 
several years. There was every reason why they should not be accepted off- 
hand. The experiments were seldom well controlled. Not enough animals 
were used to be statistically significant. The variations normally present in 
small series of stock animals, particularly animals obtained from pounds, 
also altered rewlts. Paucity of personnel and equipment and lack of conti- 
nuity prevented any long-term gtudies of healing or degeneration after irra- 
diation, though the need for specific information on these phenomena was 
apparent almost daily in cancer clinics. Growth and fertility crcles of larger 
animals were too long to fit into such an erratic pattern, and acute, short- 
term experiments had to be devised. The number of fruitful investigations 
of this type was limited, and many potential research workers lost interest. 

The situation just described is not an exaggeration. It was characteris- 
tic o€ research and advanced training in radiology up  to the outbreak of 
World War 11. It was not until 194.2, when data mere urgently 'needed in 
the development of the atomic bomb, that funds for research and engineering 
became available in larger and significant amounts. 

The cyclotron was first developed at  the University of California in 
ley in 1930 by Dr. E. 0. Lawrence and his associates, and, as would 

cted, some of the most active prerrar esperimentation and training 
conducted there. The physiologic significance of these derelopments 
f the associated development of instruments and techniques was soon 

elsewhere, and active work along these lines began to  be conducted 
universities. The clinical use of phosphorus 32 at  the University of 
ia by Dr. J. H. Lawrence has already been mentioned. I n  the 

t of RadiologJ- a t  the same school, Dr. Robert S. Stone and his 
undertook therapeutic trials of high energy particles (neutrons from 

h the Berkeley and the San Francisco campuses of the University 
California young graduate students and young physicians were trained in 

techniques. By this fortunate circumstance, some of the men who 
yed an outstanding role in the development of the atomic bomb were ready 
assignment when the need arose to safeguard the health of the increasing 
bers of participants in the Vniversity of Chicago Jletnllurgical Labora- 
and the secret sites in which materials for the bomb were deveIoped. 

trained young physicians were also produced a t  the University of 
, Rochester, N.Y. (p. 815), and later at the University of Chicago. 

. 
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DEVELOP3IEST OF TIIE ATOMIC BOMB 

TRACER STUDIES 

The advent of radioactive isotopes in the early 1930's promptly co 
the discouraging research situation just described and opened the way 
almost unlimited number of short, cheap, higlily productive esperime 
could be completed within a budget year. As a result, the end of this d 
and the beginning of the 1940's saw a recrudescence of interest in rad' 
experiments, a t  a most propitious time for the development of the atom 
bomb. The era of intensive study of dynamic metabolic and physiolog 
activity was now indeed a t  hand. 

Tracer studies with stable isotopes were expensive, and most inv 
also found them too difficult to  be practical. These isotopes were 
not widely used until after the war. Unstable radioactive isotopes, 
had many convenient attributes. Phosphorus 32, for instance, whi 
usually used as sodium phosphate, could be readily produced in the 
by direct bombardment of the element, and no subsequent chemical s 
necessary to remore the stable phosphorus carrier; this step mas nec 
many other radioactive isotopes. Phosphorus 32 was nontoxic an 
soluble. I ts  beta radiation was easily measured by available Geiger 
It could be safely handled and easily shipped by mail, since its be 
activity was weak enough to be protected against by a standard 1 
brown bottle. When it was given intravenously or parenterally, it diffused 
kidely in the body fluids and was readily excreted. Its relatively short half- 
life (14 days) and its high rate of excretion were attractive features in meta- 
bolic and physiologic experiments as well as in its clinical applications. 

Because of its high chemical activity and i ts  widespread presence in most 
body constituents, the use of P-32 "as a radioactive tracer opened exciting 
pathways for study in almost eveiy field of biology and medicine. The con- 
ventional chemistry of phosphorus and its salts is so complex that up to  this 
time relatively little had been learned concerning its function in energy 
exchange. ?Tow for the first time there was open to relatively easy investi- 
gation its role in the appetite minerals of bones and teeth, in which it partici- 
pates in the binding of calcium, lead, radium, strontium and other metals, 
as well as its role in brain tissues and in the tissues of many other organs. 

When isotopes once became available and their importance was recog- 
nized, there was almost as much interest in the application of tracer tech- 
niques as there was in the development of the atom itself. I n  fact, supplying 
radioactive isotopes for biologic investigation consumed so much time in the 
laboratories that owned cyclotrons that it often interfered with the experi- 
mental work underway in physics. 

The first work with cyclotrons was done at  the Massachusetts Institute of 
Technology and at  the University of California. Considerable work along 
these lines was also done a t  the University of Rochester. Late in 1941, the 
University of Rochester obtained a million-volt X-ray generator (fig. 281) 
for industrial purposes, to make radiographs of armored vehicles such as 
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WoaBE %l.-TypicaI million-volt X-ray machine used ear& in World War 11. 

tanks. This work was soon finished and the machine became available for 
biologic research. 

By this time, a considerable amount of work had already been done in 
the Rochester Medical laboratory, which was under the direction of Dr. Staf- 
ford L. Warren. William F. Bale, Ph. D., developed the dipping finger 
Geiger counter for wet ash techniques and thus made it possible to use the 
radioactive isotopes made by the local group of physicists (Lee A. DuBridge, 
Ph. D., Sidney W. Barnes, Ph. D., and Victor Weisskopf, Ph. D.. among 
others), as well as the isotopes obtained from Robley D. Evans, Ph. D., a t  the 
Massachusetts Institute of techno lo,^. 

Also at the University of Rochester, a number of workers became inter- 
ested in metabolic tissue effects of radiation and in its genetic effects. These 
workers included Harold C. Hodge, Ph. D., Don C. Charles, Ph. D., Curt 
Stem, Ph. D., Luville T. Steadman, Ph. D., and Dr. Andrew H. Dowdy. 

GROWTH OF LITERATURE 

One final outgrowth of these nationwide research activities plared its 
part in the development of the atomic bomb: Interest in tracer studies led 
to the rapid growth of several professional journals in this specialized field, 
k l u d i n g  Radiology, the American Journal of Roentgenology, the British 
JouTnal of Radiology, Acta Radwlogica, and Strahlentherapk. The litera- 
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ture of what is now known :ts mdiobiology accuniulatcd rapidly, and frequent 
collective reviews were published. By 1912, a rather large and comprehen- 
sive literature existed, from which could be derived many of the safety poli- 
cies and principles of operation and protection later put into effect a t  the 
University of Chicago Metallurgical Laboratory and elsewhere by the con- 
tractors and the Medical Section of the Manhattan Engineer District. Many, 
of course, had to be devised de novo. 

FIRST STAGES IN THE DEVELOPMENT 
OF THE ATOMIC BOMB 

The Uranium Program '. 
At  ths Conference on Theoretical Physks' held in Washington, D.C., 

26 January 1939, which n-as attended by most of the principal workers in 
this field, reports were made on the work done on the fission of uranium by 
Otto Hahn, Ph. D., Fritz Strassmann, Ph. D., Otto R. Frisch, D. Ph., and 
Lise hleitner, Ph. D. Their work was confirmed by telephone during the con- 
ference by Xiels H. D. Bohr, Ph. D., from his laboratory in Copenhagen, 
Denmark. Shortly afterward, his obsen-ations were also confirmed by work- 
ers at  Columbia Wniversity, The Johns Hopkins University, Baltimore, hid., 
the University of California, and the Carnegie Institution of Washington, 

By June 1940, 18 months later, the principal facts about fission of the 
atom had been discovered and were known to the scientific world. A chain 
reaction had not yet been obtained, but the theoretical possibility, at least, 
had been demonstrated, and s tes that might lead to it had been 
suggested.' 

Meantime, because of thei mplications, these developments had 

. D.C. 

stances eontalnlng light nuclel in contnct ch they glrr up, by someasire shocks. a part of 
thelr energy ln the same manner that a all s slowed down when it hlts against billiard 
h l l r  of the same size to which It gires bj little, its actual force. Consequentls, one 1s 
tho. led to mix wlth uranium a materin moderator which slows down the neutrons alth-  
out abaorbing them too strongly. This 
deporlted In France in the beginning of 
utilization of erploslre power of uranium ers pertain to machines generating energy on the 

and 21. 
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been brought to the attention of President Franklin D. Roosevelt, in the fall 
of 1939, largely on the insistence of Dr. Albert Einstein. An Advisory Com- 
mittee on Uranium had Seen appointed as a subcommittee of the NDRC 
(National Defense Research Council), to review the progress of the research 
and to keep the President and the Council advised. 

The  structural changes undergone by the Advisory Committee on Ura- 
nium (known as S-1 Section, NDRC) (4)  are not essential to the story of the 
relation of radiology to the atomic bomb. When they were completed, late 
m November 1941, the S-1 Section had been placed under the OSRD (Office 
of Scientific Research and Development), directly under Vannevar Bush, 
Sc. D., its Dirdtor,  and had no further connection with the National Defense 
Research Council. I n  its new position, the S-1 Section was administered by 
James B. Conant, Ph. D., representing Dr. Bush, and Dr. Briggs was its 
Chairnmn. With this change, the section became a full-scale operating agency. 

The element of secrecy had entered the picture well over a year before, 
when it became known that the British and German governments were both 
interested in th0 possibilities of uranium fission for military purposes. It 
was for this reason that the Advisory Committee on Uranium became known 
simply as the Section 1 Committee. 

After 1939, by the voluntary, self-imposed action of U.S. and British 
physicists, there was an almost complete cessation of published articles in the 
field of atomic fission. In the middle of 1940, the NRC (National Research 

organized a Reference Committee, with several subcommittees, to  
he publication of such articles in every field of possible military inter- 

pers were forwarded by the editors of scientific and professional jour- 
for review by the committee, which advised against publication if there 
any possible military information of significance in them. This mas a 

important and very successful action, for by this time little work in 
d of atomic fission was being done that was not already iiicorporated 
OSRD program and tha-efore under its supervision. 

By June 1940, it was known that fission was produced by thermal neu- 
U-235, the rare isotope of uranium. It vas not yet known that it 

also produced in U-238, the more common isotope. Six months later, 
ve work in the field of fission was underway in 10 or more universities, 
well as at  the Carnegie Institution of Washington, the Standard Oil 
elopment Co., and the National Bureau of Standards. 

he year 1941 w-as highly critical. Results from various investigations 
ed more surely the important military implications of uranium fission, 

work on which was expanded at  a very rapid rate. At the request of 
Bush and Dr. Conant, several special reports were made by the National 
demy of Sciences. When British scientists reported that a U-235 bomb 

power was feasible, Dr. Urey and George B. Pegram, Ph. D., from 
a University were.sent to England for firsthand discussions. 

n the recommendation of OSRD, the President agreed to broaden the 
ogram, to set u p  a different organization, to provide funds for the expanded 
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program from a special source, and to  effect complete interchange of in 
mation with the British. 

The “different” organization set u p  was a Top Policy Group, consist 
of the President, the Vice President, the Secretary of War, the Army 
of Staff, and Drs. Conant and Bush (4). 

By December 1941, the largest research and pilot projects in the ur 
program %ere concentrated in three universities, Columbia, under Dr. 
Chicago, under Dr. Compton; and California, under Dr. E. 0. Lawren 
On the 16th day of that month, it mas agreed at  a meeting of the Top P 
Group that the OSRD should press on as fast as possible with the deve 
ment of the fundamental physics of atomic fission,and with the enginee 
planning, and, particularly, the construction, ofp i lo t  plants. Later it 
also agreed that the Army should take over the whole program as so0 
full-scale construction was started. This stage was reached on 18 June 

When all S-1 Section activities were reviewed in April and aga 
May 19-12, various methods of-producing material for the atomic bomb w 
discussed. It was the decision of the Section 1 Committee that, 
was no certainty of success with any single large-scale method, 
should be taken and all feasible methods of producing fissionable 
should be explored (4). 

with two anxieties: 1. Would the atomic bomb be a decisive weapon? 2. How 
much mere the Germans doing in this field? I n  the satisfactory answers to 
these questions lay the justification for the withdrawal for the development 
of the bomb of highly critical matarials and always short manpower from the 
remainder of the national military effort. 

During this period of derelopment, the conimittee was perpetually f 

Establishment of the Manhattan Engineer District 

In May 1942, OSRD $1 Section was terminated and was replaced by 
a smaller OSRD S-1 Executive Committee, with Dr. Conant as Chairman 
(5).  While Dr. Bush alone had the authority to  establish OSRD policies and 
commit OSRD funds, he ordinarily followed the recommendations of this 
committee. 

In a report prepared by the S-1 Executive Committee in June 1942, it 
was stated that kilogram amounts of either U-235 or plutonium (Pu-239) 
would be very highly explosive and would be equivalent to several thousand 
tons of TNT; that the detonation time could be controlled; that it would 
take large production facilities to produce the necessary fissionable material 
to make such a bomb; that the bomb materials could be produced by a t  le& 
four methods (three using U-235 and the other Pu-239) ; that all four meth- 
ods should be employed because the urgency of the situation made it unsafe 
to rely on any single method; and, finally, that with adequate funds and 
priorities, the project could probably be completed in time to be of military 
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how 282-Maj. Gea Leslie R. Groves, 
Commanding General, Manhattan Project. 

RADIOLOGY 

value in the war then in pro,al.ess. The project, however, would be a drain 
on, and would interfere with, other war activities. 

The report just summarized was sent by Drs. Bush and Conant to Vice 
President Henry A. nrallace, Secretary of War Henry L. Stimson, and Army 

.Chief of Staff Gen. (later General of the Army) George C. Marshall on 13 
June 1942 (4). All approved it. On 17 June 1942, i t  mas sent by Dr. Bush 
to the President, mho initialed it. A copy of the report was then sent by 
Dr. Bush on 19 June 1942 to Brig. Gen. (later Lt. Gen.) Wilhelm D. Styer, 
GSC, Lt. Gen. Brehon 3. Somervell's Chief of Staff. 

The day before, Col. (later Brig. Gen.) James C. 3€arshall, CE, was 
instructed by the Chief of the Corps of Engineers to form a new district in 
the Corps to carry on special work assigned to it ( 6 ) .  This district, desig- 
nated the Manhattan Engineer District, mas officially established on 18 August 
1942. The special work assigned to it, the development of the atomic bomb, 
was labeled, for security reasons, the DSM (Development of Substitute 
Materials) Project (4). 

On 17 September 1942, Secretary of War Stimson assigned Brig. Gen. 
(later Lt. Gen.) Leslie R. Groves (fig. 282) to  be in complete charge of all 
Army activities of the DSJf Project (4). General Groves thus became com- 
manding general of what was soon called the Jlanhattan Project, and which 
was the planning headquarters of the entire program. The Jlanhattan Engi- 
neer District was its major operating arm. 

General Groves was specifically directed by the President to  take all 
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means to insure the security and secrecy of this project. Since the OSRD 
report of 13 June had been approved by the President, General Groves, on 
that basis, asked for, and received, the highest priorities for procurement of 
material. Without those priorities the program could not possibly have 
succeeded. 

The research and development contracts of the OSRD were formally 
turned over to the Manhattan Engineer District on 1 May 1943 (4). 

ESTABLISHMENT OF THE MEDICAL SECTION 
MANHATTAN ENGINEER DISTRICT 

During the fall and winter of 194243, it 6Game evident that the Man- 
hattan Engineer District must develop an extensive and detailed medical 
safety program for its uranium pilot and production programs, which were 
nom beginning to be spread all over the country, but particularly for the 
secret cities (p. 832). The Clinton Engineer Works was being organized to 
develop the 58,800-acre site a t  Oak Ridge, Term., whose purchase had been 
authorized in September 1942. A t  Hanford and Richland, a site had been 
selected for the operation of the Hanford Engineer Works, and construction 
on its 420,000 acres would begin in April 1943. 

Withdrawing medical personnel assigned to the University of Chicago 
Metallurgical Laboratory (p. 864) for tours of duty in the Jlanhattan District 
Office was clearly no answer, and in March 1913, under conditions of strictest 
secrecy (p. M6), Dr. Stafford L. Warren, Professor of Radiology at  the Uni- 
versity of Rochester Sch mas engaged to advise the District 
Engineer on "special materials.? 

York office of the Manhattan 
Project with .31aj. (lat r L. Friedell, MC, who had been 
assigned to  the new 31 istrict (p. 839),  as very general. 
Major Friedell, who displayed a edge of the new field of isotopes not 
common in most recent residents iology, questioned Dr. Warren, with- 
out giving him any ielding against radiation, protec- 
tion against radio t anda rk  of exposure, and similar mat- 
ters. Dr. Warren re o experimental data upon which 

be based. JIajor Friedell inquired 
whether some of ry to provide the answers could be 
carried out at the U in secret, if laboratory facilities 
and funds mere prov n produce an outline for certain 
specific experiments As m n  as his proposals could 
be examined and it they would meet the needs of 
the project for whic ntracting officer from the Man- 
hattan District wou authorize construction, which 
would be begun as soon as 

In the meantime, Majo continued, a hospital was being planned, 
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FIQWE 283.-Lt Col. (later Maj. Gen.) 
Xenneth D. Nichols, CE, at Oak Ridge Head- 
quarters for the Nanhattan Engineer Dis- 
trict During working hours the desk vias 
piled high with reports, all highly classified; 
It was stripped for this picture, a s  it was 
every night There were serere penalties if 
any papers were left out or if desks or safes 
were left unlocked, even in the most closely 
guarded areas. 

and decisions must be reached concerning its location and its size. I f  Dr. 
Warren would be milling to spend 3 days the following meek looking over 
the site that had been tentatively selected for it, Major Friedell mould fill 
him in on “some things.” Lt. Col. (later Jlaj. Gen.) Kenneth D. Nichols, CE 
(fig. 283), Chief Operating Officer for  the Xanhattan Project under General 
Groves, who came into the office about this time, said that the trip would 
impress Dr. Warren with the importance of the project and would convince 
him of the necessity of staying with it, even though its specific nature could 
not yet be disclosed to him. 

The inspection of the hospital site a t  Oak Ridge duly took place (p. 872), 
and by the end of Jfay 1943, most of the information about the uranium 
program had been disclosed to Dr. Warren. He accompanied JIajor Friedell 
on inspection trips to plants in New York City, Buffalo, and Niagara Falls, in 
which uranium ore concentrates were being refined in large quantities and in 
which there were two problems, the toxicity of uranium salts and the radiation 
hazards in the discard (p. 851). 

By 1 August 1943, the medical activities of the Manhattan Engineer 
District had become so unwieldy that it was necessary to define them more 

f 
f 

8 0 0 3 5 2 2  



DEVELOPMEST OF THE ATONIC BOMB 843 

clearly. On 10 August 1943, Colonel Nichols, then deputy District engineer, 
created the Xedical Section, BIED, with Major Friedell as executive o&er 
and Dr. Warren as civilian consultant to him. Capt. (later Maj.) John L. 
Ferry, MC, mas also s i g n e d  to  the Medical Section. 

In October 1943, Dr. Warren reported to General Groves that the organi- 
zation of the Medical Section, MED, was essentially complete and that he 
could no longer function effectively in a civilian status. On 3 November 1943, 
he was commissioned Colonel, MC, AUS, and was appointed Chief of the 
Medical Section, MED, and medical advisor to the commanding general, 
Manhattan Project. 

Later in November 1943, the ofice of the Medical Section, AIMED, was 
moved to Oak Ridge, where it mas operated under Colonel Nichols, then 
District Engineer. The Medical Section functim'ed here until the end of the 
war, with Colonel Warren as Chief, JIajor Friedell as deputy chief, and Capt. 
(later Maj.) Robert J. Buettner, J U C ,  as administrative officer. 

Nichols when it was created, covered the following functions: 
1. The conduct of, arrangement of, supervision of, or liaison with, such 

research work as is considered necessary for carrying out the functions of the 
Medical Section. 

2. The determination of health hazards and the institution of protective 

3. The instruction of contractors and area engineers concerning the neces- 
sity of safeguarding the health of their personnel and making proper use 
of hospitals and related services 

4. Assistance to, cooperation with, and periodic inspections of, the area 
engineers' and contractors' programs, to be certain that the protective p m -  
tices directed were being carried out. 

The order outlining these functions of the Medical Section, which was 
deliberately vague for security reasons, was distributed to area engineers in 
charge of contractors, whose operations now covered most of the northern and 
western parts of the United S t a t a 2  

The mission of the Medical Section, Manhattan Engineer District, thus 
concerned three main responsibilities : 

1. The coordination of the biomedical research programs in the univer- 
sities. This was one of the most important functions of the Medical Section. 
The rapid development of new information made it imperative that channels 
of communication be developed among radiologists, physicists, engineers, con- 
tractors, and university research groups. The Medical Section helped to dis- 
seminate this information and thus expedited the development of the safety 
programs that were introduced in the various stages of the production program. 

2. The industrial safety procedures required for individual on-site and 

I 
I 

Mission. -The mission of the JIedical Section, MED, outlined by Colonel 

. measures against them in all operations of the Uanhattnn District. 

i 
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off-site contractors in various locations, and the inspection program that 
insured their observance. 

3. The medical care and public health protection of populations a t  the 

. Procurement. of supplies for hospitals and for the medical programs, both 
on-site and off-site, was never a problem, since it was covered by the Manhat- 
tan Engineer District priority, about which no questions were ever asked. 

. 

(. secretsites. 

PERSONNEL AND TRAINING 

Prewar Training 
I 

It was extremely fortunate that training in radiology underwent a con- 
siderable expansion just in time for the young men who were to play an essen- 
tial part in the later development of the atomic bomb to take advantage of it. 
In most teaching institutions the residency in radiology had been lengthened 
to 3 years, and in a few to 4 years. Also a year of research was being 
discussed as a residency requirement (p. 832) and was attracting an occasional 
graduate student. 

It is difficult to  realize today (1965, some 25 years later) how little knowl- 
edge about radiation was available in 1940 and how important these few aell- 
trained pioneers were to the successful production of the atomic bomb over the 
&year period in which frightening amounts of radioactive material were 
handled in absolute safety. In  1940, a curie (1 ,p.) of radium was considered 

ew institutions o m e d  as  much. A few years later, 
curie, equivalent to 1,000 kg. of radium, was to become commonplace. 

Lawrence cyclotron at  the University of Cali- 
e excitement created in the b i o l o p  world by the 

possibilities opened by the availability of radioactive isotopes, brought 
but also physicists, biologists, and biochemists into 

the late 1930’s, the need for physicists as permanent, full-time mem- 
had become indisputable. The evolution was 

the physicist first entered the picture when he 
radium salts, a technique by then employed in 

hospitals. When a new high energy X-ray source was installed in 
on, the physicist was needed to keep the equipment in operating 

the radiologist, who soon came to feel the need for the help the 

e began in reverse, with the exploration of high 
t of physics, with the gradual involvement of the 
. Which method of association occurred makes no 
important is to realize that for perhaps a decade 

United States entered the war, a gradual synthesis of physics and 
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biology, which mas both exciting and productive, was developing. The result 
was the evolution of a new field of science, biophysics, and the widened educa- 
tion of young scientists who matured out of their Ph. D. courses and of young 
physicians who conipleted their residencies in radioloa and medicine just in 
time to be incorporated in the program of the bledical Section, Manhattan 
Engineer District. 

A t  the University of California during the 1930’s, many graduate and 
postdoctoral fellows rrorked on radioactive emitters on the Berkeley campus. 
In the Medical School of the University, on the San Francisco campus, the 
work of Dr. J. H. Lawrence has already been mentioned. Dr. Friedell was 
trained in Dr. Stone% Department of Radiology there. Another worker in 
the program was Dr. Joseph G. Hamil tondn imaginative and brilliant 
neurologist, who had an avid interest in experimentation. His association 
with the Stone group proved ideal for them as well as for him. At this time, 
Dr. Stone was deeply concerned with the hazards, measurements, dosages, and 
effects of X-rays and neutrons in his work with the new Sloan generator. Dr. 
J. G. Hamilton, in return for obtaining isotopes from the Lawrence cyclotron 
for his own work, took on the supervision of the medical health and safety of 
the physicists, engineers, chemists, physicians, and technicians working in the 
rapidly expanding group on the Berkeley campus. He set the guidelines and 
the exposure standards and instituted the protective measures against the 
neutrons and other radiation emitted by the cyclotron as well as against the 
radioactive emitters produced on the cyclotron target. He also participated in 
the development of safe handling practices for the new radiochemical (“hot”) 
extraction purification procedures. He devised micromethods and other pro- 
cedures. for biologic testing of new radioactive elements as tracers. His 
exploitation of radioactive isotopes and their biologic and biochemical prop- 
erties was highly imaginative and eyen spectacular ( 5 ) .  He was an excellent 
teacher, and by the middle of the 1930’s he had begun to attract to the Uni- 
versity a number of good graduate students, postdoctoral fellows, and tech- 
nicians who later participated in the atomic bomb program, among them 
Kenneth G. Scott, Ph. D., and Cornelius A. Tobias, Ph. D. 

Many well-trained young physicists were also produced at  the University 
of Chicago by the Compton group. These men (among them, David Rose, 
D. Sc., Herbert If. Parker, Ph. D., and Ernest 0. Wollan, Ph. D.) devised 
most of the instruments necessary for both the small and the large quantities 
of radiation of all sorts used in the biologic and safety work of the whole 
Program. 

Similarly well-trained men were available at the University of Rochester. 
In 1943, when the high-voltage generator unit was converted and expanded 
for use in the intensive program of biologic research then under way, the pro- 
gram could be begun at once on tolerance doses of X-ray (Dr. Dowdy) ; on 
genetics and tissue effects of radiation (Dr. Stern and Dr. Charles) ; on toxi- 
cology and standards of safety for noxious chemical substances (Dr. Hodge) ; 
and on indnunents (Dr. Bale). 
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Procurement of Medical Personnel 

RADIOLOGY 

The procurement of suitable personnel for the Medical Section, XED, 
constituted a serious problem, though it was less serious than it might have 
been : Fortunately, both the civilians and the medical officers Kho first became 
concerned with health and safety matters mere unrestricted in their point of 
View. They promptly recognized the broad implications of large-scale ura- 
nium operations in almost every field of medicine, and they had both the intel- 
ligence and the courage to anticipate the needs of the almost incredible expan- 
sion of the program soon to occur? 

Since the medicobiologic program of the Afanhattan District was a late 
(1943) development in the general organization €or the war effort, it was 
feared in many scientific circles that the organization of an expanded research 
program in radiation and radioactivity, both new fields, would be almost 
impossible because of lack of manpower. This fear proved groundless, for 
several reasons: 

1. Many competent men, especially among younger physicians and scien- 
tists, had not yet been recruited for service because their dedication to  their 
work in cancer, metabolism, and similar fields was so great that their skills 
did not seem particularly useful in the mar effort. 

2. The accelerated educational program in the medical schools mas still 
not fully underray in 1943, and the schools had not yet been as completely 
stripped of their faculties by Selective Service calls as they were in 1944 and 
1945. 

3. A small but hard core of experienced personnel was available, as just 
because of the fortunate interest that had developed in tracer 

ents and similar studies just before the war. 
8 professional radiologists mho first entered the Medical Section of the 

nhattan Ewineer District were recruited chiefly from the field of cancer 
py, in which they had been interested in high energy radiation, rather 

n from the diagnostic radiology p u p .  They included Dr. Simeon T. 
, Dr. Dowdy, Dr. Friedell, Dr. Stone, and Dr. Stafford L. Warren. 
were specialists in internal medicine (Dr. J. H. Lawrence, Dr. John B. 
on, Dr. Leon 0. Jacobson, and Dr. Louis H. Hempelmann). Still 
were from the basic biologic sciences (Kenneth S. Cole, Ph. D., Karl 2. 
n, Ph. D., Dr. Parker, Dr. Bale, Dr. Hodge, and Dr. Scott). KO matter 

t their previous specialty, all mere interested in using radiation or isotopes 
ools to explore basic mechanisms in biologic systems. As the project 

e more complex, experts from other fields of medicine were brought in, 
nturrlly radiologists constituted only a relatively small portion of the 

Medical Corps officers -Medical Corps officers were used as far  as pos- 
secret sites at Oak Ridge, Hanford, and Los Alamos, for two 

b 
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reasons. The first was that it was impossible to find civilian physicians w 
the required quality of training in large enough numbers to staff 
and clinics a t  these sites. The second reason was that medical (mili 
officers were more desirable, for security reasons, in locations in which 
dents with radiation exposure might occur. 

I n  September 1913, therefore, an arrangement was worke 
respondence betvi-een the District engineer, Clinton Engineer Works, 
Ridge and The Surgeon General, to LLcommission or provide 
officers and funds” for the medical and dental care of military 
wherever facilities for such care were available. Medical, dent 
and administrative officers would be supplied as Tequested (as 
supplies) for the military detachments ass igfd to the Manhattan 
without disclosure of their destination or mission. Efficiency 
retained by the Manhattan District. For security reasons, no tra 
be made into or out of the District without the approval of 

. engineer. 
Col. -4rthur I3. Welsh, XC, was appointed by The Surgeon Gene 

provide liaison between his office and the Blanhattan District. I n  
Colonel Welsh was replaced by Lt. Col. Carl C. Sox, NC. Major Fn 
representing the Medical Section, NED, conferred with Colonel Welsh 
procurement of personnel as the need arose. On the advice of Mnj. Cha 
Rea, MC (p. 8T3),  as many officers as possible \rho were to Serve i 
mere secured from the same medical school residency programs, so that they 
wouId already know each other and would be used to working together. The 
policy was very effective, one reasob being that since the families were already 

corps is these isolated assignments. 

* 

acquainted with each other, 

supervisors, and 
of the complex 

and a better esprit de 

On-the- job training special investigators, 
who mere in charge 

. .  . .  

As soon as  the Manhattan Engineer District began to operate on a large 
scale, it k a m e  apparent that srfety practices were a primary requirement, 
quite apart from humane conside xtions, for two reasons, both of which a m  
from the necessity of maintaining absolute secrecy: 

1. I f  scientists or workers n any part of the project should receive 
enough radiation, or should absc rb enough radioactive material, to produce 
physiologic damage, with subsec,uent ciinicnl manifestations, or should die 
from the effects of the damage, it would Le impossible either to keep the 
project secret or to procure enougi employees to cariy on with it. 

2. I f  controls over radioacti7.e materials in efluent air and water and on 
contaminated clothing were not strict, rndioactivity might become measure- 
able in the surrounding commun .ty and the knowledge might leak out that  a 

. 
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secret government project was operating on a large scale with radioactive 
materials. 

Security was therefore, both directly and indirectly, the original driving 
force that made the most hazardous, and probably the single largest, industry 
under one control in World War  I1 the safest of all wartime enterprises. 

The assignment of special research projects in the program to a number 
of different laboratories, in accordance with their special capacities and past 
experience, made it possible to restrict and divide the \Thole program into 
compartments without disclosing its goal and without the integration of any 
special research projects with the whole project. This principle was so 
strictly followed that each participant in the program knew only enough to 
carry out his own assignment. The actual names of critical materials mere 
never used. The code names or numbers for them used by a local contractor 
or research grpp might be known only to the area engineer, and he, in turn, 
might us8 for the same materials a different code, known only to the District 
engineer. 

The pace and pressure were usually so great that there was little time 
for speculation, and the general attitude of the medicobiologic research 
workers was “If this is all we need to know, we don’t want the responsibility 
of knowing any more.” 

The length to  which security measures were carried is evident in the 
method used when Dr. Warren was first invited to discuss becoming civilian 
consultant “on special materials” to the Xanhattan Engineer District. I n  the 
middle of February 1913, he was invited by Albert IC. Chapman, Ph. D., vice 
president and general manager of Eastman Kodak Co., Rochester, K.Y., to 
have lunch +th him, General Groves, and Colonel Marshall at the Rochester 
Club. During luncheon, Dr. Warren was asked by Dr. Chapman to describe 

e of his work with radiation and isotopes, and, particularly, to describe 
-ray equipment for X-raying Army tank castings (p. 835). 

an Kodak Co. mas involved in this work. The two officers expressed 
selves as particularly interested in the shielding of this apparatus. 
After lunch, Dr. Chapman took his departure, after first advising Dr. 

rren to agree to do whatever the officers asked of him. The officers then 
Dr. Warren to a private room, where one of them closed and locked the 

r and closed the transom while the other looked into the closet. Both of 
then looked colt of the closed window, and, when they sat down, there 

of quiet, during which they seemed to be listening. 
e preparations, General Groves asked Dr. Warren if he would 
ng on a very important medical program for the Government. 

rren replied that he was already committed to the hilt with teaching, 
the tank castings program he had described at  lunch. He 

could take on more important research in his own field a t  the 
iversity if he were provided with research funds in adequate amounts and 
boratory building, and if a replacement could be found for him in his 

would also be needed on occasional trips to look over certain 

t 
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research and other programs. Would he be willing to become a consu 
a trial period of several months? It was exceedingly important 
should, but the work was so confidential that nothing could be exp 
him until he had accepted the offer. 

Dr. Warren was given a number to call in New York, to arran 
trip there to talk over the matter with another officer (Major Friedell 
on the staff of the project. He was told to talk to  no one about the 
with General Groves and Colonel Af arshall except Dr. Alan Valenti 
dent of the University of Rochester, Dr. George H. Whipple, De 
Medical School, and Dr. Chapman. When they left, the officers shook ha 
with Dr. Warren and told him that if they had not expected him to beco 
consultant in the project they would not have met with him. 

than 15 minutes. The psychologic impact of the technique used was enorm 
and the preparation for the interview, Dr. Warren found later, had b 

permission to enlist the services of one of his faculty, and given him the 
of Dr. Conant, President of Harvard University, as their reference. 
Dr. Valentine phoned President Conant, he was told that the proj 
tjon was “a very important war program,” and that he should a 
ever the officers had asked of him. 

Under these circumstances, Dr. Warren became a consultant to the Man- 
hattan Engineer District on 2 March 1943, within 2 weeks after the original 
interview. 

Major Friedell, then a civilian, was engaged in much the same manner. 
He had worked with Dr. Stone’s poup at  the University of California in San 
Francisco, and in early August 1942, he was hesitating between a third year 
of training or volunteering for the Medical Corps; he was unwilling to enter 
serrice unless his training and interest in radiology could be utilized. At  
about this time, the laboratory mas visited by Colonel Nichols, assistant to  
Colonel Uarshall in the Manhattan Engineer District, who was reviewing 
OSRD contracts held by Dr. E. 0. Lawrence (p. 833). Colonel Nichols 

-promised Dr. Friedell that if he would accept a commission in the Medical 
Corps at once, he would be very helpful in a program that Dr. Stone had 
already amgeed to join (the University of Chicago Metallurgical Laboratory). 
Dr. Friedell accepted the proposal without any more information concerning 
it, was commissioned at  once, and was assigned to the Manhattan Engineer 
District as its first medical officer. Lata in August 1942 he was sent to 
Chicago to join Dr. Stone. 

The secrecy imposed on the officers and civilian workers in every phase 
of the development of the atomic bomb extended to  their families. When 
Dr. Stafford L. Warren was commissioned in the Medical Corps in November 
1943 and was assigned to Oak Ridge, his family, for security reasons, moved 
there also, as did the families of many of the other workers there. Mrs. 

Luncheon had been brief, and the discussionafter it had not 1 

,’ thorough. The two officers had called upon President Valentine 
! 

, 
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Warren did not know until after the war had ended what her husband or any 
of his associates were doing, and other wives were similarly ignorant. I n  the 
beginning, there mas  no social life a t  all in the 5S,000-acre barbed wire 
enclosure. Families mere allotted houses on the basis of the number of 
children they had, not by rank. Children were registered in school by their 
first names only. No one mas permitted to say whence he came or what he was 
doing. Pseudonyms were often used. Physicist Arthur Holly Compton was 
Mr. Holly. Dr. Urey mas Mr. Smith. When some one indiscreetly mentioned 
heavy water a t  a dinner at  which “Jlr. Smith” mas present, Urn. Warren 
realized mho their guest mas, though she had no idea what he could have in 
common with her husband, whose specialty was radiology. 

The men kept quiet about their work because they were ordered to. Their 
wives and ftnhilies kept similarly quiet about everything, for fear, or  as a 
matter of honor, or because they really though it was better to kxow as little 
as possible. Dr. Warren was &ty of one breach of security: His tvo  teen- 
age sons riffed his pockets, after one of his trips, for match folders, which, 
when they laid out, enabled the boys to trace his journey from Rochester, S.Y., 

All that he said to  them, Mrs. Warren recalls, was 
Utouch6,” but “something in the way he said it made them h o w  that this time 
it wasn’t a game of cops and robbers.” 

- 

- 

. 

. to Hanford, Wash. 

DOSAGE TOLERANCE 

The first quantitative statement concerning tolerance dosage of Q-rp.ys, 
later referred to as the BlPD (masimum permissible dose), was made in 1931, 
b# the International Commission on Radiological Protection. It was set a t  

r per day (6). In 1936, the U.S. Xational Committee on Radiation Pro- 
tion and JLeasurements set the level at 0.1 r per day, a level thnt was 

aintained throughout the war.’ I n  1938, the same Committee also set 3 ‘iper- 
body burden” for radium at  a level of 0.1 microcurie. -4lthough 

vere accepted by the national professional organizations con- 
rned with radiology, it was dear  to all that they were speculative end-points, 
t substantiated by any existing data. 

, Therapeutic Doses 

-During the 1930’s and early in the 1940’s, commercial designs of X-ray 
greatly improved and high energy radiation sources became 
. As a result, there was renewed interest in the physiologic 

0 0.3 rem per Reek, and in 1957 t o  an average 
was not changed. At the present time (1965), 
from 0.1 r per day for a Qday week to 0.3 r 
There is still, however, no satisfactory body of 

vel. Satisfactory evidence of the snfety of these 
tal research carrled to a sfgnifkant end-point 

1 
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FmW Sgl.-Typical epilation and scarring of scalp after radiation 
therapy for ringworm. 

effects of radiation of various intensities on organs and tissues of varj - sensitivities. A furt.her result was that it became possible to give higher di 
doses for deep-lying tumors with, a t  the same time, less severe skin damage a t  
the site of treatment. 

Cancer clinics all around the world had for a long time been using 
various X-ray techniques, with and without surgical removal of the cancer. 
They were also using combinations of radium and X-rays over limited areas 
of the neck, pelvis, lip, and other parts of the body. Courses of treatment for 
carcinoma of the l ip extending over 6 weeks and totaling 4,000 r were not 
unusual. Healing was quite satisfactory. *4ll areas so treated, however, 
mere very small. Larger areas mere treated much more conservatively. 
Injuries of the bowel and bladder were not infrequent sequelae of the first 
attempts a t  pelvic irradiation for cancer of the cervix, with 200-kr. X-rays 
alone or in combination with applications of radium to the cervix. 

Recognized dangers of radiation included cataracts (7) ; loss of hair after 
treatment for rinflorm of the scalp (fig. 281) and at other portal sites and 
its return with pigmentary and structural changes; erythema of the skin with 
pigmentary changes, atrophy, and scarring; desquamation of cartilage and 
even of bone; damage to  the bowel and bladder; and temporary destruction of 
lymphoid and splenic tissues. All of these sequelae were well known, but 
there mas little systemic understanding of th? mechanisms that caused them. 

Coutard and his followers (8) developed very high repetitive dosages 
schemes that resulted in advanced stages of desquamation and inflamation of 
the skin and mucosal surfaces. These severe reactions were follorred by heal- 
ing and depigmentation, as well as by various degrees of scarring and degen- 
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eration, but they mere also followed by improvement in the 5-year cures 
(control) over previous results. 

As time passed, dosage comparisons became possible because of the intro- 
duction of standardized dosimeters ; the Victoreen r-meter was most commonly 
used in US. clinics. All these instruments and radiation source standards 
could be calibrated in the Radiation Laboratory of the Xational Bureau of 
Standards ( 6 ) .  This laboratory, which was established in 1927 as the result of 
pressures by the radiologic profession, was able to calibrate instruments after 
1929. I n  1928, it employed three persons; in 1960 it employed 100. 

By the time the United States entered World War 11, a large body of 
knowledge hadiccumulated in the cancer clinics of the country, as well as in 
Canadian and- British hospitals, from direct clinical trials in advanced and 
hopeless cancer with higher and higher energy X-rays (from 200 to  1,000 kv.) 
(&IS), and with gamma rays of radium salts and radon seeds and neutrons 
(24, 15). The knowledge was empirical, however, and it concerned only 
restricted areas of body and specific organs, including the lips, tongue, skin, 
especially of the face, larynx, breast, and cervix. 

Experimental Studies 

In April 1912, when Dr. Varren was serving as civilian consultant to the 
Manhattan Engineer District but still had not been informed of all the details 
of the program which it had underaay, he and Xajor Friedell agreed at one 
of their conferences that certain experiments should be undertaken at the 
University of Rochester Xedical School, these investigations to include 
tolerance levels and genetic low lerel radiation exposure (daily exposures a t  
the 0.1 r per day level), as Tell as a search for improved instruments and the 
development of techniques to cam? out the tolerance studies. S o  explanation 
was given of the need for such studies, and Dr. Warren, convinced that they 
must be of great importance, asked no questions. 

An office was promptly established at the University of Rochester, and an 
area engineer, Capt. (later Lt. Col.) E. L. Van Horn, CE, was assigned to the 
laboratory, which was enlarged to accommodate the planned experiments. 
A million-volt X-ray machine was already available (p. 533). The studies just 
mentioned were carried out, as well as studies on the deposition of heavy 
metals in bones (Dr. Hodge) and on instrumentation (Dr. Bale). 

Early in 1944, Dr. Dowdy began to  test doses above and below 0.1 r per 
day for 5 days a week in primates, dogs, rabbits, rats, and mice; his studies 
included genetic observations. Esperiments on fertility and genetics were 
carried out by Dr. Stern on Drosophila flies and by Dr. Charles on mice. In  
1945, somewhat similar studies were carried out a t  the Xational Institute of 
Health by Egon Lorenz, Ph. D., who used very small doses from a radium 
source over long periods of time. 

Another series of experiments was carried out a t  the University of Wash- 

. .  
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ington School of Fisheries by Lauren R. Donaldson, Ph. D., with Columbia 
River salmon and trout. X-rays were employed because there seemed no 
feasible way of utilizing either mixtures of internal emitters from the Hanford 
piles or long-term exposures. Massive single doses were therefore employed at 
180 kv. over a range of 20-100 roentgens in both males and females and in 
artificially fertilized eggs. Some interesting genetic observations were just 
beginning to be made when the experiments were terminated with the end of 
the war. 

Maximum Permissible Dose 
, 

Up to 1943, not much attention had been paid in the uranium program to 
MPD standards because the quantities of radioactive materials being produced 
were relatively very small. With the expansion of the program and the 
development of the chain-reacting piles, i t  became necessary to establish 
shielded and protected working conditions. The first consideration mas the 
.maximum permissible dose. After extremely serious consideration of added 
costs and probable delays if levels should be changed at any later time, i t  was 
the official decision that 0.1 r per day should be the total external body maxi- 
mum permissible dose. 

A large factor of safety was required because of the very large extrapola- 
tion of findings from the fly or the ra t  or mouse to man. There was therefore 
extensive consultation before the MPD and other standards mere determined. 
It is interesting and gratifying to realize that the positions taken in 1943 are 
for the most part still (1965) ralid: 1 Postwar research has refined some of the 
end-points by less than an order of agnitude, and more is now known of the 
laten effects of radiation than was en eTen suspected, but there has been no 
major alteration in any of the post lates then employed. 

- 

F 
RADIATION D OTHER HAZARDS 

In May 1943, Dr. Warren and iajor Friedell attended a conference with 
Dr. Stone's group at  the Universit of Chicago, at which the wide ramifica- 
tions of the Netallurgical Laborat ry there =ere reviewed-and most of the 
facts concerning the development f the atomic bomb were disclosed to Dr. 

A great deal of experimental ork had been carried out by the Chicago 
group since Dr. Stone's arrival 9 onths earlier. The Fermi pile had gone 
critical on 2 December 1942, and t e physicists and chemists engaged in the 
project, working under Dr. Compto , together with the engineers of the E. I. 
du Pont de h'emours & Co., were j st beginning to design the pilot plant to 
be built a t  Oak Ridge (the Clinton Engineer Works). Although the designs 
for the piles at Hanford were bare started, it was already evident that the 
radiation problems of the larger p les would be similar, but vastly greater, 
than the problems of the pilot pile t Oak Ridge. 

Warren for the first time. i 
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Uranium X1 and X2 

All four methods for producing material for the bomb from uranium, as 
either the common or the rare isotope (p. 839) or as the new plutonium were 
employed at  Oak Ridge. Three of these methods were assumed to carry only 
the hazard of radioactivity caused by constant accumulations of uranium X1 
and uranium X2. For every ton of uranium metal (element) produced, or for 
its equivalent in ore or concentrates, some 40 curies of X1 and X 2  were formed 
naturally every 90 days. Discards formed a special problem when either 
extraction of uranyl nitrate mas employed, and their storage would obviously 
present major difficulties if and when the production rate became greater, 
particularly if <he discards contained radium salts, as they frequently did. 

The three isotope separation methods that accumulated uranium S1 and 
X2 were the electromagnetic separation process designed by E. 0. Lawrence 
(Y-12) ; the selective filtration or barrier process designed by Urey (IC-25) ; 
and the thermal diffusion separate schedule designed by Abelson (S-50). The 
fourth production method, the Chicago pilot pile (reactor, X-10) or chain- 
reaction procedure, was designed to  produce plutonium (Pu-239) * from 
uranium (U-235). In the course of the chain reaction, a great many radio- 
active eAtters mere produced, each of which had to be regarded as CI possible 
hazard. I n  addition to the risks of external exposure of workers, there also 
had to be taken into consideration the possible ingestion or inhalation of 
these substances (p. 862), or their introduction into the body by some other 
means, or their loss as stack effluent into the air or into the cooling water 
systems. 

Contamination d 
$ 
3 

w 
When radioactive tracers began to be used widely, problems of con- 

tamination began to  shorn up in the laboratory, and waste disposal proce- 
dures had to be designed. Since radiologists were already aware of the 
hazards of repeated l o a  level exposures to radiation, there was already a 
good deal in the literature about shielding and protection from increasingly 
higher energies of the diagnostic and therapeutic beams by the u:e of bariuin 
plaster and lead-lined and concrete walls in new hospital installations (10. 
26-2U). Some standard criteria for lerels of protection mere in order, since 
protective shields in the plants were expensive, and their weight created 
structural problems. 

. 

Ashes and Wastes 

A great. deal of work mas carried out in the laboratories at Oak Ridge 
on the safe handling of radioactive ashes and waste products left after the 
extraction of plutonium from U-238. Eren though the extraction was 
accomplished by remote control, with heavy shielding, occasional hazards 
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had to  be circumvented. New designs and procedures would be necessary to 
eliminate them in the Hanford operation, in which the amount of radio- 
activity mould be fantastically greater than at Oak Ridge and the Chicago 
Metallurgical Laboratory. Moreover, the hazards, even with uranium X1 
and 5 2 ,  differed from site to site in the kind of discards and the amounts. 

The area engineers usually solved these problems for a g r ~ u p  of indus- 
tries by stockpiling the discarded waste radioactive materials in a carefully 
selected location, which was not subject to flooding or excessive erosion from 
heavy rainfall, so t.hat contamination would not be be introduced into a 
river or lake that was an actual or possible water supply. Some sort of 

' barrier was erected around the location used. I n  other instances, waste 
materials were stored in abandoned reservoirs, with the expectation that some 
better solution would emerge after the war. 

The ashes from the piles a t  Hanford and the radioactive material left 
when the uranium mas bombarded in them were another matter. By the 
time the extraction had proceeded long enough to produce the material nec- 
essary for a number of bombs, there would be a sizable storage problem for 
these materials, both in solution and in precipitates. 

A number of wells were drilled to test the isolation of various areas in 
the Haiiford site, to be certain that the stored materials would not enter 
either the water table or the Columbia River. A t  both Oak Ridge and 
Hanford the best solution was the building of huge underground reservoirs, 
with double concrete walls. 

/ 

Dusts 
Dusts.were important for two reasons: 
1. They were radioactive and therefore might muse damage from the 

2. They were often toxic. 
Chambers in which animals could be exposed to dusts and fumes were 

not well developed at this time, and there was no precise way of calibrating 
the dosage received by an animal exposed a t  a presumed concentration of 
dust in such a chamber. Further uncertainties were introduced into the 
experiment because of the animals' habit of licking their f u r  after the expo- 
sure, thus complicating the chronic experiment by the amount of material 
s~vallomed. 

At  Berkeley, Dr. J. G. Hamilton and Dr. Scott solved this particular 
difficulty by giving rats a single exposure of short duration, with only the 
head completely exposed. X o  solution, however, was found for the technical 
problem of repeated daily exposures. 

emitted radiation if they were inhaled or ingested. 

Inhalation Hazards 

Studies on inhalation risks were carried out chiefly by Dr. Hodge a t  the 
University of Rochester and Dr. Albert Tannenhum a t  Michael Reese Hos- 
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pita1 in. Chicago. Two important conclusions emerged from their work : 
1. A considerable excretion of inhaled particulate matter into the throat 

was caused by the movement of cilia in the larger bronchi. 
2. A great deal of potentially dangerous material mas therefore prob- 

ably absorbed by ingestion rather than by inhalation. 
Great reliance mas pIaced on the results of chronic toxicity experiments 

performed by feeding test salts to mice and rats over 30- to  90-day periods 
at low dosage levels. These experiments were usually carried out simul- 
taneously in the laboratories at Chicago and Rochester, with only minor 
procedural differences, so that one series would serve as a check on the other 
and the experiments would not have to be extended unduly or repeated. 

Other Hazards 
, 

Radiation was not the only hazard encountered in the development of 
the atomic bomb : 

1. Uranium hexafluoride, an important form of uranium employed in 
very large amounts in several stages of the program, also introduced haz- 
ards. Elemental fluorine gas used in its manufacture was found to  ignite 
and burn up valves if a speck of carbon were left in the valre seat or aper- 
ture. Some short-term but extensive experiments showed that the risk here 
was not from the effects of inhaling the gas but from the high temperature 
of the fluorine flames. Hazards to the local population could occur if large 
amounts of fluorine or fluorides were to be discharged in effluents in any 
quantity. These hazards were studied, and contractors were advised of the 
precautions that should be taken to a\-oid them. 

2. Beryllium was fabricated in large amounts in one stage of the proc- 
"es, and several acute pulmonary-circulatory injuries occurred before this 
risk was realized and controls and preventive measures mere introduced. 

3. The toxicity and toxicology of a great many new solvents was en- 
tirely unknown, and all of them had to  be tested quickly. Since many of 
them were employed only to clean pipes and other gear during the instai- 
lation of plant equipment, special precautions were developed for this single 
handling, but no extensive toxicity studies were made. 

4. Carbon tetrachloride, which was used as both a cleaning and a react- 
ing agent in various chemical chlorinating reactions, was an occasional huz- 
ard, particularly if it came into contact with a hot plate or gas and pro- 
duced phosgene. -. 

DEVELOPMENT OF THE HEALTH-SAFETY PROGRAM 

Concept of Safety Precautions 

Several fortunate circumstances combined to make it appropriate and 
possible to introduce safe practices from the very beginning of the uranium 
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program, although they were somewhat crude as compared to the more re- 
fined prnctices later introduced : 

1. Industry had long recognized the wisdom of protecting workers from 
noxious and hazardous materials (21-26), and compensation insurance against 
injury in hazardous occupations was well established. 

2. A11 radiologists and scientists, from reports in the literature or their 
own past experience, were aware of the risk of exposure of the body to pene- 
trating radiation, even in small amounts (27). Bone and marrow damage 
had been reported by Martland and his associates in 1928, in workers on 
radium-painted dials ( B ) ,  and similar hazards from inlialation of radon in 
laboratories were also recognized. It was generally assumed also that radio- 

- active materials in sufficient concentration coul5 produce tissue damage on 
inhalation or ingestion. 

3. Radiologists and physicists associated with them in the treatment of 
cancer with high energy radiation from X-ray units and with radium, as 
previously pointed out (p. 8G),  had already n-orked out protective measures, 
and fairly reliable instruments were available (29). Thus a body of h o w l -  
edge and protective policy already existed in principle, although it was 
adapted only to isolated units and rather lorn levels of operation. 

4. Radioactive isotopes (p. 835) were beginning to be used with consid- 
erable frequency in many university and other research laboratories for bio- 
logic tracer studies (30, 31) .  The amounts used were small, but the mate- 
rials had to be handled carehlly, and decontamination and disposal proce- 
dures had to be worked out even for them. Interestingly enough, the com- 
pelling need for these safety procedures was not so much the hazard that was 
beginning to be recognized as it ma% the local interference with the measure- 
ment of isotopes (the so-called badkground count) if precise techniques of 
use and disposal were not enforced. 

In spite of the realization-of :he hazards of radioactive materials just 
described, little formal attention v a s  a t  first paid to the health and safety 
aspects of the OSRD program. U.anium was being produced in only small 
amounts in laboratories and for ex;)erimental purposes. Various contractors, 
it is true, had carried out bulk redtction of ore to oxides, but the amounts of 
ore they handled were relatively small, and production of uranium oxide 
was still on a small scale. Uni\ersity research chemists, physicists, and 
radiologists carried out their rese;.rch activities as individual groups, and 
when, occasionally, a physician, USI .ally from the student health department, 
was questioned informally about t i e  toxicity of these materials, he seldom 
knew the answer. 

Specia: Precautions 

Where the need already exist !d, the beginnings of a specific, effective 
health and safety program had a1r:ady beun developed in some laboratories. 
In Berkeley, Dr. E. 0. Lawrence and his group did their principal work on 
the electromagnetic (cyclotron) separation of U-235 from U-238 in their 
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own laboratory, where the hazards of neutrons, radioactive targets, and 
materials made in the cyclotron mere fully realized. The personnel mere 
well protected by the measures outlined by Dr. J. H. Lawrence and Dr. J. G. 
Hamilton (p. 825). On the San Francisco campus, Dr. Stone was equally 
active in protecting his workers. Jlost of the safety procedures later set up 
were adaptations and expansions of the elementary radiochemical methods 
developed by the workers in the cyclotron programs. They were, of coorse, 
expanded to almost astronomic proportions in the industrial production of 
uranium that got underway a few years later. 

At any rate, when the uranium program was begun, the principles of 
safe handling of radioactive materials, although still in their infancy and 
applied on only a small scale, were ready to build on, and some laboratories 
already had eff oetive programs. 

I n  the early days of the program, the policy was to avoid all radiation 
exposure, a desirable goal but on'e that proved impractical in some situations. 
It was therefore necessa y to set minimal daily dosage standards for various 
types of radiation, such as gamma rays of various energies, beta rays, alpha 
emitters, and neutrons. 

In January 1942, when Dr. Compton's group a t  the University o f  Chi- 
cago agreed to concentrate their experimental work on plutonium, plans were 
already well advanced for developing a uranium pile to produce the chain 
reaction from which the plutonium was to be derived. The process would 
be associated with the production of neutrons and radioactive products of 
h i o n  in amounts never before handled. Moreover, the exceedingly radio- 
active uranium slugs (biscuits) would have to be extracted chemically for 
their plutonium content, and thousands of curies of radioactive fission prod- 
ucts would be left over in the discarded waste. 

At both Oak Ridge and Hanford, the possibility had to be considered 
that on0 of these radioactive slugs might rupture in the reaction. Another 
possibility was that certain radioactive gases mould come out in the ventila- 
tion process and escape through the chimneys of the piles. A good deal of 
study was devoted to both problems in both locations by Phil E. Church, 
Ph. D., who made a complete investigation of the local meteorologic condi- 
tion.. Although inversions were common in both areas, there was, fortu- 
nately, no escape of dangerous amounts of either radioactive or noxious 
materials that might harm the population. 

Eventually, many production procedures were carried out in closed 
cycles, without human contact. In  experimental laboratories, however, where 
scientific and engineering groups worked in pilot-sized numbers with rela- 
tively large amounts of radioactive materials, stringent precautions were 
always enforced. Until the end of the war there was a constant search for 
improvement in the chemical separation of plutonium from the mass of fis- 
sioned products and unfissioned uranium in solution or in precipitates pro- 
duced by dissolving the bombarded uranium. Constant supervision was 
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Frorm~ 2&.-Safety shower at Chicago Netallurgical 
Laboratory. In areas 'such a s  these, personnel whose 
clothing was accidentally contaminated with radionctive 
materials could strip quickly and shower thoroughly. 
.Contaminated clothing was handled In a special laundry. 

necessary to be sure that the safety precautions laid down were not relaxed 
at any level of the operation and that no changes were made in it. 

Once standards for exposure mere agreed on, each industrial process 
could be analyzed, and the protection necessary could be predicted. The 
necessary measures varied from personal hygiene (fig. 285) and control of 
clothing in the so-called changehouses (p. 865) to control of ventilation and 
of air content. It was not only necessary to protect against total or partial 
external exposure (hair, nostrils, hands, genitalia). I t  was also necessary to 
control exposure from absorbed and internally located radioactive emitters 
resulting from inhalation, ingestion, and trauma. 

If the special construction and other procedures required to protect per- 
sonnel against radiation and radioactive material could have been reduced 
or eliminated, it is probable that the atomic bomb could have been produced 
for considerably less money and in a much shorter time. The shielding and 
ventilation requirements of uranium and plutonium production and the fab- 
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rication of the bomb created enormous structural problems. Radiation and 
radioactive material from a large variety of sources and in incredibly large 
amounts were serious controilinw and limiting factors during the total proc- 9 ess. Remote control and protective personnel measures were necessary wher- 
ever radioactive materials and noxious chemicals were handled. Whatever 
these precautions may hare added to the pro-mm in terms of time and cost, 
they were uniformly successful in the protection of the personnel engaged 
in it. 

DEVELOPMENT OF RESEARCH PROGRAM 

During the preparations that preceded the entrance of the United States 
into World War 11, as well as early in the n-ar, both the faculties and the 
administrative personnel of medical schools and allied institutions often 
found themselvw’frustrated by the uncertainty of their position in relation 
to the war effort. Even with a contract from the OSRD Committee on 
Medical Research, the responsible investigator could not be assured of high 
priority in research material or of deferment from military service for hini- 
self or his associates. It had apparently not yet been realized that time 
could be saved by increasing the scope and pace of individual research by 
the grant of more funds to provide more adequate staffing and facilities. 

Military hardware factories and other plants manufacturing war mate- 
rials were given priority ratings for the personnel; equipment, and supplies 
required by a large military machine. S o  one seemed to have thought of a 
similar system o i  priorities for important areas of biologic and medical 
research. Even as late as 1943, investigators in these fields had to justify, in 

with soldiers and bullets, their absorption of manpower, equip- 

the S-1 Section program of the OSRD up to’1943, 
e Manhattan Project, to  set up research and training 
ions and departments that had displayed a previous 

radiation and radiation effects. There were also many 
ams not directly involving radiation or radioactivity per se, particu- 
in toxicology, in which special experimental biologic competence was 

to its high priorities and ready funds, the Medical Section, 
Engineer District, wns able to utilize highly qualified investiga- 

ups who either had no research on hand or mho had 
small OSRD contracts, on which the pace mas slow because of innde- 

equipment. In such instances, the Medical Section 
acy and discretion in order not to hamper the OSRD 
investigator a new and more urgent assignment, as 
awns, not to disclose the existence of n competing 

nment group. It was sometimes necessary for the investigator to wait 
the fiscal year was up and then not ask for a renemal of his contract. 
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Occasionally the OSRD grant was supplemented by providing laboratory 
equipment with which the investigator could wind up his work more 
promptly. In some instances, the equipment for the MED project was 
installed before the OSRD project was completed, so that no time would be 
lost in beginning the work. 

The Medical Section personnel were usually able to convince the inves- 
tigator they wanted that the proposed project was essential to the war effort. 
Most important, perhaps, was the provision of an adequate budget, usually 
for the first time in the investigator's experience. With the assumption of 
the NED project, his time and strength were'often taxed to the breaking 
point, but the work was somehow done, and usually done well. 

Data on Effects of Radiation 

A considerable body of experimental data was available, upon which 
further investigation could be built, when the Medical Section, MED, was 
constituted in August 1943 (32) .  It mas not so useful as it might have been 
because prewar experiments were usually devised with the purpose of creating 
pathologic lesions by irradiation in order to elucidate organ systems and func- 
tions rather than soleIy to  study radiation effects. The available data were 
derked from work on genetics (33-33, on the intestines (37, 38), and on the 
hemopoietic system. The blood studies were particularly concerned with the 
life expectancy of the red blood cell and the platelet and their precursors in  
the bone marrow (39-41). 

Short-term experiments by Dr. J. G. Hamilton had showed that many 
very vigorous alpha emitters were also bone-seekers and were likely to damage 
the human hemopoietic system. Large-scale ingestion and inhalation experi- 
ments were regarded as too hazardous and too costly to undertake. They were 
really unnecessary, since the studies just mentioned had showed that the risk 
of these emitters was present even in  very low concentrations. On the bask 
of these preprogram studies, handling and ventilating precautions were insti- 
tuted wherever alpha emitters occurred. 

Since many of the heavier metals were used in great quantities with vari- 
ous salts and various valences, Hodge, in 194344, ran R rather extensive series 
of feeding, inhalation, and injection experiments with some of the more corn- 
monly used of these metals. He verified that uranium was excreted by the 
kidneys, with some damage to the glomeruli and tubules. On the basis of this 
observation, physicians in plants in which uranium salts were handled b 
large quantities were directed to carry out tests for albumin and phosphatase 
in the urine, in order to determine, from the pilot survey, how serious this 
damage was. I n  the few cases in which renal injury was detected, investiga- 
tion shoxed that the workers affected had not observed the specified precau- 
tions, which mere forthwith tightened up. With these exceptions, all e x k -  
nations were negative for albumin and phosphatase, and the investigation 
mas discontinued. 

. 
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The extensive feeding and ingestion experiments carried out by Tannen- 
h u m  and Hodge (p. 855) also showed that the kidney that had been damaged 
was likely to become resistant, the damaged areas healing with no residua of 
injury. As long as the dosage of uranium was maintained at  a low level, 
albumin and phosphatase mould not be excreted in the urine, though the origi- 
nal damage would recur if the dosage was increased. 

- 

Development of Instruments 

While the development of instruments is not ordinarily classifieci as 
research, a most important feature of the control and safety aspects of the 
Manhattan Enfieer  District program was the steady improvement in the 
accuracy and reliability of the instruments used for measurement of radio- 
activity (fig. 286). Equally important was the reduction in their size and 
weight. These instruments, to be fully useful, had to  be portable, rugged, and 
capable of maintaining their calibration under extreme conditions of heat, 
humidity, and transportat.ion. I n  other words, they had to be both precise 
and convenient to handle. 

The rapid adaptation to biologic experimentation of the Geiger-Muller 
counter was spectacular. It was used successfully for tracer purposes both 
experimentally and clinically. 

Many institutions before the war built their own counters. Two tech- 
n i c  
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?s were widely used, the dry-ash, flat-dish technique and the wet-ash 
ing technique. At the University of Rochester, in June 1943, Dr. Bale 
a portable, battery-operated Geiger counter, with a probe and 10-inch 

rer (31). It weighed about 40 pounds and fitted into a large suitcase. It 
Extremely useful in the industrial inspections that were part of the Medi- 
kction's functions (p. 8G9). 
An extensive study of film badges was made a t  both the University of 
ago and the University of Rochester, in an attempt to obtain, from the 
ity of the silver deposit on the film, a standard measurement, and also 
stinguish the various energies of the neutron-measuring device. Gioac- 
> Failla, D. Sc., a t  Columbia, and Dr. Wollan, a t  Chicago, mere among 
3 who devoted a great deal of time to devising a suitable field method for 
m r h g  alpha emitters and neutrons. 
By early 1945, standards of measurement and calibration had been well 
:ed out. The film badge and the Lauritsen pencil electrascope were 
lard equipment in all areas in which there was any exposure to radiation, 
logs were kept separately for individuals \\-ho worked in them. 
Others who participated in the development of instruments before and 
ng the war were Dr. Rose, Dr. Morgan, and Dr. Parker, a t  the University 
hicago, and Malcolm Watts, M.D., a t  Los Alamos. 

, 
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DEVELOPMENT OF HEALTH-SAFETY PROGRAMS 

University of Chicago Metallurgical Laboratory 

Early organization.-In .August 1942, Dr. Stone, Professor of Radiology 
and Chairman of the Department a t  the University of California School of 
Medicine in San Francisco, accepted the newly created position of Associate 
Project Director of Health in the Cniversity of Chicago Xetallurgicnl Labo- 
ratory (4.2). As soon as he was appointed, he was made a member of the 
Laboratory and Project Councils, which placed him on a level with the 
Directors of the Nuclear Physics, Teclinica;, and Chemistry Divisions. He 
could therefore offer advice on necessary protective measures during the 
planning stages i3f the work instead of after health and safety problems had 
arisen. 

Dr. Stone was abIe to assemble a group of workers at the Met Lab who 
mere capable of dealing with radiation hazards from the planning stage of the 
problem, as just noted, through the completion and operation of the produc- 
tion piles in Hanfard in 194445. Sound as was the policy of advance medical 
planning, it was not a usual one at  this time. Because it was initiated by a 
scientific group of established reputation, this practice became standard 
policy and was promulgated throughout the pilot and procluction programs by 
the Manhattan Engineer District and by all contractors. I t  can fairly be said 
that  this practice was, in large measure, responsible for the success of the pro- 
tective measures employed and the greatly reduced risks of an inherently 
hazardous operation. 

By the end of 1942 (that is, by the time the Fermi pile had gone critical), 
Dr. Stone, with the assistance of Dr. Cantril5 and others, had coorclinated all 
biologic research for the Laboratory and had dereloped safety procedures and 
training exercises which were later applied at the Oak Ridge pilot plant 
(Clinton Engineer Works) and at  Hanford. 

The program was operated by three separate groups: 
1. A Health Group (Drs. Jacobson and James J. Sickson). This group 

performed routine physical examinations and made blood counts and uri- 
nalyses for all personnel employed in the Met Lab. 

2. An Instrument Development Group (Drs. Rose and n’ollan). This 
group designed and calibrated Geiger counters, ion chambers, and electro- 
scopes of various sorts for monitoring purposes and for laboratory use; film 
badges of various designs; and other instruments for detecting radiation, 
including alpha particles, beta electrons, and neutrons. 

3. A Biological Radiation Effects Group (Dr. Cole and Clifford L. 
Pnxsser, Ph. D.). This group endeavored to define the mechanisms of radia- 
tion injury, whether from external or  internal exposure, in the hope of detect- 

- 

S D r .  Slmeon T. Cantril. a brilliant and wellqualifled radlation therapist ( b S ) .  also spent con- 
slderablq time at  the Oak Ridge pilot plant. at the Berkelep Radiation Laboratorlea. and at  Ran- 
ford, trainlng personnel. He waa also fonrultont to the School oi Fisheries program (p. ‘878). 
Later, be rent to Seattle. to direct Cancer research at the Swedish Hospital. where a mfllion-volt 
X-ray generator waa being installed 
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ing incipient or early and minor changes and providing countermeasures 
which would prevent or heal these injuries. Inhalation and ingestion of 
radioactive materials were of particular concern (p. 855). 

All of these activities were so organized as to enable the Medical-Health 
Group to keep ahead of design schedules. Because of the time occupied by a 
single experiment, it was immediately evident that  each one could be con- 
ducted only once and must be carried out the first time on a large enough scale 
for results to be significant. The biologic group therefore worked at  a rapid 
pace and used experimental animals in numbers never before contemplated 
in medical research. 

Special protective measures.-The protective measures instituted a t  the 
University of Chicago Metallurgical Laboratov<rere thorough and compre- 
hensive, since, as already stated, those developed for the chain-reacting pile 
here would be used, in turn, in the pilot plant a t  Oak Ridge and then in the 
production piles a t  Hanford. 

The training program set up for contractors’ personnel invoIved testing 
and perfecting a dry-box technique (fig. 287) for handling materials inside of 
a box while controlling the operation by vision through a lead glass window; 
devising suitable clothing, including gloves, shoes, and masks (fig. 288) ; and 
development of laundry procedures for cleaning clothing and other materials 
that had become contaminated. The last of these functions required a search 
for efficient solvents and so-called complexing materials. 

At first, surgical soap and, in estreme cases, aqua regia, were used to 
cleanse badly contaminated hands. Later, some of the newly devised com- 
mercial detergents were substituted and proved most effective, 

Since clothing? shoes, and gloves were readily Contaminated, so-called 
changehouses were set up in which clothing worn at  m-ork could be exchanged 
for fresh clothing. The houses were so designed that there was an area of 
transition from dirty to clean space, and they were amply provided with 
lockers, showers, and washbasins. 

At the beginning of each shift, as the workers reported, clean gowns, 
jumpers, and coveralls were issued a t  the entrance of the house. Street cloth- 
ing was removed and stored in lockers, and the issue clothing was donned. 
Before the plant proper was entered, canvas boots or galoshes were distributed, 
and each worker received a mask, a film badge, and a pencil meter (figs. 286B 
and 286D). 

At the end of the shift, the workers returned to the changehouse, where 
their clothes and boots or  galoshes were removed and inspected. Each item 
was cleaned and measured before it was reissued. The workers then stripped 
off their coveralls, turned in their masks, and walked, in their clean shoes, to 
the lockers, where they removed the rest of the clothes they had worn at  work 
and where they washed or showered as necessary. Workers in particularly 
dusty and contaminated areas were checked with Geiger counters before they 
mere allowed to leave. I f  special contamination was found on the hands or 
other parts of the body, official procedures for decontamination were enforced. 

‘ 
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. The workers could not escape the routine just outlined for the exchange 
of clothing took place just before they punched the timeclocks. Later in the 
program, when contamination by dust had been controlled, many workers were 
not required t o  go through the changehouse procedure. 

These measures may seem elementary, but their importance cannot be 
overestimated. When they -re put into effect early in 1944, it mas clear that 
it would be a year or more before structural concrete of the proper thickness, 
ventilating devices, and other protective features of large piles could be 
implemented in the construction plans. These requirements had to be given 
to the engineers well before construction began. I n  the meantime, the safety 
of the workers depended upon the elementary precautions just described. 

Other University Programs 

By the end of 1944, most university pilot research programs had been 
turned over to $dustrial organizations. I n  the meantime, their supervision 
had proved somewhat more troublesome than that of the industrial field pro- 
gram. Since the chemistry and metallurgy 'of uranium had previously been 
of little interest, relatively little work had been done on either subject. When 
the necessity arose, fairly large pilot programs-almost semiproduction pro- 
grams-were carried out a t  a number of universities, chiefly Chicago, Colum- 
bia, and Iowa State University, Ames. 

With Dr. Stone and his group on guard, the health and safety problems 
at  the Metallurgical Laboratory in Chicago n-ere soon under control ( p. 864). 
At other universities, the serious nature of the risk mas not so readily appre- 
ciated, and proper precautions were not instituted until the staff physicians 
of both institutions had been thoroughly indoctrinated and had agreed to 

the responsibility for good housekeeping practices and health and 
upervision of laboratory personnel. 

Industrial Field Program 

e most complex and most difficult assignment of the Medical Section, 
D, was the industrial field program, which ranged from discussions of 
gn with engineers before a plant mas built to the safety housekeeping tech- 

ecessary during the processing of ore to metals. Design, construction, 
operation of pilot programs were never stabilized at  any single stage. 

y were constantly changing and being scaled upward, to enable the con- 
tor and the personnel of the Xanhattan District to obtain data for 

ready been directed to the continuing hazard of the 
ral production of the strong beta emitters, uranium Xl and S 2  (p. 854). 
refining process consumed a considerable amount of time, as did the ship- 

The 
rd was therefore present from the time the ore was received at  the docks 

of the material from one place, or even one stage, to another. 

, 
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in New York from the Union I l inSre in the Belgian Congo, or a t  Port  Hope, 
in Ontario, Canada, or from the Colorado areas, until it became a slug in a 
pile. Some lots of the ore were contaminated with radium and therefore 
gave off radon during storage. The emission of radon was a particular prob- 
lem with ore from the Congo, and the drums in which it was shipped, and 
even the freight cars in which the drums traveled, had to be opened with 
special monitoring and ventilating precautions. 

Plant inspections. -The inspection of industrial plants was an important 
part of the health-safety program (fig. 286). IgiU&y 1943, Captain Ferry 
was assigned to the Medical Section, XED, sent-to the University of Chicago 
Metallurgical Laboratory and the University of Rochester Laboratory for 
indoctrination, and then assigned to inspection of the industrial uranium 
processing plants. H e  was later assisted by Capt. (later Maj.) Joe W. How- 
land, MC. Both were on the road almost continuously. The scale of opera- 
tions was so large in Wilniington, Del., where the du Pont Co. was supplying 
material for the Oak Ridge operation and also tooling up  for the Hanford 
operation that Capt. (later Maj.) Bert T. Brundage, MC, was assigned full 
time to this location. All medical officers wore civilian clothes on these trips. 

With the portable Geiger counter devised by Dr. Bale at the University 
of Rochester, it was possible to check the situation and, when necessary, 
demonstrate to the contractor and his foremen that the quality of their house- 
keeping was sometimes not as hould be. The demonstration helped 
these personnel to enforce a orkers the precautions that would 
prevent accumulatiais of ur d uranium X 2  in unwanted places 
and also, indirectly, prevent rce uranium salts through spillage 
and careless handling. The lvaged uranium when undesirable 
practices were stopped amply the cost of the changes necessary to 
tighten up the program and ca safety and health precautions. 

The seemingly crude large xtraction procedures employed in the 
industrial plants were surprisi ire. Often only simple changes were 
required to make them relati and dust free. This was fortunate, 
for there was no pre iologic industrial experience upon 
which to  draw. The s were equally new in the field, and 
they viewed the arrival of ith considerable apprehension and 
a t  first with open hostility , by frankly admitting that their 
oirn ignorance was almost as that of the contractors and their per- 
sonnel, soon established a bnsi 

Plant personnel were ards existed but could 
be prevented; that practices coul stituted which, if sedulously observed, 
mould prevent harm to th necessary were really 
quite simple and chiefly based on The precautions were 
then listed and describe of exposure to toxic 
materials and radioactive lation of showers and 
washbasins to improve s and masks in some 
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plant locations, even though masks sometimes reduced operating efficiency to 
a considerable degree; use of film badges; and routine blood counts, to assure 
management as well as the plant physicians that every precaution was being 
taken to  prevent internal injury by these new materials. 

Visits to the industrial plants were made with the authorization of the 
area engineer, and he or an officer mho represented him accompanied the 
Medical Section officers on their inspections. Representatives of the con- 
tractors were also present. This was an excellent arrangement. The Area 
Engineer could immediately authorize, under the contract, any changes 
required by the Nedical Section officers, while the ready compliance of the 
contractor mas assured because his apprehension concerning possible financial 
losses by the changes indicated was immediately allayed. 

OAK FUDGE, TENN. 

Oak Rid&'(fig. 289) was the t o m  constructed by the US. Government 
to provide living accommodations for personnel employed at the Clinton 
Engineer Works, the organization that produced materials for the atomic 
bomb. At the peak of operation, Oak Ridge had a population of about 71,000 
persons. Approximately 40,000 to 45,000 of this number were workers in the 
plants (including a disproportionately large number of unmarried men). The 
remainder were wives and children and the service personnel who operated 
the town. 

The functions of the t o m  were carried out by the Roane-Anderson Co. 
(so named from its location, in both Roane and Anderson Counties), under 
policies defined by the District engineer. Before this company took over its 
full civic responsibilities, it operated as a subsidiary of Stone & P'ebster, the 
engineering corporation which held the contract for housing. It was paid a 
fixed fee and made no other profits. 

Lt. Col. Thomas T. Crenshaw, CE (October 1942-Xay 1944), and Lt. Col. 
(later Col.). John S. Hodgson, C E  (May 1944-January 1946), successfully 
served as Chief, Central Facilities Division, Clinton Engineer Works. They 
supervised all nonindustrial facilities and really acted as the mayor of the 
town during their terms of service. 

The Medical Program 

Dr. Stone and his group moved from the University of Chicago Jietal- 
lurgical Laboratory to Oak Ridge in 1944, a t  a time when certain very critical 
pilot work was being done Kith the reactor there and its m s t e  products. It 
was important to refine the s a f e p a d s  employed in the operation of this 
reactor. It was also important to have ready access to a source of neutrons for 
animal experiments. It therefore seemed wise to bring the health-physic3 
group to Oak Ridge and also to bring there the personnel destined to go to 
Hanford. 

/ 
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F’IGURE 289.--Scenes from Oak Ridge, Tenn. (Clinton Engineer Works), where 
materials for the first atomic bombs were produced. A. Oak Ridge, at end of war. 
B. Administration building, containing offices of District Engineer, Col. (later Maj. Gen.) 
Kenneth D. Kichols, CE. The medical section w5s also in this building. C. Aerial view 
of gaseous diffusion plant (K-25). D. Plant (1.-12) for separation of U-235 by e lec tm 
magnetic process, placed on standbg af ter  the war, is shown as modified and altere13 in 
1953. E. Small hutments in outlying sections of city. which provided commercial clean- 
ing, laundry. and other services for civilians. Note trailer camp in background, whicb 
housed many workers. E’. Guesthouse (center), efficiency apartment building (left), 
and chapel on hill ( rear)  constructed immediately af ter  the war. 

Industrial program. -The construction companies that built Oak Ridge 
operated their own first aid facilities and medical care pro-pams for their 

as soon as the Oak Ridge Hospital could receive patients. 

. 
workers at the construction sites. Men with serious injuries were hospitalized 

’ ! 

When the construction work was hished,  the operating companies also 
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st u p  their own first aid organization, as well as an industrial medical pro- 
gram concerned mainly with safeguarding their workers from radiation and 
radioactivity hazards. Many of the personnel who were responsible for this 
program had been trained at the Xet Lab in Chicago. They included Dr. 
Adolph G. Kammer (Carbide and Carbon Chemicals Co.), Dr. James H. 
Sterner and Dr. Christopher Leggo (Tennessee Eastman Corp.) ; and Dr. 
Stme and Dr. J-ohn E. Wirth (Jlonsanto Chemical Co. Clinton Laboratories). 

Public Health measures.-The public health problems that promptly be- 
came evident a t  Oak Ridge were put in charge of Lt. (later Capt.) Bernard 
M. Blum, MC, in March 1914. It was his mission to see that milk was prop- 
erly pasteurized; that soft drinks were free from insects (a persistent annoy- 
ance) ; that  the bacterial counts in swimming pools were at least as low as 
those in milk; and that sanitary measures of all kinds were observed. 

At Oak Ridge, the intake for drinking water was in the Clinch River, 
downstream from the sewage disposal plant. Both installations were so cap- 
ably designed’that safe, potable water was delivered to the town in ample 
quantities, 8 record, incidentally, that.has been maintained to  this time (1965). 

All food handlers mere required to undergo physical examinations and to  
be tested as possible typhoid carriers. All eating places (restaurants and 
sandwich and soft drink dispensing places) were inspected repeatedly. Flies 
and mosquitoes were almost eliminated with DDT, in an intensive dqive to 

‘prevent malaria and poliomyelitis. Great care was taken to trace exservicemen 
and other workers who might have served, or been employed, in tropical areas. 
All were tested for latent malaria, but all smears were negative. 

T h e  supervisory and preventive public health measures developed at  Oak 
Ridge were instituted in all areas under the control of the Afedical Section, 
Manhattan Engineer District. 

Hospital 

Planning and construction.-In March 1943, when Dr. Warren made his 
st visit to Oak Ridge with Major Friedell-before he had accepted the posi- 
m of civilian consultant to JIED (p. 848), and when he still did not know 
e nature of the project in which he was being asked to serve-the 200 beds 
ggested for the hospital seemed somewhat excessive for an estimated popu- 
tion of “ a b u t  5,000.” The inflated size, he was told, was necessary because 
’ the isolation of the area and for L‘security” reasons. It was therefore 
!tided to plan a t  first for 150 to 200 beds and to provide for possible increases 
size. At the peak of operations, in 1945, the hospital (fig. 290) had 300 

The surroundings in March 1943 were not promising. The headquarters 
’ the Clinton Engineer Works were set in a sea of mud, which filled all the 
mall valleys between oak-covered hills. Bulldozers were everywhere, and 

(64.1. 
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FIQURE 2 9 0 . 4 a k  Ridge Hospital and outpatient dispensary. 

trucks carrying lumber and g supplies jammed such mads as 
there yere. s who mere to design the hospital 
(Skidmore, O ~ i n g s  & Xerrill in a shack set in the center of the 
other temporary buildings tha dormitories, cafeteria, and stores. 
Houses being erected by Stone were in various stages of construc- 
tion. The architects’ sh ith draftsmen, and i t  was obvious 
that other buildings tha 

not only the hospital but also other 
phases of health and medical care e town of “j,OOO” people who would 
work in the plants of this isolated . At  this time, as already noted, the 
contractors were operating cilities The followkg 
month (April 1943), a form 
under the direction of Dr. 

. Biinn. The organization 
Dr. Warren approve 

The office for the ar 

The discussion on this trip c 

ively selected for the 
(fig. 290). In  accordance with That 

to live within this 
ic, X-ray facilities, 

at once. A dental 

hospital, a small hill at the edge of 
he =-as told of possible 
guarded area, he recom 
diagnostic laboratories, 
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building mas also recommended, on the ground that it mould save the workers' 
t k  and enhance security if this service were kept on the site. 

The hospital was planned and built along modern lines and had standard 
&ern equipment. Construction was begun in April 1913 and the first 
patients mere received on 17 Xovember 1913, when 50 beds became operational. 
The dental clinic mas  built the following year. 

Personnel. -The Oak Ridge Hospital mas operated administratively by 
the Roane-Anderson Co., and all of its civilian personnel were company 
employees. At the peak of operations, in August 1945, there mere 20 civilian 
denntkts, 141 nurses, 54 nurses' attendants, 8 dietitians, and p. total hospital 
employment of 632, exclusive of 41 medical officers and 1 dental officer. The 
data l  staff, organized by Dr. Harry Pitluck and 1st Lt. (later Capt.) Peter P. 
W e ,  DC, the only Dental Corps officer in the program, was directed for  most 
of It-he mar by Dan , Claussen, DDS, later Dean of Meharry Xeclical College. 

Medical officers were provided for the hospital by the Office of The Sur- 
geam General, by the special arrangements already outlined (p. €27). Under 
this agreement, The Surgeon General mas to provide the budget for the 
medical care of the military contingent assigned to the Clinton Engineer 
Warks. Since he knew no details of the operation, he must hare been con- 
siderably puzzled by the large number of medical officers procured through his 
OEW for what mas actually a very m a l l  military detachment. The detach- 
memt, as a matter of fact, was essentially a guard force though, at various 
tinmreS during the war, specialists and technical personnel, both commissioned 
and enlisted, were also assigned to Oak Ridge. 

Most medical officers assigned to the Oak Ridge Hospital were obtained 
31inneapolis area, on the theory, borne out in practice, that men who 
ed together mere likely to work Fell together. The radiologist, Capt. 
ai.) John B. Eneboe, JfC, had only radiologic duties. 
efficient civilian staff was built up by degrees, largely by the efforts of 

It, the first superintendent. He died on 27 July 1944, but lived long 
o see the first 150 beds of the hospital in operation. 
outpatient clinic prorided what Kas unusual for that time, a psy- 

c and social welfare consultation service. The psychiatric service was 
ed under the direction of Dr. Eric K. Clarke and the social welfare 

under the direction of Capt. (later Jltrj.) William Fleeson, JlC. They 
ter assisted by Dr. Carl A. Whitaker, Capt. (later Maj.) S. Law, and 
(later Capt.) John Warkentin. The clinic personnel, working with the 
el officers of the industrial plants, greatly reduced the turnover of 

rkload. -Since the population of Oak Ridge mas chiefly in the younger 
s, and since all workers had had complete physical examinations 
were employed, tbe incidence of illness was relatively low. At  

ring August 1945, there were 21,500 outpatient visits, 1,572 admissions, 
daily census of 322. Although a poliomyelitis epidemic oc- 
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curred in 1944, in the area outside of the city, from which about 10,000 persons 
commuted to work in Oak Ridge every day, there mere only two suspected 
cases, both mild, in the city population. The brief indoctrination the medical 
staff had been given in the recognition of radiation illness was fortunately 
never put to use. 

During the approximately 3 years the hospital operated, 2,810 babies 
were born in it. There were 344 hospitals deaths. For security reasons, no 
funerals were conducted within the town, which was classified as an Army 
reservation, except those of a few former residents who had desired to be 
buried in their family plots. These funerals had Army escorts. 

, 

Insurance Program 

A medical and dental insurance program was launched at  Oak Ridge 
early in 1944, patterned after the California Physicians’ Service and planned 
by Dr. Nathan Sinai, Professor of Public Health at the University of Biichi- 
gan School of Public Health, Ann Arbor, Jiich., who was an early pioneer 
in this field. The dental program proved financially unworkable and was 
soon abandoned; thereafter, dental service was rendered on a regular fee 
schedule. 

The medical program operated well during the entire war. The charge 
was $2.50 per month for a single person and $5.00 per month for a family. 
The pro-mm was supervised by a board of trustees, at first appointed by 
the deputy District engineer from companies working on the site, and later 
elected by popular vote. 

. HANFORD, WASH. 

There mere several reasons why Hanford (fig. Wl), was chosen as the 
site for the atomic energy project known as the Hanford Engineer Works: 

1. It was necessary to conduct operations in an area large enough for 
reactors and population to  be separated from each other by a considerable 
distance, in the event that one of the reactors to be built would blow out or 
burn up and spread contamination over a large area. Hanford was even 
more isolated than Oak Ridge. 

2. Since Hanford was located in a bend of the Columbia River (map 
lo), it met the requirement for the large volume of cold, relatively pure 
water necessary to cool the reactors. 

3. Power in the desired quantities could be secured from the hydro- 
electric plants at the Bonneville or the Grand Coulee Dam. 

The reactors a t  Hanford were designed and built by the du Pont Co. 
The construction camp, set up in April 1943, at its peak housed 60,000 
workers. After three piles were put into operation in the summer of 1944, 
the population fell to between 4,000 and 5,000 and was composed chiefly of 

I 
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FIOUIW 291.-Scenes at Richland. Wash, si te  of Hanford Engineer Works. A, B, C. 
Business development and housing, lM5. D. One of war-built reactors, where uranium 
was transrnuttxl into plutonium. %vera1 buildings in the  picture belonged to the water- 
works. w h k h  used the  Columbia Rirer (background) for cooling the reactor a t  a rate  
Of tens of thousands of gallons per minute. E Postwar construction camp, with trailer 
spaces (right. background) and barracks for  single workers (center and left). 

scientific and production workers. The town was operated under the area 
engineer, Lt. Col. (later Col.) Franklin T. Jlatthias, CE. 

' 

.- 
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The Medica1 Program 
Dr. Wm. Daggett Norwood served as medical director for the contractors 

at Hanford. He had spent considerable time in the University of Chicpgo . 
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Metallurgical Laboratory with Dr. Stone's group, and he had a full uncler- 
standing of the industrial hazards of the Hariford operation. He was able 
to obtain the services of Dr. Parker, who had also trained with Dr. Stone's 
group and who became local health physicist in the operating plants a t  
Hanford. 

Dr. Nomood supervised the design and construction of the Kadlec HOS- 
pita], located in what is now the town of Richland, Wash., which served the 
Hanford population. Construction mas begun in late 1943 and the hospital 
was completed the following spring. Its full-time staff was entirely civilian. 
. The health and medical operation at Hanford was extremely efficient. 
While 40,000 construction workers were still employed there, a number of 
cases of meningitis occurred. There were two deaths, but the disease did not 
spread and its Occurrence was brief. I f  it had reached even mild epidemic 
proportions, the construction program would probably have ground to a halt, 
for there was an extremely limited supply of physicians and nurses in the 
area, the medical program was not yet fully organized, and the local hos- 
pital was not yet f a r  enough along in construction to  have handled even a 
mild epidemic. 

Protection of the  Columbia River.-The public health and other prob- 
lems a t  Hanford were much the same as at Oak Ridge and were handled 
in essentially the same way. There was one special problem, hon-ever--;pro- 
tsction of the Columbia River and its biologic contents from contamination 
b d  other effects of the production of atomic material for the bomb. Out- 
going cooling water would flow into the river, and the possible changes in 
its temperature might hare an adverse effect on both local and migrating 
fish. A chemical effluent from the cooling water purification process niight 
also be harmful. Since it would be practically impossible to produce dis- 
tilled water during the final refining process, the water that flowed back into 

would contain a little sodium, potassium, silver, and other elements 
light have been made radioactive by neutrons as they passed through 

r. Cantril, who had been brought into the Chicago group as a consult- 
very early in the operation (p. 864), was transferred to Ranford and 

the problem of protecting the Columbia River and its inh a b' itants. 
ptly secured the assistance of Professor Donaldson, of the School 
ies, University of Washington, at Seattle. Through direct obserra- 

a1 experimentation, it was found possible to return the cooling 
river a t  such a point in the bank, and in such a direction, that 
thermal barrier to migrating fish. 

The water of the river was snow water and therefore almost pure to 
t with. The very small amounts of minerals left in it, however, after it 
been purified mere made radioactive while they were passing through 

pile, where they mere subjected to  neutron bombardment. Even though 
radioactivity was short lived, it was considered necessary, in order to 
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prevent appreciable concentrations of these radioactive materials, to keep 
the mater in holdup ponds and to restrict the rate at which it flowed back to 
the river. The essential point of the method mas to increase the length of 
the path, and therefore the length of the time, of the return flow of the 
cooling water. 

Constant monitoring devices were installed in the effluent, and small fish 
mere kept in tanks fed by suitable baflles from enluent nmters to act as con- 
trols on the temperature and radioactive materials in the water. 

. 

LOS ALAMOS, N. MEX 

Organization and  Operation 
.,’ 

Los Alamos, N. bfex. (map l l ) ,  the site of the laboratoiy in which the 
first atomic bomb mas constructed mas emblished as a regular military post. 

The first commanding officer was Lt. Col. (later Col.) John 11. Harman, 
CE. I n  Nay 1943, he mas succeeded by Lt. Col. Whitney Ashbridge, CE, 
and was followed in October 1944 by Col. George R. Tyler, CE, mho served 
in that capacity until Sovember 1915. 

The Area Engineer’s Office for Los Alamos was located in Sante Fe, 
N. Mex. 

The scientific program of Los Alamos mas  directed by J. Robert 
Oppenheimer, Ph. D. The University of California served as the scientific 
contractor. 

The medical program mas under the direction ol  Capt. (later Lt. Col.) 
James R’olan, XC, whose staff of medical officers mas procured through the 
Office of The Surgeon General (p. 847). Most of them came from St. Louis, 
Mo., agd its environs. Health and safety precautions in the laboratories and 
industrial plants were the responsibility of Dr. Hempelmann. A resident 
veterinarian, Capt. J. Stevenson, VC, cared for the war dogs used in the 
peripheral guard areas and vaccinated all privately owned dogs of the resi- 
dent population against rabies. 

The population of Los Alamos did not rise above 5,000 at any time and 
was sometimes as small as 3,000. The local hospital was therefore always 
small, usually betreen 16 and 20 beds. Obstetrics and pediatrics were the 
busiest specialties. Hospital service was supplemented by a fairly active 
outpatient clinic and a small dental unit. The excellent care given by Cap- 
tain Nolan and his staff to this isolated population contributed greatly to 
their morale and to the stability of this highly critical program. 

Research Problems 

Radioactivity during production of the bomb.-The problems at Los Ala- 
mas during the large-scale fabrication of the plutonium, 117-235, and beryl- 
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lium required for manufacture of the atomic bomb were of the housekeeping 
rariety already described. The safety precautions, which were the same as 
those employed at  Oak Ridge and the Met Lab at Chicago, coFered ventila- 
tion, decontamination, personal hygiene, and disposal of wastes 

Research problems that originated from the wide variety of experiments 
constantly underway with radioactive materials at Los Alamos covered 
beryllium dusts, nitrite effects from handling of explosives, fun= from high 
explosives, and solvents seldom or never previously used. Some of these 
experiments, which involved the use of explosive mixtures and rather wide 
dissemination of radioactive material, were carried out in deep canyons, so 
that  contamination was limited to  inaccessible aI'eas of wilderness. 

Laboratory space for research not absolutely essential to the fabrication 
of the bomb was limited, but some biologic stu&s were carried out on the 
effects of radiation and on the metabolic pathways of certain radioactive 
metals, chiefly plutonium and beryllium, by Wright H. Langham, Ph. D. 
Dr. Hempelmann, with the assistance of Dr. (later Captain, MC) Harry D. 
Whipple, investigated the absorption of plutonium and other metals througb 
traumatic wounds sustained by shop workers. 

Effects of the Atomic Bomb 

The chief effort at Los Alamos mas devoted to the design and fabrica- 
tion of a successful atomic bomb. Scientists and engineers engaged in this 
effort were, understandably, so immersed in their own problems that it was 
difficult to persuade any of them even to speculate on what the after effects 
of the detonation might be. Their concern was whether any one of their 
several designs for the bomb would. actually detonate, and, if the detonation 
did occur, how massive it would be. 

Liule attention was therefore paid to  the possible effects of the detona- 
tion of the bomb until the spring of 1945, when the Medical Section of the 
Manhattan Engineer District raised the question with General Groves and 
was given the mission to investigate the whole matter. Two effects had to 
be studied, (1) blast and (2) fission product radioactivity. There was little 
time-to spare. By May, the tower for the blast and the accessory apparatus 
were being erected on the flat desert a t  Alamogorclo, 183 miles from Los Ala- 
mos (map ll), and it was apparent that  the test mould occur within the 
nest several weeks. 

Blast effects-Attention was first devoted to blast effects of the bomb. 
A detonation on the order of several thousand tons of T N T  would undoubt- 
edly have massive effects, beginning with the formation of a lethal blast 
wave front. 

The literature contained little on the subject except the U.S. Army 
Ordnance tests on goats, which had been carried out with small high explo- 
sive cha-i-ges. Available data sho-xed that lethal effects were produced by 
relatively high pressures, in the neighborhood of 15 psi (pounds per square 
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inch). Certain British studies showed that the terrain and the objects of 
various sizes in the path of the concussion wave produced complex reflections, 
skips, and concentrations. Jackets and other heavy clothing offered a degree 
of protection, but how much could not be determined because of lack of precise 
measuring devices. Debris carried by a blast wave st high velocity acted as 
missiles, which mere often more damaging than the wave itself. 

Circumstances at  Los Alamos were not favorable for controlled experi- 
ments, and time did not permit them. The best that could be done was to 
verify the lethal effects of high explosives by hanging rats and mice on 
wires suspended several feet  above the ground a t  varying distances from 
charges which mere also placed several feet above ground. Dr. Hempelmann 
and Captain Nolan, who conducted these studies, found that the critical pres- 
sures covered a wide range; they began at 5 psi but were more constant a t  
15 psi. Par t  o f the  discrepancy mas explained by irregularities of mind and 
terrain, and by the crude measuring' devices used. Further experiments on a 
fiat desert area with a very large chemical detonation showed that mice 
hung on wires 6 feet above ground mould be killed by a blast wave at  dis- 
tances of I: thousand feet and more. 

Autopsy on these animals rather uniformly showed their lungs t? be 
full of plasmalike fluid. Small hemorrhages and hemorrhagic markings were 
observed on the pleura, and large abdominal vessels were sometimes ruptured. 
I f  the injury did not produce these extreme effects, recovery without lasting 
sequelae was fairly prompt. 

Radioactive eff eets.-The radioactive effects of the detonation of the first 
atomic bomb were entirely speculative. When the Xedical Section, JLED, 
asked the authorities a t  Los Alamos for help in this task, an advisory com- 
mittee was appointed, consisting of Captain Solan, Dr. Hempelmann, Paul C. 
Akbersold, Ph. D., and Joseph 0. Hirschfelder, Ph. D. 

It was estimated that during the detonation of the bomb, about a million 
curies of radioactive fission material might be released. These products- 
all 8s yet unknown-would presumably be in element form, but they aould 
immediately become oxides and perhaps then would agglomerate with vapo- 
rized moisture and debris. It was also thought that these materials would 
rise very high in the large, hot, ascending cloud expected after the detona- 
tion, and that, while they were falling back to earth, they might be carried 
by the wind for considerable distances, perhaps even fa r  from the test site. 

,-. Preparations for the Detonation 
.. 

Over a 3-month period in the spring of 1945, Colonel Warren made an 
intensive study of cloud and wind situations over the entire southwestern 
United States. The physical geography of the country around Los Alamos 
was also studied, with special attention to  areas of cultivation and population. 
The facts of the explosion in 1883 of the volcano Krakatau in Sunda Strait 
between Java and Sumatra, the largest such explosion of modern times; and 
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Fxomm 313.401. Stafford L. Warren, NC, and Capt. Robert J. 
Buettner, MAC, in Radiologic Safety Section office, Operation CROSS- 
ROADS, summer 1940. 

given and which served as the nucleus of a similar expanded (4week) course 
later given in Washington. 

When Colonel Warren was sepwated from service on 6 Kovember 1946, 
after spending his time between thkt date and his arrival in San Francisco 
from Bikini on 7 September 194 e final details of the RADSAFE part  
of JTF 1, he became tempor ian Chief of the 3fedical Division, 
Atomic Energy Commission. in this capacity until he mas  replaced 
by Dr. Shields Warren in F 

At  no time during th 943 and 1946 were facilities 
allotted, or time provided, of the Nanhattan Engineer 
District to prepare a com activities. The material in 
this chapter is a r u m  hiefly derived from memory 
and supplemented by o lations forbade notetaking. 
Official records were sca s and photographs. Many 
dedicated workers in bo which participated in the 
atomic bomb developm mitted from this account 
because of the paucity 

No one caught u p  of the Medical Section, 
Kanhattan Engineer gain be quite the same. 

I?.- 
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MAP l4.-Bikini Atoll, from which Operation CROSSROADS was conducted. h'ote fallout 

pat tern. 

Other laboratory and industrial programs carried out during the war were 
perhaps similarly stimulating, but this program mas of such a special nature 
that it left its permanent mark on those-and there vere many-who were 
intensively involved in it. 

Most of the medical and other personnel, including biologists, biophysi- 
oists, and health-safety personnel, who were engaged in this program have 
continued in the field of atomic science since the War. Many worked in the 
newly established Stomic E n e r a  Commission. Many of those who returned 
to  their former university positions or their former industrial environment 
have retained their interest in this new field and have worked on the applica- 
tion of the knowledge derived from i t  to education and further research. 

T h e  speculative imagination of the workers in this pro,pm was greatly 
stimulated by their wartime occupation. Fern, however, a t  the end of the 
war could have conceived the real extent of the use of isotopes and of the 
allied knowledge in medicine, biology, and industry that has come about since 
the end of World War 11. To those who had both the privilege and the 
responsibility of carrying out the tasks so briefly outlined in this chapter, it 
would seem that little imagination is required to accept the fact that  nuclear 
weapons can be the ultimate destructive reapon for all mankind, and that the 
way to peace, unclear and difficult to attain though it be, must somehow be 
nttained by the people of the world. 
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