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FOREWORD 

This volume presents a non-technical record of the hi story of 

the Medical Prcgram of the Manhattan District. The history colters 

the period from.the inception of the Ua.nhattan District to 1 July 

1946. The data was obtained from the files of the Medical Section, 

and frQn those individuals who were associated with the ~edical Pro-

Included in the volume is a resume of all activities of the ked-

ical Section except those which concern Area Y. The bled.ical Program 

at Area Y, althwgh under the supervision of Colonel Stafford L. 

Warren, Chief of the Medical Section, is described in Book VIII 

of the Manhattan District History. 

11 Karch 1947 
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( 

1. Introduction. - It was the purpose of the Manhattan District 

Medical Section to supervise and advise on the numerous u.ai<JJ.e problem.a 

arising from the processes used in the District and to facilitate pro-

gress of the Project by safeguarding the health of the sployees. The 

Medical Program covered: research on the effect of absorbed uranium., 

plutonium.,, fission products,, etc.,, on the human organism; industrial 

hygiene,, with appropriate programs instituted in the various plant's 

and laboratories; and clinical and 'public heal.th program.a, the pur

pose of which was to supply adequate facilities for the personal 

health of the communities. The authorizations for the construction and 

operation of the Medical Facilities of the l\aihat,tan District were 

provided in general by Public Law No. 703,, Public Law No. 354, Public . '· 

Law No. 580, and Ex:ecuti\fe Order No. 9001. Specific authorizations were 

provided in a Report of 17 June 1942 to the President of the UOited 

States by Dr. V. Bush and Dr. J. B. Conant,, by delegations of authority 

' -
under Executive Order Ho. 9001, and in a .memorandum dated 23 September 

1942 signed by the General Policy Group desi8llated by the President of 

the United States. The problems facing the Medical Section were in-

tensi!ied. by the urgency of the need for their aalutioo. since many of the 

materials to be studied were alrea.d,y in use at least on a laboratory 

scale, and in sane instances on a plant scale. The necessity of main-

taining security was also a major f~ctor affecting ~he District•a 

medical program. As a result, there was some difficulty in preventing 

-dfttfi HiOGXHOi~'. 
Sl 
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duplication of effort, since · erchange 01' information between related 

',projects was restricted to the mini.mum required for intelligent conduct 

of the individual operations. To insure cooperation an:i to maintain se

curity regulations 1 special arrangements had to be .made with other agen~ies, 

such. as the local Medical a.nd. Dental societies 1 thEt P:roairement and 

Assignment Service, State Boards 0£ Dental Examiners, and State Boards ot 

Medical Ex:ami.ners. 

2. Hazards ot Operations. - Normal industrial. hazards such 

as ar& noted in large construction programs and in chemical plaits 

were to be expected in the operations 0£ the Manhattan District. One 

o! the major proble.ms was the hazards of radioactivity, which were kn.o1lll 

in a general manner by the results published on the radium dial painting 

industry. The radioactive emanations which were encountere<i were: 

alpha particles, or electrically charged nuclei of helium ato.1118; beta 

particles, which are free electrollS'; ganna rays and x-rays1 .lilich are 

not particulate but are electromagnetic waves; a.al neutrons, or particles 

which have no electric charge. Radioactive substances from which 81lJ' or 
. . . 

all· of these emanations .might be apected are: radium., on llhich consider-

able data has been accumulated; radon, a gas produced when the radiw:a. . 
atom disintegrates; polonium., a deca.y product of radium; plutoniwa, 

a product of neutron bombardment of uranium. which is the basic .material 

on which the District operates; a.rd fission products, which consist of a 

series of radioactive substances produced in the 1ip:Ue11process. A second 

.. 

major problem. was the chemical hazards, some of which were due to entirely· ';\; 
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new substances while others were well known industrially. Oft~ gases 
J 

used or produced, considerable care was exercised. with fluor.ine and 

hydrogen.fluoride, two ver7 corrosive materials; ani with phosgene, a 

by-product in the production .of uranium tetrachl~ride. The liquids 

which were produced or used were the fluorocarbons, which. are entirel7 

new compounds, industriall7, ard are mcxierately toxic; and such solvent . . . 

material.a as trichloretbflene. Metals other than the radioactive type, 

which were e.o:ployed in sufficient quantities to warrant notice as 

hazards, were: beryllium, cadmium, and nickel. Because of the. nwnber 

and varied types of .materials and. the great quantities involved., it was 

necessary to set tolerance values for the various hazards. Definite 

values !or the maxi mum allowable exposures to the various materials, both 

radioactive and che.mical, had to be established to ! acilitate e!f icient 

over-all operation. Beta radiation, neutron radiation, combined gamma 
and fast neutron radiation and x-ray or gaama radiation toler~e levels, 

stated uf.erms of total bod;J' ~adiation, and alpha radiation tolerance 

levels, based upon the amount in the body tissue, were established by the 
. . 

District Medical Section. Tolerance concentrations for radioactive 

substance~ in air, such as radon, polonium, plutonium, fission products 

am. uranium and its compounds were studied and established with 

factors of safety as high as practicable. Since practically all of the 

materials us.ed could be absorbed. into the body, tolera..i:x:e levels of 

radioactive material in bod,y tissues were established fer radium, 

polonium, plutonium and fission products. It was impossible to analyze . . 
human tissues for radioactive materials, so an indirect .c:iethod wa.s 

SI mJWtlilidiLlZi .. s~ 
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employed which consisted for such materials. 

This indirect method nec-:ssitated the establishing cf tolerance levels 

of ra.Jioactive substances in urine. In the case of the non-radioactive 

r.:iz.t~rials it was necessary to establish tolerance levels in air for 

chemical hazards. In order that the various toleraa: e levels would not be 

exceeded it was necessary to institute methods and instruments for 

estiro.a.ting hazards and, as a result of intensive research, such methods 

and instrwnents were developed and constructed., For the measurement 

ot radioactive emanations, counter instruments, electrostatic indicat-

ors and the vacuum tube electro.meter were adapted or developed. 

Monitoring methods which were developed to maintain supervision over 

the various hazards included. the use of mechanical devices such as: 

film badges, pencil chambers, and finger rings containing x-ray film 

inserts. Physi o-biological. .m,ethods for monitorir..g, such as finger 

printing to note destructive changes in the print ridges, and blood 

counts to note deleterious changes in the peripheral. blood, were also 

used rather ex.tensively. In radioactive dust monitoring a device 

desigp.ed. by Mine Safety Appliance Company called an "electrostatic 

dust precipitator" was used to determine the. i:urt.>unt of radioactive 

dust ~n the air. Urine a.ad breath samples were used. to monitor the 

8..IJX)unt of e:Xposure experienced by the various employees. Instruments . 
and .:::.ethods for chemical hazard .u.onitoring were developed where neces-

sary, the most important being those 'for fluorine detection, phosgene 

54 
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Fluorine and the fluorocarbons in general were i.rxiustrially new 

products and processes, and studies of their hazards and medical 

control had to be considered. Protective measures included physical 

examination ot workers and the use of adequate ventilation and fire 

protection systems. Boron production, with its attending hazards and 

mediCal control, was ilsoone of the problems of the industrial .Medical 

Division. Since those processes normally were conducted in closed systems, 

expo~ures were unusual. Protective .measures consisted. in control of 

dust and fume concentrations, good housek.eeping and physical examinations, 

on the limited numbers of people employed. Process research was performed 

by univers~ties or industrial laboratories selected to do research on 

various problems. Research on the diffusion process had a wide scope 

covering all phases of the development of the process. Contractors on 

the developmental research inc.luded the Kellex Corporation, S. A. II.. 

Laboratories ani the Linde Research Laboratory. The hazards encountered. 

were those associated. with uraiiµm. hexafluoride and the fluorocarbons 

but these haza.rds were carefully supervised by medical cootrol. Develop-

mental research, on· fluorocarboos, radium extraction, and. methods of 

manufacture of uranium ccmpounds, was carried out in various universities 

and these installations were inspected and supervised. in respect to 

medical hazards by the Industrial Medical Section~ Analytical research 

on methods o! ore anBlysis,, .and the analysis of various uranium compounds 

were carried out at National. Bureau of Standards, Princeton University 

and Kassachusetts Institute of Technology. The development and production 

of process aa terial in general presented, with f f!W exceptions, no 

hazards requiring medical supervision. Barrier production presented 
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a hazard of nickel d~nnatitis, while the manufacture an:I. testing of 

pumps for the diffusion process produced the hazards of handling 

uranium hexafluoride, fluorine and the fluorocarbons. These last 

mentioned hazards were also noted in production of the unit assemblies 

for the diffusion process. 

The gas diffusion and thermal diffusion processes were· 

located in oak Ridge, Tennessee. These processes and their hazards 

were of prime importance to the-.Industrial Medical Division• The 

ha~ds of the gas diffusion process and the hazards of .the thermal 

diffusion process were primari.J..y due to uranium hexafluoride and its 

b;yd.rolysis product, uranium oxyfluoride, although numerous other 

hazards were al.so present. The medical control of hazards for both gas 

and thermal diffusion was in general based on an-.. indlstrial hygiene 

' program developed arcund the CaJ:'.'bide and Carbon Chemic.ala Caapan,y 

medical orga.aization. Two types of routine medical examinations were 

performed: a pre-employment examination to determine the physical con-. . 

dition of the prospective employee, and inter:val and termination ex.a.mi-

nations·to determi,ne whether any deleterious effects bad beED produced 

by the em.ployee 1s tn>e' at work. In order that a close checK on hazards 

could. be kept, a program of monitoring was instituted, including air 

contamination and radiation surveys, which were made at frequent intervals. 

General industrial hygiene was also a problem of major importance in 

the processes. About 15,000 patient visits per manth was average when ... 

the processes were in full production:. Occupational and non-occupatiooal 

medical care were divided in a ratio of 35% occupational 65% non-

occupational. In its relationship to the Safety Departments, the 



"' 

... itM 
~ ·.'•" .:. -.: ... . : 

( 

s!EB!lE I = 

wrrs; 7 25"17'9! 

Medical Department followed the Sa.f e Practice Recommendations of 
... 

the New York Safety Committee. Other Activities included: local 

public health work, and a catastrophe program to provide far the 

protecti'on and treatment of plant personnel in case of any major 

emergency. The organization of the Carbide and Carbon Chemicals 

Corporation .medical staff was under the supervision of Dr. _Adolph 

Kammer. The Ford, Bacon and Davis Company ope:i:-ated a separate 

medical department· until February 1945 at lfhi~h time Dr. Kammer 

assumed full responsibility~ The medical program. of the Fercieve 

Corporation was also .under the supervision of Dr. Kammer. The 

construction and operating costs for_ the various companies 1 medical 

programs, covering all medical work for ~th gas and thermal diffusion 

processes,totalle~ approximately i660,845.58 as of 30 June 1946. 

The electromagnetic process, like the gas and thermal 

diffusion processes, was located in.Oak Ridge, Tennessee.. The princi-

·pal hazards of this process were phosgf.!ne and dusts containing uranium, 

but numerous other hazards were also p~esent. The medical control . of 

the hazards in general was under the supervision of the imu·strial 
. 

hygiene service maintained by the Medic al Di vision of Tennessee Eastman 
' 

Corporation. Pre-employment physical examinations, interim examinations", 

and termination examinations were ma.de as a rcu tine procedure to protect 

both the employees r and company's interests. A .monitoring program was 

' established to .maintain a close check on: uranium:-containing dust in 

the plant air; phosgene, a poisonous by-product; and radiation of all 

types prodq.ced in the process. 'f"ne problem of general 
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industrial hygiene was ot definite importanoe, espeoially in 

keeping the employees on their joba. A general indication ot the 

amount ot service ottered i• the taot that when the process was 

i1'f'ull production an aTerage ot 351 000 .Patient 'Visits per 

month was recorded. AD. &'V'9rage ot 150 oases ot occupational 

injury or illness and an &Tttrage ot 400 oases ot non-occupational 

injury' or disease were seen every 24 hours. The rennessee 

Eastman Corporation DiTision also supervised the looal plant 

sanitation and publio health. The organisation ot the lfedical 
H· 

Division was under the direction ot Dr. JameaASterner while the 

District Medical Section liaison was carried out by ofticers from 

the District Industrial Miedioal Div:taion.. 1'he total cost ot thia 

medical program •• 1994,000 as ot l Jul;y 1946, not including the 

cost ot certain facilities in K'noX!ille. 

1'he pile process was. de'V'9loped tor the produotion ot plutonium 

trom uranium. The process consists in general ot the neutron bombard-

ment ot canned slugs ot ura.nitllll placed in the pile 1D a pre-arrang8d. 

manner. Ketal prooeaaing and a~ing 1D preparation tor coating and 

canning the uranium slugs is done at Hantord. Experimental work on 

all phases ot plutonium. prod'Uotio11 was oonducted at both Clinton Labora-

tories and the Metallurgical Laboratory. The hazards ot metal shaping· 

and processing were primarily du• to the poasibility ot breathing 

urani'l.111"".'oontaining duat while the hazards noted in the operation ot 

the pile were principally due to the enormoWl amount ot radiation 
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produce!;!. In the plutonium extraction and concentration processes 

the intense radioactivity of the activated urcriium slugs, the radio-

activity of the gases liberat'ed in dissolving the metal am the 

toxicity of plutonium-and the fission products •ere of primar7 interest 

as major hazards. The hazards of the experimntal work were· raigbly 

the same as those of the plant processes, with some additional hazards. . . 

Hazard control was in general divided irito t'IV'o problems: monitoring 

and protective procedures. .Monitoring of personnel necessitated the 

careful check of all employees, who were required. to wear two pocket 

ionization meters and a film. badge. Plant areas, atmsphere sur

rounding the plant, and the large quantities o'f water used in the 

process were also very carefully monitored. Maintenance . \'tOrk in any 

of the hazardous areas was always preceded by monitoring surveys and a 

job anal,ysis. lliscellaneous special surveys for radioactive contaminatipn 

were made peri~ically in the cafeterias, laundr7, office 1::u.ildings, etc. 

Protective procedures consisted of: use of floor and table covering. to 

guard against coo.ta.mi.nation of work benches, etc.; protective clothing, 

apparatus and equipment, which included coveralls, gloves, ba1(s, sb~es, 

etc.; and the rotation of employees from places of high radiation in
to 

tensities t;1f places of low radiation intensities at frequent intervals. 

Medical examinations, consisting of pre-employment physical enainations,. 

interval examinations and terminatioc examinations, were performed on 

all employees. In an evaluation ot hazard coatrol it can be stated 

that the foregoing methods provided complete e,rotection to the indivi

duals working on various phases. of the pile process. In the general 
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industrial hygiene work at the Hanford Engineer Works the major 

objective was the pn:>tection of the employees and the public from 

over-exposure to radiation. The Industrial Medical Section was 

responsible for all occupational and non-occupational medical care at 

Hanford. Statistics showing the extent of activities are presented in the 

body of this report. A Sp~cial Hazard Committee coordinated the . . 
activities of the industrial medical division with operations. 

A catastrophe program for area evacuation was devised and revised 
·. 

periodically to meet changing conditions. The industrial medical 

organization was under the supervision of Dr. W. D. Norwood. Space 

am .t'acilities for the p:ri ncipal hea~quarters of the Industrial l.i:ed-

ical Division were in Kadlec Hospital. Reccrds ~f the Ind~strial 

~edical Division were kept separate from all other hospital and clin

ical charts. The cost of ~t:e Industrial liedieal Division, exclusive 

of facilities, ·was $2,581,158.85 to JO June 1946. 

At Clinton Laboratories all occupational and non-occupational 

care was ccnducted in the medical dispensary on the Laboratory area. 

A definite relationship to the Safety Dep.artment of the Clinton Labora-. . 
tories was established through the Chief of the Medical Division who 

. 
was a member of the Central Safety Committee. A catastrophe program .. 
was organized in two phases, one to correlate with the·g~neral Oak 

Ridge Program and one for Clinton Laboratories area alone and, in 

addition, the medicai. division had other activities related to local 

plant publio health problems. The organization and faci1ities of the 

Clinton Laboratories medical division were under the super.vision of 

TS'Ii§lfPP?s 3 • 
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medical serVice at Clinton Laboratories was estimated at $3681 000 from 

the time of its inception until l July 191.,h. At the .Metallurgical 

Laboratory in Chicago all of the occupational and non-occupational 

medical care ~as handled by project physicians. As at Hantord and 

Clinton Laboratories there was a direct relationship to the Safety 

Department of Metallurgical Laboratory. A catastrophe program. was never 

organized., as the University of Chicago coo.sidered it unnecessary be-· 

cause of the maey safety features incorporated in the operations. A 

number of .phyeicians ·at the Yetallurgical Laboratory had .other activities, 

mainly along the lines of clinical research. The organization of the 

medical division, which employed some 90 persons at the peak of its 

activities, was under the supervision of Dr. R. s. Stone. At first 

the dispensary facilities of Billings Hospital were used but after 

July 1944 Drexel Hruse was used for this purpose. No breakdown of the 

cost of operating this service is available. 

Polonium.was produced at the Monsanto Chemcal Company's 

units 3 and 4, located at Dayton, Ohio. The process used at this 

installation is pr.i.ma.rily physio-che.mical in nature. The hazards of 

polonium. production are primarily those of radiation since practically 

all ot the materials handled are radioactive. The medical control of 

hazards was handled in general thraigh tbs Industrial Medical Division 

of the M.anhattan District Medical Section. The three rrutine types of 

medical examinations perfomed at Dayton were: pre-employment, i.Jl~erval 

and termination, all of which were in accordance with usual industrial 

-
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practice. Monitoring of the at8:>sphere in the working areas for rad~o

activity was performed daily. To facilitate job procedures and prevent . 
excessive radiation hazards to employees, detailed monitoring of routine 

operations was done at frequent intervals. Personnel were also care-

fully checked at frequent intervals by means of urine,, blood, and feces 

8J.1alysis,, as well as by the use of film badges, pencil chambers and wrist 

films. The generaJ. industrial hygiene problems were handled in the 

small dispe.naary by a registered nurse. .More than minor injuries and 

illnesses were referred to a physician in part-time employment of the. 

company. The organization was under the direction of Captain B• s. 

Wolf and consisted of 27 efllPloyees. The. cost of this medical program. 

from October 1943 to 30 June 1946 was approxi.ruately $2431 000. 

4. Clinical .Medicine and Dentist;rz. - The provision of medical 

and dental care and related services for both the Clinton and Hanford 

Engineer Works presented numerous difficult and unusual problems. 

Clinic8J. medicine and dentistry at Oak Ridge consisted of a .medical 

program attuned to the community needs. Service was planned at first 

fqr an estimated population of s-10,000; but, as the project grew 

it was necessary to adjust the planned service for estimated popu

lations of 15,,000 to .50,000 and finally !or estimated population of 

72,000. The policy concer~ fees, personnel and service necessarily - . ' 

had to be revised from time to time with the increasing demand. The 

type of medical service rendered was limited at first to· first-aid 

and emergency .medical· care but was tina.117 expanded into a full. 
, 

hospital and clinic service with the associated medical specialties. 
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A pre-payment plan for medical care under the name of the Oak 
-

Ridge Heal.th Association was instituted since it was felt that such 

a plan would insure better med.i~al care, reduce absenteeism., decrease 

bookkeeping and be an inducement in recruiting workmen. The plan oper

ated under a contract between the Association and the hospital. The . . . . ... 

objectives of the plan were to give hospitalization and aedical cover-

age in as broad a sense as was economically feasible. 1.aaiabership 
/ 

was limited to government employees and the personnel ot the oper

ating canpaniee, the charge for a family membership being $4.00 per 

month. The services covered were: hospital service, diagnostic 

service and physicians' services. There were certain services not 

covered, such as: alcoholism, self-inflicted injuries, special 

.nursing care, etc. which are not covered in the usual medical pre-

payment plans. The administration of the plan was first under the 

direction ot Mr. Henry Vaughn and later under Ur. J. H. Stallings. 

In an evaluation of the Oak Ridge Hospital Association it can be 

said t~at this plan of:!ers more benefits to the subscriber than any 

existing plan. The financial status is best shown by the fact that 

in approximately two years of operation reserves &Dl.lnt to about 

$80;000.00; but the probable future of the plan is unpredictable. 

An emergency disaster program was established by the riledi cal staff 

for use in case of a major disaster which might require medical 

participation. The organization of the clinical. medical program at 

Oak Ri.~e was first undertaken by the University of Rochester under 

authorization by the knhattan District. Later the orgaiization 
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was taken over by the Roane-Anderson Company. Statistics on oper

&tions show an increase from 8 doctors and 1,890 patients in July · 

1943 to 52 doctors and over 201000 .Patients in Jul.r 1945. Following 

V-J Day the total population of the area gradually decfeased. to 

appro:x::i.JllS.tely 42,000 in J1:11¥ 1946; during this period Army 11.edical 

Corps Ph,ysicians were gradually replaced by Sivilian ph;ysiciana 

according to the needs of the coamunity. A dental program was in

stituted in ccnjunction With the medical program and was continually 

adjusted to the community dental needs •. The policy was to use 

civilian dentists since procurement of dentists was less critical and 

dentists 11t>uld have no contact with classified material. The dental 

facilities were increased from acco.amoda.tions !'or two dentists 

at first to accommodations for 29 dentists in March 1945 and 25 

thereafter. The organization was .at first urder the direction of 

Dr. Don Clawson but was later placed under the direction bf Dr. William 

Squires. Tne s~atistics on operations show an increase from 28 patients 

in July 194.3, to 423:3 patients in Karch 1945 and .3609 in July 1945. 

On l February 1946 the dental clinic ceased to be operated by Roane-

Andersen Co.; thereafter dentist care was provided on a private 

practice basis. A public health program under the direction of Captain . 
Bernard filwn was organized. in January 1944, and a veterinary servic!i' 

was crganized under the direction of Captain LloJ'd Jameson in Augu<Jt 1943. 

On 18 December 1945 Captain Blum terminated his A.rmy Service and was 

succeeded b,y Mr. Leon S. Blankenship as p.iblic Health offii:er; Captain 
' . 

Uoyd Jameson was secceeded by Dr. James Kile as Area Veterinarian 

on 1 J~ary 1946. The net cost of all of these services to 1 July 
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1946 amounts to ,2,829,349. 

Clinical medicine and dentistry at Hanford Engineer Wor k3 

was divided into two phases, one existing during the caistruction 

period and the other during the operations period. The construction 
. 

phase medical prcgra.m. was instituted to meet the conmilnity needs of 

a temporary community of construction woI'kers/,tbe policy concerning 

personnel, •facilities and charges being directed by the contractor, 

E. I. du Pont de Ne.uw.i"s and Ccmpany, Inc. The type of med~al 
-

service rendered began as first-aid and emrgency medical work but 

rath:lr quickly developed into .tull hospital and clinic service; including 

an industr.ial medical relations section as a part of the Jledical 

Division. An interesting feature or the program was a plan adopted to 

·utilize all' available manpower by the use of ham.icapped workmeo. 

The organization of ·the 1'edical Division was under the supervision 

. of Dr. J. ll. Wetherhold wh.o in tum was responsible to the contractor. 

The operating statis1:-ics sho'\f a maximum in persamel am al.so in 

· patients seen "during t·he .rm:mths of .llaiJ" through September ~cl Jltfte 
. I 

am July of 1944. A dental progra.m. am a public health service were 

also .in operation during the construction phase. A 'breakdom of 

the cost of operations during the constm ct.ion phase s~ows a de.fic~t 

of ~l, 724,000. The operations p~ase medical program, in contradistinction 

to the construction phase, was instituted to meet the comwni.ty needs 

of· a permanent type ot comamity ot a higher t.1Pe of worker. The 

policy, aa in the case of the construction pha.se, 11'88 under the 
• 

direction of the contractor, E. I. du Pont de lleJ11>urs and Co. The 

type of Jr.edicaJ. service rendered was that ot a re(9J.lar hospital 

1 
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with attached clinics having all specialties avai.J,.able. The organi-

zation of the medical servit:e at Richland was under the ci.irection 

of Dr. W. D. Norwood, 'lllbo in turn was re~onsible to the .Assistant 

Plant Jlanager. operating statistics show an :increase in doctors 

in general relation to the t-otal population. A dm tal progrcm was 

established in close association with the med:ica.l program ao:l was 
. . 

available in August 1944. In Janua:r:y o! 1945, tbe public health 

• 
program entailed a transfer of the Public Health Section from Han-

ford. to Richland. An emrgency di easter program was established 

in conjunction with the industrial medical group for operation in 

case of a .ci.aj or disaster. A break dew n of the cost of operations 

during the operations phase shows a total net medical cost o! 

i2,58l,158 to July 1 1946. 

5. Biolo&;c a.ad Hea1th Physics Research. - The .research 

section cc..oe as a natural deve).opment of the rapid proe,-ress of 

physical research~ The. purpose of the research program was to in

vestigate the potential damaging effects of uraniwn and other radio

active cooipourxis used, as well as certain special. ~terials which had 

had no previous industrial use. Radiation research was first realized 

to bt necessary by the University of Chicago gz:oup because of their 

work on the pile process. X-ray an:l gamma radiation as well as neutrai 

radiation, beta radia.tioo, alpha radia4on and mixed radiations were 

studied thoroughly in both a.cute and chronic daies. Projects" cover-

ing instrument research were in general interested in the development 

of new instrumrnts in order to cope auccesstully with the radiation 

problems. Institutions chosen to work on the instrument problem. 
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as well as on radiation research were: the University of Chicago, 

Clinton Laboratories and the University of Rochester. Hazard re-

search on radioactive substances was a problem of major importance. 

In general this work was ccncex-ned with the possible damaging effects 

of radioactive substances w~.en inhaled, ingested or placed in contact 

with the skin; and the substances studied were: . radium, polonium, 

plutonium, fission products and uranium. Substances of potential 

chemical toxicity such as the tluoracarbOns, elemental fluorine, 

etc., were also studied to prevent possible hazards. Industrial 

research concerned itself in general with tba new me~ical aspects, 

such as: monitoring, protective ,measures and statistical studies. 

This type of' work was performed at the University of Chicago, Clint al 

Labaratories and t·he Universi. ty of Rochester. Rec<rds of research 
.. 

acti. vities in tle various laboratories and universities were: main-

tained through the medium of progress reports, copies of which are 

on file in the office of the Distr.i.ct .M.edical Section. The organization 

of the Biologic and Health Physics Research Division is divided 

into various subgroups responSible to the lfmhattan Distr.i. ct. The 

subgroups are the University of Chicago, Clinton Laboratories, the 

University of Rochester, the University of California, the Natioo.al 

Cancer Institute, Columbia University, the Biochenical Research F~nd

ation and the University of Washington.· Costs for these programs 

are not available since they were lumped with costs of other ty pee 

of research at the same institutions. 

6. Organization. - With tm transfer at all OSRD contract.a 

pertaining to the development of atanic power to the Manhattan 
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Di.strict it became essential that a well qualified physician 

be procured to act in a staff capacity to the District Engineer. 

?r· Stafford L. Warren was appointed in the capacity in March 

.1943. The original table of organization for officer personnel 

for the ILedi.cal Section of the Manhattan District, with subseqient 

semi-annt!-al revisions, is presented in this report. Qualifications 

of all officers lippointed to the iliedic al Section were caref.ully 

considered in every case. In order to cawnissioo certain civilian 

.medical personnel and to make available material. procurement 

facilities, assistance from. the aurgeon General's Office was neces-

sary and arrangements for such assista.ooe were completed in September 

1943. These have functioned .rema.rkab~y and appreciation £or this 

service is extended to that of £ice. 
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IWUIATTAN DISTRICT BISTOR!' 

BOOK I • GBDRAL 

VOLUD 't - MEDICAL PROGRAM 
' 

SECTIOI' l - Ilft.,DOOTIOI' . 
1-1. General. - The pr.lm.17 objecti w ot the M'anhattan District 

wa.e to develop. and operate prooeesea which would man possible tbll utili

ation ot the tremendou• 8D9J'U" a:nilable troa the splitting ot urani\Ull-

lfumerou• unusaal medioal probleu ftre enooanterecl as a result ot the · . . 
unique m.ture ot these operations. Theae dittiou.ltiea 'developed, primar.1.

ly, as a result of the taot that the ba.aio Jll!a.Wriala ftre radioaotiw 

and 11 tt'-e or no toxiol ty data. oonoerning thla were available. 

1-2. !!!:!. Objectives. - The objeotifts ot the Vanhattan District Jled

ioal Program. 118re to taoilita.te the progress ot the Project by aa.teguard

ing the health ot the em.plo19es, not only f'rom the hazards inherent. in 

the peouliar nature ot the Distr.lot•s operation•• but al~ :trom the uaual 

indu.str.lal medical hasa.rd•• aad to pn>vide the uaual clinical a:nd publlo 
. -

healtll serrloes required tor the oommunitie• eirtabliahed at the plant 

sites (See App. Al). 

1-3. S20J?!• 

a. Reaearoh. - ·Investigation wa.a required to determine what 

etteot absorbed uranium. a:nd plutonium. compound.a wmald ha.Te on the h1Dllll!LD 
b 

body; what etteot absorfed p~~ta ot urani:ma (f'isaion proda.ots traa the 
\.,_ 

pile prooeH) and radioactive p~ilota pn>cluoed in the a.otual explosion 
. , . 

ot the uranium. and plutonium b•bs would haw; and what hazard.a might be 

·encountered from absorption ot other mterlala d.,,.loped tor uee b7 the 

District. In addition. 

. . 
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ta.irly well known, 1 t was diaoovered that the knowledge oonoerning the 

maximum sate e:xpoeures 1;o 'ftrious radia.tims was not wll-tounded• and 

that considerable research would be required to establish sate levels with 

oei-tainty. A na.tunl. oorollaey to these investigations, . -.. research 

designed to eatablleh earl7 eil}1B ot toxio etteots trora these materials 

or trm. ra.dit.tiOD• and to dewlop speci.t.Lo measures which would be use-

tul tor treating owl"-exposures. 

b. Industrial H:zg'-ene• - Appropriate programs ot industrial 

h~iae had to be instituted in tbl plants and laboratories ..Orlcing with 

these unuaual me.terla.la. Plant •dioal statta had. t;o be prOvi_ded with 

the intorma.tion moeaaa.ey to the intelligent pertormance ot their duties, 

without oom:promisb:ig the security ot tbl projeot. Research -.a required 

to devise means ot estimat:iJig the degree or hazard and exposure to 11hich 

the anplOJ'898 wre subjected. 

o. Clinioal ~ PublS. Health Programs. - In aM.1tion, at 

Oak Ridge and Bm.to rd. the locations ael.eoted tor the major operation•. 

medioa.l and dental. taoilitiea wre e:l ther una'ftilable or alreaq owrloa.d

ed with patient•• In oomequenoe., it was neoessarr to pro'fide the tacil-

i ties and ~t required to render adequate •r-time madioal and dental 

ca.re, to tbltill essentit.l public health hnotiona ~ the miniB.1m> "V8t

erilla17 •nice needed in tbl area.. 

1-4. Authorisations. - Authority to construct and operate the Med

. ioal ta.oilities o_t the Manhattan District is pro'dded by the tollmrings 

a. General. -

(1). Public~~ .!Q!• - '16th Congreaa. Srd Beset.on, 

approwd 2 July 1940, 11hioh mlthorl1e1 the. Seoret&ey ot War to provide 

I 
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tor the m oeasary construction, rehabi 11 tation, conversion,,. installation 

and operatim ot plant. and buildiXJgB tor_ dewlopment, ma.nuf'aotu1'9,. and 

storage of military equipment and supplies, and tor shelter. 

(2). Public ~ .!2,,_.!!!,•,- ("First War -Pcrwers .lot") 71~ 

Cong1'9es,,. 1st Seaaion, approved 18 December 1941,,. which emponrecl the 

President with certain broad •rtime autbori1:les (See Boole I,,. Vol. 1). 

(3). Public Law l'o. 580. • '77th Congress, 2nd Session.,,. --------- . 
approved 6 Jme 1942 which p.n>vided amendments tO Publio Law Jlo. 703 

.abow (See Boole I,,. Vol. 1). 

( •) • Exeout1.,.. Order Jlo. 9001. - dated 1:1 Deoember 1941,,. --------
which delegated to the War Department authority to enter into contracts 

under the "Fl.rat War Powers A.ct" (See Book I,,. Vol. 1) 

b. Specitic. 

(1). Report ot 17 Ju:ne 1942 to the President ot the lJn.ited 

States by Dr. V. Bush, Director ot the Ottice ot Scient_it.lc Rase&reh and 

Development and Dr. J. B. Conant, Chairman ot 'the National De.ten• Dt

search Conmd:ttee. 'l'hl s report presents the reel ts of a atud7 ~ to 

detemine the ad:ri.aabilit;y ·of canying on what later beoae the Manhattan 

Diatriot Project,, the conaeqaanoea involwd, and the results attaiDed 

(See Book I,,. Vol. 1). 

(2). Delegation of J.uthority under Bxeoutiye Order !To. 9001. 

A memorandum dated 30 December 1941 from the Seoretary of lrar to the Under 

Secretary ot Wa.r, whereby the U'nder Seore~ry ie delegated the ponn pre

viously delegated to the W'a.r Deparbnent by BxeoatiTe o:rcter Jlo. 9001 (See 

J;k>ok I, Vol. 1). 

(3). Delegation. ot Authority by the trncler Secretary ot War to 
I 

( Major General L. ~ Groves. - A memore.n®.m. dated l'T April 1944,. e1gaed ..._ . 
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by the Under Secretary ot War, empowered Jlajor General L. R~ Groves to 

exercise contra.ctual powrs under Executive Order Bo. 9001, ettectiw · 

1 September 1942 (See Book I, Vol. 1). 

( 4) • Farther Delegation ot .Authority Under Exeouti ve Order 

Bo. 9001. In & Jllallorandum dated 10 June 1944, Jlajor General L. L Grows · 

delegated to the Diatriot B~ineer, Jlanh&ttan Distriot, authority to enter 

into contra.ate tor the iimha.ttan Distri.ot (See Book I, Vol. 1). 

(5). Kemorandum Dated 23 September 1942. - The General Policy 
. . 

Group deai~tea b7 the Presidct ot the United States to detemine gen-

eral policies ot the project, in a canterenoe on 2S Sept•ber 194~ appointed 

a Military Polloy CoDlld.ttee to consider and plan military poli,oy relating' 

to the projeot and named Major General (then Brig. Gen.) L. R. Groves to 

sit with the Comd.ttee as Eacatiw Otficer to carry out the policies t~t 

may be detemined (See Boole I, Vol. 1). 

1-5. Urgency;. - The problems taci~ the iledioal Section 1181'9 in-, . 
tensitied by the imnediate need tor their aoluticn. 1lheJ1 the medioa.l re

search programs were started, the materials to be studied were already in 

use at least on a labora.tory soale, a.m,in sam inatanoes, ,on a plant 

scale. Similarly, throughout the course ot Jlanhattan District operations, 

the Kedical research prcgrams went pressed 1'o keep up with operations • 

Likewise, the Industrial Medical Division at its inception/was oonf'ronted. 

with plants. and labo 19.torJ.es in operation on unfamiliar materials, and 

data conoeining their toxicity 1181'9 almost non-existent. Finall.7, in tlie 

sites at which it •• moesa&ry to pro'ri.de •di.cal and dental oaN, atatts 

had to be procured and services instituted OD wry .short notice. There 

n.s not t:lm to experiment or shit!; personnel. "lledioal aervioes had to 

• 
I 
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( . be inaugurated with the knowledge that the quality ot prof'eaeional oare 

w.• exoellent and that its availability w.a adequate. 

( 

1-6. Etteota ot Seour!tz• - The neoeaaity of' ma.intainil:lg the ae

ourit7 ot the Proje~t/ -.a a 181.jor factor a.tteoting the DistrJ.ot•a medioal 
, 

progl"Ul. Interchange ot iJLf'omation betwen related projeota •• 1"8• 

~rioted to ti. ainimma required tor intelligent conduct ot the iDdivid

ual operatiana. Thia taot alone we.a reaponsib le tor great ditticult7 1n 

pre'ft~ng dupllcatim ot ettort. Libwi.ae, in ti. di aselldmLti ao ot data 

troa medioal reaearoh to oontraotors, great care waa required to c1e-

termine that the intonu.ioioa reached onl.J' tho•• inclivid~ entitled to 
. .. 

reoel 'ft it. The phyaioiana procured tor medi.oal aerrloe at ~ Ridge 

were commiaa:loned in the Amy primari17 in the intereB'ba ot security, 

si110e · 1t waa pla.J:med orig:l.m.117 tor them to serTe the plants ae 11811 aa 

the reB'b ~ the oommni:f;J'. .A.nay medical ott.loera were selected ala o to 

iD8U1"'8 that capable :l.ncU:ri.d:aale were procared and kept on thl job •. 

1 ... 1. Special .&.rrangeiants !!.'!!.other .&.gencies .... Certain special 

arnmgementa had to be •de to insure the coopsra.tim ot other agem1.ea 

·and to m.intain aecuri:t,-. 

a. Looal Jledioal ~Dental Societies. - The local medical and 

dental 110oietiea at both JJantord and Oak Ride;• wwe oc:maulted and their 

a.pprow.l obt&l:ned on the t,pee ot medi.oal and dental serv.loe being ottered. . -
L 

In addition. tee ached.a lea wre drawn up ;a oonfor.mity with the prew.11-

ing rates ot the oommmittea. 

b. Proc1U'emnt ~ Aaalgnment Serrioe. - llmeroua :negotiaioiona 

1nu.. oomuoted wl th the Procu.nment am' .&.11igmnent Service for Phyaioians~ 
ii 

Dentists and Veterinarians. It was :moesaar:y that the national oft'ioe and 
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( certain looal ott1oes ot thia organisation be advised ot the importa.noe 

( 

and urgenoy ot the Jlanh&tta:n District operations in order that procure

ment ·or phyaiof.u.e ud d&tists trail ci'Vilian praotioe could be taoil1 .... 

ta.ted• and that retention ot men in essential oivlliu. act1Tit1ee ot the 

District could be insured. The Proourement am .A.ssigmnenb Service -.a 

t<nmd to be mos~ oooperati 'ft and helpi'al· in the probleni.a with 11idoh it 

-.a ocmcerned (See .A.pp. B7). 

o. State Boa.rct. ot Dental Examiners. - It 118.8 impossible to ------ . 
pro care a auf't10tent nUmber ot de:n:t;iats lioeneed iD Tenne saee end Wash

ington to tultill Uie need.a ot the oammm1tie•. In addition, lieu.sea 

to practice dmtiatry in both Tennessee and Washingt.on are granted only 

by em:lnation and there is no pro'Vision in the law tor tempora:r:y liaensure. 

Theretore, arnmgeaente were :made with the State Board.a of' Dental Jbandnera 

in theae states to pe:rm.it dentists to. won: on .:the project until .m.C:ii ti:me 

as they oould be •red to talm tbl eDmim.tion tor· lioemure. 
. . 

d. s-tate 'Board.a!!. Jledioa.1 Epmimra .... The arr&JJgement made 

with the s-tate Board.a of' Jledical E:m:m:l.nera iD Teme saee and Washington re-
. . 

quired that o1'f111&D phJ'ld.01.an.a obtain licenses by eDmina.ticm or reci-

procity with the least possible delay after reporti~ tor work. 

e. U'DiTeraities, Jledioal Schools, Biologic Institutes. -

R'egotiations were continually oar.ried on with these organi1at1om to aid 

iD procurement of' personnel am to ma.lee available apeoial aer'rioea and 

equipmmt. 
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SECTION 2 - HAZARDS OF OPERATIOlJ 

2-1. Bo~l Industrial Hazards. - Jledioal hazards identical with 

those in large oonstauotion prog 1"11lll8• w;l th those inoarred in chend.cal 

plants, and with thoee in'VOlved in the u~ ot high· TOltage electrical 

equipment, were present 1n the operatie>11s ot the limhattan District. 

Sinoe theee acti'Vi:ties were ex~edingl7 'Varied and 119re carried on in 

a large mmber ot ditterent plants, the degree am type ot hazard varied 

g~atl7 trom place to place, and troa tim to time. These '.risk!' did not 

' . 
cause an7 special concern. The contra.otors• medical statta 119re well qual-

itied and equipped to· deal with p"robl•s ot the toxicity .ot well known 

chemicals• and to handle industrial aoo idents. The Safety Seotion ot 

the Manhattan Diatriot aided :materially th9 contractors• satet7 groups in 

accident prevention, and in. establishing sate-handling pra.c'tioes (See 

Book 1 •. Vol. 11 - •Safety Program.•). 

~2. · Hazards ot Radioactivity. 

a. General• - The ahief' prob~ma oontronthg the Medical Section 

was. the proper e•luat19n ot the radioa.ct1'91. ty ot the basic materials aa 

industrial hazards. fhe importance ot proper evaluation ot these hazards 

was given impetus by the memory ot the dire consequences ot improper pre

cautions in the radium dial painting industry as e'Vi.denced by the oases ot 

radium poisoning which occurred after the last war. The memory ot this 
' 

tragedy was veey vivid in the minds ot people. and the thoughts ot paten-. , 

tial dailgers ot wol1d.ng in areas where radiation hazards existed were 

uitensU'ied l>eoause the deleterious etteots ot radiation could not be 

seen or telt and the results ot ow~,osure ~ght not beocmae apparent 

for long periods after such exposure. It was necessaey, therefore, to 
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obtain aocurate positive information for the use of contraotor•• medioal 

staffs on the toxio effects of radiation and radioa.otiw material•. to 

p:ro"l'ide •thoda tor estimating hazards. a.m. whenewr poasible. to reoom

mend p:rophylaotio measures against our-exposure. 

b. Dl.dioaotiTity. - First. let us ocmaider the radioa.otiw 

elements wh.ioh are enoountered· in the open.tiona ot the lfanhattan Dis-

·triot. These element..- emit alpha and beta pa.rtiolea and gamma rays 

. !leu.troile should also be oonsidered but thq are produced cml.;y undAJr apeoial 

oonditions. 

(1). Alpha partioles are electr1oall7 oharged nuolei 
" 

· ot heliua atoms. They are projeoted from certain ra.dioa.oti w 1ubatanoe1 
t . 

with. great energy bu/ travel only a relati'1'8ly short distance in air and 

a~ stopped by extremely thin layers ot solids. lfhen alpha partioles 

strike hUJqaD akin they are stopped in the outer' dead layer of oell •• and . . 
therefore are inoapable ot oausiDg da:mag_e. 

(2). !.!!!. partioles are electl"OD.8 whioh ~ p:rojeoted 

by certain :ra.dioa.otiw aubsta.noea with greater wlooit,. than alpha pan-
,. 

iolea,, and these particles are more penetn.ting t&an alpha partial••• 

The;y are.capable ot injuring human skin becallae they penetrate to the 

vital growing la19rs. Honver,, the skin baa -.:rked reouperatiw power· 

and a certain amount of beta radiation may be reoei nd daily, :year a.f'ter 

J9&r., with01t damage ooourr.ing. Since beta partioles a.re stopped in~ 

skin, they are inoa.pable of directly produc!:Dg sys1:;fndo efteota so long 

a1 the pa.rtioles ariH· from an ext.rm.I 80111'W (out.side the body). 

(3j. Gulla .!!l! may arise tna radium. and other radio

aoti ve substances and are eleotro-ma.gnetio lBWS which ha.Te great pen-
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·( etn.ti:Dg pcrnr. Gamma rays can pa.88 ccmpletely through a human body. 

( 

···(. 

They can be stopped by lead and other elemsnts of' high atomic number. 

Since gamma rays and x-ra.ys can pass completely through, the b<><\Y, over

exposures atf'eot primarily the most senaitiw tiaauea. Continued owr

e:x:poaure results in damage to the blood forming organs (prinoipa.117 the 

bone marrow) and the re~roduotiw oells (testes and oftriea). In the 

a&se of' gamma a:nd x-~;ya, as with beta particles, a oertahl amount ot expo

sure may be inourred day after day and 19ar after JM.I" without hamtul 

etf'eot. 

(.fr)• Beutron• are pa.rtiolea· wh1oh haw no eleotrio charge • . 
The7 arise tro:m. the nuclei of' atoms under proper conditions. The in-

strument most commonly used haretotore to produce neutrons is the cyclotron. 

'leutrons like g&m1111 rays oa.D penatrate the entire bod7, and the etteots 

ot oftr-expo.eure are identical With those ot g«m:1111. rays. However, 'the 

biologioa~ etteots resulting trca ionisation by tast mutroq.a are ap

pro%imately three time a as great· as those produced by the same maount of 

gamma rays. 

c. Badio&otiw 8ubs'fanoes. - Secondly,. work with radio-

active eubstanoes presents certain problems in additi'OD to the external 

' 
radiation whioh was d1aou11ed above. These radioa.otiw substances may 

be 1nadV9rtently introduced into the body by inhalation and ingesti~ 

and skin absorption and thus deposited in the body tissaps. Onoe de

posited., alpha,· beta, or gamma radiation may produce untoward. eftecta 

on the tissues. Alto, concentrations of some ot these ltlbstanoes Jlb.ioh 

~ 

t'rom. a chemical standpoint. The important toxic radioa.atlft el.ents a.res 
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( (1). Badima. - The told.o ~tt6ota ot ab•orbe~ radium w8re 

( 

,. 
- '< 

11911 known. Only a traotion (perhaps 10 per oent) ot the absorbed nater- • 

ial i• deposited,, but the bulk ot that traction enter• the bone. 1lhen an 

exoeesiTe. •ount i• ~o•ited,, the untortumte individual,, after a mmaber 

of ,.ar•,, :my oeaH to prodnoe blood. oells (alpastio ~a) and .Uooumb. 

In .,.. instance•,, neoroais (rotting of the bone) also ba_a occurred. In 

a tsw case• b~ oanoere and a oondition 1cnown ae leukeia (an over

prodaotion ot white blood oella),, also a fatal pr0ceae,, haw ocour,.ad • . 
Fortunately,, •1;1tt.l.cieut data haw been aoomaulated on radium: to es

tablish the man•• allowable dosage. which produces no aign:S.ticant bio

logi•l effect. 'In addition., relatiTely ~aay,, aooura.te method• are a~il

able tor detemjning the amount; ot :radium iD the body':, prov.I.ding a pod

ti'T9 control tor 110rkm.en expo,..i to the subiJtance. (One •tb.od measures the , . 
rad.on g&• formed i9rOlll ra.dia,, which is excreted in the breath; the other 

method depends upon the radioaotiv.l't;y in an individa.al'• body ae /a result 

ot 1be :r&cliaa deposited.) 

The tact that these data 119re &ftilable on radima wa.• exceedingly 

uNf'al to the Ied!oal Seotion,, f'or.. by oc:mparing. the relatiTe energie• of' 

other aubetanoe• with radium,, it was possible U> eeti•te "maximm 

alloable storage• which oould be permitted without danger to the in

diTidua.l. 

(2). Badon. - Thi• substance is a gas and is produced 

when a. radium atoa breaks up with the ejeotion of an a.lpha particle. 

Radon., lib. its parent element radiu; is radioaotiw and 'i• capable ot ..... 

itting alp~ parbiol••• ftMt d&ugb.ter produote ot radon emit beta partiot.a 

am. gamaa. ra.19, so that all three type• ot radiation are present,, e~noe 

•' ' 
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/ \ there are usua.117 daughter elema:t• in equili briua w1 th :radon. It th1• 

( 

' 

gas i• iDhaled in a auttloient oonoeub:ration and tor a suttioimtly long 

period,· the lung• may be damaged b7 the alpha radiation. 

(S). Polomue• '."" It i1 known that :radi1111. spontaneou1l7 

diaintegrates and new. aubcrtan.o.a are tomed which in turn deoa7 until the 

final 1table realdue of lead i• reaohld. Polonium 1• a deoa7 product ot 

. radium and i• one ot the aubatanoe• whioh emit alpha pa.rtiole• and ,et 

haw no ra.diC?&~ti'ff decay produ.ota. It ..ha• been aham that when polonium 

ii injected into rats, 1t 18 depoaited in the gnatest qwurtii;J' in the . 

kidm7e and in -.ller qwmtitie• in the spleen, llt:.;the. testes (rej;troduotive . . ~- . 

organ.a) and in the bones. ~t enough poloni\llll is injected, death will en

sue due to to::do damage ot these vital tiaaues. 

(4). Plutoni-. - !he "Pile Process" .t:ranstorma Uranium. 238 

in:to plutonium, -which has an atomic 119ight .ot 239 and an atomio number ot 

94. Thi• transtoxm.tion is accomplished b7 bc:nbarding tr-238 wi:th Jle\ttrons 

in a ma.zmer described later in ~hi• report (See Par. S-12, b). The 

potential. hazard involwd in the handllZJg ot plutonium i• probabl7 quite 

similar •to :radium.. This nbstanoe, 111ca :radim, shc:rn a predile~on tor 

deposition in the bony tisaies with the attendant etteote outlined under 

:ra.411111.. There are, hawewr, some 111.pOrta.nt ditterences. Plutonim i• 

approx1matel7 one-tenth as to:rlo as :radium when it is pen.uientty stOred 
• 

in the bone. The :rate ot elimination ot ·absorbed plutonium is less rapid . 
than that of' ra.stU'lll, and, therefore, a larger proporti9n ot abso~ 

plutoaim. tends 'to beOGM pemamntly stored than in 1:-h• oa• ot radium. 

( &) • ft••ion Produota. - In the !nduatr.lal promotion ot . 
plutonium and in 'the atomio diaintegra.tion ot plutonium or '0'236 many 

·~Ol\l?(fi1t ;•• 
nsnze r 
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radioactiw subatanoes are produoed. These subatanoe1 are t:nawn as 

f'i ••ion products and intenai ve research work on animal• ha• revealed 

( 

that these fission produote al'9 potentially toxic agen."ba because ot their 

radioaoti Tit,.. 

(6). Uranium.. - In addi'tion to it• radioaotiw properties • 
. . 

urani.um .ba:• been known tor Jll8J17 years to be· a aub~ oapable ot pro-

ducing damage to the kidneys, am· baa been used .trequ•s~ to prodrioe a 

'type ot experimental nephritis in animal• similar to "bJ:a"b produced. b7 

JDtroury. studie• On suoh unud.m. nephritis in dog• mLft pro'ftld inftluable. 

in the oontrol and treatment ot tht later ll't&gea ot humn nephri ti• in 

whiah large amounts ot protein are lost in the urine. Ind.ua"bri&lly. u.raDi.um , 

compound• haw been produced on a limited aoale as coloring matter tbr the 

oeramic• indu a"b17; and also haft been encountered as a by-product in the 

refining ot pitoh-blende ore to produce radium. C~eren.oea wi"bh phjBio:lana . . 

who had medieal supervision oftr persons lft>rk:l:og with uranium, ind1oa:ted 

that toxic etteota had not been obaened by them (See App. Bi). H01Nftr• 

the Manhattan District operations involving uranium 119re on a f'ar larger 

soale ~.any pre'fiously 0arrl.ed on, and water soluble o~a (whloh · 

. ~ght be absorbed mu.ah aore readily) 1!9?'8 used. Conaequ•ntl.7 .. it was oon

side1"'8d poHibl4' .tor worlcmen to develop 1rritatian. ot ~ lcidneya. it e:x.

oesaiw exposures to uranium. were eJtCountered •. and also~ although oonaider

abl7 more remote, to ROl'9 sutf'ioient; urani'Qlll. to haw toxio ef'feota boll the 

radioactivity ot the •terial. 

2-3. Chemical Hau.rd.a. - There were a nm.her ot oh..s.oal •ubsta:noe• 

used in the industrial operation.a ot the llanl:a.ttan ~atrin whioh wre mt 
J 

ot a radioaotive 111.ture. Some ot the• aubstanoea 1111re-wall m<nm 1n4t18trial-- ·; 

- \. 
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1'91"9 used on a muoh larger soale than •Ter betore. Some ot the aore 1m-

porta:nt substances will be oOJlllD9nted upon brietly. 

a. Gas••• 
(1) • Fl.uorim .!:!!!. Hzdrogen Fluoride.: Hydrogen tluoride 

or hydrotluorio aoid has beezi widely used iulustrially. Fluorine• on 

the other hand• w.a a laborator:r oariosity •. Both wre ueed by the llm

hatt&n District on a large soale in .the preparation ot ep.01&1 oompOUDcls 

ot uranit& and in the preparation ot a ••ri••. ot epeoial lubri.oant om.

pound•• known as tblt tluorooarbons. whioh. will be diaouaeed later (S.• 

Par 2-3• b (1)) • The b&u.rd troa .1'J.uorine is primarily_ that of a ·Ohcioa'l 

burn, whioh oa.n p:rod.uoe death wi'th auf'ftcieut exposure. The hasard trm. 
. 

hydrogen fluoride is the marked oorrosiTe etteot tblt aoid ms on bod.J' 

tissues. Thi• is pa.rtioalarly inaidioua because there is a latent period 
' 

betore there 1 • peroeptt.on ot pain. It 1• sba.ted that 50 parts ot hydro-

gen tluoride per million parts of air will be extremely dangerous it in

ha~ed tor an extended. period of time. 

( 2) • 'Pboagene. - Thia i• & 1'911 known poison gas whioh w.s 

used ~ring,World War I. and in the Kanhattan. DJ.strict imustrial opera-
• . ... 

~· .. 
tions ooours as a aide-product in the prepa. ration of special ,uranium 

... 
tetrachloride. Phosgene produces a ·deT&stating etteot on lung tissue 

I 

if' inhaled in tonc oonceutrations. It is estimated that if' a person 

should be placed in an atmosphere which contains one part of' phosgen.e in 
-~' . ~ 

10.000 parts ot air for two minutes, death would ~nsue. 

(3). · Ca.rbon-xono:dde. - This industrial h.&1ard o001U"8 to a 

.Teri limited extent in sane of the prooesees. HowTer, oontrol of' other 

tono elements by 'Ym.tilation aooompliahe• control of' this gas as ... 11. 
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Hence ae a special specific hazard no control measures are dire.oted. toward: 

it. 

b. Liqµid.•• 

(1). Fluorooarbons. - !hese compounds are oomposed ot. 

._tluorim and carbon and are priarily used ae lubrioa.rrta and ecol.ants by 

the lfa:phattan District. These compound.a (c7r16• c8r16• c21 F 44) .•re 
' ' . . 

tound to be moderately toxic to animal• upon inhalaticn, but acme ot the-

intennediate products tomed. in tbl pi:-oduction ot these compounds wre 

tound to be tone to ~ls in ccnoentrations 'ft.1'"1'1.ng trom. ?0-500 parts 

per millicm. parts ot·air. The animals exposed to tone concentration.a ot 

these intermediate products ot the tluorocarbons died apparently as a 

result of respirator:,v :ta.ilure. 

(2). Trichlorethzlem. - Thia substance ie primaril7 used. 

ae a grease e<.!lnD't in the Manhattan District. Tri-ohloreth7lene is olassi

fied !ls a narcotic po~aon and chronic iD'toxioation aupp0aedl7 produces a 

daml.ging ettect upon the central i:un:•vous sJStem. 

c. Sol14s. 

~~' (1). Metallic Berzlliun. - This •beta.nee has been used in 

industey and is capable of producing J11Lticed damage to lung tissue U" 'inhaled. 
.. . . 

as a dust. Enough information: about the causes and prevention ot· beryl-

lium poisoning wa.s available so that no research work was carried out with 

this substance. 

' ( 2) • lletallic Ca.dmiun. - This substance is used b7 the Van-
. .. . . 

ha.ttan District because of its'ef'f'ioienoy- as a neutron absorber.· A tfJ'fl 

fatalities as a result ot over.-expoaure to o&dmium,. in industrial operatiohs 

C other th6n Manhattan District, ban been reported. pre"l'iousl7. ·satet;y pro-

';. •, .... 
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( oedures wre set by the lfanhattan District so tha:f? the hasa.rd f'rcn cad

•ium ,.... only of a. very minor mture. 

( 

(3). lletallic Nickel. - This aubatanoe is known a.a a hazard 

in industry primarily beoause ot i~• potentiality a.s a, skin irritant. · · 

With this substance also, aatety procedures 1!9re so set, u:p by the Jlan

hattan Distriot that the hazard f'roa nickel -.s . OJ;l].y ot .. ~ry minor nature. 

2-4. Tolerance Levels tor Various Hasa.rdous Jla.terials. --------
a.. General. - The mater!als disOllsaed .a.bove wre used on a 

w.st industrial scale by tlSe lfanbat;tazl ~,.tr.lot and. many pe0ple 119re en

gaged in this work. It •s olrrl0usly iDIPera.tive, :there_~ore, to l•m about 
. 

the degree and nature of' the toxioi'ty of these substances so that a de-
. . 

f'inite industrial hasard polio7 could :t>e established whioh 110Uld insure a 
' 

max:IJ!Dun .factor of saf'ety to the people wo:dd.ng 1fi th these substances. De

tinite va.lues tor the Daximum allowable txposurea or 'tolerance to these 

materials had to be established to A.oilitate ettioient o.,..r-all opera.tion. 

(The termi 'nrdmum a.llc:rwable exPo811l"8 or oonoentra.tt.on• or "tolerance" 

will be used interohangeabl7 in this d1aousaion and the term. "tolerance" 

in this oa.se will not ref'er to the deftni~an proposed- in phamaoologioe.l.. 

texts.) The ra.dioa~tiv.l.ty of these potent1all7 to~o substances -.s 

therefore thoroughl7 inveetiga-ted, their ohmioal properties wre studied 

an:l the effects of these w.rious toxic agents were evaluated in oa.ref'u.117 

controlled a?Jf.ma.l experi.menta. It was as a result of' "this orienta.t1on 

program. that the degree of toxioi t:y ot these 11\lbstanoes f'or the va.rious 

animal aptoies was arriwd at. Tozioit:y in Mn _was estbDa-ted trca such 

data and from preTiousl7 established. toxt.oologioal information. and azlbi

tra.ey tolerance w.lues were intrvdnoed 1'hioh would of'ter a mXimum factor 

t 
.·~ 
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ot sa.tety to the employees ot the lf.anhatta.n Distriot engaged 1n industrial 

operation and researoh work. 

The following is a brie.t outline ot the arbi tra.ry tolera.noe 'Values 

whiol!. 119re established. These 'ftlues. especially those pertaining to the 

radioaotiw m.teriala tor which meagre be.okgroun.d data were a'V'ailable,. 

were aubjeot to constant cheolcs and reT.t.81.ona as aore intonation -.a 

gathered through research and aperienoe. 

b. Toleranoe Lewla !2!, Various !)P!e !!.!. Radiation. 
I 

(1). Total ,!25t Irra.cli&tion. - The probable sate lewl tor 

exposure to radiation tor a person a.ployed owr an. inde1"1l:d.te period -.e 

set at 0.1 roentgen lJDita ot gamna. or beta particle :radiation in any twenty. 

tour hour period. Thia 'ftlue -.s established by the u. s. Bureau ot Stu.d

arda in 1937 and was adopted by the 118.nhattan District (See App. Bl). 

_ ( (The roent'gen is used as a measure ot radia1£icn and if deft.Did .as a 

quantity ot z-ray or gamma radiation 8UOh that the associated corpuscular 

emisa5=on. tor one oubi~ oentim.eter (0.001293 grams) ot air. produces in 

• 

that air ions carrying one. eleotroat&tio unit ot e~o..trioity ot either sign.) 

(2). Alpha. Radiation. - !ht tolere.:noe w.lue tor alpha pa.rt-
, 

iole radiation tra:o. an alpha emitting substu.oe capable ot beirlg deposit-

ed in boq tia~e •• esta.bliahed as 0.025 roentgens (phyrical equi"f8.lent) 

per 'twenty-tour hour day. 

(:s) • .!!!!;! Bldiaticn. - The sate limit ot beta. radia:bion 

tor the body as .a whole has been set at 0.1 roentgen per twenty-tour hour 

day. and the ttgure set tor beta. radiation on the bands only~· been 

~atablished at o.s roentgen units per twenty-tour hour day. 

(4). Neutron Radiation. ;. The biological ettect!I resulting 

----1 •t•JJ••t•1 •s•1 , 
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M@ft1Sf , • 
from fast neutrons has been shown by experiments to be from two or ten 

tiiites as great as tha:t of the same amount of radiation produced by x-ray • . 
or 

For ionisation in body' tissue, a factor ot ~4 is probably ample as meas-

ured bi li>entgen equhalent physical• and o.Q25 ~ntgens (physica.l 

equivalent) per twnt;yi-tour hours might be taken as a tole.ranee dose. 

( 5) • X..raye ~ Gama ~· - The National Bare au ot 

Standards, acting upon the advice ot the Advisory Conmd.ttee on X..ray and 

Radium Protection, has eR.ablished the tolerance dose tor x or gamma rays 

ot 0.1 roentgens per twnty-tour hours. The. committee reooJ111181lded the 

tolerance dose ot 0.1 ri>entgen per day as provisional, and it is advisable 

to apply generous satety tactora to preTent. exposure ewn at this lewl. 

For this reason, it has been deemed advisable to build in proteotiw 

measures in fi:md insta.llationa so as to have the intensity such that the 

opera.ting personnel wol1dng on B hour day get no more than 0.1 roentgen 

in any twenty-tour hoar day, givii::g a sa.tety £actor ·of :S in this case. 

c. Tolerance Concentrations tor Badioaotiw Subat&noes in. Air •. - --
(1). Radon. - The toleranoe leTel ot radon in air ha.a 

. -10 
been eatabliahed as 10 curies per liter ot air. (ouri~ is a unit ot · 
radium emana.ticm trom, or ·the amount ot radon equivalent to, .one gram of 

radium.) This Talue was ba.aed on the New Todt State Code tor Badium Dial 

Painters established in 1939~ This limit represents one-tenth ot the ex

posure that w.s thought to have produced harmful etf'ecta on people 110J1cing 

in the mines of C1echoalovald.a (See App. Bl). 

(2). Polonium. - The maximum allowable oonoentration ot 

this ma.terial has not been definitely established but a provid.onal lewl 

ot 5 x 10-4 micrograms per cubic meter in air· ms been set. This tigure 

was arri Ted at after extenai Te ~l experimenta:tion. . . 
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(3) • Plutonium.. - A tolerance limit ot 3.5:z:l0 curies of 

Plutonium. per liter ot air was used. tor the Manhattan Di~riot. !b1a figun 
-

was baaed on extenaiw oomputation and oompariaon with radium &:.Dd other . . 
aubstanoea which em.it alpha pa.rtiolea. The ma:id.am. allo-.ble air oonoe.n

tration ha• not been olearl'y eata.blllhed 

(4). FlHion Produota. - It is ... ,,. clittioult to eatabli•h 

toleranoe ftlue• ~r theee subatanoea. but an arbitrarj ftllMI tor the 

mixed tiasion produota ha• been set· at CflJli to ten mioroour.lea per cubio 

meter of air. (one ~orocurie 1• equal to one millionth ot a ourie.) 

( 6) • Uranium. - The toleranoe w.lue tor uram:ma which was 
• , r. . 

accepted tor the Manhattan D11triot imustrial operations baa been set at 

lSO micrograus per cubic aeter of' air. TM.a ·1a also the tolerance ""1• 

arbitrarily established tor lead by the Un1ted States Publio Bea.1th Serv:l.oe. 

lfo oonolusiw data n.s aw.ilable on the toxioit,. ot uranium pr.I.or to the 

start ot the lfa:ahatta.n District. and. the abow mentioned. tolenmoe le'Vitl 
. 

n.•. on the ·best authorit,.. applied to uranium pendi:qg the procu18pient ot 

.tarther data through research and experienoe. 

d. Toleranoe Levels~ Bl.d1oaoti'V9 lraterial .!!,~ ft•R••• -
It i• obvio~a 1;hat people working wi'th theee radioa.O'ti:ve 

subatanoes wuld imdTertently ingest and tnh&le these subatanoea to ._. 

degree. It waa neoea•r,y. therefore. as an additional preoaut10Dal"J' 

measure, to monitor the perscm:ael to make oeJ\"ta.in that they had not &OOUllU-

; I 

lated more than the maxim.um allowable ooncentration ·of these subatanoe1 in 

• their bo~ tissues. Tolerance lewla tor absorbed quantitie•"ot' 'theee radio

aotiw materials were therefore deriftd from animal a:perimentation and ez

trapolation f'ran theee uluea to man and also trom preT1oualy ·~ported 

"'" l . 
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experimental work tound in the literature. The tolerance levels eet&blish-

ed tor these substances ares 
, 

(1). Radium. - A tolerance limit ot 0.1 microgram. of 

radium stored in the bod:r ae establiabed 't>1' the u. s. Public Health 

_Servloe in 1941 was adopted b:r the llanhattan ~strict (See App. B 1). 

(2). Polonium. - A tolerance limit ot .15 microgruui 

ot polonium. stored in tbB body -.e eeta.bliahed ae a result of an5mal ex

perhu:r;rt&tion and a cc:iaparlean ot the radica.ctive e:mrg:r of this compound 

(3). Plutonium. - The tolerance value tor plutonium (l.O 

micrograms stored) was derived in a mam:ier similar to that ot polonium. 

It is est&blielMtd that plutonium. is about 1/10 as toxic as radium 1die.D. de

posited in the bod;y. 

(4). Fiaeian Produ.cts. - Tolerance le'V9la tor fission 

products deposited in tiallle h.8."11'9 not been eeta.bUllbed experimentally. 

but it is posaibl~ to calculate the maxl.m.um. all011'1Lble concentration b7 

converting available data. c :r:-rays. gamma. rays. am alpha radiation trom. 

radium. into comparable enel'Q' limits taldng into consideration the diB

tribo.tion ot the indi'Vidual ftsaion products at"'t:er absorption. 

e. Tolerance Le'V9ls ot Radioactive Subste.noee in Urine. --------- - --
Since it is obTiouel7 impossible to a:r:al:rse human tissues tor the amount 

ot radioaoti ve· substance• pre MJJ.t. indirect methods had to be •plo:yed to 

estim.te the probable •cunts ot th••• substa.mea '11b.ioh wn preeent in 

bod;y tissue. I't i• kDOllll that radioaoti ve materials are excreted in the 

urine. A tolel-anoe w.lue tor urinary exo~i~ baa been eata.bliahe4 onl:r 
' : . ~ 

in the oaae ot polonium. The urimrt exoretlon toleral'lCe w.lue tor the 

o'bher radioactive materials are still under imreatigation. and no detinite .. ~~ . 

~ ' 
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( figures have been established. The tolerance value tor urinal'.Y.' excretion 

ot polonium has be~n set at 6,000 disintegration• per minute in the total 

urine excreted per da.7. (The use ot disintegrations per unit ot ti.lie is a 

method tor determining wry .... 11 ui.oun~a ot radioactive subatanoea. Eaoh · 

( 

disintegration i1 due to the radioao'tiw disruption ot an a'tom and the 

number ot di11ntegration• per um't ot t.ime i• a rel&'tive measure ot the 

amount ot total radio&otiw -.wrial present.)' 

t • foleranoe Lewl• .!!, !!!: !!!!!. Chndoal llasarda. - !'here a.re 

a mmber ot eabatanoea which a.re iaportant aa indua'tria.1 hazards in 'the 

operation ot _the )(anbatta:a. Dia'triot,, but their potential danger is in the 

tora ot ohemioal toxloity. rhe tolerance values tor 'these subatanoea 111.11· 

be mentioned brietl7. 

(1). Gases: 

~e 
MAxiJIUDl .Allowable Conoentmtion 
1 part per million parts of! air; 
as established b7 application ot 
data gained on exposure of auima.11 
to controlled a.tmo.Pherea ot 'bbl s 
gas. 

(b). Hydrogen nuoride . 
I parta·~perimilllon parts ot air,, 
the le'V91 ~·-t · b:y the A:mer1o&n 
Standards .A.HoOiation and· adopted 
b7 'the Vanhattan District. .. 

1. part per million parts of air,, 
the leTel aet by the Cheliioal. 
Warfare Serrioe aa a sa.te concen
tration tor troops. 

(2). Lir.ida: 
(a\: nuorocarbonaz The 'tolerance leftls. tor these sub-

stances (o7r16,, C8F16,, c21F44) were established a.f'ter a aerie• ot animal 

ei:perlments. The tera tore llhO't i• ueed 'to deaigilaw the traotion ·o~ a 

substance on whioh traotic:mal distillation pe.aaea through the col~ tJ.rat 

(low boiling point) pd.or to 'the collection of ti. deairwd material. Crude 

ret~!tr• to the material a.f'ter chemical pnpe.ration but betorw diatill&'tion 

WM!'P· ... 
• [1111 & p_., .. . • 7 11@,::, .. ·~·- \ 
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has taken place. Some ot the a.=.ailable tolerance va.lue• · etrtablished are 

11 sted be low: 

CaF1r1 2SO pa.rt• per million parts ot air 

o8r18-2 Foreahot 10 pa.rta per million pa.rte ot air 

C8Fl6-~ 300 If If It " It If 

oa'ie- Crude so " • • • tt • 

C7Fl6 Fore shot 100 .. " tt • • tt 

(b) • Triohlo:rethylem. - '.fhe mud.,. allow.bl• oonoentn:tion 

tor thi• su~stanoe bl.a been established. b;y the State ot Jlasaaohuaetta a.a 

200 parts per million parts ot air. am this t'lgure ha• been ad.opted by 

the Jlanhattan Di st riot. 

( o) • · Chlorotona !:!!.! Carbon Tetrachloride• - The maximUJll 
hcNll 

allowable oonoentration• ot these eubstances .-.eAbeen set at :SOO parts 

per million part• ot air. Thia tigui:e has been adopted by the Manhattan 

Distrio:t. 

(3). 118t&l•. 

(a). Ben;llium. - J'o toleranoe value has been set tor_ thi.• 

sabstanoe, but the existing intornation on the ca.uses and prevention ot 

poisoning in the ma.n.uta.oture ot beryllitm is quite adequate ~a prao

tical standpoint. Beryllium is controlled by the prevention ot inh&la-

tion expo&Ure to f'umes during processing. Should exposure ocour With the 

appearance ot &JJ. initial shortness ot bre&th., remo,,.,l ot the indi'Vi.dual ·tor 

a period ot several months will etteot oomplete oure. · 

(b) • Cadmium. - The tolenmoe level tor this material 

"has been sat as l mgm. ot oadmitm! per.ten C!Ubio meters ot air. 'l'hi• is the 

••• •1 ... 
\""~"'; ::.;- ,• it L • • ~ r "' • 
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concentration on oadmium aa aet by: the American Standards Aseooiation and 

adopted by the District. 

2-6. Methods ,!:!! Instruments !!!£ Estimating Basards~ -

... ' General. - it wa.s obviously i:mperatiw to haw •thod• 

·and proper 1n8trmnente to eftluate the degree ot luua.rd involwd in work

ing wi. th these potentially to:dc materials.- Ae ~ .. result ot intenai w 

reeearoh, such 1118thoda end instruments were dewloped and oonatruoted. 

b. :Radioa.otivity. - First, the method• and innl"'88~• 

dewloped tor the eva.lm:ticm ot radi~o:f;inty such ae alp~. beta.., gamma.. 

or :z-ray, and neutron radiation will be considered. Three general types . . . 

~t instruments. a.re used in survey and monitoring wodc with radioactive 

emanations. These are: 

(1). Comiter Inatrumenta. These instruments count indi

vidual P4-rtioles emitted by a. radioaotiw element (See J.pp. C 1). 

(2). lleotrostatio Indicators. - Thie t1P8 of t.nat~t 

does not. respond to the individual radioact~w p&rticlee but awn.gee or 

integrates the ef'tecta ot the total number ot particles by the charge pro

duoed by ionising ~ ftnd volume ot a.ir'(See App. c :2). 

(S) •. Vacuum. Tube Eleotrometer. - This tJ119 ot imtl'Wl9nt ---- . 

ie similar to tbs Electrostatic Indioa.tora but 1:he current produced by 

ionization in a .fixed volume ot air 1• amplifted and indicated on a meter. 

(See App. C 3). 

c. Monitoring Kethoda. - Fin special monitori.Dg method• llbich · 

meaaunt the degree ot radiation reoeiwd by 9e.ah indind-.1 mould be 

•ntioned. The first three methods are mecbanlcal de'Vi.cee whiob. neasu:re 
• '!1 :. 

the total Clegree ot radiation to which a. person la exposed. These ~J:ei 
• 

(1) • ~Badges. - For detena1n1ng the a.aunt ot rad!a-

2 
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( tion reoeived by a person in a. given period ot tira.e* a epeoial badge 

oont&ining z.:.ray film i• worn. Tl}.eae tilma are developed, and by measure

ment ot calibration cna"9• the total radiation received over a given period 

ia deter:miDed ·(See App. c 4:). 

( 

(2). Penoil Chambers. - These iDatrume:ata are t118.ll 

pooket meters 1n the fora ot a. penai 1 or pitn and are wom in. a pooket and 

measure the degree ot radiation reoei ved by a person owr a gi TC period 

ot ti.me (See App. C 6). Prior to use, the quart& .fibre emloaecl in the 

obamber 1• giTen a. oalib:rated eleotrio&l obarge whio~ it retaiD.8 in-
. . 

det:l.n1tely. However, cm exposure to gamma am x-ray• the ionisation. so 

.• 

induoted causes a discharge ot 'this olarge on the tJ.bre direotly propor

tional to the amount ot radiation reoei ved, and oa.n be measured in a 'ftriety 

ot teohnioal manners • 

( 3). • Finger Ring•• - 1'o dete.mi.ne the amount ot radia

tion reoeiwd by the hand• ~t the emplo19e• 1n epeoitio operations lnvolT

ing poseible exposuJ'9 to beta rays, .finger rings with x-ray t.lla insert• 

are used. These film• are developed an~ c'-librated ;to indioate radi&tic:m.' 

re~iwd. in a given period ot. tiM (See A.pp. Q 6). 

The other two methods utilise early changes in tm human 

body wh8l1 there ha• been e:zposure to radioacti .... -.teriala. These ares 

(4). Fingetprinta. - Through resea.roh aoti"f'ity, it was 
. . 

determined th.at one ot the earliest indication• ot damage to tha hands ot 

persons handling radioactive materiaia was a noticeable ohange 1D the ~ 

_tillpr-print ridges. ~n order to take ad-va.ntage ot thi• earl7 dgn · ot radia
tion &u.:ge, a progrua ot se011r{ng perl.odio ~ ~reeeion• ~t}~~d · 

employees' tingere waa established (See A.pp •. c T) • . 
,.. m:•tf•\jj~ 
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(5). Blood Counts. - It h.&11 been definitely established 

that blood-t~rming ·organs (bone marrow) are HD.sitive to radiation .. and 

their 1'm.otion i• easily deranged by oftr-expoaure to radioactive mater-

ial. Thi·• is retlected when the blood cell• in the periphen.l blood are 

• 
col.m.ted.a.nd e::mm5ned. Frequent periodic blood counts were therefore taken 

t . 
on all emplo,ee• engaged in work with radioaoti ve •terials. · Thi• pro-

cedure served a• a Taluable early. aeans ot •ming wlwn any person might 

be getting more than the ma:z:hmm allowable exposure to radJ.oaotiw 
' . 

materials. 

d. 'Bl.dioaabiw ~ Jlonitor!.ng. - It was essential .. alao 41 to 

establish 'monitoring •thods tor radioa.ctift d:ust measurements on uraniuni. .. 

plutonium .. an~ polonium.. The amount ot radioa.cti'N du.tin tlw air ia 

dete!mined by a Mine S&1'ety Appliance Company Standard Bleo'b:rostatio 

#~pitator or a de'rioe ot aimlar de_sign. A Tolua.e ot air is dra~ 
'through the preoipi tator and the dust. ia eleotr:l.oally preoipitated on a 

metal toil. The aotirity ot the preoipita.te is then detennined by a l>e!'l

achen eleotl"ODl8ter or other radia'bion measuring de'rioe (App. e 8). 

. '• 

e. U'rim !!!!_Breath Saq?lea. - A• 1lll!L• po_!nted out pre'rioa.aly41 

the people engaged in .,rl:t with th9 radioactive materials will inad'Nrtent-

ly ingest and inhale these substa.Dc~s in spite ot all careful precautions. 

It -.1 therefore essential to keep oaz:etul surwilla.noe at periodic inter

. 'ft.ls of' the people engaged in this work. Thia was acoompl111b9d in the 

following Dl&Dl'lers .• . 
(1). trr:l.ne. - It is w 11 known that 'the radioaoti w mter-. . 

ial• sudi as uram:ma, plutonium. .. am polonium.. are excreted in the urine,, 

and by measuring the . ,and by special oaloulai-

1, 
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tions. a rough approximation ot the amount ot rad:loaotin material a~ 

sorbed and s~red in the bod\r tissqes oan be derived. It shoUld also 

be pointed out that earl;r ohcioal toxioi t;r ot uranium ~ be detected 

by periodi~ examination• of the urine. .&.• •_• 8hcnm previously• uranium. .. 
and its oompound.s are a 'potential 11ephrot0xic (kidney da-.ging) agent. 

a:nd the damage do11e to the kidne;rs will be ref'leoted in. the urine exonted. 

Likewise f'luorine is excreted in enessiw amounts after exposure to the gas or 

to tluorine oampounds. The period.lo ur1.1Ut exa:minatio:b.s of all persons 

expo Md to uranium. aDl it• compounds a• wll as tluori.De and its ocapounds 

•s therefore incorporated as part of the Vanbattem Distrioi; sa.f'ety pro-

(2) • Breath Samples. - '!'he exhaled air ot workmen en

gaged in work with radium. will contain a portion ot this radioaoiiive 

material as the gas, rad.on. Samples of this exhaled air an oolleoted in 

evacuated oontaimra. By measuring the rad.ioaotivit;r ot these air ,samples 

th8 approxl.nate aount of radium deposited in the body may be caloulated. 

2-6. Instrumen:ts ~ lllthods !2E_ Chemical Jiau.rd lfon1 tor:l:ng. -

Lastly, the •thods ad 1Utrumen:ts ueed tor estimating tb9 h&u.rda due to 
' .. 

' ' 

substances which· are dangerou• beoa.u~ ot their poteni;ial ebemioa.l . 
toxioitf •hould be meni;icmed. 

a. Fluorine Deteotion. - To ascertain the presence of f'luo-

rin.e and h)'drogen fluoride in air whiah is breathed• a "Fluoride Detector~ 

is used (App. C 9). This instrumait consists o-t a •ouu• plimp equipped 

with d19-impregm.ted tilter paper. J.s air is pulled through the 1'1.lter. a 

qwmtit,.tive ind.ioation ot tluorilW content is given b;r change in oolor 

ot the filter paper. 

b. • Pho•gene Detection. - The human sense ot ... 11 1s the beft 

' 

·\ 
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iii llf'lrrs a 
method tor phosgene detection but the K-9, the Stamard Chemical Warta.re . 
Kit tor Detection of To:rlo Cases, is employed in all operation• 'Where 

there is a possibility ot hazardous phosgene concentrations (App. C 10). 
. . 

TJ>.e principle ot the kit ~··Similar to that 1119thod tor f'luori.ne detection 

described above. In place ot tilter paper used above, a colloidal gel 

• 1• •ployed which changes oolor if' phoagene is present in the ai:r. 

c. Sol vent Detection. - The Halide Lamp i• used ·tor the 

detection of'. hazardous concentrations ot such agents as triohlorethylene . 
and suoh materials as f'luorin•, chlorim, and bromine (App. C 11). 

2-7. Conclusion. - It ~· throagh a thorough and complete under-

- atandi:ig ot the hazards ot operations with the materials discas~d, the 

possession .ot proper instruments, and estimation ot the degree ot hazard 

that .the Manhattan District -.s able to provide a maximum. ta.otor ot 

satety to its emplo19es. 
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3-1. General. - The Division of Inciustric.l J4edicine of the 

:Medical Section was formed to ci.d :r.:anhattan District contractors in 

establishing programs of industrial hygiene appropriate for the 

peculiar hazards encountered. This Division, acting in a staff 

capacity through the Area Engineers, recommended schedules of phys-

ica.l and laboratory .examinations of employees, recommended ~easures 

to determine the amount of toxic substances and radiation present in 

plant operations, and r~viewed the results of these procedures to as

certain r.hether or not chane;es in the process or i10rk routine would 

be re.;.uired to protect the \"1or;.Jner.. In a.d·.:iticn, the Division was re-

spcnsible for transadtting us.eful inJornie.ticn frc;:t tha .:.:;.eciic:...::.. re-

searer. r.ro,e:-ans to the aGntract.ors, and ·ro? m<>king t:te needs of the 

industrial concerns knm.-n to the research groups. 

3-2. Scope of Activities. - The medical programs reco~.mended 

were varied in scope depending upon the type of hazard present. Ex-
. . .. 

tent of supervision varied from·occasiona.I cursory inspection, to 

full-tir..e assignment of a meciical officer to the operatior:. In gen--
eral, close supel-vision was extendeu to those projects in which the 

Goverll!'.lent was financic.11;;· responsible for all costs of the operation. 

Those contro.ctors '1di.o were perfcuoing their usual work received regu-

larl.:,· only casual supervision, but the cor.~plete facilities of the 

Division were ~vailable on re~uest. 

3-3. Industrial Hygiene Laboratory. -·A laboratory, equiJ!P9d 

to perform the sp~cial and unusual analyses necessary to control th'e 
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occupational hazards of District operations, wu.s instituted at the 

University of Rochester a.nd supervised by the Division of Industrial 

Jledicine (See .Par. 5-8 d). Included in its activities were dust 

counts tor ;radioactive material, air ~alyses for rad.on, film .rooni-

• taring (use of x-ray film to measure radiation), analyses of urine 

for uranium and fluorine, and radiation·measurements by instruments. 

3-4. · Relationship to Other Health-Ph.vsics Groups. - The Divi

sion of Industrial Medicine was responsible for medical supervision 

. of. all District contractors operating on cost-pl_us-fixed-fee con

tracts. However, all of the 'concerns listed below were under the 

i;,;.nediate supervision of Dr. Robert S. Stone an<i 1-.is associates in 

the health program of the ketallurgical Laboratory. The Chief of 

' the Uedical Section personally determined that the activities of 

(-] this group were appropriate •. The concerns listed are: 

(~ 

a. ~etallurgical Laboratory, University ol Chicago 

b.. Clinton Laboratories (U.riiversity. of Chicago) 

c. Hanford Engineer 'Horks (<hi Pont) 

d. other subcontractors o~ the University of Chicago and 

of du Pont doing wor~ related to Hanford F.ngineer Works. 

3-5. New York Safety Co.mmH.tee: - A. committee was formed by 

engineers of the Kellex Corporation, assisted by a medical officer 

froffi the Industrial Division, to ~rite a series o! bulletins con-

taining appr<?Ved sate-handling methods and first-aid procedures for 
' . 

work with fluorine,; uranium hexafiuoride, hydrofluoric acid, tri.-

chlorethylen~, ond other agents used in cleaning ,procedures (See 

App. B 3). These u.anuals were written originally for the use of 

• 
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em.ploy'ees of Kellex and its . s ubcontrL.ctors, but in time became 

stc.ndard ·reference ;;orks for District operations using these sub-

stances. 

3-6; Organization. - The functions of this Division were 

originally carried on by Lt. Col. H. L. Friedell. The responsi

bi_lities were delegated to Major Jolm L. Ferry during .Liay 1943. 

~jor Ferry was assisted by Lt. R. A. Tybout, who supervised the 

industrial hygiene laboratory; by Captain Joe N. Howland, who super-

vised the contracts of the Madison Square and New . York Areas, from 

1 July 1944 to 15 ~ch 1945, and was replaced 15 March 1945 by 

Cc.ptain Burtis J. Mears; by Captain Fred Bry.an who becanE .Assistant 

Division Head 15 Uarch 1945; by Captain B. S~ ,folf, liaison officer 

and.' roentgenologist for. the electromagne·tic process (1 August 1944 

to 1 April 1945), who later wc.s operations medical consultant to the 

polonium production plant; by Captain B • .M. Brundage, liaison of-
1 

ficer for the gas and thermal diffusion processes; and by Captain 

L. Jaffe and Lt. E. D. Frank, liaison officer and roentgenologist 

respectively at the electromagnetic proc~ss plant, following reas

sigruuent of Captain Nolf (App .• C 12) •. During the first six months 

of 1946, there were c::ia.ny changes in personnel of the Industrial 

Uedical S~ction. ~his resulted fro~ both army discharges and Operation 

Crossroads. By June JO, 1946, Capt. B. S. Wolf was in charge of 

. Industrhl Medicine for the D&.y'ton and Ne,·; Yor~ Areas and Capt. 

William R. Clarkson., reassigned from the Oak Ridge Hospital Staff, to 

supervise industrial Medicine in Oak Ridge. 

3-7. Uranium Processing and Special Chemicals. 

' . J 
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a. General. - As physical research on the various methods 

of separation of uranium 235 progressed, it became necessary.to e.x.pand 

.the proe;ram of procurement of ore and processiug materials at an 

exceedingly rapid rate. No longer cculd the small·, limited supply· 
, . 

organizations engaged in .manui'acture of the various salts and oxides 

produce adequate amounts of .cia.terial to meet even the most limited 

scientific needs. Hence the establishment of a p~ocure.ment facility 

was imperative, to coordinate and anticipate the needs of the experi

mental hboratories; to exta:id various types #or pr~essing research; 

a.rd to construct improved processing and pilot plants of various :tl'Pes , 

for specii'ic phases. of the w::>rk, in addition~ supplying standard 

materials for use of the District. The U.adison Square Area was estab-

lished to serve such a purpose. Its operations a+e described in 

BOok VII - Feed Materials. 

Medical work carried out in this phase of the pl'Ogram con

cerned itself only with the hazards which .ad.eJit be incurred beea11se 

of exposure to uranium and its various compounds, from crude ore to 

the finished product, plus the new special materials such as -fluorine 

and the fluorocarbons which were to be used in various steps of the 

processes. Y~dical progr~ were initiated in all areas, the scope 

and extent of such programs depending on the type of haz.~d present. 

In many plants where the 9perations involved constituted those with 

which the .management was familiar from long 9.xperience, only cursory 

supervision was extenie9-· The Medical Section did not interfere with 

the normal industrial hygiene progrSJ11s .of such installations but 

served in an advisory ·capacit~· only. Because of the need.~or security 

• 
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in <::.11 01x:ratic.ns the l~edice.l fu"lc. Sc..fet~ .Jei.:c.rtc.ents of the vG.rious 

plants could not be sufficiently well inforI'.:eu .n the special hazards 

due to these cocpoW1ds~ Hence ccnstant liaison between Medical and 

·Safety Sections was encouraged. Their coordinated efforts resulted 

in efficient protection of the wo~~ers with the le~st possible inter-

ference with the plant production. 

b. Uranium Process~r* and its Hazarjs. 

(1) The Crude Ore. 

(a) Process. - Uranium exists ir: its ndural 

stc.te irl the cherr:ical form of the black oxide (U30g), co.F..bined with 

a variety of other substances such as silicon and the like. The ~on-

centration of this oxide varies fro::.·fifty to eighty per cent in the 

very rich ores (for example, African pitctbleru:ie) to only trace amounts 

found in eQ.l"ths almost W1iversally. However, the ores U:sed by the 

District in processing were· of the highest ura.nilim. content available 

and ranged from about two per cent to approximately eighty per cent 

in cootent. When uranium eD:sts in its natural state it is always 

accompanied by its daugjlter in the r8dioactive series, radium. There

fore; in addition to the hazard present fro.;:. the uranium, handling of · 

ore subjects the worker to ra.d.iu.c-. as well.· 

(b) Cootrac~ors. - Uranium ore was handled in 

ti1e follovdng installations in tr.e United States: (i~ct included was 

the El Dorado site in Canada) 

(1) U. S. Vanadiu.r., Vanadiu.c Corporation - , 

of America, Uravan, Durango, Naturita and Granc:. JW1ction, Colorado. 

' 
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Jersey. 

Pennsylvania. 

•• 
b 

(Par. 3-7f (l)(b)) 

m~i'91W.!T 0 

(g) :Middlesex iiareh0use, 1.tl.ddlesex, !Jew 

(J) Vitro Jianufacturing Co., Canonsburg, 

(~.) Linde Ceramics Plant, Tonawanda, New York. 

(c) Hazards. - The ha.Zard.s related :to uranium 

and its daughter, radium ,are of two general. types; those caused by 

radiation of various types fran these metals, and tho~e related to 

direct toxic or poisqnoua action of a chemical nature on certain organs 

or tissues of the body. Fo·r a more detailed survey of these hazards 
' . 

reference· should be made to Section 2 dealin8 with physiolo&ical. effects. 

(2) Preparatfon of· filack Oxide." (U30g) 

(a) Process. - After solution of ore in sulfuric 

acid and differential precipitation of the radium., lead, vanadium and 

other impd'ritiea, the uranium is ·precipitated as the sodium salt, 

reconverted to the ammonium salt in .an acid solution and finally cal

cined (or bUrned) to pure black oxide U30g in a hot furnace which 

drives off the previously combined ammonia. This process ~s essenti-. . 

ally similar in all of the three contracting companies using it,_with 

the exception that the source material IiJB.y be ore, uranium carbonate 

and w.:..ste liquors or slud.ges ccn~a:ining amounts of uranium feasible 

for recovery pur~oses. 

(b) Contractors. - This process was carri.ed 

out at ·the Linde Air Products Company and the Vitro Manufacturing Co.; 

Canonsburg, Pennsylvania, b:; ,almost identical methods. E. l;. du Pont 

de Nemours and Company, carried out a 

... --·--·--------
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similar recovery process on slutiges and low grade materials. in their 

"recovery" plant. Black Oxide refining contractors mentioned in 
I 

Book VII are Vitro Manufacturing Co., and Linde Air Products C.o. 

' Uallinckrodt Chemical Co. processed B~wn Oxid.e U02. 

(c) Hazards. - Hazards in this process are 

related to the possible absorption and the breathing of radium and 

rs.don of the soluble sodium and ammonium uranium. .silts. 

(3) Preparation of Brown Oxide • 

. (a) ·Process. - In several installations the 

black oxide is dissolved in nitric acid and washed several times with 

differential ether and water washes to remove the ira~urities. The 

nitrous o.xide of the formed uranium. nitrate is driven off by heat~ng 

• and the resultant orange oxide (UC)) converted into brown oxide (UC2) 

by heating in a hydrogen furnace. 

(b) Contractors. - This p:rocess was carried 

out at the du Pont de Nemours Company in the above mentioned plant, 

at the llallinckrodt Chemical Company, and formerly .at the Linde Air 

Products Plant. 

(c) Hazards. - Hazards in this process arise 

from possible exposure to the soluble uranium nitrate which has been 

shown by laboratory experiment to be one of the most to:xic of these 

ca::pot:.nds. HoVJever, for the .raost part, this substance is handled 

as a wet solution or paste, and only in the heating step (transfer 

by hc..ri.d to the ovens) does much exposure occur. 
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(4) ;rep~ration of Green Salt (ur4). 

(a) Process. - The rrocess of conversion of the 

brown oxide (UC2) to the gz;een salt (UF4) is by reaction, in inclosed 

chambers, of the brown oxide with anhydrous hydrofluoric acid, at 

a high temperature. After passage or' the anhydrous hydrofluoric 

acid o•er the oxide for a specified number of hours, it is rem.ov~d • 

~n the dry state by haz:id and routed to plants fo:: the production of 

either the he.xa.£luoride (UF6) or the pure metal {U). 

(b) Contractors. - This process for the pre

paration of the tetrafluoride ~as ~&rried cut in the Linde Jt.ir 
• 

Products Co: p<:cny, the ~'allinckrodt Cheitical Co!::pc:ny and the ?.c:;.rshaw 

Che!:li.cc:..l Cc.~par~~ cf Cleveland, Chic. The green salt ;:re;;c.reJ. in the 

first two instal.h.ticns named was used for re·:·. to .~etal; that 

( in the la.st, i'cr t~,e prO<iuction of the hexafluorL·e. 

(c) Ha.zc..rds. - Hazards in this opero.tion are. 

fer the r:-.ost part due to exposure to anhydrous hydrofluoric acid and 

the tetrafluoride and its srna.11.content ot the cxyfluoride (UOF?). 

This latter is scluble &rrl coderately toxic. 

(5) Frepars.tion of Hexafluoride. (Uf.6) 
. 

(o.) Process. - The hext..fluoride is prepared by 

the Jirection of a stream of pure.elemental fluorine (F2) over in

closed trays of the green s&lt UF4. The hexafl~oride so.formed is 

volatile at the ten:perature·encountered and passes of£ thr~gh.ducts 

and is collected in cooled ta.nl:s. It is then purified by driving 

off e.xcess ir.ipurities by redistillation, collected in nickel containers 

( . and shipped to the main- procesaing plant, where it is used as the base 

.... _.\ ...... ·.1 .. 
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material for the diffusion purification process. f pr the s eparc..tion of 

uranium 235. 

(b) Contractors. - This process was carried 

out by the Harshaw Che.o:.ical Compaey of Cleveland,· Ohio. At one time 

the du Pont Company maintained a· similar installation of smaller size. 

(c) Hazards. - Hazards encountered in this 

process are related to inhalation and absorption of the soluble hexa

fluoride, the possible exposure and hazard due to burning or cor~osive-

ness of elemental fluorine, and the danger relateq to the possible 

absori:}tion of uranium oxyfluoride remaining in the reac~or trays after 

the hexafluoride is driven off. In addition to the oxyfluoride, most 

of the dis·integration products of the uranium used in the original 

cllarge are left' behind in the residue. Thef?e uranium X1 arxi uranium 

X2, the natural daughtere of radioactive decay of. uranium, account 

for most of .the radioactivity possessed by uranium. When UX1 and 

UX2 are concentrated, as in this process, they form a potent source 

of beta radiation. Suitable protective .measures are -required, sqch 

as gloves, shields, ~d radiation exposure monit.oring. 

(6) Preparation of Uranium Metal. 

(a) Process. - In the preparation of uranium 

metal the green salt (UF4) is thoroughly ilii.xed with magnesium powder, 

placed in a dolomite-lined steel container, and. heated until the 
. . 

reaction starts. The reaction maintains itself wit.bout furth~ 

heat, nn.ich in the manner of thermite. This reaction 'reduces the 
. 

tetrafluoride to uranium metal, forming a biscuit which falls to the 

3 
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IL . 
This biscuit is reraelted in a vacum fur

~ 

nace, chipped, le.belled, .:.nd sf:ii1:ped to the ultir.iate destination, 

where it is reworked into intots for use in the pile process. 

(b) Contractors. - This process was earried. 

out at the llallinc.krodt Chemical. Company, the Electro ~tallurgical. 

Company at Niagara Falls, and. at the Iowa State College, Dep~ment 

of Chemistry, at Ames. Related procedures were done by Meta+ Hydrides; 

Beverly, Uassa.chusetts, Brush Laboratories,. Cleveland, and Westing-

house Manufacturing Company, Bloomfield, New Jersey. 

( c) Hazards. - Hazards are the minimal one -ot 

exposure to black oxide for~red by oxidative reactions on ~he surface 

of the metal, am radiation from the surface of the Ii~etal. 

(7) Medical Contrbl of Hazards of Uranium Processing. 

( Methods of medical control of the hazards involved in uranium. pro-

.. 

cess~ were instituted in the following fashion. Periodic inspec-

tions of each fCJ.Cility were made to see that hazard control measures 

were followed and to examine for possible new sources of _trouble. 

Workers were given complete physical examination~, plus examinations 

.of the blood and urine, for abnormalities. Chest x-rays were taken; 

blood serology recorded.· Exari.nations of the urine at .r,nonthly inter-
. 

vals arrl of the blood at tri-ir.onthly intervals were ma.d~. Any abnor-

malities were a cause for com~lete review of the case and correction 

if possible. Repeat examinations (physical) were ma.de at annual or 

semi-annual. int.erval.s depending cri the individual cil·cumstances. 

Protective devices such as special clothing, dust' masks, gloves and.' 
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the -like were recommendeci where necessary, and if no suitable methods 

of protection were &vailable, developmental procedures were instituted • . 
General overall .monitoring of the hazards existing in the individual 

• 
ple:!llt was· carried out. Individuals exposed to possible excesses of 

radic:.tion were required to wear film bc..dges, which determif!,ed the total 
' 

a.r.i.ount of exposure received during the day or week. ~ust ·samples were 

collected and analyzed so that plant conditions could be conti·olled 

by suitable reciuctic;.n in exposure. If necessa.r.li, it was recor.i.r.lended. 

tl-;at ·ventilation be ir:crec.sed, housekeapi~ of the plant be ir.::.p1•oved, . 

or chemical or engineering procedure be altered, to reduce exposure • 

Analysis of plarit atmosi=Jhere ·for re.den content v.<;.s i.1a.o.e w.henever 

exposures to hieh radiu.fo-conta.ining ores were encour..tered. 

·such ca.re-!ul-·ir.sp,ection and analys:j.s of plant 

conditions enabled the lledical Section to enforce tolerance con-· 

' , centrations of hazardous .ne.terials in the individual plant, and 

thus protect the workers from possible radiation or chemical injury. 
. . 

(8) Metal ShaRing.and Engineering. 

(a) Process. - The processing of the metal 

consisted Of 'the forming, coating, and canning Of t'ra.n:ium. rods in 

suitable form for use in the pile process. 

(b) Contractors. - Following are listed the 

industrial concerns which set up expeci.~entation on, and development 

of processing n:ethods, and perfor~ed various phases of the program 

of metal shaping and engineering: 

/ 

Q) Copper Weld Steel Company, \farren, 

Ohio. 

';; 
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(~) Baker Brothers, Inc., Toledo, Ohio. 

(J) Herring, Hall, Jl.arvin Sate Company, 

H-.i.lton, Chio. 

(!,) B & ~ Metals Company, Columbus~ Ohio. 

(2,) Revere Copper & Brass Company, Detroit, 

Michigan. 

(§) Joslyn .'Manufacturing & Supply Company, 

Ft. i'iayne, .Indiana. 

(Z) Battelle 1'emorial Institute, c.olUmbus, Ohio. 

(§) Carborundum Company, Ni:agara Fal.ls, New York. 

(2,) Andrew C. Campbell Divisicn of American 

Chain and Cable Co., BI'idgeport, Connecticut 

and. 'itilkes Barre,-Penna. 

(10) 1dlliam E. Pratt lianufacturing Corapany. 

(11) C. H. Schuman & Co., Sprugate,.Penna. 

(,g) McKinney Tool Jianu.f'acturing Company, 

Cleveland, Ohio. 

(JJ) l;luality Hardware &: Uachine Corporation, 

Cl:ica.go, Illinois. 

(lJJ Grasse1li Che.;iic;.i.l Cc·.r>.pany, Cleveland,. 

Chio. 
. 

(!2) .tt.lu.-;inur.! Co1.-.. p<J..ny of .America, t:ew Kensington, 

Penns,1lvania.. 

(c) Hazr..rds. - These procedures subject'ed workmen 

only to contact with the .metal and the cxid~ (u3o8) found ori its: surface.: i4!: · ; 

In r:.ost. inste:.nces the experi!r.ent<ii.l prcJ.uction was continued for only a 

3 
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few months, and the hazaru t0 workmen was consiC.ered negli5ible. 

(Q.) Eedical Control. - The program of medical 

supervision was less elaborate for these.contr~~tors than that listed . 
above (paragraph 3-7 b(?)). Occasional cir analyses for uraniwn · 

content were Ill.a.de, and the employees u.ndervrent periodic routine ex-

.&minations. 

c. Fluorine am Fluorccarbcr.s. 

(1) General.·- Prior to the e:xistence of the District, 

elemental. flu·orine was a laboratory curiosity. However, quantity 

production of this elen:ent was required for use in treating metal 

surfaces to make them less reactive with uranium. hexafluoride; and 

for the production of uranium hexafluoride ond varicus fluorocarbons 

(the fluorocarbons were selected for their properties as coolants, 

lubricants and plastics which woUld not react with uranium hexa

fiuorides). 

· (2) Fluorine• 

(a) Process. - this element was produced by 

electrolysis of anhydrous hydrofluoric acid in the presence of 

potassium and fiu.oride. 

· · (b) •Contractors. - Fluorine was proc:lu~ed at 

Johns Hopkins University, Balti~oore, Ui..rylandj by E. I~ du Pont de 

Ner.iours, 1liL'ni.ngton, Delaware I by Hooker Electrocherrdcal Company at . . ' 

Ni&g.:..ra Falls, New York,.and Oak Ridge1 Tennessee; and by the Harshaw 

Chemical. Company, Cleveland, Ohio. 

(c) Hazards.. - nuorine is an exceedingly 

.... ·-.,, 
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cc.use s!r..i:i rashes a.n..::. burns and frritation of tte res:~iratcr;' 

passages anu lungs; 

(d) li:edical Control, - ·:iorkl~~en had periodic 
. . 

physical exam.ina.tions and examinations of the urine .s.n.d. blood• 

. Since the h~zard of chronic effects was ne.zli:;ible, eJ"..amin&tions 

·were wade a.r:.nuc.11~· br sera.i-annuall:,, c-.nd the res;;.as were used .as con-

trols for persons e:i..11osed to uranium. Spot_;checks were ma.de on 

the urinary fluoride excretion to guartj. against excessive fluoride 

absorption. Inspections r1ere made, and adequate ventilation and fire 

protection required. Suitable "~sks and protective clothing were 
. 

recaumended after thorough testing. 

(J) Fluorocarbons; 
t 

(a) Process• - The lubricant and coolant. 

iluor,ocarbons are produced by reacting hexaf luoro.xylene or special 

oils with coba.lt and silver fluoride catalysts.- The catalyst~ are 

renewed by react~on with fluorine• A plastic fluorocarbon is pro

duced by polymerization of monochlorotrifluoroethan~ in chloroform, 

and treatment with cobalt trifluoride• 

(b) Contractors.r - Chemical proces'ses in the 

production of lubricants snd ccolmts were performed by J<?hna 

Hopkins University, Hooker Electroche.cd.cal Cot!lpa.ny, anci E. I. du 
. . 

Pont de Nemcurs ard Companj • The plastic yrtas produced by ~nde Air 

Products Co~y, Tonawanda~ New York• 

(c) Hazards~ - Severe ·pulmonary and skin irr:i'-

tation may be encountered from fluorine and the catalysts used in 

, 

'.' ,·; .. ·1 
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( the process. Inter.mediate product$ in the process cause r.:oderate 

irritation, and the end-products are slightly iI·ritating. In ad.di-

' tion, the well-known hazards of work wit~ chloroform and carbon 

tetrachloride are present. These consist primarily in ane;thet;.ic 

• 
~ffects with possible brain and nerve damage, liver da.mag~ and 

kidney damage. 

(d) Medical Control. - Physical and labora-

. tory examinations similar to those used in fluorine control were 

instituted for these workers as well. Suitabie protective equip-

ment was recommended, and engineering procedures were instituted 

which .minimized contact with to:xic 1:1aterials. 

d. Boron Production. 

(1) Process. - Boron trifluoride was reacted with 

( dimethyl ether. and distilled. This substance was converted to boron 

trichloride, which was passed in an atIWsphere of hydrogen acToss 
. . . / 

a hot tantaJ.wn wire, with the .collection Of JretaJ.lic boron OD the wire. 

(2) Contractors. - The fQllawing contractors were 

concerned wit·h the various steps in the boron ~rocilction process: 

(a) Hc.rshaw Che.mi.cal Co., Cleveland, Ohio 

(b) Sta.ndc..rd Oil of Indiana, i•hitir..;, Indiana. 

(c) Am8z:ican Cyanamid Co., Stc::'-forc., Connecticut •. 

(.3) Hazards. - Boren trifluoride, boron trichloride,, 

di.methyl ether, and boron trifluoride dimeth,yl ether complex are all . . 

low-grade pulm:>nary _irritants. Dimethyl ether also has. anesthetic 
:z.:,. 

properties, and is highly intlanmable. The metal depositi~F"op,~a~ .. 

is hazardous onl.:t from the J.:OSsibilit,y of ex.t-:losion of !:yc.rogen. 

··--·-"-'-
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,(4) M.edica.1 Control. - Eiuployees on these projects 

received the routine e.xai::inations ordin"-rily made in the plants 

listed. The chemica:l.s we.re handled in cl,.osed systems and exposures 

were unusual. A few spot-checks of fluoride excretions were .ma.de 

on Harshaw employees. These indicated that the workmen were absorbing 

fluoride.in greater than normal, but not dan&erous, a.mounts. 

3-8. Process .Research. 

a. General. -.A number of universities were given contracts 

to do research on various problents in chemistry an4 physics related 

to District operations •. These projects varied in size ~+o.m. a few 

to •t•ore than a thousand perscr.s. Likewise the hc.zard and medical 

.supervision required varied cvn~iderably in the different operations. 

b. Research on the Diffusion Frocess'. 

(1) Scope. - Extensive research was carried out on all 

phases of the development of the diffusion process, including the -

pu.c.ps, barriers, cooling devices, seals and instrwnents·required for 
\ 

the .u::.echanical separation of 0235• Equipment design and pilot plant 

operation were pa.rt. of the research. 

(2) . Contractors. - The fundau:ental ;research in the 

program listed above was perfo;rmed by the S.A.l.. ·Laboratories 

of Collll.1hia Universit,y. The Eellex Corporation, a subsidiary of 

1:~. Ii. Kellogg Co.rrpal'l,), did the enf~ineering desig!: and operated a 

arr.all pilot plant. The Linde Research Laboratory, Tooawanda, New . 
York,tested motors, operation dr~ves and sec.ls. The.Bell Telephone 

Laboratories of Summit 1 New Jers-ey1 and Princeton University,· Mneeton; 
• 

Ne"!--. Jersey>di<l certain resee:.rch on the corrosion and the effect on 

\' ~- . 
-------------·- " __ .,. ____ ··--........... ~~ •• :. ~~-~:.,....,:....,.. ' ...... ---- ~-- .. - .. """""'! 
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porosity of ;;;etE.ls f:roduc..::d by fluorine and urc..r.ium hex.afluo:ric.ie. 

(J) Ha:Gards. - These activities 1•ere acco!:lpe:.nied 

by the hazards c.ssccicted ;d.th the use 9f uranium hexa::.'luc.ride·, 

\ 
fluorine e..nd the fluorcce;.rtcr .. s, &.nd, i:.-. addition, those cher.:icc:.ls 

usuall~1 encountsred. in chec,ic~l res1;;arcl:. In £;6:nera.1, the \':erk was 

not considered to be e/peciall;~ hazardcus. 

(.;.) Ledicd Control.· - Zmplo~ ees enL,<.:£ed iL these 

f,ctivities received careful periodic physical a.'1d laboratory exei.r.ci

nc..tions accordir.;& to the schedule outlined in paragraph J-7 b (7). 

Careful statistical studies of the data obtained revealed no signi-

ficant di.t'f erence ir.. the findint;s of the exposed and non--:;xposed. 

groups. Checks c:.lsc were .r.ade cf the a.t:::ospheric content of norious 

substances, and periodic ::spot-chec~:s were .;;ade of urinary excretion 

of uranium and fluoride. 

c. Developmental Research. 

(1) Fluorocarbons. -· Chemical research 0°n .methods 

of ;;roducing fluoroce.rbons wc..s done at Johns Hopkins University; 

H~zards were those listed in paragraph 3-7 c, but no formal .medical 
. 

program was instituted other than specific instru~tions .in treat-

ment of acute exposures to the tr..ateriei.ls. 

(2) Ro.dium Extr~ction. - Research was performed at 

Yale University to develop.a s:ir...ple meth~d of extracting both uraniu..~ 

and ra~u.rn from ore. Hazards involvad were sr:a.11 because the work 

was done entirely on a laboratory scale. Radiatioh measurements 

were made by both instruments and fi:lm 'badges. Air samples tor 

radon content of ro~_ air were ; . .ade and found to be well 't,elow 

' 

1 . .. ' __ ,.., ... ____ ......... 
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toler.:nce lirdt:. ',iork.men were checked by breath s~ple::; to deter-

mine the amount cf .:.bsorbed radium. These tests likewise indic.;.;.ted 

no excessive exposure. 

(J) Methods of Manufacture of Uranium Compounds. 

Fundamental research on methods of r:;anufacture of ur~ium compounds 

was done at Purdue University, ''· La.fr.yette, Indiana; the Nat.ional 

Bureau of Standards, l'lash.ington, o .. C.; and at Brown University, 

Providence, Rhode Island.. All of these projects were inspected 

and found to have negligible hazards. Consequently, no formal 

medieBJ. program was instituted. 

d. Anal;ytical Reaearch. - Researcr. on analytical methods 

and analyses of ore, and varicus uranium cc1r..pounds was carried out 

at the National Bureau of Standards, Washir:.gtoo, D. C.; Princeton 

University, Princeton, Nev; Jersey; and at ·Uassachusetts Institute 

of Technology. Inspections were ~.a.de of these projects; dust counts 

and radiation measurements were t:Jcen but, because of the negligible 

hazard, no formal medical program was instituted. 

J-9. Process Eguiwgent: 

a. General. - In the majority of instances the contr~ctors 

supplying process equipment were perfo:nrine their usual operations, . 
and. no sp.eai~ medical supervision wa.s re~_uire<l. The few exceptions 

are noted belov1. 

b. Barrier Production. - The ~arriers for the diffusion 

process are especially-formed nickel tubes. They were produced by 

the Houdaille-Hershe,y CO:Jila.f\\' of Decatur, Illinois, and Linde· A:i.r 

Froducts C01:pany, Tonawanda, ?·'.'e1:; York. 1'he or;ly ha~ards were those 
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of nicke.l dermi.titis in suscepacle persons :;nd fro,-:;. ese of tri-

chlorethylem). Frorer en6 ineer.ini; reduced contact with these sub-

stances, and persons sensitive to nickel were ro.Qually elioi.nated 

:from employment• The schedule and extent of exa T..; nations were those 

usual with the individual cony:-anies for their er~ployees. 

c. Pumps for Di!fusicn Fi·ocess. - In the manufact.Uli"e 

and testing of pumps, a limited amOunt of ur.:rJ.w:. hexafluoride 

was used by the Allis-Chalmers CQ:llpany of Milwaukee,, Wisconsin. 

The operation w-c.S inspected. Instructions were given far acute 

exposures, and employees v1ere exEJJined re::.ularl~ as outlined in 

pe.rat;rc.ph 3-7 b.(7). 

d. Unit .n.sser.:tblies for Diffusion Frocesa. - These units 

were manufactured q;,.· the Chrysler Corporation, Detroit, I.:i.chigan. 

The 01:1~,. specitl hazarU. involved \!a.s that of t!-,e use of eleaental 

fluori:ie for prelimir!ary conditioning of the eG,ui!··:~nt,- Inspections 

;·:ere ::c.de,, 'and appropri-c.te ciirections for tree.ting acute exposures 

were provided. The program cf 'ph,}•sictl examinations was that used for 

c;>ther Chrysler e.mployees ).n similar jobs. 

3-10. Gas Diffusion and Thermal uiffus.ion Frocesses. ' 

a. Processes and Hazarcis. 

(1) Gas Diffusion Process. 7 The gas ~!fusion 

process separc;.tes the rare uranium 235 from the l!•ore abu..'lda.nt 

urcnium 2JS. This separation process consists of i;:a.ssi.n.g uranium 

haxafluoride, vAU.ch exists at temperatures above 1,30 de&rees F., in 

tr.e £aseous state, through long porous tubes or burriers located in 

an 9pclosed syster... The process, whic~ is cou:pletely described in 
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Book II of this his tor;,, effects th~ diffusicn of t~.0 lit;ht\::r uraniw:: 

2J5 throut:,h the fine pores of the tubes or ba.rri~rs, le<:..vir.e; t!1e 

heavier uro.nima 238 atows still in the centrc:..l s:;steta. This uranium 

235 is passed through numerous stages of concentration up to ~pprox-

ir~tely 30 per cent in the fir<al stage, instead. of t!:e O. 7 per cent 

contai.l'led in the. original metal or its hexafluoride. In the product 

roocs, by·means of a cooling system, the enriched uranium hex.a-

fluoride (containing. higher percentag~ of U235) is remoyed for ship

ment to another installation at vlhich ~urther concentration is iila.c:le. 

The "depleted" uranium hexafluol"ide.which still contains consider

able amounts of 23S, is then pir-ed to o. tails accu.:rulator building 

for stora{.e untii it can be either re-introduced into the 'cu.scc=de 

or disposed of in so:ne other wcy. Before any uraniwn hexz..fluoride 

can be processed~ it is necessary that all irettl parts of systems be 

made inactive to .this substance to prevent reaction and breakdov.n 

to a non-gaseoos form. A "conditioning process" is used for this 

purpose, consisting of treatment with fluorine-!. fornd.ng on all .. 
metal surfaces a 11lm of 1~tal fluoride which does not react with 

the hexafluoride. Prior to this treatI'.i.ent vd. th fluorine the P.Etals 

are hashe~ with trichlorethylene, sulfuric acid, sodium hydroxide 

and thoroughly dried with hot air. 

(2) Hazards of Gas Diffusion Frocess. - The hazards 

in various steps of .this process.are those fro~ exposure tc fluorine 

in the gaseous state in the· ~oondit,'iottlng process 11 and exposure to 

uranium hexafluo~ide and its breakdown products in the reJWrillder 

of the process. Fluorine, as previously described (see pc.ragr~ph 

91illfill!W~T'& s 14 

siiltiihz. 
~ .·.~. _ .. :__,_ -
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( 3-1 c(2)) may cause pai1:ful bul'ns. In av.dition, in high con

centrc..tions it (rfJ extrer11ely irritating to the upper respiratory 

trq.ct, trachea ond. lu..'lgs. .No severe sy star.de toxici t~ from it has 

( 

been noted. Uro.niWil hex.a.fluoride in the gaseous form is also quite 

irritating and is ea.sily absorbed from th~ lungs. apparently' however 

it is possibl~ to absorb appreciable quantities.in any acuta exposure 

without severe or prol.onged dam.age resulting. The bre&kdown pro:tucts 

' 
of uraniwn hexafluoride a.re chiefi,y uranium oxyfluc·ride in the form of 

a soluble dust produced ~nen uranill!11 he1..afl~oride reacts with moist 

air a..nd hydrofluoric ~cid. UraniUJ11 oxyfluoride .in noderate concentrati0n 

• 
is c.lsc to_·1.c end ce:;:a.ble of c; csi:~g ::Liney injur~· • To date, exposures 

to uraniUll hexafluorid.e tave been v;ell ccntI'Olled anc;. no serious effects 

have been encount.::red. There c.re other ha;.c;ar<is present, but these are 

identical with those usually found in cheJuical plants and include tri-

chlorethylene and other· solv~nts. The potential hazards from radiation 
. . 

are sr.iall because of the extre.mely long half-life of the uranium metal 

and lack of concentration of the uranium X1 and .X2 breakdown products. 

Again, inasmlich as the system is entirely closed, the alpha and beta 

radiation present .will net penetrate the :u;t;:..l ··.mlls to c;.. hazardous 

• 
extent. The fluorinated hydrocartons us~J in cooling and lubricating 

the above machinery <.>.re also in an enclosed s;1stem., ~nd human exposure 

to the1:i in hieh concentration occurs or:.ly in case of a breakdown. In 

such instances ade~uate protection·was provided by the use cf army 

assault masks to avoid lung 1rritation., the major damage. 

(3) Them.al Diffusion Process. - This process 

( separates uranium 235 from the :r:.ore abundo.nt uranium 238 by a process 
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of thert1B.l diffusion. (A ccc~lete descrirtion of this process is 

given in Book VI of the history). The uraniwr. hexafluorid.e feed 

1~terial is first placed. in the transfer roon1, weighed, and then 

piped to the columns Yihere the thermal diffus~on action takes.place. 

The "enriched" UF6 is removed from the top of th\ column· and the 

"depleted" mat1:?rial is either drawn 'off the bottom or recirculated 

fro.r.i the bottom to the trc:.nsf:r room.. and returned to the column. 

The "enriched" material is draw from the top of the column into 

metal capsules, ..-hich ara then taken to an ;;;rec: in the conditionin& 

shop outside the :::.a.in buil~in& for transfer ir.to larger containers. 

trrnsfcr frc .. these l&ru~r ~: da.in(:lr$ to lar.:.,e shii:;ping tanks. For 

cpsrationaJ. reesons, the tl:.er;.ial -diffusion pro;:ess was abandoned in. 

.n.uj;ust 1945 and pls.ced in a standby condi tioc. 

(4) Hazar~s of the Thermal Diffusion Process. - The 

transfer procedures for uranium hexafluoride constitute the Cllljor 
. 

hazard in this process (excluding ruP.ture of a high pressure tank 

or steam line). Before a container is attached, the line contain-

:ing UF6 is frozen off vd th ci.rl' ice. Then the container is connected 

and the line is opened by thawing the solid uranium hexaf.luoride 

· .. it: ··.:~t f1·a· ;.. . ..:..unsen ~;l\rner fla.r:.e. The process is repeated to 

re;r:ove the container. The danger of breathing UF6 and of being 

burnec by it in this operation is considerable. In·this process, 
• 

as in the gas diffusion method, metal parts co;:ning in ·~ontact with 

uraniu::r. hexafluori~e ·must be pre-conditioned with trichlorethylene , · 

and f.luorine. This procedure is dane in a conditioning shop outside 
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the process building. The ~~jor hazurds in this area are those'of 

burns cf the hands fr~m fluorine and to a lesser extent from uranium 

hexafluoride. Lusts and fwnes from hydrolysis of UF6 a.re occasionally 

present althQ.lgh exposure is variable. Burns arising from the bigh 

pressure steam in the line.a (900 to 1200 pcWlds per square inch) 

are also found. 

b. Medical Control of Hazards. 

· (1) General. - The industrial l·.ygiene program for 

control of occupational hazards of both the theraal and gas dif-

fusion processes was developed around the Carbide & Carbon Chemicals 

Cornpany medical ·cr&anization. The physicians and nurses and dis-

pensary facilities ;-.ere used ·ror both op0raticns. Si·ecitl services 

were provided by the che.rriistry and ;;h,ysics labora.tories of C&CCC 
\ 

on the request cf the Kedical Depart~ent cf this ·installation. 

(2) udical l!!xaminations. 

(i) Pre-Employment. - Pre-employment physical 

examinations were instituted for all e¥JPlcyees to insure .maxi.mum use 

of available rr.anpower in job situations most favorable to their 

hea.l.th. The physical. exa.trins.tions included a brief medica.l. history, 

a physical examination by a competent physician, laboratory examina-

ticns of the blood and urine, x-ray c·f the chest c...."ld blooc. serology 

for Sj'philis. Exa.rrinations of this t~ re e:.re co.r.siciered more. than 

ade;,uate c..ccordint to the general s'tmdartis of 1.:ost co;;,panies em-

ploying large groups of .reople. The average rs.te of examinations in 

July 1944 was 10-15 per day; in Ua.rch of 1945 a peak of ll0-120 ex-

?J.'li::aticns dtll~,, ws.s ·reached; in Jul~, of 1945 the lrunb.::r had decreased 

,·· 
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1 

to f.C-£.5 per dij. In ~ugust ~ 100/do.;· and. then a 

sh..:.rp d:::-or.• occurreG... Ir: June 1946 the nur.i.ber hc.,J. 0.roppei to S-9/da~'· 

(b) Interval c.nd Tercinaticn. - Interval exl:im

ir.a.tions at both installatioos y;ere brief and consisted of cursory 

.physicG.1. examination,, blood count a.n:i urinalysis, x-ray of the chest 

and special exrur~nations as indic~ted. If there was a history of 

exposure to ha:e.rd.ous 1.;aterials, special attention v1as directed 

to'wc:.rd the deter:.ination cf s.:!..;:ns of bodily damage. There was no 

a·pecif'ic .interval for these e:x:::.,:inations. Terr.d.naticn physical 

exa'!linaticns included a cn~~l~te physical exsr.ination,, blood oount 

urw::'..w.::. heAafL:ol'i· ~. Tests i·:ere Lade .on all ~:ers;:,::.s eXI.~oS'ei to 

hi;;h concentro.tions of uran:.u.':'. CO!:'lpounds, and also in the r-eriodic 

health exa.mir.s.tio.ns. These tests •;ere :.:.ade a part of the routine 

industrial health e.xam:!.r.ations, st<irlint;; earl; 1n 194.5. The program 

was :~esi,cned. to provide; at interv<:ils of six to seven weeks, a. check 

of the general health of ail :. er sens euJ:loyed and to evaluate ab~e 

Lecc.use of illness, weight loss, ch.E.n~es in blo<Xl pressure, and other 

c:.bn·:r:_c:J.ities •. ·These ta:::ts were instituted to detect early sitJlS 

of tor..i.c effects fror.J. r.or~~ -,dth uranium cc·.r.r~ ounds, Mei correct the 

con:lition befoi•e injury is incurreJ. 

(3) L::onitoring. 

(a) Air Contamination. - Bet:in.ning 'in December of · 

19/J.+, the chemical laboratory &>.a.de air analyses for fluorine and 

urs..rJ.u.m her.afluoriC.e c~r:te•»t. These arlalyses were :.Lde at weekly 

,... . 

. 
; 
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intervals at various FOir:t 

processes and re;)ort'ed to the t~edical Dep~rt .. ·,ent for interFretation. 

(b) Radiation. -,Because of the possibility of 
. -

exposure to radiation, routine surveys were begun by the physics 

laboratory personnel in l!arch of 1945. Ccrpcral Wendell U:i..ller 

and assistants were assigned to ca.rr,>1 out a.ea.surements of alpha; 

beta and gamma radiatio.-1. Selected areas in both gas diffusion 

and thermal process plants were surveyed at weekly intervals ':rith 

special recording apparatus. Data from these surveys were reported 

weekl~ to the Medical Department for int.erpretation ar.d recanmendations • 

c. General Indu~trial Hygiene. 

(1) General. - An indication of the amount of s;r-

vice which wc.s provided ~.Y the Uedi.cal Department li·.ay be de;10n

stra.teci by the increase in ~:·atient visits I~er JL.Onth from the start 

of operations • 

July 1944. 

Septeni::er 1944 

January 1945 

l:arch 1945 

June 1945 . 

.August 1945 

Cctober 1945 

F~bruA.ry 1946 

June 1946 

;1.000 patient visits . 

2,550 patient visits 

6,300 patient visits 

11,050 patient visits 

15,500 patient visits 

20,400 pati~nt visits 

11,?GC pati~nt visits 

9,600 patient visits 

10,000 patient visits 
. . \ 

(These figures include -all occupational dis-

ease end accident cases, initial'visits for non-occupational 
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i:i..lness c.:.r .llsease, special cxa;;;iri.i. tions for :: .... roL?.ps in potentially 

hazardous areas, and pre-emplosment ex&11inations.) 

(2) Occupational and Non-Occupational l:edical 

Care. - An average of 170 occupational cases were seen daily in the 

dispensary {approxiaately 35% of total work-load of the treatment 

sec~ion). These included injuries from special.hazardous .materials 

as well as the type of occupational injury occurring in any m.anu-

factiiring plant. The remaining 65% ccnsisted of the treatraent of 

non~cupational illnesses which interfered ~1th the efficiency 

of the worker. TreatlDllnt or non-occupational. illness or injury 

was limited to c·ne or two visits. The K-25 Dispensary, a branch 

of Oak Ridge Hospital., provided £J.edical care similar to that rencierea 

in a physician's office for non-occupational conditions occurring 

( among employees or residents of ~-25 .Area. In Septeciber 1945, .follow

i.r:ig a reduction in pop1_:.lation of the K-25 .Area, the dispensary was 

closed. Cooperation was ~ntained betv<een the tuedical. depe:.rtment 

and the worker's personal physician to insure efficient medical service • 
. . 

(3) Relationship to the Safety Departments. -:. The 

Medical. Dep&.rtment, in its liaison with the Safety Departments re-

sponsible for the prevention of accidents and injuries not due to 

hazardQls special. .i110.terial, followed the Safe Practices Reco:nmen<.ia-

tions of the New York Safety Committee (See par. 3-5). The supervisor 

of the Uedical Department was a member of the Special Hazards Co.amitt-

ee, which met at monthly intervals to stud,:,.- hazards arisirig from 

special._. materials and to make suitable recommendations for their 

( . coc.trol. All minor injuries were investi~ated b.)' the Safety Depart-

S'I 

r 
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.ments. Submajor accidents involvint, rei:ioval froa. 1~ork e:.nd ;cajor acci-

dents involving hospitalization, z:equired a cor::bined investigation of 

both the l~edical an1 Safety Departments. All injuries involving uran-

ium compounds t:ere especiall~· investigated.. 

{4) Catastrophe Program .... A COL!lplete program was 

organized to provi~e.f9r the protection and treatment of plant per-

sonnel in case of any major emergency. This program was divided 

into two parts, one eata.blished for the Ueclical and a:ftiliated. de-. . 

partments ~ K-25 Area, and the other, a disaster p~ogram which 

included all medid&l groups on the Area, and was directed by the· 

staff of the CaJ: Ridi;e Hospital. Co.c;;uitments were made under both 

rlans for the evacuation of t.he plants and areas and for the treat-

ment of injured personnel. 

(5) Other Activities. - The lledical Department 

• al.so supervised general sanitation, waste, and garbage re.mOYal and 

related activities. It also .1ru:d..n.tained a visiting nurse service 

for the ho.me care ar:d medical control of those patients who did not 

reqi.iire hospitalization • 

d. Crganization. 

(1) Carbide & Carbon Chemicals CcrDorution. 

{.s.) Ste.ff. - The ore.::inization of the _i:iedi-

cal d.epartcent of the Cei.rbiJ.e and Carbon Chei~d.cals Cor;:ora.tion was 

started in April of 1944, when the serviC!3S c:f Dr. Adolpl: Ka.mmer,. 

formerly Medical Director of lnlami Steel Company, i.1ere secured on 

a full t:i.Jrie basis. Dr~ Bernard Zussman and Dr. Raymond Cooper ~e · 

hired in February o.r 1944 but no departmental operations were started 

··--· llilll ft('-: 81!etMJtl. ' 
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tu1til Dr. KG..nner ts a.rri vc.l. Prior to .H.pril of 1944, pre-eraplo,1,.rr.ent 

ex<•Jilno..tions for this ort;ariizction .,nd its subsiufories v;ere carried 

out at the Yedicc;l Service Building b:' the Oak Ridge Hospital .medical 

staff. From April 1944 to July 1944 the pre-empl,oj'l'llent 'examinations 

were carried out in one office and three examining rooms in the Carbide 

and Carbon Corporation Administration Bt.iilding,. Actual· operation of 

the main disr·ensary of the redical department began in July of 1944. 
. . 

The dispens~y_wu designed to handle 5ooo·operating·emp10yees. 

The prime functions ot the aedical Department were: the selection 

o! adequate peraonnel throu8& 1>r~loymerit ~atidn~; .the. 

treatment of occupational injuries and disease, the preliminary 

treatment of non-occupational, or welfare, injuries and diseases, 

and the industrial hyt.;iene control of occupational disease hcizaras~ · 
The staff at the time of opening of the Dispensary consisted of 

three doctors and six nurses. Dr •• Jlartin Costello wae .. add~d to 

the staff in A.u_gust of 1944 and in the following January' he was 

made assistant supervi. sor of the .lfedical.. Department, thus freeing 

Dr. Kamner for executive duties. In September of 1941+ the statt-. . 
consisted ot five doctors, nine nurses, eight t~chnicians and eight 

clerks. By 1 July 1946 the staff had incre.s.sed to a total of 14 

phys~cians, 28 nurses, 14 technicians, a.nd 23 clerks a.t)d stenographers. 

In .December 1945, the staff had decreased in the number of physicians 

to a total of 10 physicians, JO nurses, 14 technicians, and 2~ clerks 

ana stenographers. In June 1946, the staff h&d decreased to S phy-
. ' : .· . ~.;:. \: 

sicians, 24 nurses, 12 t.echnlcia..'18; and 19 clerks and steno·graphers. 

(b) Facilities. - The Dispensary (See .App. C 13) 
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consisted of a freme a seci-perma.nent type 

containing two si.x-bed. 'Wards, foor fc0.r-beci wards, two treatment 
c 

rooms with cuti¥les, doctors' offices, x-ray room and darkroom, 

laboratory, and an e.nergency room. Sine~ the orieinal estimate of 

the number of employees was too low, it became necessary to acquire 

additional. facilities. Because the employees of the Ford, Bacon and 
ff', K. 

Davis Co., a <;;ontractor, and those of the~Ferg1.:so1; Comp&ny (Fercleve) 

were also to be handled by the single fuiedical department, additional 

first-aid stations or infirmaries were opened er takan over in their 

plant areas. Because of the increa.siri.E de.IIIQnd for x-ra.y exE.Jn-

inations for diagnostic purpcses, it wc..s considered. necesse.ry to in-

elude ;(-ray equipment in the Carbide ;.;.ispensc..r~- buildir;..g. Diss.nost-

ic~_..:fay~eriiice was provided in Cctccer of 1944 ~-..d a photo-roentgen 

unit was added in April of 1945. . 
"(2) .Ford, Bacon and Davis Company. - In Uarch of 

1944, the Ford, B~on and DGvis Compuiy began cperating a field 

hospital, under the direction of Dr. J. B. Rogers, for construction 

workers. Later an infirr.iary was opened. e:nd operated in the present 

conditioning building, under the supervision of i>r. Harris Sklaire, 

fro!:L September 1944 to Februt.r,Y of 19 ..... 5. At t.J-.is tiue the responsi-

bility we:s shifted to Dr. Ka.r:ner am his as::;ociates. Ferd, Ba.con 

c.nd Da.vis coi~tinued to employ their Oiff • .;.;urses. In ?.,;,.y of 1945 

this Company turned over all operations to the C4rb~de Corporation, . 

and the infirmary became first-aid un!t of the Carbide medical 

department. 

(3) Fercleve Corporation. - The ?ercleve Corporation 
,,. . 

t 
' 

l. 
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· sd&ttii ass ll a 
(H. K. Ferguson Company ot Cleveland) began its medioal program 

in Ootober ot 1944 with pre-employment and termination examinations, 

which were carried out at the Carbide dispensary. First-aid work 

waa done in the beginning in a temporary structure on the plant site. 

Ou. l Pebruaey 1945 a eemi-permnent building (See App. Cl4) waa opened. 

The D81f tirat-aid unit oonta.ined two treatment oubioles, an eye treat-

:ment room, an oftioe and space ~or the Sa.f'ety Department. For opera

tional reaaoius, t~ Feroleve Corporation•• unit waa olosed and held 

in atandb;y condition in .A.ugus't 1946. 

•· The Coat. 

(1) Carbide & Carbon Chemicals Corpora.tion. - The 

oost ot conatruoting the dispensary exolusi'V8 of equipment was 

tlSl,823.75. The approximate cost ot operating the facility trom ita 

opening to 30 June 1946 wae •479,021.83 ot which the following amounts 

were cha,rgeable to other contractors. 

(!,) Feroleve Corp. tsa,299.77 

(b) Kell ex 1,645.22 • 

(.2.,) Booker 16.68 

<.~.> u.s.E.D. 108.55 

(!_) F.B.&D. (Oper.) 5,183.28 

(2) Ferolere Corporation. - The first-aid 

station built tor Fercleve oost $16,411.53. Total oost ot medical 

aervice including the faoility amounted to $62,095.12. 

(3) Ford, Baoon and Darla Company. - The ooat 

ot equipping,th.e Ford, Bacon & Davis tirat-aid unit waa t3,878.50. 

The additional coat or operating the medical service prior to trans-
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fer tc C&.-(;CG ai:1Cunted to ·,..26,127.05. 

3-11. Electr0magnetic Frocess. 

a. Process &nu Hazards. 

(1) The Process. - The electro.magnet.ic· process 

accoc:.plishes sepa.ro.tion of the ro.re uranium 23.5 from the more 

abundant uranium 2JS by ~assing uranium tetrachloride iI'l a gaseous, 

ionized state through a. n:c..gnetic field which tends to deflect the 

lighter atoms (U235) from the normal path of the gas. (A detailed 

description of this process is given in Book V of this history.) 

The process feed .material, uranium tetrachloride, was prepared, . 
until 26 1.'.ay 1945, by reacting uranicm trioxide with carbon tetra-

chlc.:d.:..:e t.:.nder pressure. This oper.:.tion }Jl'Oduceci large ar:i.ounts of 

)hOS£ene as a by-product. after .2S t::ay-1945, a vapor phase .u.ethod 

of chlorino.ticn v1as used, which operated at much lower pressures 

and ;roduced lass phosgene. The uranium trioxf.de (U03) was obtained 

frc~ other Manhattan District contractors at the start of operations. 

This was supplem.ent~d by .material returned from the separation operation 

for reprccessir.g. Earl.:, in 1945, an increasing amount of "enriched" 

uranium hexa.11 uoride (.material in which the U235 content had been ~n

creased) was received from the gas ~nd thermal diffusion processes for 

ccnversL .. n to uraniUJli tetrachloride. Following 1.~urification, the 

uranium tetr&chlcride is bottl~d &n~ plQCessed in the electromagnetic 

plant (See Book V, Vol. 6). Part of the uranium tetrachlorid,e in-

troduced into the bottle remains unprocessed. This material ilJ re

turned to a recOV'ery rlant and is reconverted to ·Ura.Ilium. tetrachl6ride 

and the sequence of operations is re~ea~ad. 

~~jit'i,;;_g 
'• ~.·• J14Ui, 



•... 
-. 

-" 
. . 

( 

(Par. 3-lla.) 

(2) Hazards. - Fhc..sgene b.nd dusts co;~tcd1.int;; uraniwr.. 

are the .r)rincipal hazards of the electroJi:a,.:netic rrocess tut there 

are numerous other hazarcfs present in so.me ~egree. These ir.clude 

alpha, beta, and gamma radiations; carbon dust; trichlorethylene; 

carbon tetrachloride, ordinary che1Jicals such as nitric acid, 

hyrcchloric acid, etc.; and the. dangers attending the use o! 

high voltage sources of electricit1. 

b. .lledical Control of Hazards. 

(1) General. - For the control of occupational 

hazards, a complete industrial ·hygiene service l'<;:.:s maintained b;; 

the Eedical J!.vision cf Tennessee East.:.ian Corr:-or"-ticn. :.~rscrmel 

:::nl facilities. wer~ p·oi;i~ei for aY.o.luating the _:-:ioter.tic..lly he.rillful 

enviroru:..ent factors, such as the concentration of tc;...ic ci.lsts, gases, 

c· anci. vapors, and physical con±i.tions such as lighting, hw:ddity, 

temperature, etc. A clinical s~ction perfonned a variet.r of labora~ 

tory tests for the detectia:i. of possible injury from materials 

encountered in the operation of the electromagnetic process. For 

the control of radiation hazards, a Special Instl'W!lents Laboratory 

was maintained in. conjunction with the Process I.rr.proveJlent Division. 

(2) f re-eIIl;':llo,y;aent Physical Exa.rd.na.tions. - :n order 

to insure the maximum utilization cf av.:ilntle r:anpower and thc.t 

persoo.s er.u.ployed would be ;:laced in jobs E:.pprcrriate i'or their physi-

cal status, a. system of ;-re-employr-..ent physical exaidnations was start-

ed, on Tennessee Ea.st.man Corporation applicants for e.i;;rployment, on 

1 July 19,4J. The pre-employment physical. examination included a, 

brief medj.ca.l hist;.ory, a physical examination by a Cc.Jif'etent fhysician, 



( 

' •. ·- i~ij.q•,~·3~-
:<fi -~-::'.-'-"'- L 

- .. .r. !\ (Par. 3-llb) 
... 

l~.borator,y exa.nJ.nation of the urine, a ~·:asserr,ian Test on the blood, 

and an x-ray of the ches.t. This type of examination is consiciered 

ac;lequate by the general standards of most lar[e industrial concerns 

engaging in work on a similar sci.:J.e. 

(J) Interim Examinations. - Shortly after the cpening 

of the new rned.ictl dispensary in Jufl 1944, the staff of doctors was 

la.ree enough to allow one physician to ;;erk part ti.oe on special 

ext:ua:i.nations of employees in potentially hazardous areas. 1'hose 

workers employed in the liqµid Phase proce:os, where phosgene was a 

major potential haz6l'c.l, and t!'lose han,3l:inc t~rclUUE CC?!:.tJ:Ounds (for 

exauple: the chet:;.ic;;.l r~ccver.; er:..::-loye.::s :: .. .nd. bnlk t'.!'·$2:.tneni.. s::.plc~. ees) 

al;rsis 2J1d, in scme cases, blood ~non-::;rcteir. nitre: .en indicating kidne:r 

da.cia.ge a:Jd icteric index ieterr.d,~ations for liver d<~r..a;,_ e. 'l'he employ-

ees having the greatest potential taza.rd were exai.U.ned three times 

a year, \vhile those where the ha-z..:.rd was least were examined at least 

once a year. If any abnormal findings were noted in thesa examina

tions, the employee was ref e1·red to the l:ed.ical liaison Officer for 

~rther study as to t(he cause of the abncr.n::ality. 

(4) Ter;rination ]Jcaminations. - On tenr..i.r~ation of 

emplc-yment the enployee wo.s referreu. tc the ;:;euicc:l ::iivision for a 

short interview to determine ~:hethar or not he felt he had been 

injured in any way bl' his work. I! any complaint was made and con-

sidered worthy of investigation, the employee received a complete 

pr.ysical examination to. evaluate the valid.it; of his claim. 

(5) Monitoring. 
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(a) ~· - On 10 April 1945, following several 

prel.iJ?d.nary surveJ·s, a rm tine of dust monitoring 'llas set up. In 

. locations with the highest potEntial dust hazard, dust. meaaureioonts 

were made.at lea.st once each .month, wbiie at other places where the 

dust hazard was not so high, the measurements were made at least 

once 9\l'ery two months. 

(b) Phosgene. - The .monitoring of phosgene, 

the other principal hazard, was particularly difficult because u~re 

were no efficient a.rd suf'ficientl:, accurate methods of .c:easuring 

this gas at low concentrations. The human sense of smell is pro-

babl:i· the most accurate detector of the gas at concentrations of 

about one part per rrdllion. 3ec~use of this fact, it was felt~ 

that 'the workmen theuselves, when trained to recognize the odor 

of phcsgene rather than rely on the use of questionably accurate 

chemical. detectors, could more effectively apply the necessary 

safety precautions. Consult~tion with the Division of ChElllica.1 

Warfare revealed that this principle of depending ~.the sense 

ot smell has been used by them in the manufacture of phosgene at 

Edgewood Arsenal. Since the vapor phase .method of making uranium. 

tetrachloride has beEn in use, the potential phosgene hazard tns 

pra.cticall~ disappeared. 

( c) Radiation. - .Because of the possibility 

of exposures to radiation, the Special Instruments Laboratory beg8.Jl 

to survey the electromagnetic process from beginning to end in the 

fall of 1943. Surveys on alpha, beta, and gamma radiation were 

carried out. Dr. ;ti.1J.ia.p1 Bale, a physicist attached to the District 

• 
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Ledic; .. l Section in the Rochester .~rea, was calle·:. in .... s ccr;sulta.nt 

2..Ild visited tha Tennessee Eastm.::.n Corpcratiein ph.nt in I<'etrur..r,y 1944, 

~nd again in Jul;; 1944. Dw·iii~ his visits he 1:~ade thcrough surveys 

with portable testing meters ~rl found that there h<).Pe no areas 

vlhich had harmful amounts of ru:iiation (See app. B 9). Dr. Bale 

suggested, however, that the "cubicles" which contain the large 

kenotron rectifying tubes, the t1,lbe testing rooms and the cable 

. testing rooms, be surveyed periodically. .M'ter a thorough pre-

liminary survey to determine the most probable sources of radiation 

in these areas, a system of routine monitoring was instituted in 

February 1945. The selected areas were r.ivnitored by placi.n,g x-rai 

filw in light-tirht containers at fixed pcints in tte roor.J.S to be 

checked. The degree of blackeriing of this film gives a ilieasure-

( ment of the amount of radiation. This type of monitoring was car

ried out twice weekly until the first of July 1945, and the radiation 

was found to be far below the tole;rance le V.el. , 

c. General Industrial Hyp;iene. 

(1) General. - An indication of the anount of service 

rendered by the Tennessee Eastman Corporation Jiadical Division is 

demor.atrated by the increase in patient visits per month as sh9wn 

in the following table. 

Month 

September 1943 

January 1944 

July 1944 . 

January 1945 

, 

Patient Visits 

81 

4,365 

17,459 

22,JS6 
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Ccl:.ober 19i,.5 

Earch 1946 

June 19~.6 
\ 

s 

12,960 

£,539 

9 ,2.99 

These i'i_:,ures include occupati.cr~<...l j_ s-e, ::.e e: .. n·~ accident ce.ses, 

:·~or.-c.:: cu; .;;tional disease cases, special e;:c:u:tlrn::.tions en groups 

examinations. In addition, <: dvice ·en heal th ~rcble.r,.s was c,i ven 

by individual oonsultatio::., b~· articles in the Ten.'1essee E::.st.r...an 

(2) Occu c.ticnal !njuri;:;s <.nu IJ:lnass. - ?he 

resl?onsible fc;r the medical yroceiurds r.ecess;;;.ry to tre~t cccu-

FGticnal accidents and diseases. An avera~e of 150 occupational 

c.s.ses., varying greatly ir_:. severity, v;ere seen ever~ twenty-four 

hours in the dispensary. ill cases of phosgene exposure, nc matter 

how .::in.or, were seen c:.nd tf.croughl;; checked .st tLe dispensary .... 

servi:::es of a speci<::..list -;o:ere referreu tc the Cak lddt c Hospital 

for care. The compensation fcri:i.s requi:rec; by Tennessee state law., 

such as· the .Employer• s First ReP,ort and the Physician 'a 1''irst 

3-llo) 

:le~·crt, 1·.ere filled out by the dispmsar;: st a.ff e-rid f orwarde~, throuf;h 
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the District, tc '.:.Le iu:iw·s.nce c;:,:cril3r. 

lii:dted u~c:ical s~rvice for non-occupaticnc.:. illness or injury 

was a.vuilable for employees while at work. This service was U.e-

sigi.ed to keep the employee on the job b~ avoiding loss of ti;r..e 

for care of mi.nor illness. Per sens re•:;.uiring more tlwn sim~~le 

dic.;;nostic and therapeutic procedures were rei'arre0 to their far.idly 

physicians fer treatmer.t. ApprorJ.mately 400' of such cases were seen 

in the dispensary every twent.1-four hours. 

(4) Sanitation and Public Health. - To insure 

adec;.ua.te sanitation in the iic:.ndling & ... nd su~ i:l~ ini::~ of food in the 

plc..nt site cafeter:..c:s, u. f:::equ~nt inspectic.:n PJ1d. be .. ct:.:riclor;ical 

testing I-:l"CJ<.:.m was carried on by the 1:eci:ee:l L:ivisic,n, which also 

super-dsec.l r..;osquito arn.i v~r•:.in control. 

d.. Crgaitization. 

(1) Ledical Division, Tennessee Ea.str.lE.ll Corcoration. 

The ors~nization of the ~edical Division of Tennessee Ea.st.man Corpor-

atio~1/ 1:as started in Fet;ruary 1943 wh7n the services of Dr. James 

if. Sterner, of EastD.:an Kodak Conpany, were secured on a part-ti."lle 

conse ltc..nt basis. He 1•as joined, on 1 Jul~·, b~ J;r • .rt.. N. Streeter, 

wl:c \7i::.S appointed te.rr.;:crar~ l:ecica::.. Jirectcr c: .. r,cl be.-.:e.c. to asser.:ble 

the cii-spensar; staff. The actual operation of the !'eci.ica.l Division 

begar. in September 191;.3, in a dispensar.T desit;ned to i.and.le appro.xi-

n.atel~· 7 ,000 operating employees. 'rhe staff, at this tirr.e, consisted 
; / :., 

..... of 1 doctor and 2 nurses. The dis~ensar,J \U.:.s a hollow-tile, permc.;.nent 

~1pe of builciir.5, containing ·a six-bed ward., treGt1.~ent ·cubicles and 



(Par. 3 - 11 d(1 ) ) 

doctors 1 offices, c.s ~.~:.:. .::.s s;•.:.ce ;.er the 1,;Lrdcc;l c.nJ i .. _ustria.l 

it .-.-<:s found t21ct the original estii:..ate of the nwnber of e:aplcjees 

was too lm·.-, <>nd it becc.; .. e necessary to enlarge the ;::.edical facilities. 

In the e.arl_y r~rt of 1944, consideration was given to a.n expansion of 

the existing di.:;pens&r,y, Lut, because of its off-c.enter locati.:;n and 

t; e necessity for the co1.iplete remoaeling of the buildinL;, it v:as cJ.e-

cid~ to construct a mm dispensary (See AFP• C 15) centrally loca.teci 

within the operations area. The ne\'i disrensary was desi~ned to hanGle 

13,500 e.&JPloyees. Provided in the building were dispenscries for 

e:.;er_ e:.c.:i ai.bulator,y care, six doctors 1 ofii..::es, x-r:~ ::.·00 •. .s, t1·,;;c::.tr.ta:lt 

cubic:.:..s, s1)uce fer twent~ bods, .:::.c1 e...<er;,:.enc,y receivi.~;: roe:., ar, 

ew.Cr.:_.E<;~C~· cperatin;;:; rCC.L'. 1 d. 2.arge lai.lorator~ to hoi.;.se coth :.he clinical 

T~.e rn: .. ;;;;r cf te\.:<S was i;:..cre:ised fro":, six to twenty in the new· build-

ing, .since it hc..d been determined tha;t ev.;n .minor cases of ~hosgene 

expcsurc should be observed ior .a.t least t·.;enty-f'our hcurs, utilizing 

~:~:}~ 
n:.ore beds than 11;ere ori~ir.all.'t thought necessar;>. Because of the in-

" creasing de:;.and for x-ro.y e:r • .amina.tions for d.i<.o.c;r:ostic ,::urroses, p3r-

On 1 1~over.Jber 1943, ~r. James 3terner was free to assw::e 

the ciuties of directer of the :kedictl Division; on a part-ti; .e Le::.sis, 

:dt:, jr. ;... L Stri;:eter acti.f, <..s .·.ssist.ant uirucL:ir. ..:.t ttis ti.:.e, 

, 
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( the stafl' ccnsiGL~..i of t;.~; r..iccLcrs &:!1.-: six n~.rses. : 11 l ; ~rch, 

-. .. 1. t;~ Jr. J~.i~1es .3t~rne1· : ;::ti~:.t as : .::..rt-ti e conselt~.nt i.;-, Industrial 

Hy[iene Cc!1trol. 'fhe staff, on 1 Julj 1945, cor1sisteu cf sev~m i.l.octors, 

thirt,y nurses, rd.-u:~teen technicians, an1.:i. twenty-seven clerks c;.r-.ci 

stenoc;ra:i::hers. "By JO Jt!ne 1946, the staff had L'.nu\:)r ...:or:e c.. .:!oierc.te 

decrease to s:bc pl-:~sicians, 25 r1urses, 21 clerks ;;;.nd sec!·etc.ries and 

8 technicians. The Industrial HyLiene Lc.~,,crctc.r,;,: was locc..tec.i in the 

.original medical dispensar.y building frorr. Januar.y 1944 w-:til July 

1944, a..t which tL;e the laborator.; ~ru.s tra.~_ferred tc the iillc::.t0i 

necessitated by the irn~rec..se ii. l<;JJCrLtcr,, .-er_o,1:-~el. 'I'::tis coll.trol 

( sectior. was under tbs su~: ervisi:..n of Dr. Jar11es !: . Sterner ~re;:~ i :.s 

inception eo.rl.Y in the. summer of 1943. 
I 

(2) r::·istrict :.:edicil s~ction liaison. - On 3 bUgust 

1944, Lt. Bernard '.'/olf v;c:.s cle.::..red to work in the restricted areas 

of th!! electro.:io.c;netic process, as liaison officer for tl::e 1.:a.nhattan 

District !:ed.ic.s.l Section ..:ml as radiolc£ist. Frior to Lt •. iolf's 

arrival, all x-rc:.~cs ti.ken at the Gisrensc:.ry were trc:.r:sportec tc the 

U . .k hl .. :.i..;e Ecsr_;itc:.l fer final rea~.:r:c. Cn 20 n 1 ·ril i 945, - " .. elf • 
was Nf·laced bJ Cu;.:·t~in 1. Jaffe c.s Liciso.ti. officer, ti:t:: htter re-

maining in this ;:ost u:1til his c:..rL/ Jischc.rk,;e i1: : . .:ire:, 19'+6• The roent-

genolc,ist at Oak Rid~e Hcs;;ital reassUJ::ed, tt;r:i.,;.:icrc.ril • .-, the resron-

sibilit/ cf interpreting the Dispensary's x-rays. On 1: JW1e 1945, 
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lease from active duty in May 1946, the x-rays were once again sent 

to the Oak Ridge Hospital tor interpretation. 

e. The Cost. - An estimate ot the cost of the medical 

service. from its inception to 1 July 1946• is given in the following 

figures. These figures do not include the first small dispensary used 

nor do they include the rental cost of the space used in Knoxville as 

a pre-employment examining center. since these coats are included with 

the personnel and aatety budget and are not available as separate ite:ma. 

Cost of Co118truotion of Dispensary 

Equipment 

Operating Coste 

(a) Supplies, Maintenance and Miscellaneous 

i246,950 

(b) Salaries 
Total Cost 

3-12. The Pile Process. 

433,345 

$268,632 

680,295 
9994,000 

a. General. - The pile process was developed for plutonium 

production from uraniu (See Book IV of this history). ~he tunda-

mental physical and.chemical research on this process was done at 

the Metallurgical Laboratory of the University of Chicago. and small 

experimental piles were built and operated by the University at the 

Metallurgical Laboratory and at Argonne. Two installations were 

designed and constructed. One of these was a pilot plant, called 

Clinton Laboratories, at Oak Ridge, Tennessee, built tor the study 

0£ production methods. and the other was the final production plant 

at Hanford, Washington. The general principles, on which these 
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rl.:. nts ·.:~re 'cJC.seu, were Jevelope,..i. at t!'.e Universit~ of Chicc.:,o. 

The <;;ne:_ineerint; iesiJi. w£:.s made b,:. E. I. du Iont de ! . .::rnours ar.d 

Cc • .;pa.ny, of ·.iilmint;;.to;:, Dela:m: .. re, subr.iitted to the s"cientists of the 

University of Chicago for approval or revision, and tten constructed 

by the Du F'or.t Co,:1.pany. The Clinton La.bor:.tcries were operated by 

the University of Chicago1until Jul,'l 1945, at which tirae the 1ii.onsanto 

ChemicG.l Cc1.'.lp<my of St. Louis asswned. respo::silility for its operations. 

The Hanford Plant wc.s. operated b.J the du Pont Ccrnpcny with the advice 

of the Universit,y of Chicaeo. 'I'hti three installations \/ere closely. 

ir.terrelcted. Key medical and operating ;;ersonnel for iJoth Cli:iton 

I.a·..:or;:tc:::-ies £fol Ec:.nfcrc.. ~c.ineer .;orl:s · .. ere, in a. L·.rJe ~-,«rt, either 

r·zc:;.:u:.te<l fro1:i or traine<.i at the l.etallur: ictl La.borator./. Dec2use 

ex;:eri, entation had indicddd. thc.t an or.:;c.:rution of this type :uight 

( be l:c..-:c.u.rcioos, eluborc,te pr·.:!cautior!ary mediccl ~-rc1:.,ra.ir:s 1:ere instituted 

to determine the source and type of hazards which mic;ht be incurred., 

to protect operating perso::;nel against these hazards, to recommend 

the l...easures necessar:/ in desi~:n for safe o::eration, and, in addition, 

~;;;1~~* 
·.·:· . to ;::rovide routine occupational ca.re. 

b. The Process. 

(1) General. - C;.nned slugs of uranium .::.re placed 

i;: ~Le ·ile in ;;. ~'.:'re-arr<-.nL.ed .:an::er, :i"lii.ch suljects thti:, to neutror, 

bo:.:.bc..~d..;ent. The neutrons are produceJ. COJ;tinucusl,;· by urea.nium 

fissior.., which occurs <.i.t a controlled rate in the ;:,ile. The effect 

cf the bo1:1bardmerit is to convert uranium 2J8 into plutonium, arxi 

to produce certain other breakdovm :i::roducts of uranium known as 

"fission rroG.ucts." .uter a ~,re-deterr.iued periou of tine, the 
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activateti ur<:i.niur.. slu2:s c..re renmve1i l>j re1.1cte ClA,t.rol fro. the 1.:ile 

After a period of storage sufficient to r.::Ju(;e the radioactivity 

of the material (by decay of the fission : roiucts h::.ving relatively 

short half-lives) 1 the slugs are rerrnved in lec.ci containers end 

tra.'1sported to other c:rea.s in which oxtr< ~ticn .:.nd cor.centration 

cf rlutoniu:-. is made. In these &.reas tlie ur<:nium slut;s are dissolved 

and the rilutoniu.m is r:urified and concentrc:te..i, in chemictl ;.:rocedures 

carried on by remote control behind cor..crete shieldin5. The final 

sclution fro;.: ti:;is ;:-rocess is r-a: .ove...:. tc :::: ecid ischtion ur:its 

of the e.xtrc:,ction .-rocess e:re 'store.:. ~c·r :.'.:-: e : C3t · c..rt ia uride:.·-

.~round t.::..CV.s. Bull:~·, less active va:.stes £.re .:.eli ver·e~~ to set tli1:;.; 

ponds. Plutonium isolated at Han.ford. is storel in sr-ecial under-

[rcuild stor~ge v~ults. 

(2'; 1.::etal Froces.~dn u-!d Sha~·ir.f~· - n.t Ranford 

billets of urc.n.::.um metal are receivGd frc_: c:,t!· . .;;r District con-

t:-<ctors &.nd are extruded ir.tu x:ccJ;. The rc~.s <.:.re sl.r<..i,J1t..:ne-i, 

ct.:t-e;::sse.:..., cut i:~tc suit<:.i::le :.e,:::-t:.s, 

i:1 ;::,. r.1.armer s~:proy.ri.:te fc:,.1· u:;;e in '.:.~e 

tc::--~ ;;:.achineG. slu._:s of ur< :.itu:; ,;;at.:.l ~n~' :.L ex;,er:L:-.>r:ts in 1.:oat:.~:~ 

(3) ~rinent<:l .c-r:<. - Cb~:ic.:.l u~C. physical 
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both Cliut'"'u ~bor,:tories <7..1£.. ti:.e •. _,rc;;;.llurbici:U laborator,j. New 

methods of opvrution were first ir.vestigatea on laborc...tor,y scale 

prior to inaugur~tion of reeµlar frCXluction procedures. In a.J.dition, 

particularly i.l.t Glint.on Lo.bore.tori.es, ccmsiderQ.ble e.:t'fort was ex-

pealed in study of .a-.. eth<Xl.s of iso+~tion and on the physicD.l and 

chemical properties of the radio~ctive fission products from the 

pile reaction. As in plutoriUfu production, "hot" uranium slugs 

were passed through the water C&'lal, and tar.:eri in shielcied con-

tainers to specia.1 nhot" labora.tories in r1hich separ.r.tion and re-

search on fission products were conducted. This work was confined 

to la.boru.tor,j seal e. 

c. Hazards. 

(1) General. - The frincipQJ. haze.rd c,f the .rile 

process results froUJ. the enor.i:.1oos amount of' radioactivity produced 

in the operation. l:n addition, the ,i--lutoni.Wll d.Od the fission products. 

are radioactive c~ateria.ls caJ.,'able cf causiug serious dQ..IDage if ab-

sorbed in sufficient quantities (See p;;;.r. 2-2 c(4) and 2-2 c(5)). 

Consequently, the .most i.uiportant factor in safe operation of the 

plant was engineering ciesi_gn, ;which protected against radiation and 

mini.P.d.zed contact with the •i;aterials. 

(2) li.etal Shaping ar.ci i'rocessiog. - The primary 

hazard of the various prep<oratcry }TOCddures is tho.t c.f breathing 

uranium dust. However, as indicated previously (.;)ee par. J-7 b 

(6){c)) the dust is the block oxide (U30s) and is essentially 

non-toxic. In addition, there is exi:-osure of the hands to the re-

latively weak radiation 1'r<:E. ttra..n.i.wn metal. Under or~inury con-
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in cleaning the uranium. slubs, c.citls and de"'reasing agents 

( trichloret.lJ.,Ylene an:i carbcn tetrachloride) were used. It seems 

likely that the use of carbon tetr.s.chloride constitutes the greatest 

d&nger in this operation. 

(3) ·Operation of the File. - The hazardous compon-

ents of the radiation produced in the pile are neutzions and ga.mi1a 

rays and, to a lesser extent, beta rS¥• (See Sect. 2-2 b). A tre-

mendous amount of ccoling water is required by the process, and in 

passing through the pile this water and the air it contains become 

r;1a.ioactive ·and require srecial handling. The uranium slug::., and 

even the .::aterials of construction of the pile, tecume intensely 

radioc..ctive. Consequently, removal of the slugs c..nd ar~ repair work 

( · done on the pile require ir.trice.te protective procedures. 

(4) Plutordwu .i!ixtraction and Concentration. - The 

prir~cipal hazards cf these procedures result frcm. \.he intense radio-

.s.ctivity of the activated uranium slugs, fr01n the rauioactive gases 

liberated in dissolving the .::etal, and frora the toxicity of plu-

tc.~w:-• anti the fission prcducts (See par. 2-2 c{4) an~ .2-2 c(5)). 

Tl:e t~citi of ttese r;.a.terials becomes il:i;:·ortWlt or"ly in the i'inal 

seF<..:.raticn of y,lutcniur..:. er ....n case oi' accident. 5ar.pling !Jrocedures 

t.r.rc.i:bhout tne process introduce the ad.di tional ci.anger of spills 

of active .. aterial. Finally, waste solutions fror:.. the process, 

containing uranium and fission proaucts, are hazardous because of 

tr.e radioactivity present and the toxicity of the materials contained. 

(5) Experimec.tal Work. - The resee..rch work on plu-

It 
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touium producticn wid on isoL.1ticn a.nd purificc.ticn of' vuricus other 

radioactive isoto11es W"4S <.;.Ccompar.ieil. t..j' ;.;.11 the h;;.z~rds encounterea 

in the pile process production pl.s.nt. In soke instances the hazards 

were greater in the laboratory than in the· plant because of make-

shift shielding and equipmecit. Then, too, s<:..fe practices for ex-

perimental. work could be develo_ped in a. general Wa.J ori.ly. Final 

tormlation oi' specific rules had to await ini'orc.~tion oLtained 

froF.;. the research work. In certain instances, also, familia.ri~y of 

the scientists ,with radioactive materials ml:l(ie tllem less cautious 

than they might have been. 

d. Hazard Control. 

(1) General. - Haz;.rd control was divici.ec into 

the f ollow:ing parts: monitoring, which included • .. ethoos c.f' er.eek-

:i.r!g personnel, ple:.nt areas, a.t.n:•O::>l;here, ci!ld. wastes; o.11d protective 

procedures which ccncerned floor Jnd table coveri;.igs, protective 

clothing and equipment, and oethois cf roto.ting employees in hazard-

ous areas. Automatic cc.-ntrols were installed to stop the apparatus 

when over-tolerance levels of radiation were reached. 

(2) li.ionitoring. 

(a} Personnel. - ,.11 irnrividi.;.e:.ls ;,c.rk.:.n~ on 

the .i:ile process, at all r.hree loce:.tions, were c~re.ful.l,:; c~·jec.K:ed 

to insure thc:..t Larnuul woourlts of rc. • ...:.i<.J.tior. were not recei"ed. 

All persons admitted to areca.s at Clir.ton a.nc.i. 1-ranford which could 

possib}¥ ha.ve significant· amounts of radiation were required to 

wear two pocket ionization meters and a. fil'l badt::e (See par. 2-5 c). 

1'his rout...ne w<:a.s the usual pra.ctice at Chicago, but w~~s not. ccnpul-

• · '9fjiiI uaau mausa a 
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SCI':J. '.i.'he t·ocl\.et , .. i::t.vrs lial'.; read .... .:..i ... j a1u tht:: fi.Lru be:.dges at 

int1::rv, ls of cne or t.wc wec•~s. 11' t.!'le i ccket .neters iuuic<.o.t~<i th<1.t 

ex.t:-caures 1J.Love the toieri:1nce levc..L vf ~ • .i. roent..ge1·1 of i>eta or g<l.iilnia 

raaiation ,..-ere i·eceive'4, G.n i.wr;.e..dc:..te ci~eck of tne t,n;)e. ot exj:.t:isure 

wc.s •.;au.e, m-- corrective .u.e .... .::;ur;;s 1:u1•e __ .. st.ituteu tc ,.revent re-

re.re occu1·rence) were ob::1-;.:r .. ;;.ci. closd~ fvr a perioo of tir .. e ·i;.o i.t.sure 

thilt no bodly dc.ur.age v;c.:,s incurred. !i.adiaticn of the hands we:as 

chec}~ed. b;· the use of ii ng film met.ers c,r wrist -badt:;es (S~e par. 2-5 c). 

In aduitic.:n, i'.!.nger ridge impressi<.ms were taken at 3 month ir1tervc.ls 

of all eu.ploye~s i'la.ndli..'1.g r<.a.ciivacti-;;e Lc:.teric:..ls (See par.,; 2-5 cl4) ). 

Chc.I1<'. ;I i.. tr,e il..ng,el'J.'r:..nts of any i.:,d vi..iuc...i.. was suil'icient excuse 

to ei"f.;;~t an in~;.ecia.te investic;;;.tio!~. .:.t Chicago, as it. further 

chec;.:, stuu.ies <.;f tne c~pilli::.ries cf ;,{,e h;;.nus were also r..ade, c..nd 

a.t t.ne end ot ever:y shift the gloves,, ha.ts, shoes, respirators and 

protective clothing of emplayee:;J Tlorlcir•t; in. rauioactiv13ly co.r.ta.ir.i.r.ated 

.::.rea.s were t ... s·;;.t;i... Clothing conta.:i.nc:.tea \\'it~: ro.dio.:..cti ve .material 

was sent. to a special laundry tor dec ... ntc:r..i•ati1..o:.. h' evidence of 

over-tolerance activity still existeu i•~ t.his cloth.iue. after laundry 

procedures were ca.rried out, it -;; : s cit:~.:r .;.iscc.ru.eu or stored until 

such e..xcess o.ctivity diJ:ir.ished b.;, :;.c:.ti.:r;;.l r~~dioo.ctive decci.,y. I-i<aild 

ccLmters wer..;; used to deterr.ine excessive ha.nci cc,nt~ation, CiJ'Ji, 

if contamin&:&teci, the hands were cleanea. by scrublit1g or cheJui.ca.l 

methods. 

(b) Plant Areas. - All hazardous working areas 

in the : b.nts were- c.:onitored, b.1 co:~t;.nl.lously recording instru-

-aHUntl .J1-ss_, ..... u1•1•a ....... 

• 
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as scon as the tolerc.nce level of rauioactivity was reached (See 

~PP• C 23). Sioloc.:-;i.cal monitoring waa also carried out at Clinton 

Laboratories, by placing rabbits and ·rats in str~tegic locations, 

to determine v:hether long continued expomre would have air;/ signifi

cant effect on the.m. A. specially tra.:41ed at&f f of workers examined 

all v.ork (d'eas, apparatus, equipment, tables and hoods· at regular 

frequent interv-ci.ls to deter.mine t.he fresence of ha.r.mful levels of 

raCioa.ctive substances. Anal~ses were .made of the air to. determine 

the ccncent.ration of radioactive dusts or g~ses. 

(c) Atmsphe::e. - J..11 gases i:illd fu.oes ei:itteci 

b~ ~.i'.e .:.:;.:: c:.nd i:.:~ the che::d.cc..l sepc...rc;tion process a.xhJ.Uat stacks 

were ex.:..:..ineu cc..rei'ull,¥ in or::ier to .· revent ony hc;;zura to t.i1e ~,L:..nt 

..,.r.:e;s <..:.i to the surroundin.::. regicr.. Coutinuous ci1ecks ·11e1:c r•i.ad.~ 

for t.::e .Pr~saace anu wac,ur1t oi' radioactive -gases by tne use oi 

recording d!.i.t.:.l.}sers w&i film. pc.cks. Tais equi~ment 'Was in strc..tee:;ic 

loc~tio!-.s in tl:,e i.. . ..::.elliate vicir.it..Y of the three ir.stallu.tiona, with 

other u•:its at aists.nces up to several miles froo the stacks. l~o 

hazarci.ous. concentrations were found at w.11 time. Sane bic.logica.l 

m.onitor:;.ng was .:e:.rrie<i out at Clinton Laboratories b~ introducing 

~d.; . ..:..ls ~iirectl~ hitc stack go.sea wio ex.:..mirJ.r.g thau .:..t intervols 

to ..:.et1.;.r;::ine 1·,hetiH:r injur.) had occurreu. To ::i&.te no ir;jur,> has 

been ue1 .. or.str~ted (See App. B 4). 

(d) Water. - Large quantities of water are 

usea :i.n the sep:.r<:i.tion a.n1 d~cont&mination procedures. Continuous 

... o;.itori.;g of tri.is wa.ate i'or rauioc.ctivi.t1 was ca.rr.iea out, in ordez· 

' 
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streG..mS i,n !.he viciI<ity. i1ll the water c...t'ter use w..._; • ... re:.ir.aO. Lite 

hcldillfi, fOuds \;here it was a.i.lm:e(;. to remairi until its c.ctivit.)· wu;:; 

re.:iuced by ;.rccipitaticn and r.-i.dioactive disii!tegre:.tion. ln ad.di~-

ti on t.o ihe check <..n the water, additional studies :.:ave· been ce.r.rried 

out on the mud ot the stream bed, the plant life Wll ulgo.e .:.nd the 

fish .i:;opulati on ·at optimum Locations (See d.t:;:. B 5). 

(e) ~ntenance Work. - l.aintenance work in 

w.1y of the haza.raous areas W<.:is precedea. by •-O.nitoring surveys and. 

a job analy&is. After careful evaluatl:on, special ;rotective equip

;i.ent such as clothint,, respirl-tors, goe:;i).es, c.n:i i).cves n.i~ht be 

re11.uired. ·rhe IUOrdtorlng lJas coutinueC. ciuri~··e :.~1e e:atire .r- eriod 

of work. Upon co;l.i;.letio.1, special e.x.cimil.atio.ns wez·e -.c..ae c1· l.l.stru- • 

.:.er. ts, too,l.s and. clothing to detect any Uii.USl:.al Ci!Xi.Ot.:!'.t of ra::Aio-

a.ctivj.ty. Pocket .meters and i"il.c& badges "t;ere re::.d c..ni every por

sible precaution was taken to prevent Over-ex,t;csure. 

(f) ».isqellaneous. - Specic..l surveys fer radio-. 

active ca1tami.nation were ma.de. p~rlodically in the c: .. feterio.s, 

laundry, office buildin~a, and oti'Br locations witi.:: .. n the ,plant areas, 

tc c.etect t.he uepositicn oi' r.J.nute quontities c.i r.:..cicc;.ctive _ ... ..::..teri&L. 

i;hec:.:s were .;;.a.de on the :...t.nio:;;~.heric content o! .i.eaa :..:-. t.l:& leei.d si:op 

·\':here the l.e~ si.ields for pi~otecti.ve t.L.!ts f.'ii:r~ fa~r.:.cc.teu. • 

(J) • .t·rotectivS' Prcced.yres. - Sp;ci&l ,::rotective 

oppa.ratus and procedures were found necessc.rI to eli.c::iJlate ~hose 

hazards which could not be controlled. b.; engi.Le3ri:1r; .:.esie_r. bnd pro-

ccss.i.r.g ... eti10.;is. As ireviousl.) stateu, these i;.clu.(;c tna u~e cf floor 
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(a.) iloor C.llld '.Cable Cc.verings. - To guard. 

against high rad.ioactivi~y in the concentraticn and isolation pro-

ceases where the concentrations of plutoniW!l and other subst&nces 

of this type were c01r.p.aratively hi€i1., worr;: bencl;es., t~bles <illd 

floors were coverea with .i:.;c..per which in tum was· destroyed a.nd. re-

placed at regular il.tervals. In soms laboratories glass tops were 

found to be preferable • 
• 

(b) Protective Clothing, Apparatus and F.guip-

ees working in plant c...reas wc..s reqt<ired. This includ.eci coveralls 1 

gloves., hats and shoes. £he fE;;rioos of ti.::e bet ... eGr. ch.:i..nt;es f\'ere 

determined by the t:H.;e of Ylork pe1·l'crr .. ed1 ;cs.:;:~..:L.it~' o: e.Ap<>sure., 

and c>.ctual cor:tCilllir.at.icn a.s determi.1:.ed (;~ tr.e .i.uc;n.::.tc.r~.g for radi.Q-

• 
ucti ve r1?G.terials. In cert<:.in ::a:t.U'ciou;:; ;;.r;;c.s c:i..e&n clotiting i\a.s 

rei;ula.rly issued ddl.r. sv~ciai t;;lcves v;erQ: -... orn ir. carrying out 

those operations which necessitG.ted exi;osure of the hands to .radia

tion or contamination. l1es,1Jil'atcrs, f-rovic.uslj tested tor e!ficienc;. 1 

were worn in all maintenance work in: .. olv~g ex!~osures to the radio-

active dusts of iission . rouucts dlld ...;lutoniwt. Gogc;les i<ere is&-ued -. . 
to all eLl~:los-·ee::. enga.t_~ed in Ofero;;tior.s in 1.r.ich a ,;..cssibi.iit.y of the 

cout&mination of ;;.he 13,yes existed. 

(c) RotQtion of .Emuloxees. - If it became nee-

essary for certain employees to receive radiation in excess of tol-

erc.nc~ for c. li.JJi te.:i period of ti.111e1 tt::ose l.orkers l-.ere t.her:. re.~oveci 
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i:l.tl<l reassie_ned 

for the tii ... a requ.i.red to aetermine tna.t no o.at1Uige had been incurrec. 

There \1ere veey fet; of these co.ses, the actual number not being avai,;..able. 

(4.) Uedical Exami '16. tions. - The medical control 

of the nealt!~ status of plant employees was exercised b,1 the 

t·ollowin& t1Xa:.;d.n&.tions. All enployees received a. Fre-employmetJI:. 

examination before being hired to work in the plant area. Interval 

exami.naticna were carr.l.ed out at sifecified. th.I.es, tor general 

health control &nci r.o d.e.term:ine whether &n.)' da.mage, due to expos-

ure tc radioactive 1::.0.terials, had been incurred. A termination ex-

amin&tion w~s carried out o.t the tiiu.e of discharge, to deterli.dne 

whether any ci-.C£lces hE:..d occu;rea which mi.EJ:it be related to exposures 

to r;.;:.uicacti ve ha.zc.ras ici. ti:e pia.nts. 1'he f.re-!;;!JJ4iloyi;1ent exaJnina

tion i>.clu;.ie..i. a. co::.plete physical ex.a.iuin.:..tior~, chest x-ra.y, Cefut.ilete 

blo0<1 cow-•t., urinalysis, and a serological test tor syphilis, 

• PhysicW: e.x.~ .. , .. ei.ti:.:s..s •·;ere repet.tet. .at in:t.~rvcJ.s o! 6· to 12 .r:.onths. 

LaborG.tory exaai.naticns varied in frequency; depenW.ng on the degrf:e 

of hazard, az•d usually cpnsisted of blood cwntsJ and urit..alyses, re-

peo.ted e.t ir~tervc..ls ot no mvre t!an one month fer per::.>ona in· h&.~arii-

cus c..reas. ·r~rm.i • .l.tion ex.s.:i1.inatiur.1s were similar to the ,t;re-

ti,e uet.ect..i.vr:. c,t ctiAl·.ges c.ue to r.:.i:lia.tion. 'J.'he tr.::.1~s1'er ell.t:.1airn ... tic.r. 

exw .. ;.::..tion. ~ plont personnel. working elsew'l1ere in the a.rec-.s re-

ceived these exumir.11tions c;;.t intervals of three to six JJ10nths. Oc-

casior.c.l tio0<j <:.r.1... urit1.::..:-.;, e.>u:.r.d.r.<...tions for leo.o ¥;t:re co.rried out 
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(5; .b."valuei.tion ol H.:>.zarc. Cc.ntrol. - '!'he .:.er.:·1ods 

b.\ far tile number usuall.Y aasi~eci tc this t~ .. e cf 1.-cr~,. .n.s a.n 

.:i..:.&.ditional protective .::.ea.Sure in these o.i er&.tions, &. v;:;r~ coi:ser

vative via1r: was ta.ken of the dosQ6e& of ruil.ei.tion .:.t1d cf rud.io-

active substances con~idered sde for long-continued ex;;·osure, 

e: .. rni ~ditiom,;.l .1'<.:.ctors of sa..:f et~ were iLi.iro<luceu in ... c.st inst<:>nces. 

l'he f .;.ct tr:.:.t nc evidence i:i.us developed to : . .ndic. te '.:.h:::.t cul~ 

inci.i.. viuu<:.l hc:.s teen ir.jured. f.n. aJV' v;a.1· b,1 tne spe'?_L:.:i. he:.zaus of 

this ~~rocess, is cOLi.sid.ered to b.;t .:..;~;ple Ju.stificc..tio11 for the 

efforts expended. 

e • ...- e. Gerwra.l In4ust:.ria.l Hygiene. 

(1) Hanford .Engineer Works. 

(a) Objective. - The Industrial Section of 

the lieaicEil Depart.i:.ent a.t H6ll!ord wcss responsitle .t'or: determining 

the physical status ct a,pflicWJts for work ~.r1 the pile process 

plant. in order to utilize ~est erfec~ively the Qca•~ow~r <4Viiilable; 

• t.i·;e protect.ion of the esuployl:ies c:..r.u ti:e i Ui.M.ic fro1r. over-expQsure 

to rauiation wn radioactivtt substances, by J.!·Frorri .... te exa.rd.na-

t.ions of the pls.nt environm.ent o.nQ of the plant persor.nel; the cart: . 
ot occui a.tional illnesses cand injuries; and the minor meaica.l care 

necessC:1X:; to reuuce absenteeism. 
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(b) Cc;;u-: c..tiouu an ... !~on~ci::u:_c..tiur .. a:i.. 1-e-.tics.l. 
' 

~· - The Iwiustria.l Section was respor:.sitle fN' ti1e treatm.ent 

of all occupatioual illness.;;s and .i.njuries. .l...:;.nor cc.:..se.::J ;-:e:i:e c area 

tor at the first-G.id statioos. Patients requiring hospitalizc..tion 

were treated in I\c:.dlec Hos;..:it.c.l. a.t !lice.land, i•ashi11gton. Close 

· llaisori was maintaiuea. bet~.e:::n the .i- hysiciuns of the Industrial 

Section d.nd the staff oi' the hospital. A!J a. n.c.tter of ~:<>licy, 

treatment was provided by the Industrial Section also ror .w.inor non-

occupational illnesses and fr.juries, in oriier t!-.ci.t \~orkir.en could 

receive treatment l'<"ith the lea.st possible loss of time i'rota work. 

(c) Re~~tion of Industrial ~ecilcei.l Livision to 

1944, as ;s subcot..t:..::..ttee of t.he Centra.i:--Sa.f-et~' CoJ.JUd.tte~, to act as 

the lic.:ison grou;: cetween t~ .. e 1ndustrlal Lei.deal Secthn of the l4:ed-

:.i.cal Ue,t:.a.x-tment and the Cpera.t.ions Supervisors. '!'he CorUOliJ.ttee re

viev.ied. various radio.ti on hazards ei.nd issued special bulletiruJ out..;. 

lining the control procedures to be li&&d·by plc;.nt personnel. Respon-

sibility for rti.d.iation safet.y was priJ • ..arily cha.rged to the depa.rta.ent 

concerned with 8llJ' µa.rticul~ opora.tior.. rr.e He.:J. t i1 Dvpart.ment In-

str1..1.ii;.ent Group of the lnuust.r!.G.l !..ec.ictl .i.:iv_sion t1ere re'{uired to 

keep the a.apartments infora.eci er tne existence of unsafe 1·1orking 

conditions or• opero.t.ing _pr.:.ct.:.ces. Ttc: Ee;:..lt.b :i.nstrUi .• ent Gruu,µ 

also i.rovided an euucationc:..l ;rogrwa. fer· s~ ervl l:>Ol'S on radiation 

hazards and r,rotectior~. 

(d) Catc..st.rophe frograao. - An. area evacuation 

plan wa.s devised, end revhie.;i perio•J.ica.11.;· ;·1i til c h~ngiJ&& ce;uui tior,s. 

. ~~~lJ~Qi 
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The first-ci.d. uni ts ,,~re :i.ristructeci, if eva.cu.:..tion of the area was 

ordereu, to <:..I1S\Yer emerg\,;IJ~cy calls, i;illc.i., after coL._plei.icn of these 

duties, to 1;ick u1. their J.1ersonnel and establish field headqua.rters 

in a location design&ted bj the Health Instrument Section. 

(e) OrBanization. - E. I. du Pont de Nemours 

and Coa.pan,y, the pri.me contractor, accepted the responsibility.tor 

all meaical care required in the opera.tio.ns phase, both the .industrial 

and coo..munity .medical ca.re. Dr. W. D. Norwood was chosen in Feb-

rU.G.ry 1943 to be Director of the ~edical Deputment. He. was es

pecially quc.J.i.tied !or this position as hclder of a. degree or 1'aster 

of Science ir~ lilectrical 3.tit .... nee:::i.ng, in aa.W. tion to long e.xper-

ience as an irn:.:.u~ti·ial ph,1sician. iJoctor ~~orwood receiveu indcictrina-

tion in the special hazards of the Project a.t the lr..etallur6iccJ.. Lab-

cru.tory of· the Universitj' of Chicago c:..r..d began i'ull-time v;ork. in .di.ch-

land, ~'iashingto:., during t.:arci1 of 1944. He was joineu iu Sept~.ber 

1944 by Lr • .S. T. C<.i.r.i;tril, a specialist ir. ra.aio.iOQ' fro.Ii: Seattle, and 

by ·.Dr. F.. .i.... f arkor, c;. specia.list in rac.i.iu.r.u d.osi.metrJ • Doctor Cantril 

Olxi l.r. Parker ha:i both had considerable previous tr.air.ing at the 

J.:etallt:.rc;:i.ccil ¥borator.;, ana. had been ac.t.ive in the direc1'ion cf 

t;.e .i._etiic ;;J. i-epar-1..: .. ent of Clinton .l.&bor.:.tories. They ceco.me the 

he&l4s cf lnc.ustri"-t.i .t,,eciicine and Hee.1th fh.;;sics respectiveJ.y. .i•ddi-

tio;~c.i. physiciar.s, nurses, tt:chuicians, and ether ht:1l1:ers t'<ere &.""tied 

G.S tee needs of the Section incret.;;;eci, until & total ot 81 persons 

were directl~ e1ilf_,loysd b,1 the Industrial Medical Di vision and there 

were 145 in the Hel:i.l.th Fhysics Group. • 
' 1 

(f) F'o.cill.tiei• - 'l'he J.irinCi}i&l heiiJdq,uGrt.ers 

. 1z0fi@fti'Fv a 
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C 16). Space i..nd f;;;..::ilities were 1:;.v&.il.:..ble for pre-m..plc:11.ient phy-

sical. eand laboratory exa.:nin~tions, ...nd for the ad.mir.istr~tive of-

fices of the Health Fhysics Group. In .addition, first-aid stations 

were estu.tlished iri each 1lant urea. (seven in all), to cue fer 

t:d.nor illnesses and injuries ar .. a. to conduct periodic _.;hjsicol c..nti 

laboratory ~o.ir.ations. All of these stations we!e open en a. 24-

hour basis e.r..cEpt the one in the .)JO area. 'l'he work scheciule in 

this area wo.s orJ.y one shift per day and the first-aid sr.~tion 1tas 

·Cf. ;;r<.i.tea. .::.ccord.ir.gly. The first-aid station in Kadlec Hospital was 

useu. for .!-'atients requirir:.g specia.lize;., cu.re r.ot aviliab:..e in the 

ueas. r..ftcr l .Febru~y 1945 t!".is station a.lsc.. s..::rveu "'-fl the Village 

erJ.erge.nc.r rJ.eciic&l center .. .!:ram 4: 00 p • .i:u. to 6 :00 <J. •• :.:.. 

(L) Records .... 'l'he records of t.he ir ..... ~stric.J. 

1:.edical .Licpartt!»!lnt are kept separa.ta froru all other hosrital and 

clinical charts since t.he7 comprise part of the a.mi:;lcyet:!s euiploy-

meat record. These .ri.:suictl records are i..ade in duplicate, tl:!e orig-

inal being kept in the central record room ot Kadlec Hosi;ita.l and. the 

ciuplicG.te t:,oi:.e. to the area. .ti.rat-aid static:.u. It Clll eraployee is 

r.r1~ .. nsf'erred !re;,~ Hc..ni'ord to WlOther kanha.ttg,r. i.listri.::t. i .. roject, a · 

Fhc;;,cst .... t.ic CCfi.i cf t:::t.: rticcrO. ::.s forwardeti. The su ;-ervi31.. r f.f 

c...r.ti .heulth ini:iurcmce cli.UJ .. s., the clerical. t.orrl. rtt.iativ.:i tc ~:..ec.icol 

J..eaves c.:nJ <!.bse.r.ces, ;..nd the c.ecessar1 contacts nith the ewplo,;yment 

wid securit.~ 1.....;r:r.rtl4ents to insura that i:r-lor .a:.eciiccJ. C.i J.roval is 

receiveu ::iefore em~lcyeetJ ar • ..i visitors are pttr1:ittec. ir1 restricted 
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.:..reCi.s. 

(h; 'the Cost. - The n.at exrecse of ti.1~ ln<ius-

exclusive of .tacilities, wus •2.,581,l,56.65. 

(2.) Clinton La.bora.tori&s. 

(a) Ccc9patior.c.J. Wld Non-occu;:..o.tional Care. -

The care of all injuries received while ·.1ork.ing a.t Clinton Laborato:des 

was corJ.Ciucted in the medica.l d.ispensarj. 'l'his type of service .tom.ad. 

appro:xii.oatelj 25 per cent of the activity of the first-aid and tre~t

ment section. The remaining 75 per cent of the work consisted of care· 

of non-occuv;;.tio.ru:J. mi11cr illnesse::;. Glose li<:>.ison wo.s maii:ta.ined 

between the dispensary physici.:slls 011u t:.h~ worker's j.-ersor,..J. ,t.·h,;1sicicill. 

Any patient requirill~ hcs;:itc.l care fer either occupational or non-

occu} ..... ticr~al illness was closclJI f ollcweu.. 

(u) Relationsiap to the Safety Department ot 

the Clinton laboratories. - The Chief ur the 1.:edical Division was a 

member of the Centr.J. S.s..fety COCJruittee cf the Clir:.ton Laboratories, 

which met at monthly intervals, to set dOlm .measures for the control 

of the hazGrds occurriflG at this inatLllatiun. For the control ot 

special medico.:i. ha~ara.s, a Subco.mrr..::i..ttee on n.ctivity Ha:c:;Q.l"ds was 

for:neu. This group, whicri .::E. t: usucll.)' at mouti:.::i.,l intervals, for.aulated. 

an exte:isive .'.!lar1ua.l on the detection a11J cont.i.ol of hazards froD.i 

r..Uiation. ln this :ullicaticn measures were establisteti for et-

fective contr~l o:f the radiation hazuda of ·e::.ch Q.l"ea • .ill sub-

major and-rr.a.jcr accidents required a coir.bined investigation ot both 

the Safety i;.lld t.C.e J.:.eG.ical .Uapo.rtmmt~. llno:r• injuries were investi-

sijj:i'L: L 
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active ,,ateriW.. 1-.e~orts were ~d.e tc ti1e Safety Section of such find-

iugs, wid contrcl ::-.easures were set up by the cOl.abined effort of both 

1:.he ~u.fetJ a.nd t.he ::..ec.iical organizations. 

(c) Catastrophe Program. - 'l'wo catastrophe pro-

gr<.iJ!lS were organize.l t.o ~rovLe for tl:a }rotection and tre.s.t....E:m.t of 

;ilc..nt persos&1-;.el in ti:e· case 1..f a .o..ajor emert,ency. One prot:Sra.w, w~s 

est1.;.1li:.;ned fe;1· t:i.e ~l;:..utoG L.:.bc.rc..l;.ories a.lcue, a.no. the oti·;6:t' wa.a 

. or~&nizeti as a .t.a.rt ~ Q t;rou~- tinterprise w•jer the cout.rol. 0f tLa 

parsc..-.uel. 

( (d.) (.,ther .hcti vi ties. - The rnedical division 

ill.so su_pervise9- gener:;..l s.ar.itation, wate;r l'uri.fication, wasts and 

.A vi siting nurse service was ciso . . 

1.G.air.tained for t:,e home visits a.nd care oi certain patien.te not 

sufficiently ill :..o re;uire hospit&lizg,tio1l. 

(e./ Cr;.;a.-iization and Facilities. - Since the 

mc:.jcr C.:..zo.rC.s c.:.. :.i,d .-!.le o1.er.:.tion v;ere -.~ell deii.r1ed be.t'ore con-

structic •• \,.;:.s stc..~·1:.c_ ;;.t. ~.i..int.0.1 h.i.:,or;..t0ries, it v;~s possible to 

;-rocure th1::1 '"'"eciic.:.l }i;;rsui.~.el Le:. ore 1..1:.;; .i'<:1.cilities. were completed. 

'.l.'i:e selection o.f .~.f.\.i:i:.icluals .f.;;..,~i..Liar ,.:i. th haza1·ds which ~•ould be 

encountered w.s.s .made by i>r •. R. $. Stone. Under hi.s direction the 

g~neral policitis ~i r.c.~ard contrcl for tte pile process were dev~-

lope<i. .5.x;perience ·r.c..s g6ir1ed c..t. i.i1e .nrsor.n~ exper:i.Inental pile <A.lXi 
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the Univcrsit.; of C'.·ic.;."".:.. :...dtc.l.lu~ _,ical laborat.cry. In Se_!:te!.±er 

IL.bore.tor;, tc Clir.to1: laLoratcries anci placed in ch.-:.1·Ge of t!..e .;..,edi-

cal Di vision. In July 1944 Dr. John E. :lirth was ap1.;ointe<.< to the 

medical staff, uni in Se;,te1:.ber of that year he succeeded Dr. Cantril, 

vil o was tr an sf erred to the Hanford Engineer :iorks. A rr.edical Qis-

pensary was f•lanned ami constructed to :,.roviue for rout::.ne exaaJ.-

nations and necessary first-aid and er..er~s1cy tre,tment of an esti-

mated 1200 employees. It provided a. first-aid zd. emergenc3 treat-

.ment room, a fa.ir-bed ""ard for c'.il"e of casualties, a .;J.ncr sur;ery 

roe; •. , a clinical lr,borc.tor~, <::n·i six co;.bir.aticn u1'1'.ices am.i t.re~t-

ri.ent room.s. Cc.nstruction cf this buildine: was starteci. in ~pril o£ 

1943,-~nd in Aut,ust of 194.3 the· first pre-employs:.ent physical exarid.-

naticns were carriea out.. n.c:_aiticnal space was later providec. for 

the health-ph3sics (mor~tcring). and instl'\!I!lent laboratories in the 

new Health-Rl·.ysics builclnt;. The r.,edice-1 .!'acility at present is 

s~affeu by the chief r.iedical c.fficer, i.Jr. ".;irth, ai:.d three assistant 

physicians. Six to seven r:.urses have been .:..u!!icie.:.t to £.ermit the 

dispensary to be open fer tr,e CQUl~:lete 24 nc.:ur shift. .Apy.:roxir:.ately 

six pre-em1loj•r:~nt c.nd i'h·e to six terr.-;inativn L.:' trru.sfcr exe.L!-

nations have been car1·ie:C:. .:.u-. ac::.:!.l~ since the rroject stc.rte·::t. ~·he 

workin1: • o:..uletion h&s re:.ai1:e·..1 ~·dthin t.he extre;. es of 1100 1..0 :soc 

at all t..'i.ii<eS. Apf:roxi •. .&tel~ s;:; to 130 patients are se~m CJ.ciily for 

i'irsi-td.J. and e;.ierg6nc~ treatli:.ent. Routine a:,d Sf.ecic.1 e.>:.Gud.natic!1S 

for persor1s in hazardous aree:.:.: ar:;: c.lsc carried rut • 
. 

(f) T:.e Cost. - The expec:se entoileu ir. ,.rcvi.ii::g 

iGi"Ai5ttJtQ. 
i 
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c;.erat.icns ur.til 1 Jul,>· 1946 is (;StiJ .. o.t.:c.l c..t .Jot1WC. 'l'Li:.:; c...~.c.;u~1t 

includes ar. t~.pend.it,ure 
.-128 ooo •2+o,ooo 

of -~g;,t)c;). 1.'c!.· facilities, and 11&11000 

for opera.ti.one. 

(3) Letallur;ic.;.l i.aborator:r. 

(a). Cccui:aticnr.l t..£"ld Non-occu,_a.tional L.edical 

c~r& of eJi':l.)lo.;. e<:.L:. · of the l~etallurglcu La.bora.tor~ was ! arf or.ir.ed. by 

11rcj.act physicians. Dispensar.;, !a.cilities for this service \'1ere 

mair;.tained in Billings Hos,.ita.l cf "h~ Un..;.versit~, of Chic~o fro::: 

Jur1e 19.42 until l Jul.j 19441 e:.n ... :;i~1ce tblt ti. .. :e ser-. ice ii<::.s been 

r ere :~ i&.cec. in Silli.i.:,.s ~!csr;:i t1:..l under tr.e c:...re ,_f "-· : -~ .::..:.:r .,f the 

ret.,ul<:r at ten61ns staff. Eitij, lo.;·-=ies wera furnisheC. cut-pati_ent care 1 

uithout chu·.::,e, .for .c1on-occupatic·i:•.:.l i::..r-~e::>ses ;,. ~ .;..c;r;i·it~Lt.s. This 

service l ;: s : rovi ded tc, uir .. imize t::e ti':.e :. ,,st b~ rec.sc!l L-f !.incr 

ill:;ess, ~1".i ;;;.lsc tc ~scertei!: thc:.t the illnesaes were non-Lccupu.-

illaf:..)Ses ~...::i ip.juI'ies ·,,era •. ~t .1·cvil..:o$_. Hov:ever, .:i•c.,j.;ct •. hj .:1icians 

ill£ service when consultation -.;.::.s necessu.r.;.. • 

(b) Eelo.t:!..0ns: .i: to the -.5~.fet" De-:i~rtu1ent cf 

~•.et.c:.llur;-:ic.:;.l U.borator;;. - Tte Sd"et~· r.i...,r,.~rt;.~r;t accepted the respon-

sibility fer orQiuar.; a::..fety &rL~ ·fire ~ :-evention. The Jection of 

s~ •. 
's Eli i iia&Llld& L_ 
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Clir;ical :.:.eu.icine ·.:<:.:. resp.usible for all r&J.i<i.tior, hazt:.rds, fvr s&fe-

handlir~g of rodioa..::tive materials a..::ci ci-.e .. ica!s. .hen. a situativn 

involve.::. botl: tie;:art!_.ents, conferences wer3 ht:l.:i. and. the lines c,f 

responsibility were C.eter.dnea. 

( c) Catastrophe Program. - Because cf the rn.any 

sa.ret,:,; features incorpora.ted in the opsrs.ticns at :.etallurE;.ical 

Laborator3, no cG.t~st:-or-he ·pro.:.ra.ra. was ~;;..r.:Siciered. ~~ecessar~ by the 

University of Chicago, and none was org;,a.nized. 

(d) Other Act.ivities .. - A nuober ot the ph3-

sicians e!:plo,red by t::e l:etallurgical Laborator1 for this Section 

devcte<l their t:!.r.1e to clinical researc}~. r:~is ~".or~c i'1as directad 

pri.!:;aril~ tcmard tests which would. :l:n.ciicc.te eccrl.:,- d.ama~e fro:,, or 

provide means of H.easurin:.., absorption a.n;J excretion of the r..aterials 

in use. 

(e) Organization. - Ur. Robert S. Stone, "-Sso

ciate .l..drector fo1• Health of the r.:.etallurgical Proj~ct joined the 

project in July 1942. He we.a assisted b;y ~r. Leon Jacobso..'l, who 

was caisultant to the project beginning in Januar7 1942; he started 

givir.g ha.lf-tin.te in Nover:~ber 1942, and becar.ie a. full-tikie staff 

•:1.;i:dber in July l94J. Dr. s. T. Cantril was addeci· to the staff in 

August 19 .. 2. (!:e became virectcr of the l.:..e':lica.l Departrrler.t of 

Clintc1. laboratories in S~:tit·.:..1:.1ber 1943, E: .. m1 in Sept.ar:.ber 1944 he 

wc-.s t1·a.nsferred to Hanforu Engineer .iorks t.c her.u. the In<:.ustrial 

i.:e.:.o.ical Fro6rc:.1a under Dr. :·:. D. ?Jorwoo<i.) Dr. J. J. Hickson and 

Dr. 1£.rsaret Nicksai were employed in September 1942 and May 1943 

respt:ctively. 'fhe follov.i1tt" doctors wt.re acideet on the date indi-

. .; 
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cated: Dr. s. Schwarts, Moftlllber 1943; Dr. E. s. G. Barron, Novam-

ber 1943J Dr. c. J. Watson, lfovan.ber 1943; Dr. E. Clay, 15 1.fa.roh 

1944; and Dr. J. G. Allan, July 1944. 

Dr. Robert s. Stone ha.a been director sinoe 

coming on the project. His ts.rat assistant, trom. August 1942 to 

August 1943, was Dr. s. T. Cantril, and, since Jlay 1944, has been 

Dr. Leon Jacobson. Dr. Jacobson has been in charge ot the blood 

laboratory aina. coming on the. project, and since July 1943, he has 

been in charge of clinical medicine (medical care ot oooupational 

and non-occupational ill.mases and injuries) and of clinical in'V9sti

gation (spacial laboratory procedures to detect injury by, or measure 

excretion ot, chemicals). In this work he has been aided by Dr. s. 

Sch-..a.rtz, in charge of biochemistry, Dr. E. s. G. Barron, in charge 

of Enzyme studies. and Dr. Vargaret Nickson. in charge of skin 

studies. The clinical medicine at the eta.rt 11111.a dona by Drs. Cantril, 

Jacobson. 'M• Nickson, and J. J. Nickson. It was delegated 15 Ha.roh 1944 

to Dr• E. Clay 11\ho continued unti 1 21 July 1944. Since that time the 

clinical woric ha.a been done by Dr. J. G. Allen; Dr. c. J. Ylataon haa 

acted as consultant to this Section and also the Biolo~ical '.Rlsearoh 

Section. Dr. M. Nickson bas acted as a consultant/ onl~, since lfovember 

1944. 

When Dr. Jacobson waa made Associate Division 

Director in 1.!ay 1944, the Industrial Hazard.a Di vision, previously 

included in his Section, was rmoved, and Dr. J. J. Nickson wa.a 

made Section Chief'. · 

Approximately 19 persona worlced in the clinical 
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.:neLdcal sect.ion,, about .)0 in clinic.:.l inv;;;.st::..:...•:·Jicn, t.r:u. an c:.v.-::rage 

of 3€ in the Inuustr.:ial P'.azards .:iectioii.. n.1.;1roxfo•.c.tdl~ 90 r:ersc,r.s 

were attached to the :.:edical Division at the .ueak of en~.;loyment 

(2500). At this level,, there was a turuover of about 200 persons 

per month,, and the nwnber of !Xa,udnations,, incluo.inr: ,:-Jre~.q:ilc:,ir..ant,, 

interval. termination,, occupational and non-occuJ.,atiori.al t.;1·pes, totalled 

ap.::roximately 1,000 per ruu1th. The rather large r.iedic;;;l staff was 

necessitated by the hazardous,, laboratory-scale experiments, ar.d. 

the considerable turnover of .:;:eraonnel. 

(f) Facilities. - From the start ol o,t;erations 

w1til July 1944, c..isp~ns.a.r.;, facilities of Billint;s Ecs1.ital were . 

used b~· the ph.,vsi.:::ians of tr1e :.;etallurgical l"roject. Sin~e that 

date facilities in Dre.2'el Hoi'.se have been useo. i'or e: :.is1:·ensE.rj. 

This instulatic!l _::rovio.es out-patit::srl.t facilititis1 si.w.ilar to the 

average 111.Ysicia.n 's office 1 suitable for treating rni•:._,r illflesses 

c.1-xi injuries and for 1.::.aking physical ex.s.ninatio;~s. In audition, 

a s.:Ja.11 laboratorJ was rro-vitieci. for making emergenc~ labCJratcry 

examinations. Rcutine urine and blood ~.xa;.lim:.tiona were dcne in a 

laborat~r;;• locate.i in Billin[is Hospital. 

(g). The Cost. - .i·~o bre~: . .::.o·::n oi' ::..!-1<3 .~os:. ~ f 

3-lJ. f olc:.imn Froci.u c t.ic•n. 

The need for poloniur;; (er :~diUP..i F) as a n~utron 

socrce for use tlsewhere in the District was foreseen in early 19...4, 

u . .:i <:..ccor-:.i:.tiJ..; a. ; .1'0cessin5 ,:rogram was instlt.uteti at the Lc;;.santo 

,_h:--:-·-,,., ::-:::: 
t'l."l'\t'•---...- ~ ... 
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a. rrocE:ss. - Units t/J c..rri rr4 of the :.:cnsanto Che1:ic.:.l 

Cc ... !,Wl.} at Lk.:;·ton, Ghio, l.«;re S<.:it u_t., for the extraction <::.11a purifi-

ce.tion of ~olonium. From November 1944 to JCiilU<:..Z"J 1945 a sr~all c.mount 

cf ,t olcniuw. ~·1as extracted. fro•;. r.::....:.ioacti ve leo.;.;;. ores, :)t!t during 

Jei.nµar.v 1945 kis ~recess ws.s r:ban1::--r.3-.i. Concurrently with the ex-

traction fro:.: r.:: .. :.:i. oacti ve lead ores and continui~ up to the r.:resent, 

a seccml L~thod for preparation of .:.oloniwa hns been in use, which 

produces a ruct; larger amount of ::i0lonium ·than can be extracted from 

lead ore. The polonium is artificially !Jrodu9ed in a pile by the 

neutron bo::ibard.'!lent of bisruth. T:·.e polcniu;u. is then chemic.ci.ly 

by ;J-1.;-sico-Ch~.dcal ;rocedures.; .n. detailed axplanc.tion cf the p:i:o-

cess c.:s.r. be found in the volu:.1e concerning the los .nlar:i.os· Prcject. 

b. :·Iazards of Poloniw.:.i F"roduction. - ln au.dtion to the 

hazards of cheai.cals in gener&l use such as aciC:s, alkalis, etc., 

there r;ere two special chemical hazo.nls noted only in the process 

using the radioactive lead ores. These. hazards were ex;owre to 

lead and telluriur.1. The 1;:ajor hazr..rds were ;;.!ue tc c:.I::J:a radiation 

frcr.~ -~·oloniu.~..t; lx::t<-:. c~::d ,;a:.::.~. radiation frc; the ::rfc~Jrscr cf :-olcn-

c.s si2.ver 

fi-c .. ~ ... -..... 
. .:,;...&,. • 

c. :..e:1ical Cont1·cl cf Eazards. 

(1) General. - The industrial b,yc_iEme program. !or 

ccr.ti·ol of cccupc.tiona.1 hazaris at Da.}'ton was c.n.i..;r the ..iirection of 

~~t;) .. ,1f ..... 
' ~ 
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Section. 

k~U:i.cal ..:.xamir:u.tions. 

(a) .Pre-emplo,yinent. - Fre-~mployment. ,IJhysicE.l 

examinuticns were .. c:.IJ.i"-tcr~ en cJ.l incadn~ er.1p~c.y~es. These eAa. • .i-

nations st:;rveci. as a b.:.se lirJe for sutsequent. examinations an·.:. a.2..sc, 

insureC. the ;,;axi;:-.u.m. use c.f available !:J&1!JO\Ter in jub sit.uatious 

suitable to the emp~oyee 's best interests. The examination ir:cluded 

a brief medical histor;:, a physical. exazi.nation and ~~-r~· of the 

chest. Laboratory e.xaud.nations ot the blood and urine were performed 

.md blood serolo,:y was C.cne as a c:~eck for syphilis. 

(b) Interval :Sxaminatic.ns. - Feriodic physical 

examinations were perforrr.ed on the ex;•csed em.plc..yees every six .:r.anths 

while the unexposed persc.nnel v:ere examinec.i once a year. Routine 

complete blood colUlts were dona on the exposed group monthly while 

the unexposed group were checked. e·.rer::· three months. Urine analyses 

were done on the exposed group weekly and on tbs unexposed group 

monthly. These examina.ticns were designed to 'detect early signs of 

toxic effects frcit. ;:ork 1;ith polonium. 

(c) ·Termination L!:xasr.::1:c..tions. - ~.ben an e.-:.-

;:loyee wc:.s ter.~d.m:.teu, he was givc:n an exa;;.ination nru.ch .J..ike the 

pre-emplo~vi:.ent exa.d.natic.::, tc \.l.eterr.tl.ne ~.het'ier he had receiv.ed an.} 

deleterious eff'ects froc his emplc.y.:::.ent. Thi;;; froce.:.iure ,,·as of 

benefit to both the terminated a~ployce r.!td the efi1JloJor. 

(J) .L:.oni torinp;. 

(a) At=.o.sphere. - ..-.11 recirculated air was 
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.c~onitcred dail,y for rc.<iicacti vit,:. ...-1:.::. tr.e circulating G.ucts a.al 

pr1;ci~ itron \•:ere clec.;ned uld ueco.:ta;·ina.ted on the !Jo.sis of the 

readings obtaineci. The atlllosphere of all 11 hot 11 laboratories was 

also m.oni tared daily. 

(b) Radiation. - Because of the large amounts 

of ra.dioactive material present it •vs.a necessa.ri to r..ake daily 

·counts of all working surfs.ces, including the hoods in all labora-

toriea handling active material. To facilitate job procedures and 

prevent excessive radiation cf employees, detailed 1nori.ito~ng of 

routine operati<Xla was done on frequent occasioua. Special or oc-

cc.sional operaticms t';ere carefully rJ.onitored to !Jreve.-.t accid~nts 

and to suppl3 C:atc.. fer future re.f'erence. .nll cor.t<iners of active 

material were :-.1onitoreci before shi::.t=·ing. 

(c) Fersomel.. - ~-:-.,Jlo,yees ex::c-seJ to ~)olo!'liun. 

had urinalyses for thi a e~ement weekly l',hile the unexposed. employees 

were chec!:ed mont.hl3. luullyses cf t:lood and feces for radioactivit; 

were Lia.de when indicc.ted. Routine Leta and g~ radiation monitor

ing was done on all personnel by the use of wrist films and. pencil 

ch~ers. Trd.ce a day routine h6.lld counts were done oi1 all personnel, 

and all clothing entering the lc.undr3 wc..s ;:ionitored before &nd after 

lc:.undering. ill ex: osed p13rso:::.i;l ~·:erG finger:i:ric,ted (See par. 2-5 c 

(4/) ever-j three months as an acided precaution. 

d. General Industrial H.ufone. - The cu.re of occupational 

&nd non-occupational illnesses' a.r.d accidents off ~red at this instal-

lation was limited to that wr.ich· could be handled by the registered 

nurse in attendance at the disp1..nsar,1 • Ill1:esses at.id accidents of 
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more thc::..n d.ncr nature were rdferre<l to Dr. Lynn Saker, who was a 

;hysicia.i~ in the part-ti!;.e employ of the coa:.:pany. 

e. Cr~anization. - Frar~ the tir11e of' its inception u:;.til 

.ri.pril 1945 the Health a.nd Jaf~t.:, Section wc.s und.=:r the direction of 

L.. L. E. Silverman. In .April 1945 Captain (then lieutuna.nt) B. S. 

Wolf was assigned by the District :..eeii.cal Section t.o take charbe of 

the Healtt PrograL!. 1 ;r. J. T. Faust was assigned by the District 

Safety Section to take over the Sa.fet;,· Prograni. .i...fter Lt. Wolf's 

arrival,, ne~·{ personnel i.ere rapidly acided, in orde·r to keep the Heal th 

Program. abreast of the 11e" problem created by 6'q>andir.g production. 

By 30 June 1945, .the organization consisted of 27 people, most of 

\':hom. v:ere assi&11ed to the Eealth Ph.} sics Departr.:;.ent. Co.,rtain 3. s . 

. 1olf was reas.:1igned to Ne1;; York Citr in· .I.:.&.y 1946 and was not replaced. 

f. The Cost. - Tr.a estirr.s.te.i cost of the Health l''rct.:ram 

fro.;:. <Jctober 1943 to JO June 1946 was ,;;243,000. The tulk of the cost 

was for salaries. The cost of special moi:.itoring equipment· is not 

inclt!.ded in this fi5ure,, as it r:as o!.ltained f1·01:: the L7ete:J.lurgical 

Project and the Clfr1ton Laboratories c;.nd is included in their pro-

grcu::. 

- .... 

' ,·.! 
)~ 
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General. - Provliion of medical and dental:~ care aOO re-
.: .. 
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ordinarily provided by employers in large industrial;. operations. ;It 
' ' 'A ' j 

., . . . . ) 

was planned .'th'irt. persons for! whom hOspltal. ·:e:are·-·was reqUired woulci •: ·:.:,:; .. ;. . . . 

·.~ ' . 
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contagious diseases and any. other illness which made it impossible to 0:· 

.'·1~ave>the doraiit6ty f~r fo9d.. In adq,ition, . the a:arg"G ;iC~ruetion' :' . 
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Conaequentl.11 construction ot a domitoey large .enoagh to acc~te 

l40 persons waa . begun in April and finished in June 1944 (See Bk I, 

.Vol l2 App. C6). 

"··· 
' ~;, ' 
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medical service was rendered by-Artq officers and two civilian pay:... 

chiatrists. The schedule ot fees was based on the tee schedule ·ot the 

Knox Count7 Medical Society. The tees went to the University of Rochester. 

and, later, to Roane-Anderson c0Japan.r (and, in tlirn, to the Government) • 
• 
The hospital was operated with a •closed atatfM (only those doctors 

. 
regularly uaigned to the hospital were P.rmitted to care for patient.a 

iD the hospital.). The indaatrial ph7aiciana who referred cases to the 

hospital were extended •court.es7 pr!Yilegea•, and acted as consulting 
- -

ph;raicians in the cue ot their patients. A prepa1118nt plan (See Par. 

4-2&(4)), the Oak Ridge· Health Association, was ottered to empio7eea 

ot the Government and the operating contractors. Medical and dental 

service· was furnished. to .military personnel in accordance with .A:rrq 

regulations. 

(b) Policx Alter V-J Day - Following the reduction 

in. area population, plaaw wre formulated to convert the aedical.at.att 

of the Oak Bidge Hoepital to a civilian status. These plans were 

carried ou.t during the entJUin8 six months period. 

Civilian phyaicians were selected and admitted to practice 

according to their qualifications and medical necessities of the co_.,nit7. 

Where poaaible, specialists, so designated b7 Medical Specialt7 Board.a, 

were selected to insure a high grade of medical care. Army Medical Corps 

ph,yaicia.ns were releaaed according to policies ot the Surgeon General• s 

Office. During the transition period, civilian phJ'siciana were retained 

on ealar7 b7 the Roane-Andereon Co.q>IJJ1'; 60 per cent ot the tees received. 

for their proteseional serrl.ces in. pr"orld.ing emergency:.me41cal ··care .. 
(. were credited to the physician•. On 1 Jlarch 1946, the hospital tera:i.Aated 
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its contract arrangements with the ciYilian phys;i.cians, coincident with 

the appointment of Dr. Luciu• A. Salisbur7 as director of the Oak Ridge . 
Hospital, the Oak Ridge Dental Clinic, the Qak Ridge lledical Service 

Center and the Veterinary Facilities. 

(3) Tn>e of Medical Service Rendered. - Limited first

aid and emergency medical care (other than that provided by construction 

contractors tor occupational injuries) were first available to area 

employees and residents 1 JulJr 1943. Althou8h aeaetz:t.Wtiga gt the 
. . W'd4i ·t'lot Yet- fully \n opomHon · 

Kedical Servic!I Building"eaa agi \laea. comple+.ed. at that time, pre-

employment physical ~nations were performed, inoculationm against 

typhoid fever and smallpox were given, and the emergency room waa 

operated on a 24-hour basis. During this period also, necessary house 

calla were made, and sanitary inspections ot the cafeteria• and dormi:

tories 1tere initiated. Since the Oak Ridge Hospital bad not been com

pleted, cl-i.tica;Lly ill patients were referred to the care of physician• 

who were. start members of the hospitals nearby. A1'ter the hospital 

waa cd.mpleted in November 194.3, canplete me~c:al service was·oi'f'ered 

to eaployees and residents of the area. The medical staff was organ-

ized by specialties for both in-patient and out-patient service. As 

the staff grew in size, new specialties were offered until the hospi

tal had Departments of: Surgery; :Medicine; Obstetri~s and Gynecology_; 

Eye,. Ear, Nose and Throat; Pediatrics; Psychiatry; Proctology; Neur-

ology; Urology; Orthopedics; _and Dermatology. The head of each sec-

tion was a physician who had postgraduate training in the specialty. 

In most instances, the other department members al.so had special 

C· training in the field of medicine to which th.ey were assigned. Ade-

·r· ··---.......... -... --- --···- .... --- ... -·"-: .... -· -·· ···-~--- .. 

. 
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quate laboratory and x-r83 facilities were provided tor both the in

pati~nt and out-patient services. 

(4) Prep!JJ!!llt Plan for Medical Ca.re. {The Oak Ridge 

He8l.th Association) (See App. A 2). 

(a) General. - It waa considered.desirable to 

inatitute a prepa1Jllellt plan to ·cover medical and hospital. expeneea tor 

persons empl.~,yed at Oak Ridge, and for the families of e.mplo,yees it 

they were residing on the area. It waa felt that such a plan would be . . . 

an inducement in recruiting.workmen, would insure better .medical care, 

and, consequently, reduce absenteeism; and, tinal..!7, would appreciably 
./ 

, decrease the bookkeeping and collection problans of the hospital.. How-. . . 

ever, the security requirements of the ~roject made it impossible to 

utilize the' services of existing insurance programs, because it was not 

permissible to disclose the.number of.patients, the job classifications 

ot subscribers, etc. Therefore, it was decided th~t an area prepqment 

insurance plan should be dnised and instituted, controlled b,y ataft 

ph,ysicians and me.mbers ot the different operating companies, under 

the direction of the District Engineer. ·To that end, the services ot 
I 

a consultant, Dr. Nathan Sinai, were obtained. Dr. Sinai was associ-

ated. with the School of Public Health at the University of li:icbigan 

and is one ot the country'• outstanding aut;borities on prepqment in

surance plans. The proposed plan was presented to officers ot the Knox 

County Medical Society and no objection was raised to its inauguration. 

(b} Objectives. - 'l'he O&k llid.ge Health Aasocia-
. . . . " 

tion started operatina. in JfoTember .J.94.3, under a grant o,t .authorit7 tro.m. .. · 
~ 

l_ the District Engineer. Its objectiTes were the tollowi.Dg: 

' '\: 

-··----~-- ··-····-··· 
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(Pa.r •. 4-~ 

(!) The contract was to provide not only 

hospitalization but also medical coverage, and that coverage should be 

as broad as economically f~asible. 
•. 

(~) The association should be self-

support.ing. 

(J) The doctors .should have a 50% voting 

power on the Board at Directors and on the ~cutiTe CoJlllli.t~ee. 

(c) .Jlembership and Fees. - Membership in the 

association was ottered to GOvernment employeea and the perscnnel ot 

all contra~tors with \he exception ot con~truction compailies• The 

turnoTer of workers in the construction companies was considered to be 

too great for the .financial safety of the organization. Seventy-five 

per cent of the personnel of a company had to subscribe for membership 

before the group was accepted. The charge was $4.00 f.or a family me~ 

berahip, which allowed the subscriber and his family to have hospital 

care, but. restricted office visits to the subscriber. For individual · 

subscribers, the membership fee was $2.00 per month and entitled the 

subscriber to both in-patient and out-patient care. Most ot the co.m-

pani.es had payroll deductions for the monthly dues. 

(d) Services Covered. - The following was 

offered to the employee subscriber: 

(!) ·· Hospital Services. 

(.!,) Up to 30 days ot hospital care 

each year at the Oak Ridge Hospital ~n authorization ot a statt physician, 

plus a 50% discount ot hospital coats tor an addi~ional 90 d&,a. Hospital· 

\.__ care included: 

' 
·-···-·-.· •·--"""•--.... ··'1-:-----·-·-·-·-- ··-·- --· •·-··- --·rf 
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Bed and Board Casts and Splints 

Operating Room Transfusions 

General Nursing Oxygen 

Anesthetic Serum.s 

Laboratory SerYice Drugs 

Ambulance 1li. thin the Area 

(~.) · If, in case of emergency, the mem

ber had to enter 'another hospital, the association would pq to that 

hospital up to $5 .oo .per day tor the first 30 da19 ·and up to $2~ 50 

per da7 for the next 90 days, 8ind in addition, would pay the attend

ing peys.1cian the maxi mm fee allowed by the Oak Ridge tee schedule 

for similar service. 

(~) Diagnostic Services. - ill medical, 

surgical, aoiother services, including diagno~~ic x-rays, electrocard

iogram, and basal metaboµ.sm tests, rendered to a •mber who was a 

bed patient in the Oak Ridge Hospital. 

(J) Physicians' Services. - All services 

(exclusiTe ot medications) reoiered by physicians.int.heir offices in 

the Oak Ridge Hospital, including laboratory and x-ra7 examinations. 

(e) Services Not CoYered. - The following· ser-

Tices were not covered by this plan: home ca.Us, obstetrical care 

during the first ten months of enrollment, dental care, nervous, men-

tal, and tuberculosis cases after diagnosis, drug addiction and alco-

holia, plastic operations tor beautifying or cosmetic purposes, inten

tional •elt-in!l.icted injuries, special nursing, appliances other-than 

casts and spi.nts, radiation -therapy, phydcal therap7, workmen's 
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.~11»1 
compensation cases, oflice calls except for subscriber. 

(t) Contract of the Association With th! 
' . . 

Hospital. - The Oak .Ridge Health Association made a contract with the . . . 
O;&k Ridge Hospital (See App. BS) b7 which the hospital received $;.10 

per d.&7 :tor each in-patient eligible :tor usociation. benefits. This 

sum covered all services to ·which in-patients W.re entitl4Kl under the 

subscriber's contract except x-ray services and other proteasional 

services. The association .paid the hospital tor X'"'!'ray se~cee on in

patients at the rate charged private patients. In addition,,. the hos

pi t&l. re~ei ved $.3 .oo per dq per in-patient u the proteesioaal :tee " 

for the care of medical patients. The hospital received ·the minia1m 

:fee of the Oak Ridge Hospital. schedule of teea ror each surgical in-
. . . 

patient. The hospital. received a. $2.oo :tee :tor ea.ch out-patient Yisit 

o:t association. subscribers, which included all services reOieied (ex

clusive of medications). 

(g) Administration. - The ti.rat director o:t 
. 

the plan was Mr. Henry Vaughn, Depart.meat ot Public Health,, University 

o:t Michigan. On 2!J August 1944 he was succeeded b7 llr. J.·:B• Stall,nga. 

(h) EValuation o:t the .Oak Ridge·Hoapital Associ-

ation. 

(JJ Bene.ti ts. - This plan waa emi.nentl7 

satisfactory to the subscriber. The rates were .moderate and the bene-, 

fits recal. ved were .. generous. The medical care waa rendered. primarily 

b7 specialists, was readil7 av:_a.i.le.ble and excellent in quality~ 

~) Financial:1Staiws. - .. tbe.;~.OCiation. was ,.v 

able to discharge the obligations of it~. contracts with ~e subscribers 
- ,,.., -. 

- - ~ -
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$80,000 in almost 

two years. Thia was appreciably leas than the reserve of $10 per sub-

scriber which had been rec011141ended as neceSSal'J' as insurance against 
' . 

an epidemic or other unforeseen catastrophe. The l_'&tes to the Oak 

Ridge Health Associat~on were set somewhat lower than the cost or siJld.

lar services for private patients. Tl).ere was a tendency :tor members 

ot the association to use the hospital services more trequenUy than 

nonmembers, and to receive more service per visit, which increased. 

materially the ditterence between till• amount paid by the association 

and the cash value of'the service rendered. 

(3) Moditicatiorus in Plan -
~ Di!&Bostic and Professional Services - On 1 

Karch 1946, an agreement was made with the Oak Ridge Hospital :tor the. . . 

Oak Ridge Health .Association to pay $1.25 £or each 6ut-patient attended 

by a civilian physician; this sum. waa paid :tor all lab~ratory and x-rq 

services provided by the Oak Ridge Hospital. A tee of $2.00 was paid 

to the civilian physician for each out-patient visit. ~or each out

patient treated by a military p}\ysician,. the Oak Ridge Health Association . . 

continued to pa7 the 08k Ridge Hospital $2.00; this tee ·provided £or 

the physician's services and all x-ray and laboratory charges. 

£: Hospital and Out-Patient Benefits - On l May 

1946, the agreement between the Oak Ridge Health Association and the 

Oak Ridge Hospital was terminated, and the following change• occurred: 

(1) The Oak Ridge Health A8sociation patd to the 

subscriber $.5.00 tor each hospital day. ·For.m1ecellaneoua hospital 

services, including operating room, anaesthesia, delivery room, lab-

, -./t . 

• . ---· .c_ :~~....i/.. ~' .. 
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oratory tests, ordinary drugs and medicines, casts, splints, x-ray 

photographs and fluoroscopy, except for teeth, and oxygen therapy if 

not used during an operation, the total amount payable for all such 

services was not to exceed $25 .00 for ea.ch separate hospital admission. 

(2) The ~3 .00 per day fee paid .to civilian 

physicians for in-patients was discootinued. Hospital patients became 

responsible to their physician for their own medical fee; this obviated 

any tendency for pb,ysiciana to hold patients in the hospital. in order 

to secure payment of the medical tee b7 the Oak Ridge Health Association. 

·(3) The subscriber became entitled to re

imbursement of eXpenses in an amount not exceeding three-fourths (3/4) 

of the sums allowable to the subscriber for services rendered to members 

of the subscribers family as bed patients. 

(4) Reimbursement for out-patient x-ray and 

laboratory charges aa well as all fees for professional services 

· re.rdered. to .. out-patients were discontinued. 

(4) Probable Future of the Plan - The reduction in -
total membership to approximately 4,000 members on 1 Jul7 1946, from 

the previous total of 22,000 members in July 1945 and a reduction in 

the reserve fund to $12,000. as of 1 Jul7 194", makes operation of 

the plan under the present program inadvisable •. It is expected. that 

on 1 August 1946 the present as.sociation will be dissolved and there-

after the pre-pap:.ent for medical care program will b.e hao::lled by the 

Provident Lite Insurance Company of Chattanooga, Tennessee. 

The Oak Ridge Health Association will continue to operate 

as a non-prof it organization, acting as agent for the Provident Life 

, . .. . .. 
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Insurance Co. The present reserve fund will be used to cover current 

and future claims, and will be disposed of in accordance with the grant 

of authority from the District :&lgineer. (See App. A 2) 

(5) F.a.ergency Disa.ater .Program. - A medical emer-

gency disaster program. was established by the medical staff, for use in 

case of a major disaster which required medical participation. Field 

units were established, consisting of two doctors and one nurse, and 

were completely equipped. with !irst-aid supplies, emergency medical 

equipment, and transportation. Definite emergency assignments were 

established in the hospital.a and first-aid stations, operated by the 

medical organizations ot the operating contractors; which were to assist 

in their respective areas. 

(6) Organization. - in April 19431 the University of 

Rochester was authorized by the l!anhattan Dist~ict to procure the medi

cal· and dental personnel necessary to render the medical se~ce planned 
( \4te.- Lt.Col.) 

for Oak Ridge. In May 1943, Dr • .,..c. E. Rea was chosen to head the staff 

and agreed to procure 10 additional. physician'9 and 2 dentists u members 

of the start. The late Dr. William B. Holt of Chicago, Illinois, was 
. . 

hired aa Hospital Director and was authorized to procure the necessary 

nurses, technicians, and administrative staff. The original medical 

staff .members were chosen for their specialized professional abi,lities, 

and separate departments of surgery, medicine, pediatrics, obstetrics 

and gynecology, eye, ear, nose ao:l throat, roentgenology, laboratory, 

and public health were pl&Med. B.1lSeptember1943, ll doctors and?· 

nurses had reported for work. Subsequent additions to the et.at! were. 

\. made according to the demand for the services of the various special-

. ~ .... -- .. -· . 
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ties. The ratio of physicians to population was .maintained at approxi

mately l to 1 1 500 (the average throughout 'th~ qountry during the war). 

The contract for administration of the .medical and dental facilities 

was. transferred, 23 September 1944, from the University of Rochester to 

the Roane-Anderson Compall71 but the policies regarding medical care re

mained under the general supervision of the Manhattan Dietrict Medical . . 
Section. Aleo 1 in accordance with arrangements previously made, the en-

. . . 

wi 
• . 

tire medical sta.tf, th the exception of Dr. Holt, was commissioned in 

the Arsq Medical Corps during November and December.1943, in o~er to 

sateguard the security of the project and to insure the retention o! 

men with outstanding professional abilities. A!ter December 1943, 

additions to t~e staff were procured through the Surgeon General's 

Office. The number of physicians increased to a total of 52 in J~ 

l946, stabilizing at this level du,ring the months of Jti.171 Augus,t and , 
. '·. 

September. Medical Corps officers 1'ere separated .from. the Manhattan . . 

District as the¥ became el~gible .f'or discharge from Ararr service and 

were replaced b7 cirllian physicians •. On 1March19461 the by-laws 

ot tlle medical sta.t.f of the Oak Ridge Hospit.al were •ended to conf'orm 

with the recommendations of the American College of' Surgeons for 

Hospitals housing over 150 beds. (See App. A 5) 

(7) Statistics. - From July 1943, the .medical opera-

ting statistics were as follows': 

Period 

!2!tl 
July 

August 

. 
Out-Pat. Hospital 

Doctors Nurses Attendants Orderlies Treatments Pat. Dan 

8 

8 

4 

4 

0 

0 

2 

2 

1,890 

3,653 

,· .... ~ '' 

··:~ 
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Out-Pat.; Hos12ital 
Period Doctors Nurses Attendants Orderlies Treatments Pat. Dam 

• 
~ 
September 8 5 6 4 6,235 

October 10 7 10 5 7,28.3 

November ll 25 11 5 6,705 55 

December 11 28 ll 6 4,772 1,017 

~ 
1,705 Jamiar7 12 41 18 6 7,801 

" Februar7 14 45 18 5 1,833. 1,928 ,. 

Karch l4 45 16 6 9,581 2,137 

• «April 16 51 25 7 · 10,643 2,472 

May 20 .6o 30 6 12,788 2,293 

June 23 72 37 7 12,934 3,024 

Jul.,- 25 72 J7 6 10,403 4,046 

( August 26 85 46 9 12,186 4,433 

~ 
September 26 91 47 12 ll,861 4,.837 

October 28 112 42 li 12,915 5,910 

November 27 131 41 12 12,985 6,397 

~ December 36 136 43 l2 13,042 7,783 
/ 1'l: 

!2!2. . 
16,719 7,262 January 35 1.37 J6 14 

February 34 136 44 16 15,605 8,195 

' 
Karch 34 145 47 17 18,715 8,843 

April JS 141 54 16 l6,B?3 8,025 

May 42 144 51 20 · 18,507 8,71.3 

June 47 143 50 20 18,3J7 8,616 
::: ":. ... ~-,~~,, + 

L. 
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Period 
Out-Pat. Hospital 

Doctors Nurses Attendants Orderlies Treatments Pat. Daya 

lli2 
July 

August 

ll. C. Tf '1f' 
50 2 52 144 

50 2 52 l.'.36 

Sept.ember 50 2 52 l.'.32 

October 40 2 42 144 

November 40 6 46 l.'.39 

December 42 7 49 146 

!292.. 
January .'.36 16 52 l.'.3.3 

February 28 16 4JI, 1.30 

~rch 

April 

May 

June 

26 19 45 125 

19 2.'.3 42. 129 

10 24 .'.34 124 

9 29 .'.38 129 

49 

48 

41 

54 

47 

46 

4JI. 

38 

36 

33 

36 

.'.39 

20 

22 

25 

25 

25 

22 

22 

23 

18 

20 

20 

20 

19,599 

21,570 

17,.'.34.'.3 

18,275 

16,89.'.3 

l.3,.'.3.'.35 

15,816 

1.3,80.'.3 

7,061* 

4, 170* 

3,752* 

3,023* 

9,050 

9,376 

8,1.38 

8,7.30 

S,849 

8,694 

6,885 

6,605 

7,147 

7,.'.382 

6,629 

5,715 

NOTE: * Represents only patients attem:led by Arlff3 Medi.cal Corps 

physicians. 

** M -·lti.litar7 
C - Civilian 
T - Total 

b. The Dental Program. 

(1) Community Dental Needs. - As indicated in far. 

4-2a(l)(a), it was planned originally to prOYide only emergency dental 

care at Oak Ridge. However, with the rapid increase· in population it 

became evident that the dentists ot aurroimding co.rmiunitiea, already 

OYerloaded with patients, could not provide ad.equate care !or the resi-

dents of Oak Ridge. Accordingly, the dental ·eemce aeswned.--.the .~espon- .!'.'"'.; 

(. sibi~ty o! providing adequate wartime dental. ~.are !or all residents 
·, ,. . 

... 
' :{. 

A 
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,r· 
\ of the area. 

(2) Policy. - It was considered. preferable to have 

dental care prov.i.ded by civilian dm.tists, since procurement of den-

ti sts was less critical than that of physicians and since the dentists 

would have no contact with classified. information. It was decided, 

.further, that the dentists should be employed on a straight monthly 

salary, in order to insure high professional standards and to keep teea . 
at a moderate leYel. The tee schedule was derived tro.m. that in use in 

Knoxville and the surrounding communities. Fees were collected by the ' ~ . . 

University of Rochester, 'and later Roane-Anderson Company, a.ad, in turn, 

reverted. to the Government. Each dentist origi.na.117 was permitted. to 

conduct his practice accordiog to his training, ability, and judgment. 

As.the clinic· grew in size, specialists were procured and new patients 

were, after diagnosis, assigned to the dentist b~at fitted to do the 

work required. 

(.3) Facilities. - Accommodations tor 2 dentists were 

included in ihe Medical Service Building when it was designed.. By 

September 1943, the apace devoted to dentistr7 was increased. to allow 

4 dental operators to work sl..multaneously. In the spring ot 1944, the 

Dental Clinic was again enlarged and a to.tal o! 8 dental chairs was in

stalled. One of these was equipped with an x.-ray unit and was used both 

tor ordinary operative dentistry and for dental radiograph,y. By May 

1944, it was necessary to start. a night schedule o! appoint.men.ts, in order 

to provide essential service with the tacilitiea aT&il.able. To keep 

pace with the growing dental requirements ·or the rapidl.7 iccreaaiog. 

(_ population, 

p •• 

r. . . 
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( and construction was canpleted July 1944 (See App. Cl9). The new 

( 

( 

clinic was used exclusively for adult patients and the old was remodel

ed to care for children. 

(4) Organization. - The first dentist, Dr. Harold 

Nelson, started work 15 July 1943. I He was joined b7 Dr. Harr7 Pitluck 

in September· 1943, and together they operated the cliriie until the 

first Dental Director 1 Dr. Don Clawson, came l August 1944, on leave ot 

absence from Meharry Dental SchoOl, Nashville, Temessee. . It became 

' necessar7 for him. to return to Meharry on l February 1945 and he was 

succeeded by Dr. William Squires, a retired Colo.nel of the Amy Dental 

Co:i;ps, who continued in the capacity until l August 194.5. Colonel 

Squires was succeeded by Dr. Ewell Neil, who acted as Director until 

l.Bebruary 1946, at which ti.me the Dental Clinic ceased to be operated . . . 
by Roane-Andersen Company; thereafter, dental care was provided 011 a 

pri nte practice basis. On l Februa17 1946, there were 9 full time. 

and 2 part time ·dentiat.a., Two. additional full time dentists were 

+tted to practice _during ~he.ensuing 3 mont~s. The gr~h of 

the organization in persomel and the services rendered are indicated 

in the statistical section (Par. 4-2j(5) ). 

(.5) Statistics. - Following is a table which illus-. . 

tratea the growth of the Dental Clinic in technical personnel and vol-

u.me of work performed, !ran July 1943: 

Period 

"!ru 
July 

August 

Dentists 

2 

2 

Dental Assts. 

s 

1 

1 

Hzgienists 
.I-ray Techn. 
Anesthetist a 

1 

l 

Patients 
Treated 

28 

80 

' ~ i 
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Period 

!2l1l 
September 

October 

November 

December 

~ 
January 

February 

March 

April 

July 

August 

September 

October 

November 

December 

~ 
January 

February . 

March-

April 

Jla7 

June 

Jul7 

; 

Dentists Dental Assts. 

2 

2 

4 

3 

3 

3 

5 

5 

5 

7 

9 

15 

16 

25 

- 24 

25 

26 

. 2:7 

29 

25 

2S 

25 

25 

l 

1 

2 

2 

2 

2 

2 

4 

5 

5 

3 

5 

3 

17 

22 

25 

28 

24 

23 

2l 

22 

25 

27 
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~enists ray Techn. 
Anesthetists 

• 

l 

2 

2. 

1 

2 

2 

2 

l 

l 

l 

6 

6 

9 

10 

9 

9 

ll 

10 

13 

10 

.9 

.8 

9 

Patients 
Treated 

200 

300 

315 

400 

650 

9.30 

1,090 

1,265 

1,195 

1,027 

1,436 

1,794 

2,303 

:3 ... 003 

3,298 

3,200 

4,096 

4,108 

4,233 

3,898 

4,207 

.. . ,J,533 •;. '. ·-_t~;,.., k 

3,609 

· .. 
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PUiod 

.!lli 
August 

September 

October 

!2.!t2,· 
Jaa.uaey 

Dentists Dental Aasts. 

26 18 

24 21 

24 22 

24 21 

25 23 

21 18 
' -

(Par •. 4-2b( 5)) 

~enists ray Techn. 
Anesthetists 

20 

14 

15 

15 

14 

13 

Patients 
Treated 

3,671 

.3 ,88.3 

3,535 

2,992 

2,005 

1,916 

c •. Public Heal.th Pr~ram. .;. A formal public health pro-

gram was erganized in January 1944, Wlder the direction of Captain 

Bernard Blum. Prior to this ti.me, physical examinations had been .made 

· of food handlers, and periodic inspections of eating places and dorm.

tori.es had been instituted. Captain Bl.um was charged with the r.espo.o

sibility o! procuring personnel a.nQ orgarii.zing a public health program, 

adequate to prot.ect the .health of area residents, employees, and visi-
. . 

tors. A milk control program was established, and, in cooperation with 

Knoxville Healt.h DepartJll8.Qt,, farms and processing plants supplying milk 
• 

to Oak Ridge were periodically inspected. The U. s. Public Heal.th Ser

vice llilk Ordinance and Code were adopted 7 September 1945, and unpas-

teurized milk wu barred frcm the area. The effectiveness of these 

measures was demonstrated by a progressive decrease in the bacteria 

count af the milk, and in the number of properly pasteu.....j_zed specimens 
~ " " 

receivedb7 the Milk Control Laboratory. Area water supplie11 were in-

spected and samples were a.aal.ysed at regular intervals. A :ve1uu•eal 

·disease contro.1 program was organized and included. a treatment clinic, 

,,.'. 

. •·' 
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Out-Pat. Hoseital 
Period Doctors Nurses Employm.ent Treatments Pat. Dam 

~ 
December 101 9,896 1,909 4,184 

llii 
·January 19 74 42D 8,8ll l,646 3,714 

February ll 2 2,593 183 973 

(2) The Dental Program. - A dental clinic was eat.ab-

lished in connection with the hospital. Two dentists were available 

throughout the construction phase. This limited number was considered 

suf'ficient, as only emergency work was performed. The clinic operated 

in a manner similar to the Medical Clinic. 

(3) Public Health Service. - As the.physical well-

being of each i.nd.ividu.al on the reservation was of vital importance·to 

the .iuccessful completion of the construction project, public hea1t~ 

and ~anitary inspection units were established. On 31 March 1944, a 

public health phys~ci411 was employed and was then appointed, .by the 

State of Wuhington Department of He~th, as Deputy State Health Offi

cer for the Hanford Engineer Works. This arrangement gave .legal sanc

tion. to the Hanford Public Health Program and tied the program into that 

of the state, but permitted security restrictions to be maintained, by 

special arrangements with the State Health Department. Kess halls and· 

cafeterias were inspected daily, and milk, water, and food inspections 

were made periodically.. Trailer camps were iaspected weekly, and period-

ic inspections were made ot barracks, dormitories, schools, and stores 
' 

in both H8nrord and Richland. In order that. the load on·the medical 

staff could be decreued, by relieving tb.9 of unnecessary house·calls ·f 
( . and clinic visits, the Public Health Service instituted a home nursing 

, 
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educational activities, and investigation of venereal disease contacts. 

A public health nursine:, servic1.: was cst.d:-lbheO., which included: imnuniza-

tion and coEJllUllicable dise~se program; maternity service; infant, pre• 

school, and school hygiene; and service for crippled children. Health 

education was high-lighted by a food-handlers• school which had a total 

attendance (at three classes) ot .3,619 persons. In addition, the pub-

lie bas received instruction in disease prevention by films displayed 

in local theaters, by articles in the Oak Ridge Journal, and by means 

of a poster contest on respiratory diseases. The program.of general 

sanitation involved inspections of sewage treatment plants, the swim-

ming pool, trai..l,er camps, grocery stores, drug s~ores, barber shops, 

and ea.ting houses. A.n act.i. ve rodent and insect control program was 

followed. The handling of food was supervi. sed and food handlers were 

required to receive periodic physical· exaadnati_ons. Outbreaks of gastro

enteritis were investigated, as well as complaints relating to general 

sanitation. The Public Health Department was first located in the 

.Medi.cal Service Building but in time outgrew its quarters. Conse-
' . 

quently, the Stone and Webster Field Hospital. on Scarboro Road was 

remodeled and the department was transferred there l' Jlay 1945 (See App. 

C 20). Captain Blum, on 18 December 1945, terminated his Army service 

and was succeeded by Mr. Leen S. Blankenship, who is the present Public 

Health Officer. 

d. Veterinary Service. - In August 194.3, veterinary ser-

vice, under the direction of an Arm:s Veterinary Officer, Captain UoJd' 
"'\ 

Jameson, was established, primarily to care for Government-owned live-

stock and to assist the Public Health. Department in milk and meat in-

.... 
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spections. Compulsory rabies inoculations for all dogs brought into 

the reservation was required. A dog pound and small animal hospital. 

were constructed and operate~ by Roane-Anderson Company. Dr. James 

Kile succeeded Capt. IJ.oyd J aneson in the capacity of area. veterinarian 

on 1 January 1946. A small,animal hospital., which in Septeni>er 1944 

has been leased on a concession, continued in operation. 

e. The Cost. -. The expense entailed in construction and 

operation of the medical and -allied facilities at Oak Ridge to 1 Jult 

1946 is indicated below: 

Medicine: 

Cost of construction cf hospital 
Cost of construction ot' out-patient 
Additional. construction costs 

Total construction costs 

.Operating expenses 
Operating revenue 

Operating deficit 

$ 984,564 
184,lll 
126,701 

1,295,376 

3,929,014 
2.954,930 

974,084 

Total expense for medicine $2,269,460 

Dentistry 

Cost of construction of dental clinic 

Operating expens~s 
Operating revenue 

Operating deficit 

Total expense for dElltistry 

Public Health • 

Cost of construction of quarters 

Operating expenses 
-0,ePe:t.i&g aefie~ 

Total expense for Public Health 

• 

94~656 

554,726 
371;.999 
182,.727 

50,"545 

190,311 
240,856 

2'J7,383 

2.40,856 

":. 

. I 
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Veterinary Service 

Cost of construction 

Operating expenses 
Operating revenues 

Operating deficit 

Total expense for Teterinary service 

Total net cost o! Clinical M:ed.icine, Dentistry, 
Public Health and Veterinary Service at Oak 
Ridge 

16,lll 

31,130· 
5.591 

25,539 

$2,829,349 

4-3. Clinical Medicine and Dentistry at Hanford Engineer Works. 

a. Construction Phase. 

(1) The Medical Program 

(a)· Community Needs. - In March 1943 construe-

tion was begun on the Hanford plant for plutonium production, and in 

M:ay 1943 on the Richlao:l Village thirty miles away, in which 1.5,000 

people directly or indirectly connected with the plant were to be 

housed (See Book IV, Vol. 5). The plant and v:µlage had to be completed 

at the earliest possible date. ..WOrkmen could be attracted to the j,so-

lated ai te only with special inducements. One of these inducements 

was the provision of facilities tor laborers to live with their fami-. 
lies in privately-owned trailers. Another,.was the provision of c001-

plete, high-quality medical care for workmen and their families. On 

ordinary construction'projects, medical facilities are provided only 

for industrial medical care of employees during working hours. At 

Hanford, however, the provision ot these unusual facilities, among a 

number o! .others, increased th!' morale of WC?rkers and lowel:"ed the labor 

turnover. There were other reasons for providing complete medical fa-., . . 

·~«ftE'f'. -~~·aw~ .. ~ 
4.23 VMllfltl~ 
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cilities at Hanford. The most irnportant one was that extreme secrecy 

was mandatory. This necessitated all medical facilities being under 

Government control.and, as far as possible, that .metical c~e for per

sons located on the plant site be performed at the plant rather thilfl at 

other population centers, to.·prevent leaks in informat.ion as to the 

size and nature of the project. To centralize Government control, it 

was decided that the prime contractor wculd be responsible for all 

medical care on the area. Th~ extremely isolated spot at which the 

-plant was located limited to al.most nothing the medical care which 

could be made available through nor.inal channels •. The medical facili-
. . ~ . 

ties of Pasco, Washington, already ~ad been overtaxed by the 600 to 

700 people who were added to the town population at the beginning of 

the project. Yakima and Walla Walla, each abOut 80 miles from Hanford, 

were at al.most the limit of .medical load prior to the project, because 

ot war industries located in their areas. The facilities became co.m-
. 

pletely inadequate when the population was increased by the families 

of Hanford workers who lived in these areas and chose to comnute to the 

job rather than live in Hanford. At one ti.me, St. Elizabeth'~ Hospital 

in Yakima was so crowded that Government funds were being seught from 

Hanford Engineer Works to build additional wings to supply the need for 

hospital beds. The original plans, on which the medical program was 

based, called !or a.labor force of 10,000 men to be housed in barracks 

and fed in .mess halls. It very quickly became apparent that a labor force 

of that rlze was far too small. The addition of family units to the 

construction ca.mp brought additional large numbers ot people for whom no 

.medical plans had been made. Facilities for housing single workers, and 
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new trailer sections, had to be increased month by month as the construe-

tion difficulties_ became more apparent. At the peak, in order to meet 

constniction schedules, it was necessary to have a populati.on at Hanford 

of 51,000 people and to process through pre-e.uployment examinations a 

total of more than 91,000 applicants. The expansion of medical facili

ties, to care far this constantly a.ad unpredictably growing population, 

was the greatest problem faced by the medical administrator during 

construction days.-

{b) Policy. - The medical program was started by 
I 

the construction contractor, E. I. du Pent de Nemours_& Conpany, Inc., 

in March of 1943. Definite requirements were stipulated for the pro-

f essianal members of the s~aff. Doctors were required to have creden

tials necessary to enable them to secure temporary license to practice 

( in the state of Washington. Permanent license to practice in .the 

state of Washington was contingent upon the passing of basic science 
\ 

examinations and, in some cases, reciprocity examinations. The WaBh-

· ington State License Bureau offered cooperation in making proper ex

c.eptions to the ·Medical Practice Act during the emergency. Nurses 

were required to be registered graduates of a school tor nurses and to 

be licensed in the state of Washington. The operation of the Hanford 

Hospital followed closely that of a J11.U1icipal hospital in a nor.1D41 city 

of comparable size. Admission to the hospital, in accordance with 

usual hospital. practices, was by order of the attending ph1'sician, and 

the case remained in the assigned physician'• care duri~ the patient's 
' . 

stay in the hospital.. Rooms were assigned oa the basis of availability 

l. and the phy'aical condition of the patient. Fees for hospital. care,· 

• 
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doctors• services, drugs and medication were based oo. the lowest pre-

vailing rates in the surrounding territor;y. In order to gain the co-

operation of patients and in the interest ot the general project wel

fare, no charge was made for services in the Health C~pter (Public 

Health Service), Contagious Disease Unit, or Psychiatric Unit 0£ the 
' 

Intirmary. To facilitate the payment of medical fees by the contrao.;.. 

tor's employees, a wage deduction plan was adopted whereby any employee 

could ~ave proportionate &J11X1nta deducted from his wage check each pay 
J 

period until the fee was c:tischarged •. 

(c) Type of Medical Service Rendered. - In 

April 1943, a first-aid station was established at the site of construc

tion, and by June facilities and staff were av<lilable for first. ajd 

" and 10 bed cases. Regular hospital facilities were first a~able to 
. . ' 

employees and their families in July 1943. At this time the capacity 

of the hospital was 38 adnlt beds, 4 pediatric beds, and 8 cribs. By 

June 1944, the capacity of the hospital had been increased. to 116 beds. 

In September 1943, an out-patient clinic was opened· in conjunction with 

the hospital for treatment of pat~ents not requiring hospitalization. 

Patients visited the clinic voluntarily and _selected their favorite 

doctors within the limits of their availabl:lity. In November 1943, a 

temporary sick bay was established in three barracks, as hospital f&~ili-

ties were inadequate to care for ·the large numbers of cases which re-

quired coofinement. Becs:a.se of an. increase in the number ot contagioua 

and infectious diseases, a special isolation unit was established in 

a barracks bullding in DecembeJ;" 194}~ In January 1944, an additional 

barracks was added to the isolation unit. As the population continued 

-i•rnx TP?Z? l 
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to increase, it became apparent that the temporary barracks facilities 

tor sick bay and isolation were in~dequate, and the construction of an 

in!irwary and public health building was begwi. · This building, provid

ing apace !or 224 beds and quarters for the Public Health Service, 

was occupied in June 1944. As these isolatio~ sick bay and psychiatric 

units were established, the temporary barracks which had b~ used 

tor these services were returned to housing. Since the medical 

senice was .maintained by the contractor, all pre-employment am 

tem:i.nation ph,ysical examinations were made by the mdical staff. 

Adequate laboratory and x-ray facilities were pro'Yi.ded !o_.r both in-, 

patient and out-patient services (See App C 21). 

(d) Industrial 14edical Relations. - An ind.us-

trial .medical relations section was established as part of the Medical , 

( · Division. Thia section performed the necessary functions in handling 

accident and heal'tb insurance, disability wage payments, and.wage com

pensation. Mec;U.cal rep.orts, concerning the eligibility o! applicants 

for the above benefits, were submitted.fr~ this section. One senior 

clerk, one assistant, three ·stenographers and one messenger were a.a• 

.. 
signed to du.t..r in this section • 

( e) Use of Handicapped Workmen. - As a means cl 

utili:llng all avillable manpower, a plan was adopted whereby persons 

with .major physical defects could. be hired, with the understanding that 

job placement would be made in accordance with the nature of the de-

feet. These defects were those llb.ich were existent at the ti.me of ap

plication for employment. If, however, an employee sustained an occu

pational injury by which/ he was incapa.c.itated to some degree but retained. 
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a high percentage of his working ability, the Medical Division recom-

mended that he be placed on "guided work". Any employee who was given 

guided work was allowed to work nine hours a day for five days a week, 

with Saturday and Sunday as specified rest periods. The work given 

the employee· was dependent upon the severity ot the injury. The 

guided work policy was another means of conserving manpower, and acted 

as,a.n incentive to the employee to recover his total ability to return 

to his regular job. 

{f) Oreaj.zation. - The Medi~al. Division was 

organised on 21 March 1943, under the direction and control of the pr.i.me 

contractor, E. I. du Pont d Nemours & Cc:mpany, Inc. Under the super-

vision ot Dr. J. M:. Wetberhold, an. office was established in the Gray · 

Building in Pasco, Washington. The staff comprised two doctors and 

a nursa. No x-ray or laboratory work could be performed at this office 

and, consequently, these procedures were carried out in the Lady of 

Lourdes Hospital in Pasco. With the shift of the medical. facilities 

to the construction site at Hanford, the medical staff expanded to keep 

pace with the in<?reasing dem.and, until,. in June 1944, tbe ataU itM:. de• 

veloped into a force ot 372 people (29 supervisors and assist'ant super

vise~, 31 physicians, .16.5 nurses, 10 technicians, 4 dieticians and 133 

aides a.rd orderlies). The peak demand on medical service during the 

construction phase occurred during the summer of 1944, near the end of 

the construction work. Following this period, the major medical facili-

ties were shifted to Richland. On 10 February 1945 the Out-patient 

Clinic was closed, and, on 1.5 February 194.5, the last patie~ts in.~he 

hospital were transferred to Richland • 
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service. This unit handled request.a for medical service at barracks 

or trailers. Upon receipt of such requests a nurse was dispatched to 

the patient. It was the duty of this nµrse to determine whether the 
; . 

patient required hospitalization, the services ot a. physician , or 

first-aid treatment by the nurse. 

(4) The Cost.. - The expense entailed in constructing 

and operating medical facilities at Hantord during the construction 

phase is indicated below. 

(a) Cost ot Hospital Buildings 

! . Hospital . 

3.• Convalescent & 
Isolation Ward 
&. Public Health 

I 434,000 

512,700 $ 946,700 

(b) Cost ot Hospit~ .Equipment. 237,000 

(c) Operating Ccst - Medical. Facilities 

!· Labor 

2. .Katerial 

Operating Deficit 

Operating Cost 

Lesa revenue 

Less expendable 
supplies trans
! erred 0ut 

b. Operations Phase. 

(1) . The Medi.cal Prwam. 
. .... 

$1., 134,000 

.310,000 2,044,000 

Total 

$2,044,000 

258,000 

$3,227,700 

62,000 $1,724,000 

(a). Community Needs. - In the establishment ·or·. 

· the medical program for the village of Richland, it was determined 
"-· 
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that it would be necessary to provide facilities for complete medical 

care of all residents of Richland who were dependent on the Hanford 
, 

Engineer Works either directly or indirectly, for both occupational 

and non-oecupational. illnesses and injuries. 'lb.e isolation of the pro

ject, fran centers of population with established .medical facilities of 

sufficient capacity to render the required mediQ&l. service, was the de

termining factor in this decision as it was at Hanford. It was also 

decided th._t the medical facilities prorided at Han.ford for construc

tion personnel should not be used after the start of operations, as 

the ~18.nt hazards, as determ.ined. by the pilot plant, indicated that 

thi~ construction_ village, should be compl~tely evacuated. To provide 

the required .medical facilities for an estimated population of 15,000 

persons, the construction of a 75-bed hospital was authorized. This 

( was located at Richland, )) miles from the boundry of the operating 

area. The ratio of 5 beds per thousand pop~ation, al th~ higher 

l 

' 

than the national average, was necessary because of the isolat.1.on ot 

the village and the high percentage of dormitory-housed workers, and be-

cause normal hospital patient population ratios cannot be applied 

safely to a population as small as 15,000. _Shortly after the hospital 

was placed in operation, it becaroe evident that even 'though the capacity 

was adequa~e for general needs, the estimate was low for obstetrical. 

cases and also for out-patient fa:cilities. To provide additional-fa-

cilities, a wing was added to the Obstetrical Section and a separate 

building was constructed to house the Dental Section and the Out

patient Department. ho -housing units were provided to be used -as -

isolation wards for the care of contagious diseases. • 

J 
' 
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(b) Policy. - The operations medical organiza-

tion was .made up of two major divisions, one concerned with village 

health am the other with industrial medical care. This latter di vi-

sion is discussed under Par. 3-12e(l). It was felt that the special-

ties, including obstetrics, pediatrics, surgery, internal medicine, 

eye, ear, pose and throat, should be maintained as such and that speclil-

ists in these fields should be procured to head each specialty. In 

this wa;y better service could be offered than if a type of general 

practice was instituted. Definite requirements were stipulated for 

the professional members of the staff. All employees of the lledical 

Department, including physicians, were reI.11W1erated for their services 

entirely by salary. The policy of free choice of physician by the patient 

was .maintained in so far as the physician's time permitted. Fees and charg-

es were, in general, based upon Washington State compensation fees. How-

ever 1 the usual ch.arges in the neighboring villages and co.mmunities also 

were considered in reaching an approved fee schedule for Richland. Fees 

charged for medical. care were somewhat lower than those usually 
' 

charged for the specialized services offered, because it was agreed 

' that good medical care at low expense was an in<hcement in procuring 

personnel and in reducing labor turnover. A medical ·prepayment plan 

was given consideration but discarded in favor of a wage deduction 

postpayment system for contractor's employees. Military personnel 

were furnished medical and dental care in accordance wi. th Army regu-

lations. 

(c) Type or Medical·Service Rend.ered.-·Far a 

short period, from March 1944 until 20 Vay 19441 the ~dical care of 
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the residents of Richland was provided by physicians from the Con-

struction Section. Non-industrial patients were charged a regular fee 

for service, with the.physicians being given the privilege of retain

ing the tees cal.lected. On 20 ~ 1944, however, because of the un

satisfactory condition of medical care due largely to the attention 

ot the physicians to the pay patients) and because of the dissatisfac

tion arising,trom the reimbursement ot physicians on a part salary and 

part fee-for-service baais, it was decided to take over the medical 

care ot the village residents at this time rather than wait until the 

previously planned date ot 1 August 1944. Because of this sudden 

change in plan, medical routines and procedures were informal and were 

modified as necessary to carry the load. Because Of the excessive 

work lo'ad at this ti.ae, practically all medical. care was on an em.er-

("" gency basis. To avoid confusion, a policy was ad.opted that plant in

juries only, or very minor personal illnesses or injuries, would be 

( 

treated without charge by the first-aid station. All other patients 

were referred to the clinic and were charged for medical care. Grad-

ually procedures were developed by which the patient came to the clinic 

only with a prior appointment, except in case of emergency. In November 

1944 the out-patient facilities became over-crowded and a separate 

building was constructed. This building housed the Medical. and Dental 

Out-patient Departments and was ready for use in January 1945. A.ftjr 

full operatioo ot the Yillage hospital was realized, specialty services t 
such as surgery, pediatrics, obstetrics, internal medicine., e1e, earJ' 4 

nose and throat were a regular part o! the Mdical service o!tere<Lto."· ''"'"''':1i:O,' 
patients both in the hospital and in the out-patient clinics. ~ 

• @«!etfEf--.- ~ifVtD@!Jt&;t: 
: .: .. __ <>_ .. . -···· ........ ~-.J~.\~t~ .... ; . . .. :- -~-
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Ad.equate laboratory and x-r8J' facilities were available for both in-patient 

and out-patient clinics. 

(d) Organization. - The medical service at 

Richland was administered by the .Medical Department of the contractor, 

E. I. du PG>nt de Nemours & Company, Inc. The Medical Department was 

under the direction of the 1€edical Superintendent, Dr. W. D. Norwood, 

who in turn was responsible to the Assistant Plant Manager. The 

start, on the opening of the village medical service in late May 1944, 

consisted of 2 doctors and 12 nurses. A.a the construction phase de

clined, physicians were shifted from Hanford to Richland. Form.al 

·offers to applicants and processing of personnel for the staff were 

performed as a routine procedure of the company Employment Department. 

Selection of prospective members of the Professional staff was ma.de by 

C- medical personnel of the Hanford Engineer Works, with approval by the 

.Medical Superintendent. In same instances, the Wj]mingt.on Office of 

(. 

.E. I. du Pont de Nemours & Company, Inc., directed the employment or 

transfer of individuals for the .medical staff. By July 19451 .the medi-

cal service had developed. into a staff of J66 employees, consisting of 

14 physicians, 78 nurses, and 274 other emplo,y;3ea such as orderlies, 

aides, janitors, etc. 

(e) Statistics. - From June 1944 until June 

19461 the ~edical. operating statistics were as follows: 

Orderlies, 
Period Doctors Nurses Ai.des, etc. 

!lli 
June 2 

July 7 

-14 

24 

31 

41 

4.35 

ifieREl 

Out-Fat. Hospital. Total 
Treatment Pat. Days Population 

1,000 

1,516 

2 

79 

419 
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( Orderlies, Out-Pat. Hospital Total 
Period Doctors Nurses Aides, etc. Treatment Pat. Days Population 

~ 
August 8 34 1,623 686 7,050 

September 9 50 2,170 1,267 9,096 

October 10 69 218 2,597 1,434 10,360 

Noveiiiber ll 68 226 3,057 1,655 ... ll,270 

December 12 61 226 3,282 l,731 ll,76o 

!.lli. 
Januar.r 12 75 272 3,470 2,185 

:··di ~:.:-: .. 
February 15 83 272 3,525 ~215 15,147 

1larch 15 81 276 3,313 2,270 15,401 

April 14 78 'Z/8 3,363 2,595 15,355 

May 14 77 280 3,304 1,948 15,266 

June 14 78 274 3,01+4 1,761 14,403 
( 

*July l2 51 31 3,746 1,996 14,167 
;pi-~---

* August l2 47 2!f 3,772 2,169 13,616 

* September ll 51 33 3,596 2,ll9 13,218 

~ 
October 11 47 36 2,815 1,871 13.,098 

November ll 49 37 3,439 l,863 l3,l13 

December 11 51 40 3,278 l,546 13,126 

~ 
January ll 53 37 3,852 2,0.38 13,178 

February 11 53 36 3,882 2.,301 1.3,2.34 

March ll 54 36 .3,675 l,641 lJ,194 

April ll 57 33 4.,095 1,918 13,ll3 
.. t: .. ~ ~ 

,, . ' '} 

* As of end of month 
Balance as of midnight 25th ot month 

I 

!~'_A" " ·. ! 
~· '" ~t 

l clif!&f(.!17·L-~,,-WW.B·~ . 
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Orderlies Out-Pat. Hoseital Tot.al 
Period Doctors Nurses Aides etc. Treatment. Pa.ti ent. Days Population 

~ 
May ll 54 35 J,895 l,917 13,021 

June ll 53 34 J,660 l,859 12,761 

(2) Dent.al Program. - The dental program at Richland 

was established in close association with the medical progr&lll. The 

first dentiat arrived in June 1944 and provisions for emergency dental 

care were instituted. During June and July, emergency treatment was 

provided for approximately 250 i:e rsoos. Regular dt11tal service was 

first available in August 1944, with the arrival of additional person-

nel. Dental patients were free to choose their favorite dentists 

within the limits of their availability. The fees charged were com-

parable to those of the surrounding area. A daily record of work 

completed and income earned was maintained by each dentist for 

administrative purposes. However, no percentage or bonus was given 

for incane earned in excess of his normal yearly salary. Operations 

of general practice were not standard:l:sed, ea.ch dentist being allowed 

to ccnduct his practice according to his ability, training, and judg

ment. The following table indicates the dental work load from June 

1944 to June 1946. 

Period Dentists Number of Dent.al Patients 

~ 
{Approx. 250 cases June 1 

July 1 seen in this period) 

August 2 .384 

September 2 525 

October 3 844 
.... 

~.FL 

~-' 

' ' 
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aUfi@Al~'l!L 
Period Dentists Number of Dental Patients 

~ 
November .3 l,0.38 

December .3 . }.,072 

!2lt2. 
January 3 1,222 

February .3 1,221 

lfarch 5 1,749 

April ; 1,772 

11a· .~ ; 2,0.32 

June ; 2,03.3 

*July 7 2,007 

* August 7 1,886 

* September 7 1,674 

October 6 1,855 

November 5 1,.382 

December 4 1,222 

!2lt2 
January 6 1,218 

February 7 1,646 

lfarch 8 1,766 

April 8 1,864 

llay 8 1,669 

June 7 1,610 

* As of em of month 
Balance as ot midnight 25th ot month 

~i68:£iea&El-
4· · , ~l'fiSSIP AJLi!LiA& '.· . . •: 
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( (3) Public Health Program. - The Public Health Sec-

tion of the C~nstruction Medical Department had gradually shifted 

personnel to Richland on a loan basis, as the need far such service 

shifted from Hanford to Richland. On 15 January 1945, this unit was 

completely transferred to the Operations lledical Department. The 

personnel transferred included a supervisor of public health, a nu.rs-

ing supervisor, seven public health nurses, one health educator, three 

sanitarians, and two clerical assistants. The functions of this unit 

were com.parable to those of the Public Health Department ot a city ot 

similar size. Tuberculosis, venereal c:l!1eease, and aaternity clinics 

were .maintained for the protection of the project personnel. Periodic 

sanitary inspections were aade of all cafeterias, canteens, cafes, 

dormitories, barracks, and food stores. A public health nursing service, 

( including infant and pre-school, school, adult, and industrial hygiene, 

and morbidity and crippled childrens 1 serri.ces, was established. Milk, 

water, and food inspections were ma.de periodically. The Sanitary Sec-

tion maintained supervision of S1JW8.ge disposal, malaria and pest con-

trol and water analysis. No charges were ma.de for services rendered. 

by the Public Heal.th Department, as these services were primarily for 

the benefit and protection of the project as a whole. 

(4) Emergency Disaster Program. - A medical prepared-

' 

ness program was established, in conowiction with the industrial. medical 

groups, for operation in cases of a major disaster which required aedi-

cal participation.· The overall direction of this program was assumed 

by Mr. Newton Stapleton. However, definite emergency aesignmAlit-s -were 

\._ given all medical personnel and emergency field units were organised. 

Sl.Cli~Lt:- ·ggg;uzt§ 
I 
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( Special provisions were made to evacuate the pl.ant art!as and Richland 

... 

( 

Village if an emergency arose requiring these drastic procedures. 

(5) The Cost. - Following is an estimate of the cost 

ot providing medical and related facilities and care for Richland 

Village thru June 1946. 

Revenue. 

Dental Dept. 

Pharmacy 

Utilities 

(a) Permanent l£edical Facilities 

1· Hospital. building 

~· Professional. 
&ilding 

$615,000 

ll0,000 

Total ~ 725,000 

(b) Operating Cost· thru June 1946 3.394.758 

4,ll9,758 

813.599 

Total Net Medical Cost 3,306,,159 

Total Medical Cost 

(c) Revenue 

. 
(d) BreakdOlfn ot Operating Medical Costs and 

Gross Expense 

$ 137,,478.90 

64,,648.22 

Non Industrial 
Revenue 

$130,474.94 

62,529.85 .. 

Net Expense ., 7,,003.96 

2,118.37 

(w~ter,, fire, elect, etc) 84,,186.43 84,186.43 

Public Health 1,,857,362.93 1,,857,362.93 

Industrial 
\ 

Medical a.al Hospital Expense 1,,251,,081,47 620,,594.31· 630,487.16 

TOl'AL $3,394,757.95 $813,,599.10 $2,581.,158.85 
.. 

'1!~ ' 
"!.l ,.•.· 
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SJOOTION 5 - BIOLOGIC A.ND HEALTH PHYSICS RESEARCH 

5-l Genera.J.. The origin and growth of the research section 

came as a natural development of the rapid progress of pby'sica.l research. 

Before the responsibilities ot the project were assumed by the Office ot 

Scientific Research and Development, research carried out in isolated 

physical experiments concerning isolation a.ad .utilization of uranium 23~ 

was on a very amall scale and, in rea.lity, constituted no medical hazard. 

However, as the ph,ysical phases developed, it became apparent tb.at hazards 

due to radiation, from the parent substance, uranium, and its natural and 

artificial disintegration prod:a.ets, including radium. and the fi•iion pro-

ducts' caild be extremely injurious to the human body. Experience had 

previously accumulated to show that long-lasting detrimental effects, and 

occasional fatalities, could occur, following indiscreet use of radium or 

( x-rays 1 through Ed. ther ignorance or neglect. This concept waa apparent to 

the directors of the individual ~projects and, with the grouping of the 

small. units under OSBD, caused them suf'ficient concern to allocate a 

portion of the funds.of the Chicago project to biological. research, and 

development of methods of protection tor both research and production -

ployees. The cooperation between the medical and physical. research secti~, 

even at this early date, resulted in the accwmtlation of mch valuable d.a"ta. 

With the continuing success of. physical and chemical xesearch, the genefal 

scope of the project expanded rapidly. The responsibility for overall au.per-

vision of the project was asaumed. by the liaahattan District in 1942. Wit.h 

this consolidation of all facilit.ies,, it became necessary to organize a 

medical section to supervise the .mec:lical. research and health protection 

tor the entire project. 
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' 5-2 Pur1>2se of Research Program. - The hazard problem.a, which 

accompanied. the growth and development of the Manhattan District into a 

gigantic industrial enterprise, have bem reTiewed in Sectioo. 2 of this 

Volume. The primary concern ot the research section wu to investigate 

the potm.tial damaging eftects of the uranium. and other radioactive co.m

pow:ida used, trom. radiatioo. or chemical ta:xicit7 or both, and to 

establish tirml7 the maxi1111m doses ot the various radiations which could 

be received satel.y b7 project emplo7eea. In addition, the tox:lcit7 ot 

certain special .materials, Which had had no previoua industrial use, bad 

to be determined. 'fbis knowledge waa saight in order that ettective pro-

tective measures might be incorporated in the design and operating prac

tices of the plants. It waa necessary, also, to attempt to develop effect

ive ••thod.s of treating to:x:ic reactions which might be encountered in persona 

( working with these .materials. 

5-.3. Radiation Research. . . 
a. General. - '1'he need. for medical research OD. the hazards 

of the llanhattan District program was first realised b7 the O'niversi t,. ot 

Chicago group, Whose research was oa the pile process, for the trans-

f or.mation and isolation of the transuranic el•ent, plutoniwa (239). 

(See Par. J-12). The pile reactim produce• a tremendous discharge of 

particles or energies of all types ot radiation (alpha, beta particles 

and gamma rays, and fast ani slow neutron radiation). All ot these rad~ 

iations cause reaction on entering living tiaaue. Coneequentl.7, it was 

important to st1id1 biological eftecte ot all t1)>9S ot radiation to de- { 

termine the allowable expo--e~ 'to radf&t.toli &ri81ng. both trOiR''ai1 exterD.8i1fi~".Y,~t 
source and from .material taken into. the bCJd7. 

J 
.. . ,, 
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b. X-ray aai Ga.wna Radiation. 

(1) Kncwled~e Available. - There were considerable data on 

the bi"l.ogica.l effects of x-ray and ga:xa rays existing prior to the :i.isn-

hat.tan District operation. However, most of this information concemed 

lethal or sublethal doses and, although "tolerance" levels had been set, 

the in1'or.mation on -hich these levels were based was quite sketchy. 

(2) Research Required.. - It was determined, there~ore, that 

a program should be instituted. to establish firmly the 11tolerance11 or 

11 ma"x:foal allowable dose" for chronic exposures. Ih addition, it was consid':"" 

ered advisable to establish beycr.d. question the comparative ~ffectiveness 

of ga.r::r.:a rays and x-ra.ys (known to be cpit~ si..ilar) and of x-rFl-.;S, of 

ci.ifferent voltages. 

(J) Research Frogra.m Instituted. - The research instituted 

to investigate these points consisted primarily of daily exposure of groups 

of a.niiJB.ls of various species to gamma. rays and to x-r<.;.ys of different volt-

ages, each group of animals receiving a di!ferent level cf exposure. In 

addition, exposures to siugle larger doses of these radiations were ma.de, to 

study the acute effects produced. The animals in all of these experiments 

were carefully and regularly e:x:amioed, using their growth and general appear-

a.nee as a gui:.ie to the state of health. Special tests were also perf omed, 

including ::.lood. co1u1ts, urir:alyses, cherd.cal exa.minati?Gs of t.he blood and 

certain other tests in selected cases. All experiments were carefully con-

trolled. At death or at the end ot the e:xperilllent post-mortem examinations 

were made. To determine the eftect. of these radiatiorus on genetics, special 

experiments were initiated to stud,y the occurrence of I.111tations in fruit 

.i'lys, and the effects or radiation on the breed.inc of .mice. other experi-

, ((]CT£' It 

5.3 'lif''RI 11 1111 & 
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ments were carried out to deter~ine the biological effect of certain doses 

of x-ray on fish of various sizes fro~ the egg stage thra.igh the various 

developmental stages to adult fish (App. B5). Attenpts have been made also 

to find better tests of radiation dam.age and to devise effective methods 

of treatment. 

(4) Institutions. - The Metallurgical. Laboratory of the 

University of Chicago performed some of the acute radiation exposure 

and delegated to the National Cancer Institute at Bethesda, lfd. 1 a 

comparative study of exposures of animals to x-rays and gair.ma rays 
8 

from radium, at different dosage levels, given daily over an hour 
/\ 

period and continuing for specified periods of tins. Another program, 

designeti to study the effects of expvsure to x-rays fro~ voltage 

sources of 2501 000 and 1,000,000 volts, at various dosage levels, 

( given in a ~ericd of a few minutes each day, was instituted at the Univer-

sity of Rochester (See Par. 5-7). The genetics study on fruit flies and 

the mouse breeding experiments also were done there. The fish study was 

delegated to the University of Washington, Seattle, Washington• . Tests 

!or da:r.a.ge and treatment methods have been investigated at both the 

University of Rochester ani the Univ~sity of Chicago. 
J..,\" 

(5) Results. - During the ye~f\1945 tc. June 1946 enough 
:to con-f1tm 

data l..as been accuan.tlated ~"again e"'n&iPr.Mhi the advisability 

of the tolerance level selected. The various institutions are in 

the process of preparing monograms dealing with their experimental 

work. 

c. Neutron Radiation. · 

(l) Knowledge Available. - Before the Manhattan District 

T, -f _J_i( ill 
5.4 ,.. 
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project was initiated, sketchy information had been accumulated on the 

biological effect of fa.st neutrons, largely fro;;.;. the treatment of a few 

cancer patients with this type of radiation. 

(2) Research Required. - However, very little data was avail-

able concerning the effect of neutrons on the health of individuals or 

concerning the comparative effectiveness of neutrons and x-ray or gamma 

radiation. 

(3) Research Program Instituted. - Programs which para.l.-

lelled the x-ray and gamma radiation research were set up also tor 

neutron exposures. These investigations were planned and conducted 

in such a way that canparison could be .made with the x-ray and gamma rad-

iation research. Careful studies of the an:U::als were carried on as in the 

x-ray and gamn:.a ray e:xperi.rc.ents. 

( {4) Institutions. - The Cancer Research Laboratory of Colwnbia 

University did a series of e:xperiments in which groups of mice were 

exposed to a daily_ dose of fast neutrons, each group receiving a different 

dosage level. A similar set of experiments, using dogs instead of 

.mice, was carried on at the Biological Foundation of the Franklin Insti-

tute, Newark, Delaware. Additional experiments on the metabolic 

effects of neutron e:xposures were carried out at Clinton Laboratories, 

Oak Ridge, 'l'enn. 

(5) Results. - Although all of these experiments are continuing, 

it haa been established that neutron radiation produces essentially the same 

effect as x-ray and gamma. radiation (See App. 86). Further, it has been 

demonstrated that when neutrons are ffieasured by instruments used for measur-
{ 
1, 

ing x-rays and radiation is about 7-8 
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as ds 
times efl'ective oiologically the same unit of gamma or x-rays (See App. 

h ~ 

B4 & 136). In calculating tolerance doses, an additional factor of 

safety is added and neutrons are considered ten times as effective 

as gamma or x-ray radiation. Durint3 the year 1945-46 data Las been 

accumulated by the various research institutior.s which confirm:/ the 

above statements. 

d. Beta Radiation. 

(l) Knowledge Available. - A limited amount of data v.-as 

available prior to Ua.nhattan District operations on the biologic~l effects 

of beta radiation. ~ost of this information was based on the treatment 

of various skin conditions. However, this !llowleC.ge was inco!!:plete and 

additional data was required to clarify sooe of the existing uncertain-

ties. 

(2) Research Required. - Since beta particles have little 

penetrating power, information was desired primarily on the effect of acute 

and chronic exposures of the skin to various amounts of beta radiation, and, 

in addition, the possibility of the occurrence of systemic effects was 

to be explored. 

(J) Research Programs Instituted. - To provide answers to 

these questions,, animals v1ere exposed acutely and chronically to various 

levels of beta radiation and carefull~ studied for skin and systemic 

effects. Co~pariaon was made also of the effectiveness of beta re:.diations 

from various sources. 

(4) Institutions. - The bulk of experimentation on the biolog-

ical effects of beta particles was dcne at the Clinton Laboratories and 

the Univer.:rl.t3 cf Chicago. A s.uall corroborative program on this 
~ 
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subject was performed at the University of Rochester. 

(5) Results. - This research is continuing, but has de-

monstrated already that the maximum allowable tolerance figures for 

beta radiation to the skin are conservative and unquestionably safe 

(See App. B4 & B6). It has been proved also that the lethal dose of 

beta radiation delivered externally is far greater than the lethal dose 

of x-ray or gamma radiation (See App. B4 & B6). The experimental 

results during the 1945-1946 period were again strongly confirma.tive 

of the above statements. 

e. Alpha Radiation. - #hen alpha radiation arises from a source 

outside the body, it has such limited penetrating power that it is unable 

to produce either systemic or sldn effects. Consequently, no investigation 

of this type was undertaken. 

f. W.Xed Radiation. - In the operation of the pile process, there 

exists the possibility of individuals being exposed to .more than one type 

ot radiation. Experiments were instituted at Clinton Laboratories whereby 

animals were kept in various parts of the operating areas in which they 

would be exposed primarily to neutron and beta radiation. These animals 

were carefully observed to detect harmful effects. None was found in spite 

of the fact that the animals lived 24 hours per day, for as long as more 

than a year, in the more hazardous locations of the plant, areas in which 

wor~n ciid not spend more than a few minutes per dq (See App. B4 & .86). 

g. Instrument Research. 

(1) General. - New instruments had to be developed in order to 

cope successfully with the radiation problems that arose in the course of 
' 

Ua.nhattan District operations. Certain instruments were required for use 
• 

-tq z ,;«qk s .. T 
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in the separation processes; others were needed for health protection. 

The latter (as indicated in Section 2) were based on well known principles 

of radiation physics, and the chief contributions of the Instrument Research 

group were in developing appropriate ranges of sensitivity, designing port-

able models, and .making other modifications which adapted the inst~nts 

to the specific needs of the operations. In addition, special instruments 

were developed for measuring the content of various radioactive substances 

in air. 

(2) Institutions. 

(a) University ot Chicago. - The Inst:iument Section of 

the University of Chicago group designed delicate electronic indicators for 

various types of radiation, and adapted such apparatus to the conditions 

necessary for either analytical work or monitoring. This Section also 

produced a large nwnber of instruments for other areas, and designed am 

constnicted instruments for determining the content of radioactive sub-

stances in air (See App. ~). 

(b) Clinton Laboratories. - The Clinton Laboratories 

organized a separate instrument section for the construction of instruments 

especially designed to meet the needs of the Clinton installation. 

(c) Universit·; of Rochester. - The Rochester University 

group also assigned a group of men who devoted their time to instrument 

research and development. Standard alpha meters and all pur~ose meters for 

measuring alpha a.ad beta particles and gaama rays were designed and -con-

stiucted for other areas with hazard problems from radiation (See App. B6). 

(d) Other Instrwnent Sections. - Both Columbia Univer-.. 
sity and Hanford Engineer Wcrks had Instrument Development Groups at 

\-~:f""_:,.·.·. 
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work on the desii;n of instruments especially adapted to the specific 

problems of their respective operations. 

5-4. Radioactive Substances - Hazard Research. 

a. General. - During the year 1945 - 1946 metabolism 

experiments on polonium, plutonium and radium,using dosages expressed 

as micro curies per Kg., the short term lethal dose studies indicate 

that polonium is three times as toxic as plutonium and that plutonium 

is at least tb:i:i•ty times as toxic as radium. On the basis of relative 

energies of the alpha particles of these three substances, it is apparent 

that for radium and its daughters and plutonium, the energies per micro-

curie are approximately equal. The reason for this is that the amount 

of radium lost from excretion is compensated by the retention of its 

daughter products. On the same basis, the poloniumfplutonium comparison 

indicates that the former is approximately twice as toxic per unit of 

alpha ray energy dissipated in the body for 10 days, five times at 20 

days and as.high as ten times at the 30 day period. Biological explana-
bc:uecl 

tion for these differences .may be e.x;pli1J.u9'l"on the distribution of these 

elements, the radium burying itself deep in the bone, the plutonium in 

the endosteal layers near the marrow and the poloniwa in the hematopoietic 

and lymphatic tissues ther..selves. The 6-8 months studies of the compara

tive lethal dose tend to corroborate the above findings. Pathologic~ 

findings indicate that radium shows an affinity for the heu:atopoietic 

system., vascula1· system, liver, kidney, bowel, bone, and testes vdth 

dru:.at;e proportional to dose and tLz.e. Polonium shows .an affinity for 

the hematopoietic s~ ste.r;,., bowel, an:i testes only with da::iage again probably 

proportional. Plutonium shows its affinity for the hematopoietic system, 

-
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livt:r, kidney, bowel, bor.e a.no testes. 1'he cf.anges cbserved with radiu.r.i, 

a.lthcuj .... ore \:iC:.ely distributed., are not"~ severe as t~~.:;se noted with 

polonium. An usual finding ;.i ti. radium is the development of far 

advanced arteriosclerosis of the aorta and larger arteries including 

the coronaries. Studies are being conducted on the injection of non-

toxic amounts of plutonium.,, polonium, radium, uranium and possibly lead 

into human subjects in order to determine the excretion rates in the 

urine and feces of these substances. These studies are not ready to 

report at the present ti.a:.e. The ini'onnaticn gained from such studies 

will be used in determining accuratelj th~ allowable doses as judged by 

excretions of these substances in the careful monitoring of plant per-

sonnel working with them. The urinary quotient will indicate the amount 

of harmful material present in the body at that unit time. 

b. Radium. - Although processing of this material was not 

a major activity ot the 11.anhattan District, it was necessary to conduct 

animal studies with radium, to use this substance as a base line ot com-

parison with the other comparatively new radioactive substances. The 

experimental work was undertaken at both the University of Rochester and 

the University of Chicago (See Par. 5-7). 

c. Polonium.. - Polonium (Radium F) was being produced in 

relatively large amounts (See Par 3-13) for the Jianhattan District. A 

careful survey of the medical literature revealed that the information on 

its toxicity was very sketchy and ot doubtful accuracy. Accordingly, a 

program was established at the University ot Rochester to provide the in-

formation required. These experiments followed the plan indicated in Pa.r. 

5-41 a., and from them it was possible to arrive at a "tolerance value" 

;.10 .. • ... ~ tf ... 
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for both depcsition and urinar,y excretion (See Par. 2-4, d and e). These 

findings, plus a. fairly si:uple q.H:1.ntitative method of rreasuring urinary 

polonium, resulted in an effective, relatively simple means of .1110nitoring 

per.sonnel.. The injury produced by large doses of this mater.Lal is primarily 

to the kidneys and the blood-for~.ing organs. Investigations are continuing 

and have served to corroborate the preliminary estimates of "tolerance" tor 

urinary excretion. 11Tolerance11 figures have also been calculated for 

polonium in air, but are of considerably less value, because bile amount of 

absorption through the lung has to be estimated. 

d. Plutonium. - The University of Chicago carried out 

most of the research on the metabolism of plutonium (239) and its toxic 

effects on tt.e animal o:ganism. It was suspected that this material 

might behave in some fashion similar to radium and, therefore, parallel 

studies were .made on radium for purposes of comparison. The Crocker 

Radiation Laboratory of the University of California was enlisted to 

carry out part or the experimental work on plutonium. Plutonium (239) 

was .made in the cyclotron at the University or California in trace 

amounts and used in metabolic experiments (See App. B4). The relative 

effects of plt:t.onium alone or in combination with other subs!-ances were 

compared. The results of these experiments with tracer amounts of plutonium 

were used as pilot experiments, for establishing the type of experimental 

work to be done by the Biological. Section of the Chicago group, when larger 

amounts of plutoo.ium became available. The work at the Crocker Radiation 

laboratory also included work carried out on soils of various geologic 

types which were artifically contaminated with plutonium (239) (See App • 

. B4). Tests were made to determine the effect of the contamination on grow-
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• 
ing plants and to estimate the efficaC.}' of various methods of decontamina-

tion in removing such materials from the soil. Another phase included work 

on methods of removal of absorbed plutoniwn from. the animal boct_y (See App. 

Bl+). In ad.di ti.on, certa:l.B chemical. experiments were ce.rried out by this 

group in developing new methods useful in their work (See App. Bl+). 

Results to date would indicate that plutonium after absorption may. be one 

tenth or one fiftieth as dangerous as radium. "Tolerance" figures for body 

deposition, air content, etc. have been developed by taking the mos~ con

servative assumptions, with the reSJJ,lt that in this work great effort was 

expended to keep contact down to extremely .small amounts.. Recent work on 

a method of measuring urinary excretion is promising and it appears likely 

that it soon may have practical application. 

e. Fission Products. - The experimental. work on these radio

acti7e products was carried out by the University of Chicago group of 

investigators and by the Crocker Radiation Laboratory of the University 

of California. In the pile process, a number of radioactive breakdown 

products of uranium are formed, and in the chemical separation of 

plutonium these substances could be hazardous. These fission products 

are formed by actual splitting of uranium or plutonium a.toms into two 

portions of unequal si1e. Since they are radioactive, there is the double 

problem of acute toxicity and the ch:ronic effect of the radiation pro-

duced by .uaterial deposited in the b~. These problems also required 

investigation, and experiments were planned to carry them out. At first, 

none of the calculated f'1ssion products was available and they were made 

for the project by the group working with the 60-inch cyclotron at the 

Crocker Radiation Laboratory. The scope of the work on fission products 

.,, . •rt '•••--=.. ... m.~ · . 1~ . ··.J··~!.. ::;J!N~- c. - . 
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included: determination of poisonous or toxic levels on various species of 

ar.d..wals; study of acute and chlonic poisoning a.rter exposure to fission 

products by feeding, breathing, ana introduction of the substance me-

chanically into the bl.i>od stream or tissue spaces of the body; the effects 

on the various organs of the body after each type of exposure; ·and the 

rates of elimination of substances from. the bod,y. .Methods for removal. 

of these subata.nces from the bod;y were investigated (See App. B 4). 
' 

The Crocker Radiation Laboratory of the University of California also 

carried out work on fission products (See A.pp. B 4). The met.abolism 

of the fission products in Sllimals was studied, and the effect of arti-

ficia.1 contamination of soils of various geologic types with fission 

products was investigated. Tests were made on plants grown on such soils, 

and methods of decontamination to remove such materials from. the soil were 

( studied. Another phase of the problem dealt with methods of increasir.g 

the elimination of these substances from the animal body. The University 

of Washington also carried out some work to determine the efi'ect of stream 

pollution by water from the pile, on fish native to the Columbia River. 

Fish were raised in tanks fed by various concentrations of the 

effluent from the piles (which contained minute amounts of fission 

products) and observations were made. Insufficient time has elapsed to 

form any conclusions from this study. Dy.ring the period of 1945-1946 the 

fish program has continued and the results are being co1upiled for a 

comprehensive report. The plan of work is 'M: 1.) follow-up of the 

present experiments· extending thru 1948; 2.) continuation ot the exposures 

to chemical ~.aterials and also observations of possible effect in the 

Colwnbia River; J.) completion of the histological studies al.read1 in 
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( progress on fishes damaged by the variety of x-ray dosages. 

( 

f. Uranium. - During the period of July 1945 to June 1946 

a variety of animal species were exposed to the dusts 0£ five uranium. 

selected because the greatest number ot employees were ex.posed. to these 

.lbsta.nces. U02(N03)2 waa included in the above list because of the 
. . 

necessity ot a base line·of comparison with data available in the 

sefentitic literature. (Most ot the ammaJ experimental work done prior 

to the Jlanha.ttan Project was ~ with U02(N03)2.) Two cmcentraticns 

ot dusts were used in the e:x:periment&l · chambers. One dust level waa 

selected because it wa.s thought that it would produce no tbx:l.c effects, 
cu 9fedt 

and the other level (a.pproxi.ma.tel;y ten ti.m.es"8Pe•~er) wa.s chosen because 

it would probably cause minimal toxic effects. In this manner, the 

probable .maximum safe level of dust concentration would be established. 

The experimental results thus tar indicate that the established tolerance 

level allows a .maxi.mum factor ot satety to the people who work with these 

ccmpounds. Additional important work consisted in the development of 

accurate .methods for the measurement of the particle size ot uranium. 

ccmpounds in the air. These techniques are used in the control of the 

concentrations of the uranium compounds in the experimental inhalation 

chaiibers, and in the monitoring ot the concentrations of such compou.nda 

in industrial areas where humans are exposed. Techniques for the traction-

ation ot the particles o! uranium compound.a into lots of uniform size 

have been developed. In this W83 exposure of uperimental animal.a to 

particles ot known size can be deter.mined. Prell.minary data indicates 

that the small particles are most. toxic. 

\ 
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5-5. Substsnces of Potential Chemical To.:xicitx. - The special 

materials which were developed for use in the processing of uranium com.

pounds constituted potential .medical hazards, since, like uranium., very 

little was known concerning their toxicity for the human body. The most 

important of these substances were elanent.al fluorine and various. com

pounds manufactured by reacting fluorine with hydrocarbons (rl.uorocarbon.s 

- c7F16, CsFJ.6, C2lF44). The toxicity of these substances was tested by 

an experimental program similar to that used b7 the Toncology Division 

of the U. S. Public Health Laboratories. Protective devices were tested 

and recommended. for installations requiring tbeir use (See App. B 6). The 

work on these special substances was carried out by the Phar.macologr Div

ision of the University of Rochester. No additional substances in this 

category were tested in the year 1945-46. 

5-6. lnduatrial Research. 
' 

a. General. - The indust:ci al applicat.t.on of results of the 

research program. is described elsewhere in this volume (Section 3 In

dustrial Medicine). In c.onducting the Industrial Medical activities it 

was necessary to do certain. non-medical research primarily concerned w.i th 

hazard control. 

(1) University of Chicago. - The Chicago group studied 

methods of monitomng and developed .methods of using x-rq film and 

ionization chambers to determine the amount o! radiation existing a.round 

working areas. Ventilation systan.s were stuc:tl.ed. and working areas were 

designed to offer the maxi mum protection. By use of the data developed. 

by the workers in this research group and the an.i.mal research group, 

measures were instituted to cover all likely possibilities of exposure and 

SE~ iPf'fb'"'' · .__ 
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to safeguard the workers in all cases. 

(2) Clinton Laborat~. - The Clinton group had an in

dustrial research section similar to the one at Chicago. This group as

sumed responsibilit7 for the medical supervision and protection of all 

workers at Clinton Laboratories, both by monitoring the plant and making 

physical and laborato17 studies ot the v.orkers at frequent replar interval.a. 

(J) The University ot Rochester. - The University of 

Rochester also had an industrial. research section. Fiim a.ad. instrument 

monitoring methods and protective devices were developed, for the.pro-

tection of the workers exposed to uranium and other special a:.ateriala 
/ 

(See App. B 6). Actual monitoring of the plant areas, under the supervision 

of the District t.:edical Section, was done to detect dangerous amounts of 

radioactive substances. Consultant service was provided, for the determ:i.1:-

ation of the extent of the radioactive hazard in t~e :individu&.l industry. 

5-7. Reports on Research Activities. - The various research sec-

tions l:ept in close contact with the Office of the Medical Section through 

the medium of progress reports. ''!he Chicago, Clinton laboratories, Uni-

verai ty of California, and National Cancer Institute reports &.re filed 

f'.i th t:r.e District and are designated as ti:e CH and C!; reports. The Uni-

versity ot Rochester and Biological Foundation reports are also filed in 

the Office of the ~edical Section G.n~ are designated as K reports. The 

reports from the University ot Washil:.gton E-!'e fil~C. in the same office 

and are designated as Fish frogram Reports and Charts. 

5-8. Organization • 

a. Manhattan District Persainel. - The District Engineer was 

required to approve all contradts of the llanbattan District, including 
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those for medical research. The Chief ot the Medical tiection, Colonel 

Stafford L. \Varren, acted in a sta.!f capacity to the District Engineer, 

to provide iuformation on the District requir&nents for biological. research 

and to report the progress of the program. Colonel Warren organized, 

supervised, and integrated the medical research program. In this 

task he was aided by Lt. Col. H. L. Fried.ell. In March 1945, Lt. Col. 

Fried.ell was appointed Head of the Division of Biological and Health 

Physics Research of the Kedical Section. Capt. J. 11. Howland was 

selected as Assistant Division Head, and, with Capt. David Gold.ring, 

acted as liaison officer to the research organizations. The relationship 

of the Division of Biological and Health Physics Research to the civilian 

research agencies is illustrated in the attached chart (See App. C 22). 

b. University of Chicago. - The Health Program of the Met

allurgical Laboratory of the University of Chicago was directed by Dr. 

Robert s. Stone, formerly professor of radiology at the Medical School of 

the University of California. Dr. Stone joined the Metallurgical Project 

a.a. Associate Project Director for Health, in June 1942. He was charged with 

the responsibility of protecting the health of all of the individuals en-

gaged in the pile process. To discharge this obligation he was required 

to procure the necessary personnel, to set up safety standards and saf'e

opera.ting procedures for the pile process, and to plan and supervise the 

research necessal) to insure intelligent formulation of the standards of 

health protection. Dr. Leon Jacobson,a member of the stat! of the Uni

versity of Chicago Clinics, had been aesigned previously the task ot 

clinical. care of project enployeea, first as a consultant in January 

( 1942 and later as an assistant (November 1942) in that capacity with 

tllJfiONfil 
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Dr. Stone.. Dr. Simeon T. Cantril, previously Director of ttie Radio-

logical Departnent of Swedish Hospital, Seattle, Washington, became 

Dr. stone's assistant. in August 1942, and, with Dr. H. M.. Parker, an 
I 

expert in radiation dosimetry, instituted the industrial hazards section, 

charged specifically with the responsibility of instituting Sate-operating 

practices tor radiation and radioactive substances (Both Dr. Cantril and 

Dr. Parker were transferred to Clinton Laboratories in August 19431 to head 
.,. 

the Health Program and Instrument Section respectively). Dr. E. w.'"" Wol.lan, 

Assistant Professor ot Physics, University of Chicago, aided in the dri'elop

ment of monitoring instruments and in the design of the shielding required 

by operation of the pile. After Dr.. Cantril left the staff, Dr. L. O. 

Jacobson became assista:it to Dr. Stone. The activities of the organization 

were divided into the following gzoups, headed by the persons listed: 

1) Clinical 1'edicine - Dr. L. O. Jacobson 

2) Biological Research - Dr. K. s. Cole 

.3) Industrial Hazards - Dr. J. J. Nickson 

Dr. Cole bad been Associate Professor of Physiology, College of' 

Physicians and Surgeons, Columbia University, and performed experiments on 

toxicology of radioactive substances. He was assisted in this work by 

Dr. R. E. Zirkle, Professor of Botany, University of Indiana, Dr. C. L. 

Prosser, Assistant Professor of Zoology, University of Illinois, and Dr. 

A. Ii. Brues, AHociate Physician,Hwitington kemorial Hospital, Boston, Jr:ass. 

Dr. Albert Tannenbaum., ot the research start ot Michael Reese Hospital, 

Chicago, Illinois, performed the teeding experiments to determine the tox

icity of uranium. compounds tor .mice. The Industrial Hazards Section, atter 

Dr. Cantril• s departure 1 was headed by Dr. J •. J. Nickson( serving directly 

ii£Rilz., 
s.1s 

" .. 



.;:-.. ~: '·. , .. 

/ 
' 

( 
under Dr. Jacobsonhwbo was assisted b_y L-:r. John E. Rose. Assisting in 

the Section on Clinton l£edicine were Dr. Samuel Schwartz, who was in charge 

of bioc~emi.stry, and Dr. E. s. G. Barron, Associate Professor of Medicine, 

University of Chicago, who diPected studies of enz;yme Chemistry. The 

Pathology Section was headed by Dr. ~·lilliam. Bloom., Professor and chairman 

of the Department of Anatoa\Y, at the University of Chicago. Dr. Bloom was 

assisted by Dr. Her.man Lesco. Dr. G. Failla, Professor ot Radiology and . 

Director of the Radiological .Research Laboratory, College of Physicians 
' 

and Surgeons, Columbia University, Dr. W. H. Talliaf'erro, Dean, Division of 

Biological Sciences, University of Chicago, and Dr. J. Watson, Professor 

and Head of the Department of Medicine, University o! Minnesota, acted as 

consultants to the project. The organization grew in size as the research 

program expanded, until appro:ximately 215 persons were employed at the period 

of greatest activity. This does not include the 90 people employed in the 

clinical group. Not included in this total are persons in the Instrument 

Section who worked full or part time on the development and .maintenance of 

instruments required by the Health Program. 

c. Clinton Laboratories. - The health program at Clinton 

Laboratories, under the supervision of Dr. R.S. Stooe, was directed by 

Dr. Simeon Cantril, from its inception in July 1943 to September 1944. 
D.-. 

He was replaced at this time by "John 'iiirth, who had been previously at 

the I~a.tional Cancer Institute. Dr. -,/irth, in addition to his duties as 

director, supervised the clinical medicine section of Clinton Laboratories. 

Dr. H. J. Curtis, formerl.J' Assistant. Professor of PbJaiology, College 

Phys!.cians and Surgeoos, of Colwnbia University, was in charge of 

biological research. Dr. K. Z. Morgan, previou.sl,y a research ph,ysicist 

£EOAEiJ- ;. 
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at the University of Chicago, was in charge of the instru1:ient section. 

At the pes.k of employment, a total of approJ<imately 100 persons were em-

ployed by the Clinton Laboratories Health program. 

d. The University of Rochester. - The Biological and Health 

Physics Research project of the Universit.} of Rochester was in~ated 

in April 1943, 'Id.th Dr. Stafford L. Warren, Chairman of the Department of 

Radiology, in charge. He organized and supervised the project, which was 

divided into the following major sections, headed by the individuals 

listed: 

1) Radiology - Dr. Andrew H. Dowdy. 

2) >f.ha.rmacology - Dr. Harold Hodge. 
- I 

J) Instruments and Special Problems - Dr • ."fiilliam. F. Bale. 

All of these men were members of the staff of the University of Rochester 

at the start of the project. Dr. Dowdy was associate professor of radio-

logy, Dr. Hodge was associate professor of biochemistry and pharmacology, 

and Dr •. Bale was associate in radiology. As Dr. Vlarren becue more and 

more concerned with activities of the Manhattan District, Dr. Dowdy 

became assistant director and, in November 1943, was appointed director. 

He continued to supervise the radiology section, until Dr. Robert Boche 

(Research Fellow University of Pennsylvania J/..edical School) was added to 

the staff, in the spring of 1944, to head the department. Dr. Dowdy was 

assisted in the administration of the project by i:r. liiaury Wantman, who 

also was in charge of the statistics section. Other individuals whj 

supervised research groups included: 

(a) ]Jr. George Boyd - - Head of Cyclotron and Nuclear Research 

Department, Biochemical Research Foundation, Newark, Del., in charge of 

c&i8tlf!Jfl! ; 1' 
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special studies of the toxicity of certain radioactive substa..'1Ces. 

(b) Capt. Fred Bryan - - 1'"'ormerly instructor in the School of 

Medicine and Dentistry, University of Rochester, in charge of hematology 

(subsequently replaced by Dr. George Suter, also instructor in M:edicine, 

at the University of Rochester). 

( c) Dr. Alexander Dounce - - Instructor in Biochemistry at the 

University of Rochester, who waa responsible for enzyme chemistry. 

(d) Dr. Francia Haven - - Associate in Bioche.mistey a.t the 

University of Rochester, who was in charge of the mechanism. group. 

(e) Capt. Roger Ketcalf - - \iho was responsible for the pathology 

of the e.xperimenta.l work. 

(f) Dr. L. T. Steadman - - .Associate in Radiology at the Uni-

versity of .Rochester, in charge of spectrochemistry. 

(g) Dr. Herbert E. Stokinger - - Immu,nochemist, University of 

Rochester, who was responsible for supervision of inhalation experiments. 

(h) Mr. David Tiedemann - - ~"iho replaced M:r. Want.man as head. ot the 

statistical section. 

(i) Capt. Paul Rekers - - Conducted special hematological research 

in radiation exposures. 

(j) Capt. William Valentine - - Conducted similar hematological 

research in radiation e.xpoaurss as Capt. Paul Rekers. 

(k) Dr. Carl Voegt.lin - - Retired Chief of the Natiooal. Cancer 

Inatitute, an authority on toxicology, served as full ti.me coosaltant to 

the pharmacology section. 

other part-time con~anta to this section included: 

(l) Dr. H. H. 
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of mines. 

(m) Dr. J. F'. Treon - - Instructor in Toxicology, Kettering Lab

oratory ot Applied Physiology, Cincinnati, Ohio. 

As the research program expanded., especially trained individuals were 

added to the staff until a peak of apprwd.mately 380 peramis was reached. 

e. University ot California. - The medical research program. 

at Berkeley was under the direction of Dr. Joseph G. Hamilton, Assistant 

Professor ot Medicine a.nd Radiology, Ra.di at ion Laboratory, University 

ot California. Dr. Hamilton was assisted by Dr. Louis Jacobson, Dr. 

Ray Overstreet and Dr. Kenneth s. Scott. The program was closely 

correlated with that of the Urdversity of Chicago. Apprax:imately 16 

persons were employed at the peak of operations. 

t. National Cancer Institute. - 'l'he work at National 

Cancer Institute was under the direction of Dr. R. R. Spencer, Chief of 

the National Cancer Institute of the U. S. Public Health Service. He 

was assisted by Dre. E. Lorenz, A. B. Eschenbrenner, M. Deringer, 

W. E. Heston, a.ad appro.ximately 6 others. 

g. Colwnbia Universitl• - The research performed at 

Columbia University was integrated with the radiation program of the 

University of Rochester and was under the direction of Dr. G. Failla, 

Professor of Radiology and ~irector of Radi.olo.;ic Research Laboratory, 

College of Physicions and Surgeons, Columbia University. He was assisted. 

by Dr. T. c. Evans. Apprm:imately 6 additional persons were employed. 

on this project. 

h. Biochemical Research Foundation. - The program. ct:. re-

search at the Biochemical Research Foundation, Franklin Institute, Newark. 

;,t'I;!.!' :,~ !i ,......, __ -- ;;es••i{-@i. 
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Del., was directed by Dr. El.lice McDonald, Director of the Foundation. He 

was assisted in this work by Dr. Harold M. Terrell. .A.pproimately 14 

other persons were employed in the program.. 

i. University of Wallb.ington. - The fish prograa conducted 

by the University of Washington waa headed by Dr. Lauren Donaldson, 

assisted by Mr. Richard Foster. Appraximately 4 other individual.a were 

eapl.07ed in the performance of this experimental work. llr. Raiford Thay-er 

acted as OSRD ccnaultant to the project. 

j. The Cost. - In most cases the research projects in the 

foregoing paragraphs were carried out in areas where types of research 

other than medical were being per.for.med. Because of this fact, costs 

for the medical research alone are not available, since all costs have 

been lumped into one sum for each project. 

5.23 
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SIOC:TION 6 - ORGANIZATION , '. "t'\-; .. 

6-1. General.. - On 1 Kw 1943,, aiH. .. OSRD contracts pertaining 

to the develppment of atomic power, including associated. biologic 

and health physics research programs,, were transferred.·to the llanb.attan 

District., and., to insure proper coordination and to avoid duplication., 
.. 
all research programs were made subject to the approval of the District 

Engineer. It ws.s essential, therefore, that a well-qualified ph7sician 

be procured to act in a staff capacity to the District Engineer·. A 

survey of the leading medical authorities familiar with the special 

medical. problems encountered in project operations revealed that Dr. 

Stafford L. darren, Professor of the Department of Rad:ioloGy, Univer-

sity of Rochester, Roche~ter, New York, was the best qualified physician 

available for tt.e positicn. .:.i.ccordingly, in Yarch i91._3, Dr. Warren was 

appointed consultant to the District Engineer and began the develop.ment 

ot the organization reqµired to discharge the responsibilities delegated. 

to. the Section (App. kl). 

6-2. Officer Persormel. - The ll:edical Section of the M:anhatta.n 

District. - The first .medical officer.attached to the District was Lt. 

Colonel, (then Captain) Hymer L. Fried.ell l'lho was assigned as liaison 

officer to the Uetallurgical Laboratory of the University of Chicago in 

August 1942. iiith the appointment of Dr. Warren as Consultant to the 

District Engineer, Lt. Colonel Friedell beca.tile his executive officer. 

In Ma)• 194.3, Major (then Captain) John L. Ferry- was added to the ~taff 

and was given the responsibility ot supervising the industrial medical 

·programs or District contractors and of acting as liaison officer to the · · ·t 
• 

\ research program at the University of Rochester. During the sUl!DIBr of 
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1943, Charles E. Rea, M. D. (now Lt. Col.), Harry Fitluck, D. D. s., and 

the late \;Uliam B. Holt, M.. D., were procured from civil lite to provide 

care tor the coommity of O&k. Ridge. Dr. Rea was appointed Chier of 

Clinical Services tor the Area, Dr. Pitluck, Director of Dental Service, 

and Dr. Holt,. Director of lledical Service. On 5 November 194.3, Dr. Warren 

was commissioned a Colonel in the Army Medical Corpe, A. U. s., and. desig

nated Chief ot the Medical Section. His organization grew in size as 

operations ot the District increased, until, on 1 July 194S, there were 

72 medical, .3 dental, 3 medical administrative, 1 veter.1.nary, and 1 sani.--
tar7 COJ'P!' officer assigned. There are charts to indicate, at intervala 

ot six months, the growth or the organization, and the individual. as~ign

ments within it (See A.pp. Cl2). The activities of the SectJ.on were 

di Tided largely into three groups coordinated. by the Section Chief" and his 

( Executive Officer: 

a. Biologic .. am Health Physics Research. 

b. Clinical. Kedicine and Dentistr7. 

c. Industrial liedicine. 

6-J. Qµalitications. - The qualifications of officers assigned to 

the District are indicated on "personal. history statements" (See App. BlO). 

6-4. .Contractors• Medical Organizations. - The Section Heads of the 

major contractor• medical organizations are indicated in Section .3 of this 

volume lihich describesthe activities ot those organizations. 

6-5. Assistance tr~ the Surgeon General's Office. - Arrangements 

were made, in September 1943, with the Surgeon General's Office (App. A4). 

to commission certain civilian medical personnel employed by the District,· · 

' to obtain the additional medical departmep.~ personnel required. by the 
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{Par. 6-5) 

District, to make available the .u;c..terial. procurement facilities of the 

Surgeon General 1 s Office, and to use tunds available to the Surgeon Gen

eral for the medical and dental care of military personnel stationed at· 

Manhattan ll:i.strict Projects at which there were facilities for providing 

.medical and dental care. In the interests of security, Colonel Arthur 

B. Welsh was appointed by the Surgeon General as bis liaison of'ficer with 

the authority to appro'Y'e requests from the Manhattan District. Further, 

the District Engineer and the medical officers UDd.er his control were not 

required to subrdt to the Surgeon General any reports which would reveal 

the nature, scope, or military importance of the project. {ill of the re

ports of' the work of the lfanhatta..n District which ordinarily would have 

been forwarded to the Surgeon General were-prepared and retained in the 

files of the Medical Section.) Finally, medical department personnel 

assigned, attached, or al.lotted to the Manhattan District would not be trans

ferred to or from the control of the District :Engineer without his prior 

approval.. This measure was considered necessary to control the security of 

classified information and to .maintain especially qualified personnel at 

their assigned tasks. The relationship 'With the Surgeon General functioned . 
eff~cientl.y from its inception, and is continuing at the time this history 

is written. Lt. Col. Carl B. Sax: replaced Colonel Welsh as Liaison Officer 

during the spring of 1945, but otherwise the relationship has continued 

wichanged. 
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JWllAttJI DISTIIC! HISTORY 

BOOK 1 - GllDtW, 

YOUDtl 7 • DDICAL PBOGUll 

,ft\lt 

8-apoa.aib1HU• ot \be lled.1oal S..Uoa. A l.t.ter 
tr-. ColCIMl 1. D. licbola to Colonel· a. L. Warren 
d&Md 10 ..... 1,,.,. 

•. 

Grant, ot Aut.borit7 tor the Oak Bidp Bulth 
Aaaoo1at1• • 

.3 Hoapit.al en4 lledioal Fuil1tiu tor Oak: B:ldge. 

4 

5 

A i.t.ter trm Coloael s. L. Warren to Colonel l.D. 
liohola cla\ecl 15 1ebra.&r)'·l944.. 

Kedioal ,uiliti .. , Maabat\aa Dietriot. A 1.t.ter 
t~ llaJor Gen. L. a. GroYM to The Coaa1tndSag 
General, A:nq Semce Force•. dat.ed 2l S.ptuber 1943· 

By-Laws ot the Oak Ridge Bospi tal 

. . 
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llU.11 TO 

·· . . . Vet\ .. ·. Thi~ ~- om.s.. • .. oi.~,~·~~. 
WAR DEPARTMENT· ~er ·f··rot 13 copies, Seri• l. 

UNITIED STATD ENOtNDlt ~ •. -· 

D-22-b 
. 

10 August 1943 

Subject: Reaponeibilities ot the !ledical Section 

To: Dr. sta.ttord L. Warren, Chief, Medical Section 

Reference 13 made to your commtmication of June 17 and subse
quent conferences on the basic rnbject. 

The :t\1nctions and res!>Ollsibilitle~ ot the Kedical Section 
ine lude the toll~: 

1. To carry on or arrMge far and to supervise or 
maintain liaison with such resea.rch work as is deemed 
necessar.r tor carryine out the functions of the Medical 
Sect.ion. In this regard, however, all exi~ting research 
agencies working on the realt~ l'.lr:blE>:ns C)f t!"!e nrl)ject should 
be utilized. to their capRcity and ever.1 effort should be made 
to have them do additional re~earch -.rork when re~uired ann t~ 
avoid dupliC11.tion ot etfort.. 

2. To dete?"llline \That healt~ hazardg are oresent in any 
ot the operAtion• or the Uanhattan District. 

3. To detenaine what 9rotective measures should be 
taken to eliminate or protect against 8.1\Y specific health 
hazard ot a serious nature. 

4. To keep the ftriou• contractore and Area &lgineers 
intarmed: in regard to approved measures to be taken for th~ 
sa.teguardl.ng ot health. 

s. To organise and operate a hospital, medical service, 
and dental eerri.ce at the Clinton Brgineer Works • 

.. 
,. .6. To canter with and to actrise the Area F.ragineer and 

cmtractOI" at the Hanford Fngineerlfarks and to determine 
that proJ»r Hoepital and Medical Services are established there. 

It will b~. t.h• re~eibilltJ" ot the Area E~ineers involved to 
eee tJa t the a~ or reccnHDded protective health measures are put 
into ettect b,r':"t.11•.contracton although the Medical Section will be ex
pe¢ed to pft_a•~.t.lnc• 8114 cooperatica in thie utter by making perio-

'' ~·dt:o insPectl.'on8 tO.'~~eck osf ~·world.ng ~out in actiaal. practS.Oe.' or the .. · · 
' protective meanr•• dmeed. ;• 
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·Dr. sta.ttord L. Warren -2- 10 August 1943 

.The organization of tha Kedical Section and the personnel :-t3-

. • sign~a are noted. The Section itself will be administered by': 

. . 

'· 

.. 

Dr. stattord L. Warren, Chier, Medical Section 
Dr. H. L. Friedell, Executive Otticer, Medical Section 

The assigrne~ or Captain John Ferry to the Medical Section, Special 
Products, has been approved in a conmunication dated 8 August 19Ji3. 

The assignments of Dr. Charles Rea as Clinical Supervisor, 
Clinton Figineer Works, and Dr. William B. Holt as Chief, Hospital 
Service, Clinton ~1neer Works, are hereby approved. 

For the District ~ineer: 

1<. JrV/. -1-,t 
K. D. NICHOLS 

Colonel, Corps of Fn~ineer~ 
De:;"!Uty Dtstri.ct En,r:i:'leer 

cc: Area Engr. , Hanford Fn~. Wks. , Pa~co, 11:~ "'i . 
Dep. Distr. Fngr., Knoxville, Tenn. 
Area ~r., Chicago Area 
Area ~r., Wilmin~ton Area 
Area ~r., California Area 
Area Fngr., Colunilia AreP. 
Area ~r., Murray- Hill Area 
Area Eilgr., New York Area 

., 
-SeeR~ 4' 

SECUJtPH MM'16if I dl:tt.;. 



; . ,· 
' 

. ,-
( 

l 
J 

iw1:...'l SF-~VIC!. FC.i:zs 
UNIT.r:> ST Ai°.:..:., F...CI!::· . .:.t Off ICE 

t.:anhattan Oi3trict 
Orik lti~e, Tenn4:SHe 

'fo: h.11 Covem .. i.:nt Rnd Cpe1·at.1u: Coutr. -~ -r Per:Pnnel 

. 
Fer thP. furtheruncc rJt it::: :i~C'=1';U:·.: .,,.r:..~i.•·, '\r. :~.stn1.: .. c:· 

.ity of the c:int•lf: :·:.r.5!ne~r : rim, \,(.; ~ ·? ::n '..r: -!I •.r.1: (; •• : .1.~ !;•t ii:.•H.r • 

.JS.toC14tior., is t~reby cr~<.t•·:l .:.J, :> 1:. :·ct :" '. · :.::. · .. :.:- ... r°'dna!t-..; 
set fortn, it. 1s a.lthorizc:J •.(..·.:~:!..:LL:.,~.· ..... ~;:-. : ::·.·· l v:...i...;....,_ 
tar/ meule4l <an:i h?:;pit.•U jl:.t. •:•: .... ·i.~: -. ... ·::;.~ .. .:.t-s \1ll. 
be fumis!.ed tc ::.er.:ite:-!. :lm.: :'~i.1 f·.r t ...... • ::.c·~r 1:.. " .. · · 
htJalth of ce;~ecr- b:: : .. •~k:n.( it :•J:....;.;~; •• ', :> :- .:·e .. :""· 
t::->rly tre&.t; .• t!r.t .f !l~nc .. w; -.r.: •_.; . r·•: .... ·" r .::;..:~;.;· · :- :-):. 
acier.tlfic cduca~ion :..::1 ·t!1·r · .. r· .·.i'-i1·:;: :· '.:·:.. .~.- r'ays •. :-.. 
\1Clf~re of it:; ;:.c. <.::-sl.ir... .:.•' ,..:;.;. ci-.·-~ ... :;; .... : 1 •• .;.~zcj '.n;1 i" r-
ated 3-.Lt; ji?Ct J.o !.:1"! !'.;l ~.,;;;. :. · ~ n~1· l ;: .: ! ·; · ": 

l. ::et.lt.erahlp sr;·_.;. .. ~ .. :-• ~~ r~ . · · : •. '...,v. !""!' : ·.r::iti".£: c:o:-.-
tractors perscMel nt · l.1: C"' · '.;' · ... : . ": _. .. ~- : :-i<.. .: . . - • • !"' ... ~f t.heir i."\""le·· 

diate fa:r.ilies (spv ... s·· :ii.! c: . .:.i. .r--' . .. :.;er ::'.re<t:: •. · .:.:; fa~) t.rhc l""":J~l·~ 
at. Oa~ .~,i1;e, !orlOP.tiS•h:. ::.J: .. '.,.-:·:>:i:r .. ,.-,:! b•: .r. a. ;•_r -: ; "l:'l~s, each rroi.;r 
to eonsiat cf .:me cf tue ~f::>r' .•. • ~. ~a:1 a.rcncies, ariJ • . • ~::. ·:-.:.: • · ··;.!-
gible for ad."'.'li.ssion up<.in t:-.c ~ ~: : : r.: !.Lr. i:.l' at le .. st ~ ~·:•!'•' ;;-:·.. .. · " t 
(75~) of its tc.t.r.l persc:.ancl. : .,..;:De!. ·.t.h.r. :.~i:1:: : ~· : · r .' · . 
profit bas~s ar:d 1ts s1!bsc:ri·:ti :. · ... r,~'"s sr:.~ ~ :-· ~! .. :; :. 1: -.:; .... : ... 
defr~y t.h«" c.perati vc ar.d :..,!Jr2.:-.i: ~ r. • ; ·1~ :·xj ( :.;:,'.: : : .. ..:.: ,.:.: s'-'-:1 .• i r 

1.r.g the establlst.r..e1.t Wl1 m&...:.r.t.• n·s. .. ce 1' ~. !"!·!1·.·: .. .-,. : .: .. ! ,-..:..sonab ... j 
to provid·:: f•.>r ·.1.-Uo.resee'lblc e::-.~r "..:: . .:i.-:; •.:.: ~·, r ·.: ._ . : : :i '·"'ti~n •-,f • ~ · 
obl..ic:1t.ions Jf the ,.ssocl;,.ti::.;r. •f"''' ;t:. diss, :.~ti.Jr. : r_ ·1:.:.tr1, '. ·:~ .... ·:· 
:.he a::iount cf S.J<:!1 r~.s·'rv~ fa":· ~ro:,:l :.)t i.;e .. e!..s :..:-i:..:. ·"' :;; L .• ~ >~ ·: · · · · 
the a.· ·reg~.t~ 0f t :.cee •t.: .. .:..r...r:: ._.,,).vO) ,fl'Jr -,,·::1bt r :r . . c. l"\.:t;..1.".:·: "·· '- • ._. 

total '""hli"'crst.ip. 7!1•! t.ct~l s . .a:-;Jl .;s :·lJ'l:!:; ~.~c: ,,..c::--:~ : ~.· ~:;.;r.~ ... :· :r ... -~:· 
fluct.u·~te bet\1een '\t, a,,:tru: .:.e _; :.,P:I ~~ :~ ·~rr. \ :~·.~·-.) "' ..! :.!;r ... _. ·~ ... : .. :":.1 

(.,,.J.00) per ;aer::bcr. U !.th: s:.rp: ~ .• , iu:.l.Air..~ the r\.' ·er:•: fun•!, ~; . .: •• .! 
t)XC~ed the abr,1-ceti.t.c A tnr. d<.·J..1. .. rs ( ..,l..;>.0V) r·c!" ;;.c.r..:J•.:r, Rct.i::-:l s:.<i.ll t •· 
taken t.o read.1u.s~ the ;-;rn:1! 1:r'5t.l? ! :<c:l ur bcno.?fit.s. 

2. Th•: '4s:;ocl<at~on ~h"'ll r~: ~r'.!nr.i"'.C·..t ::.:i ! .. ~.r.a,-t. '! Ly ~ 
Oiroct">rs \;,f r.<.•t jc~s .. l-:"'n t.\ldw'<' (};) ::tt::tl .. ~;; :-c;.; .. t:s~:.t.-.:.ivt: 
trict ~g.inei?r ar.<l of tLI.! :.. ... t:...;:-~b•·: .;.:i -.· ~c::..n .::"1• .. p: ~s 
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b. b t.reuW"er or hi• 1uccesaor ah&ll be the custodian of 
t.he A.laociation•• tunds and shall be 1olel7 responsible to the 
:iiation and to the District Encineer tor their collection, sate
·.nc, d11buneoent. and 3ccountabillt7. The treuurer •hall prompt :1 
1it or oaUM to haw deposited all A.esociatlon tu.nda in a selected 
11h1- eh&ll be a _.,.r ot the Federal .eserve Syate.'!l to the credit 
• Oak' Id.dee Heal.th .Usocution. The deposit&l""J ot the tunda, ·in 
or in part, shall AOt be recowd to M'¥ other bank or place • . 

. . 
(1) /J..l disbW"Hmnts a.Ide from the fund.a ot the Al:sociation 

ball be b7 check signed, •The Oak .aidge Health .Aasociation, b7 
_____ .,,, Treaau.rer,• provided that. the treuurer or his 
lCoeaeor u:r. on hi• om reapanaibilit.7~ aet up ul~ adequate. 
te......,.U and account&billQ'.au.cb petty .cub account. u 11147 be 
ce•Ml'1 bu.t not to exceed·titty dollara (OS0.00) tot.al,· and 
pqmnt theretl'OGI shall exceed twent.Jl"-li•• doll.an (..;2S.OO) 
&llOwtt. . 

(2) 'l'he tnuW"er 1• autbori~ed during period• ot h1a ab-
,. in exoeaa ot t110 d..,. tl"OGI Oak .tidge, Temes•e, to appoint. 
1pu.t7 TnuW"er to pertona hi.a du ti••·· In the nent &baence . . 

' 
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S11bject1 Gn.nt ot "ut.horit)" !r,,r t.he ~ .ti.d~e Healt.~ ..-aoci~tion 

ot the treasurer rroa ()II< .di.ice shall exceed thlrt7 (30) C<X'\•CU
tive days, the Board ot :>ir'9ct.ora shall appoint a nn 1treuunr. 

c. The secretary ot the board shall keep accurate 111.ftute• ot 
all metinga ot the Board ot Dlrectora and F..ucutive ec-t.tt.ee, u 
wll as perform other duties u fAa:1' be assicned b7 t.he board. A cop;r 
ot all mi.nut.ea shall be promptly tumiahed t.o the Dlatrict Bncineer. 

d. The Board ot Direct.ors shall meet aa often u. neoe'•Ml7 to 
propecl., aupervise the activities ot t.he Aa.Ociat.ion. .9gula.r •et.ir· • 
sh&ll be held at least quart.orly. 

e. The president shall prcsice over all ••t.inga ot tbe A.11ocia
tion 'Md ot ttw Board of Directorfl. 

t. The Board of Direct.ore shall elect troa it• •llberahip en 
Executive Co.madttee composed ot aix members, three ot whoa •hall be 
physicians, headetJ b7 a chairman who nUl be th• ..... individual aa 
tho president ot the Board or Directors. The board td.ll al9o el.ect. 
trom its tlClllbership a BJdget Coat.tee and an Mid.it Comittff ot 
three -.mt>ere each, and auch other cOClmittoea u llhal.l be cona1d9r.c:f 
necesNr,J bJ' the board. Tho pl'4mary function ot the &acut.iw Ca.
mittee ahall be to supervise the operat.ion ot the ulOCi~ •.ion &a 
d.L,cted b7 the Board or Direct.on. The Budget Ca-.it.te, llball k9ep. 
it.sell tull.7 Wonned aa to the financial atatua ot tile .Aau1oc1at.1on 
and •hall atud¥ all budget mattera aubm.tted bJ tbt bwli.M•• ._.... 
and lD&ke recoaaendationa to the board u to u. ooune to follow la 
the mat.ter or bud&etina tunda. The primacy tunct.1on ot U. Meet. 
Comltt.M llhall be to keep the board intormd ot the tinaAeial .tat. 
ot the .Uaociat.1on and Dike reco:aendationa tor oorreat.iw eot.loa ..._ 
nece•A1"1 to inaure c.hat t:1e financial st.atua ot u. Mec>ciation l• 
eoc.md at all UM•• The Audit Comad.tt.H'• pr.ta17 neponaibWt.7 . 
ahall be to 1nau.re that an adequat. bookbepinc Md acoounti.QC .-w. 
1a Mlnt&1ned at. all tw•: that. all di•bu....-nt• ..,. tor autborl1194 
purpoH• &nd within bud&•t.&J'J' U:ait.•1 and that. all propert.7 ... , ..... 
an pJ"4)plrq acoounted tor. 

4. CX'ts.a.N ot t.be M80c1at.1oo and --.ra ot U. laud ot -....On 
ah&1l .. ,..,. wlt.llout. ooapwt.ion. ~· 8b1J.1 be 00..-.-.. • ...._ 
not. 1A aoe•• ot t.boM paicl locall.1' tor atwtlar Mni•• Mii • • ro•:::A 
b7 a M.jorlt.7 ot the 8o&l'd ot DU.Ct.on. Ott1ce.N or ~ ot U. 
uaoolaUoft obarpcl 1d.t.ta u.. h&ndl.1nc ot it.• tunda ..U be ...,._._.,,, 
boadild. ,. 

.. , .. 
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Ha3 i1JCt;•tE,:T co~;.:~.T:; OF .t.. rac::\:;,·-, 

TMtbNT I OF ' £ (.IJl'l(S. SEP.IES ;II-

"' ··~· 
••••• YO •••••••••• , ill 

E; Dlrli-a 

JID-100 o.. 
f. o. Box llll, KnoxTill~, Tenn. 

15 febrWLry 1944 

!'.>ubjecta Ho1pital a.nd ~ edioal FaoUitiu tor Oak rtidg• 

•·EJrvRA.JfDL'll ro !.·iatrict Engineer, ~ anhatt&n Oi1trict 
~Att.'!"· tion Lt. Col. T. T. Cren1hur) 

1. Reterence ii ma.de to .:nel:'o :-: Dr.·:{-11, 2~ Ja.ntary 1944, in
dicating that a miniata ot 45,QOO ~perll&Dent" re1ident1 will be 
hou1ed at J&k Ridge with a po11ible peak ot 5l,OOO by July 1944. 
other inlormatton indioatH tJiat between July and D•c-b•r, an addi· 
tional 25,000 c~n•tructton worker• will a.110 b• housed on thia area. 

2. Adequat.t ainiaw11 requ:i rementl 1hould be made aTailable for 
both oon1t&nt bed occupaiicy tor expected illne•••• in tni• area, 
Lnd a certain air.aunt of exc••• capaeity, u1ually 20-;, for sudden 
epid•lllic1. There are no dat& front w:lich t.:- determin• directly the 
r•quireaenta ot the 10=-ewhat abnormal eommun.:. -:.ya t ~\ak; :.:idi;e. :-:ow
trl'er, th"'re are certain a1awnpt1on1 trhich ml>-:• be r.-.ade fr->m current 
experience. 

3. The ratio of t~:1s to populat.ion 1n the r. S. !'or 193~ wu 
3.4/U·lO. with 6~: oc:·Jpa.ncy. for 1943, the ratio ii 11ot available, 
but the occupancy wu nearly 95,;, which ii da:.,eroully high. Thi• 
sudden 1ncreaH in bed occupancy may be directly the result of 
aeTeral tactor11 

~ /c 

a. The •••ller number of phy•lcian1 •••ilable. which .ale•• 
it tmpo1s1ble for •iclc patient• t.o be oared tor in their hoae1, 
as n• the cu•toa pre'fi.,udy. 

b. Vore m•mber• ot the t1Lt11ly working, with nooae at home 
to care t·:ir the ;:>&ti ent. 

.... '.n influx of sin._:l,. "•'lr" worlcer1 into C01Tl'llu.ni t1 "' 
wh"'re :hev have to ~e h'.)spitalt1ed wt:en 111. 

:1. · at1e~t• •arning n:ore "'Oney den:.a..n.j the b"ltter care a.nd 
:o,..er risj,: ,,.:Her. '°I09j'ital f11.::!litie1 pro•ide. 

, l l · f th"' Sf" ·f,~-:-t..:irs arl!' pre1ent at ak :-.id6e• Approxill'.&tely 
,,. t 1.• pOf''.Jlati "'l'l artt st.,~l.- .v.:>rker1. :·h,.. maj:>rity \Jf the operat
.... rson.nel beloar• to th-. •h1t•·c0llar clas1 who are a~eu1t01119d 

-•' ~•l -:are. 

'i. ·" '. • r-;t/ J'.. x:~-.--•t•r, •;ew Ycrlc, frl>1t. <fh1ch com11 many 
~· !" ;.'"'!""~:." .. !"so:i::.•l, ~ 1 1t> r"l~to i• 5.l hed1/l:J00, and the 

: .• ~.Jc:· .L · :-~ • ~•;.;lat1nr. naa C'hJtnl!;ed trJr. 1/75.J t.o l/12.)(), 

.,:tr.~n · "' p11111t Y"'.lr • ..;;.nr.e t!i~ r1tit10 ..>( phy11c1a.tu to populatioa 

,,. • . ' . r ~ r 

·'1::z!Kk.Bilr:rt;;1JlllltiJPtt AJ 
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in :a:c :-::i1~e has bel'!:i fix~d at 1/201)0, :.,~c;sus9 ;f tr:~ difric:.alty ::>t 
obta.ir1in.· ;:-hyaici&na, it ie imperat1ve that th• pr•l:>os'!!J be•Js t -?
:.ilati Jn r!l':;.o bi- :r.auit-sined at a h::..;h l .. vfll. 

S. .~fter atudyin..; the advice Jf consultants an...i surveying t:ie 
lec!ll !':itu!lti:n1. it is rec".'mm"nd~d that hos· ~tal facilitif'S, in~lud

ini:; ,_it-?ati.,.nt s~rv:-:e, re ~ased i:n t:-1~ rat:.o .Jf f, ':f'ds /lJJO, or 
25; b•·..l~. 

6. ~t .s r•eJrr.:-.ended that t:.-... ,., flt.ciliti•s be c instructed 
immediately s~ th!.t the entire hospital ·;~~ti• availabl'!I ror use 
by l J~ly, 1944. 

----··-· 
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~TA:'F'JJtD L. -~~n:r=:~· 
Colonel. ~~dieal Corpe 

:hiet or ~•dioal 3eetioa 

~···-OWL 
::: t;S l'Z'if~amr 
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Tb.1• document ooa.eieu o• .- Plil••. · lo.' ot f oop1.. • Seri•• .._ 

40C-lll~YTO WAR DEPARTMENT R.)B 
CHIU 'Y EN<al'tUJtS. U. S.AAMY 

WWUNGTO... D. C. 

ltU"I!• ,. ...... .... •• ·- -- -· 

Subjeot1 

OF'FIC!:l: OF THE CHIE,. OP' E'~GIN£ERS 

WASt&INGTON 

Tile C~dinc O.a.eral. Anl'I Serrioe lore••• ~ 
Wub.J.1t•'tOIL• D. c. 

Toa 

' 

t\~ 

- . I 'P 
1. Due to tile .s.,UI oooupatioul b&aarcla wb.1~ 

oouatered 1D th• operatioa ot the pr~jeote ua"'•r the oontrol ot the 
Manhattan Dietriot ot ti. Corpe of i.ntineer•. it ha9 been ••o•••t..1'7 
to proTid• on-eite bo1pital aad med~oal tacil1ti•• tor the pereonn.el 
-.plo7ed thereon and 1uob ot their taaili•• u are required to liT• 
011 the project•. l ~ hu alao be•• toun4 neceHary to ooatract w1 th 
oert&i.a iae~itution.a tGr tb. 1'\lrnlabi.Dg of medical faciliti•• and 
eapeoiall7 qualified per1oan•l. 

z. At on• project, ho1pital tacil1tie1 are ncariag ooapletioa.. 

\ 

The •dioal etaft, pruTided by th• oontnctor in oba.rge of a part of 
the med.ioal nHarcb pert&iai.ag to the project, hu n.eo•11ar1l7 COM 
into po•••••ioa. ot con1iwerable ••cret intor:mation. For thi• reaaon 
and primarily in order to in.au.rt< the retention 1·n the projeot ot their 
outetand1:i& profe11ional qualitioationa, and to 1G•ur• c~ntlnuity ot 
reaearob and ••dioal treatment, it .na1 b••n determ.in~d to be ••••ntial 
that a oerta.111 portion ot We Mdioal 1ta.:'l' be in th• milltary Htab
lhbilleat. 

3. It h theretor• r• oo..ended • 

,,....-.;,. ·' •· Tnat,_.tbe medical per1.:>n:.ael be oommiuioned in tu 
;Aed.10&1 Depart.ent, and that a pruour•ment obJeothe and al• 
lotment ot peraonnel be aade ••-~lable to the Surgeon Geaeral 
tor that 1pecitlo purpo•• la the nuaber1 and grade• i~uicated 
oa the lncloaure, and that the Di1trict Engineer, lilan.iaattaia 
Dhtrict, be authorh•d to oorreapond directl7 with the Sug• 
geon General in or~er to expedite the ailit&rl1atl~n or thi• 
.. dic&l 1tart. 

) 
I 

b. tb&t the Surgeon General be uked to g1T• the rull••t 
ooDAlderatioa to reoo-.,.ndationa ot the Ji1trict Engiaeer .. to 
the gradel ill which the meab8rl Ot tn•t lt&tf are to be &ppoiateG• 



\ 

•• 

&ubjeota lltldical Faoiliti••• Ka.nh&ttan Diatriot 21 Sept. ta 

&Ad to requeat. tor a.n;y nec•••&r7 wai••r• ot pJliraloal d.iaa• 
bilitl•• ot tho•• peraona, pr~ided th&t auoh cl1aab111ti•• 
•111 aot preTeat th•a tr011 pertorsing tbelr aaaigaecl ooa
t911plated duti••· 

o. That •.&1atiag Medical Depa.rt.At peraOIUMll u4 
9i&terTel proour .. eo.t fao111t1ea be .mad• a'ftil&bl• tO the 
Manhattan Dia tr i at, wure 1 t h ad'Hiata«eou to the Go•enmeat. 

cl. tbat tho•• peraou naaed la par.graph I, A.1t 40-&06, 
and atationecl at tho•• .ll&ll.hattan Diatriot projeota at wldoh 
tb.er• a.re located ••clioal taoilitl••· b• aut.bor11ed to reoei•• 
Md.ioal oar• at tbo•• tao111t1••• and the eapeaa•• i11curred 
th•r•bJ' 'M reimbure-4 to the Mmhattaa Dtatriot b7 th• Surgeoa 
Oeneral tra. tua4a &Tailable ·to Illa, the M.nller ot re'\abur••• 
-t to be aut-117 agr••d upon bebre•a the Surgeon General 
uul tb9 Dhtri ot EnglDeer. 

•· tb&t, tor eeourity reuona, a lialeoa ottioer be 
appoi.i'ted b7 t.be Surgeoa C..U.ral •ith atati~n at tile Ottioe 
or tbe Surgeon General, with tu.11 •ut.horlty 11&.11d treec:loa ot 
aotiou. to appro••· la the u. ... ot tM Sura•oa Oeural, 
requiaitloaa acooapliahed b7 tbe Diatrlct t.niin••r, M&n.h&ttan 
Diatr.lot, tor auoll 119d1oal Department penon.oel &Ad. •t•riel 
u ..,.. aeoHaary, ancl to npedite th• tillin« ot auob requi.•1-
Uona. Thla otticer will be proTidecl b7 th• M&.a.h&ttan Dlatrict 
wit.b the irit~ .. \loa (tor Illa peraQll&l uae) DeOH8&rJ fur hi.a 
to act 1.DtelU.c•tl.7· 

t. fbat tbe Diltrtct la1uaeer &Acl tbe .. dical oftioere 
aa.cler-111• eoatrol be aot reqW.red to aut.1 t to the Surgeon 
0.0.ral or Id• ,...,....utati••• &Ill' report. which in the opialoa 
ot the Diet.r1et -..ln••r wU.1 r•• ... l tbe nature, aoope, or 
ailit&rJ' illport&Dce ot tDI •ore i..t.ac pertOr11ecl by tbe llanhatt.a 
D1atricrt • 

.I.. fb&t tbe llrfciioal Depart.eat penoanei udpecl, attached, 
or alTottecl to the Jl&nhattaa f.lietr.ict 'M not tra.naterred to or 
troa the ooatrol ot t.IM :>iatrlct Engilleer wit.bout lda prior ap
pronl. ~· .... .,.... h •••H&rT la order to ooAtrol the 
aeourlt7 ot elualtle4 lD.tormation ancl la ordAn' to lJutv. that 
the eapeoi&llJ ••l•otff Md1oal penam1tl will be retainecl oa 
tlutlr prea .. tl7 ual~cl tuke. 

ror tllie Cid.et ot lrlclM.,..1 

• c.s. 
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BY-LA~.S OF THE OAX RIDOE !10$.'l'l'AL 

PREAJmLB 

Heoesni•in8 thct the beat int.•~··~- o.f -~''- pa~ian~ aro PJ;"C?~cted b7 
concerted ettort, the phJaiciana practici!JB in the Oak .tt.1.dse Hospital. here-
b7 orgamze theaaelYea in contorm1t7 uith the b7·la\'la1 rulea, arid i·cp,ulations 
hereinatter ata.ted. 

FOi" the !>Ul'J>08• ot these br•lawa the word medical. statt shall be ·inter
pret.eel to include all pb.1aioiana who are privileged to attend patients in 
tbe Oak Ridge Hoa pl tal. 

r.heneftr the ter111 eovwnin£ board appelll'R, it shall be interpreted to 
rater to the controlliD(l group • 

.ARTICLB I. IWa 

The IJ8IQ8 ot thia organisation shall be the 111;:edicol Stdt ot 0~ 
Ridie Hospital~• 

.tUl'l'ICU II. PUllPOSE 

The purpose ot the organization sh:!ll bu 

1. To insure that all patients arirP.itted to the hoepi tal or treatod 
in tile out-patient departmnt receive the best ·:,:ou:Jible cHI"o. 

2. To provide a means whcrob7 prob!eir.s ot a aedico-administrative 
nature may be discussed b7 the r~edical start with the roverning bo:lrd and 
the administration. 

). To initiate and maint&in selt-gowrnmont. 

4. To provide eduoa.tion and to l!W!nt&in educatj.onal a~'Alldarda. 

AKTlCLB III. m:Jll!&HIP 

Seotion l. Qualifications 

The 11ppllcant tor :COL'lbership on the 1.~ciiotll :JWf ohtll be a grs:1.uate 
of on 2pprovod medical ochool, le:~ally llor.nsed to practice in the state ot 
'.L'ennesseo, qualified for 1Bember~hip in ·;;he local r!:ocliclil sooiat;y, and pro.c• 
ticilg tho com.unity or \11 thin r•uiaons.7Jlc ci:1tnnco ot tho hospital. 

Section 2. Ethics and Ethical Ik-la tionships 

'lhe code ot ethiaa u ado;:>tod b7 the ,i.JOOrican i.iediqal Aaaociution w'ld 
tho -Principles ol 1''inanoi al ilelations in the Profeaftional Care ot the 
Patient• ot the Amrican College ot ~ur~ona shall ~overn l..ae proteaoional 
concluct ot IJl8 members ot the 1riedical stuEt. Spoci1°icu.lly, all members ot 
the mdical st&tt shall plec!ge themselves that ~.hoy will not receive rro11 
or ?e.J' to arv;thor physioiun, ci'IJ1or dircctl;y or indirectly, any part ot a 
tee received tor protossional &t•rvices. On the contrcry it ahull be aereoo 
that ill rooa shall be collected e.nd rctaiood by the 1nc41via~al ;itiysician in 
accordance with t!~• value or servicos rornered • 



Section 3. A~,llcation for : .• eJnbership 

( Applloatioii tar ::remberahip on tho r.1odica.l start ahi&ll be prcsontod in 
writing on the prescribed torm, r1hich shall atate tho quulitications and 
roteroncca ot tho a;r •. :licant, and shu.11 also ::1i{~nify his agreer.1ant to 1:.biC.:.e 
by the b)"•lawa, rules, a.nd. regulc.tiona ot the rnocUcul atatt. 

~cction 4. Torm ot Appointment 

a. Appointments to the modical statt shall be :nade b7 the governing 
board ot tho hospital em shall be tor tho period of one calemar year. 
;·,t the end Of t..'°lo your t.:10 govornin(S board Of the hOSJ>ital r:e.,y reanpoint 
o.ll members ot the r.iedical ate.rt tar a turthor period ot one ,ear, pro
vided the 1l8dical owr ha.a not rcconr.enied. that any spcr.ific up~~intnent 
shall not be renewed. In such ca.oe all otbor rea!moinu:ents ruq be cade. 

b. Should th• governinc board mah to tdcc the initiative in ra .. 
tusing to J"'.ako reappointment or any Aamber, it sholl so adviact the medical 
start, ate.ting reasons end u.sldna ror recomMend&tions as to turtlior action. 

c. In no case shcl.l the ::;ovornin~ board tti.ke action on on applicc.tion, 
ref'uae to renew an ap;•oin~nt, or cuncel an ap;~ointrmnt previovsly made 
ai thout contcronce r.i th the ~ ic..:.l staff, but rob'i;rdlosa ot t:.e recom:.enda• 
tions ot the uediccl stu!£, finul rca;;ondbi!ity ?or uppointment or ccncel
lation ot an appoint.."'lent i::.ust rest •tith tho g'overnine hoard. 

d. Ap·. ointl'llent to tao l!IC<iical ::1tarr shull confur on the appointee 
only such privilo60S as may be i'ieroinai"ter r.rovided • 

. 
Section ;. Procedure tor Ap::;1:;intment 

a.. · The ap~}lication tor meu.bership on tJu.l t.iociicul staf'f aht.:.11 be 
presonted to the director or t!1c i1ospitel cuxl by ~11:.-: reterrcd to tile 
secretcry or tho 11:eC.ice.l otatt. 

b. At tho first rctpll.ar rneatinu thereafter, t.1o nocrF.tary ~hell 
present the application to ·i;ho r.icdic:tl stc.i'f, at -.~h.ich ti::ic it "l.ilall be 
oi th.or recorRttiendeci tor rojection or rorerred to tho creC:entials conni ttoe. 

c. The credential.a co11i::J.ttoo sh&ll inveatiguto tho c~1:il"c.ctcr, quali .. 
tications, and ::1tanding or the llj"J'.::licant end shall submit a rci;ort or find
ings at the noxt regular meetine: ot 1.!10 .. ..e<.licr..l starr, or aa soon there
after as possible, rocor;:;;ondi113 thP.t the ap;-.licucion be. a.coopted, deferred, 
or rejected. In no ca.<1c s~10.ll t!:is report be dola:;md for .,i0ro ·t.han t!1roe 
uonths. 

a. ii!i'len detor:-:1nil'l£ qualifications, ·~e credentials CO:l!-:ittoo shall 
also aasign privilet;"'ea 1UJ ·1:rovided in .&.rticla VI, xct.ior.s l end 2 ot t.::cse 
by•laus. 

e. On receipt ot t!:.o re~><>rt. or ti.o credentials co~:mittee, tho 
n1odical staff shall. ir.:=odil;l C.Oly reco1•;:1end to ::J10 ;:;ovcrning "::>ol!rc: t.he.t t.<e 
ap1;lication be ncco~,toci, deterred, or rc.1ectcd. 

f • '!"'no l'CCOJD:endation of tJic r.t!dico.J. stui•t sJic.ll be transtdtted to the 
governing board t.'1.rouf.h -'.Jle c~ircctor of the \io3·;:!tal. 

- 2 -
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G• 'l"a.e governine board ahall either o.cccpt tho roco!ICleil.'.lo.tion of the 
u:edical start or shl:lll rotor it back far 1.'\lrt.'ler consicieration. In tho 
latter case the governing boarc1 shall instruct its secretary to state to 
l.he n:tdical statt ~'• rev.sons t•ar suc!l action. 

h. ~nen final action has boon taken b7 t.~a governiDB board, tho 
director or the hospital shall 00 authorized to transmit this decision to 
the candidate for mmbc1· ahlp, and it he is a.coe?ted to secure hia signature 
to the1e by-llma, rulos, ancl regulations. SUch signo.ture siltll constitute 
hi1 agreemont to be gowrned by the said b7•laus, rules, am regu.le.tiono. 

Section 6. a~ruency and Temporary privileB'Os 

a. In case or emergency the !Jh;ysician attollding the j:utient· shall be 
expected to do &11 in his pwer to saw tho lite or t.lie !>stient., includintt 
the clll.Ung of such consultation as •!81' be quickly available. For the 
purpose ot this section, an er.t0rgenc7 1a det:l.nod as a condition in ~rhicb tba 
lite or the patient is in inr.1adiute du.ngGr &nC in 'llhich any dolq in nd
ministerins treatment would add to that danr.er. · 

b. The director ot tho hospi ttl.l uhill have t?:e authority to ;;-rant 
temporary ~iviloges to a r>hysicia.n ~1ho b a. :!.e:D~JBr of the locB.l medical 
society and desires to attelli an occusional ::·atient in the •:03pi tal but 
r;ho 1o not a D'ewber or the modical staff'. Such. temporary pri vilages sh.'ill 
be aranted atter conterer.ce w1 th ti•e chiGt of start or t.'1.e ::edical director 
to deteri:dne an autbori t&.ti vo o;Jinion u to t."!e com:petence and ethical 
standing or the ph;yaician •1ho dosiros such tc~orary privileees, and in 
the exorcise ot such priviloees he s~all be u.00.er direct su:·crviaion or t!:c 
chief or stati'. TeDporary r.rivilegos r.:ay not ~ granted to &ttond. rr.ore 
than tour po.tients in aDJ' one yoar, after \'lhich tho physician to uhora the 
teL1por317 p:riviloecs have boen ~anted shall be required to become a r.er:iber 
or the Cl8d1cul statt butaro being ellowed to attend additional patienta. 

Section 1. The i..odic1.:.l Jtaf'.t 

Tl:e ir.edicu.l sta.ft shall be divided into ::onorary, consulting, active, 
aasociu.te, ar.d courteay t;rou;m. 

[>ection 2. Tlle Jionor~y Lcdical .:iturt' 

'tho rionorary ;;edical st&f'f' s~•all couuist or phy-.Jiciuw -:1lio oro not 
active in t • .:1e hospit&l u."ld r1ho are ;.onoreC: by er:crituo :>0:.d~iono. these 
may be phyaiciails '.1ho ha;.vo rotired frru nci:.ivc ros;;it,,~l service ar phy• 
sicians ~ho are ot outstanding reputation, not necessarily rcaidont in tho 
cor.u:Alni ty. 

Tho honorary r1ediccl sta.f':t shall l:o ap?)(;i:tcd by the governing board on 
rccor.nord~:l.tlon of ·iihc active !!lf.ldiccl. atuff an:! s.null i.uve no uosigned duties 
or r::r.:.>:>:i;;ibili ~ie!J.. 'J.'i1eir pri vilege::s sba.11 be: actor ~ined by t,he cre
dcnti.0.:..s collild. tteo as providoC. in ... irticlc VI of "i:ohese b;/-b,\iS. 
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Section J. The Consul ting J.~edical Starr 

a. The consulting ~edical steff shall consist or recognized special
iata oho are active in the hoopi tal or nho hal\-e sip:nitied uilliJ'l{~ness to 
accept such appointment. These rnsy be Fellcms ot the Atierican Gollo:;o ot 
Surgeons or tho :.nerican College of Physicians, diplomaton of one of tt~o 
national boardo ot neclica.l spocialliea, 11embers or the national socioty 
representing the specialty, or ot:1ors \1hom the crocentials corr.r.11 ttee r:.ay 
consider to be \70rthy of btting appointed as neabcra of' the cOnsulting 
medical start. Lcn:'bcrship on the cor.sultina medical starr ahall not re?der 
tr.a morubcr ineligible for r:;ombership on the active medical staf'r • 

b. Appointr.lent shall be l!lade by tr.a governing board on recor;:;ecdc.tion 
ot tt..e active medical start. Crocentiuls ahull not be requirod ror suc;sh 
appointments and the proposed member nay be invi tcct to eccept a::pointJnent. 

c. The duties of the mom.hr.rs or the cono~lting r..e<!ical stat':f" shall 
be to ~ive their serviceo ~7i thOU:t chrargc in tho <:c.rc ot froe patients on 
request ot uny merdler or the active aedicol atatf, anC. also in o:ny case in 
\1hich consultation is required by the ruloa or the hosp1 tal. 

d. In so ter as their ~pocialty is concornod, cer11bers ot tho con
sulting 1:1edical otatr shall have unrestricted privileges, but in c.ases not 
falling •d thin their specialty they shall i;uve such pri vilo~os us nn.y be 
determined by tho credentials <.:Ollt. i ttoo as provided in Article VI of these 
b7-lt:.r1a • 

a. The active r.iedioal ate.ff' shu.ll consist or phy.sicie.ns t!;io nave beon 
selected to attend .free patients in the !:ospitol and to tt.hom all such patients 
shall be assigned. Membors or the a.ctive medical start shall not be re
quired to be excluoi ve specialists, but it is to ::.:e expected thn.t tho7 will 
be \'tell-skilled in the ~ticulur branch or r.edicine to which they lil"e as
signed, and that the major purt ct their trivate · 0ractice ':'fill foll •Jithin 
that specialty. 

b. Appoint.Jtenta lhall bo made annu&lly by t:;e ~;ovcrnine boa.rt\ on recor..
mendation ot the active ::iedice.l start from tho formor :ooi:iboJ"n of' the active 
medical otaff, und, in SO fl'JJ' 88 it is !:09Siblo, VC.Ca.:."'l.cios sh:,11 be filled 
by promotion or i?embero of ~i1e o.s.::;ociute 1::cdical r.t:.:f l' ltho ~ave dgnified a 
desire to become !l<Jre c.cti vo in ti'lti -::ork ot the .ho:Jp.l tul. 

c. Tho dutios or t."'le active i::.ct~ical :Jtarr 3i:all be to attond 1:1.ll free 
patients and, in so tar u tree -;;rork io concermd, tiiey shall attend only 
ouch patients as nre !IC!:d tted to ·t.hoir uervicnn. All buninc!.ls of t!io medi• 
cal statt shall bo transnotaci by °'he uctive •-:oeic;d ututr .s..--c only :ncm~bers 
of the active t'lBtUcal stti.l'r s':wll ~ olir,ible to voto and hole ot'f1co. 

d. In so to:r as .t"roc cu.s~n nre concerned, me;;!bcra ot the active medical 
stc.ff shu.ll treat pt.:tients in both the in-pe.tiunt anci out-pctient depart
ri:ents as assi3nod to the survico s.nd in the treo"t.i.iant of t;1eso 'tho7 shall 
havo unrcotrictcd :~rivileges &nd ahall trc~t the p~ticnt to a conclusion, 
whet.lier such treutr-cnt is civen in tho in- or tho out-patient dcpartllX)nt 
or both. In oo rar u i>rivato patienta &re concci-nod, they shall ~u1vo un
restricted privilnges in tho troatr.ient of :·>:;tients f1.:.lling ~11thin the 
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apec1alt7 to which they nre ap·ointed, but in the othr:rs they shall havo 
only such privileges as may be determined by the credentials coi1J1ittee in 
conf'ormit7 ;11th i~ticle VI of the·•o by-laf'f&e 

Section 5. 'l.'he Associate i:edicd Start 

a. The assoch.te !lldic&l st.ott shall consist or .junior ond loss ex
perienced members or of physicians ~1ho have not been aotivel7 interested in 
the work or the hospital but have but hc.ve oxpres:.ed a. Tiish to hHcome activo 
as vacancies occur. 

b. They shall be ap!><>inted and assigned to services in the same :iannor 
as provided tor the active meeical start tnd e~ch ~hall be associated aa 
junior with a llBmbflr.or the active r.odicE.l staff. 

o. The duties or the 111embers or the associ&te r:edical statt shall be 
to attend tree patienta in accordunce nith asoignment by i.he senior with whom 
they &re e.ssociuted. 'i'hey may 'Oe required also to act on ill convni ttoea ex
cept the executive comcdttee anti the creeentic.ls cor.r.:ittee. 

d. In so tar as tree cooes f1re concerned, tiJ.e !IJOf'!bers ot t:ie asaoeiate 
medical statr sh&.11 0e liu:ited to ~he tre:rtn¥:1nt ot cttses falline •ri thin the 
service to uhicl1 thoy aro a,yiointeci 1:00 in accordanc~ ~-:!th assigfllllOnt by the 
member or the active medical.staff uith \1hoa they aro o.asociated. In so far 
as privoto patients 1:1.l'e concerned, thu)' ;.-;hall <!a'te such priv:".le1~es !-JS pro
vided by t:i-.e credenticls com.":'!i~toe in Article VI ot these hy-lntts. 

Section 6. T}.te Courtesy .:_;.e<:ical Start 

The courtesy medical staff shull consist or t~;ooe membors or the medictl 
profession, eliQ'ible as herein provided f'or ;1.edicHl statr l"lelllborshiI'• who 
wish to attend private :;atients in c.ho hosp! t.al, but tt.ho co not t1iah to bc
col!.8 met:abera ot the active nedical statt or uho, by reason ot residence, are 
not eligible tor such a?pointment. They shall be appointed in the sHme 
manner oa other ue.mbors ot t!'le 1:iedic1:;.l :>t&.f't and thoy shall havo such privi
leges u -::Ja7 be determined by tho credentials coT1T.1.i ttee in confor1d ty ni th 
Article VI or these b,y•laws, but they ahall not be olii~ible to vote or hold 
otti~o. 

;..R'.l'ICLE V. CLilllC.\L DEP AlU'iXtl'XS 

Section l. Services 

Divisions or services or t.'le i!ledical sturr shall be us follomu i."ledioine 
to include ccrdiolop;y, co!!lTr:unicable dioca.sos, c!err.t::atolof:Y i:..nd syphilolo:~, 
diseases ot the lUl'l{;s, ciscasos ot a.~.utaboll:un, ondocri!lolo{;'y, gastrointes
tinal diseases, neuropsychiatry, y;eeiatrics1 ourgery to include malignant 
tumor aurger7, neurological surc!orY, ort.'1or>edica, rlustic aurger;r, prootol0871 
thoracic aurzory, t.raumutio surgery, urolo(,y; a.rd other services related to 
the specialties or radiology; p1t:tholo{;:n aneot.·.icsiM. 

Section 2. S:1Scializntion 

~thlle the nembers or t11e active iil'Ki associcte services siutll not bo re• 
quired to be exclusive spocia.lists, 1 t is to be oxpootod tr.ut they t1111 be 
well skilled in the specialt1 to '.1i11ch they u-e n.s5ifned H.nd that not le:.rn 
than fifty ,er cent or ~ioir privote work in the r1oopital a:i~11 be in thnt 
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specialt7. 'the chief ot each service shull ·be a reco~nized specialist. 

Section 3. Assignment to Services 

.~ssignmont to ~he service srutll be mr..do nt the firat 1Joctinz ot the 
active medical sto..ff cfter its me1:1bers have been n;:>pointed by the t;overn
ing board, and members so assigned shall rel!ain on service tor one yo~ or 
until a successor h11s -been a~pointed. Appointcenta shell be ~~.e a.ftor a 
carct\tl annlysis ot the efficiency or the candid&to as shcmn by a record or 
his work in the hospital. 

$action 4. OreanizQtion or Services 

a. i•t the annual meeting there a.'1ull be elected e. c;"'..iof or the riedical 
start nho ohall be e member ot the activo n:edical staff. :re shall be res
J>Onsible for the tunctioning Of the Clinical orgtlJlization or 'Cile hos pi t:ll. and 
shall keop or cuuse 'to be lmpt n careful supervision over I.ho cllnical uork 
in all division.I und ~ar?~o-~. UO ;.;.u.11 i£ o~~il"Pd, also be elected as pre~i
dent ot the medic&! start. 

b. t.:ach service shall be or1;ani~&ed z:.s a c11 vision ot the ."1edical staf't 
and shall have cs its heed a chief ot service, who ohall be resj)O!'l.'lible to 
the chief or tho !!18dic~~1 staff tor the functioning of . ·io service ~:nd shall 
have ge~1eral supervision over tho clinical t70rk falling \'Ii thin his service 
\7hether it be tree or irivate. 

c. Lnmediatel;y after appointment, tho membors of tho active medical 
statt in each service shall meet and each ohall c:esignate the member or 
members ot the associate nedical staff whol4 the)" ':'lish to ho.ve as their assi:s• 
tan ts. 

d. '!'he 13mbers ot each aervicG division shall 1'flet durine the first t~10 
\'leeks after the7 are appointed tor the purposes or electing a chief or ser
vice and a secretary, and ot perfecting such organization and arranging such 
a schedule ot duties tor their term or office as may seem advisable to pro
mote the best interests ot the patients. 

e. In the r:iedical and surgical servicos thero a:uul be elected also an 
assistant ohiet tor each service T1ho shall perform such cl.utics 38 ::J:J.y be aa• 
signed b;y the chiet ot sctrvice. The r.iegbers or tho services shnll be res
ponsible to the chiefs ot services and t.'lro~h thttm to the chief or the 
~edicc.l staff. 

t. Each service :~"lY :1eot separlitely, but such meetinzs s;·1all not role11se 
the ::iembers troir. their oblication to ~ttond the general rnectin::;s or ·::..he medi
call start. 

g. In so tar as tree cases o.ro concerned, ;·1er.1bors ot the active rriedicul 
staf't shall treat patients in both tho in-and out-patient depurtrr.ents as 
assianed to the service and in the tref.tt!Dent or these, they shall •:ave un
restricted privileec:s end :~hall treat the patient to a conclusion, whether 
such trc<..tmE:nt is p,ivcn in 'tho in-or out-patient dep:Jrtmcnt or both. In so 
far as private patients are concerned thft)" sh3ll i'ave unrcstz·icted ;>rivileges 
in the treut.'nent or pc.tients fulling ui thin tho spocio.lty to l"hioh ~..he)" ~re 
ap~ .. ointed, but in ethers they r~hall i1nvc onl;y such 1:rivilece-s WJ ~, l::o pro
vided by the crec cntials cor.il"li t tue in krticlc VI. 
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ARTICLE VI. DE'rl!.:iliUi:iAfION OF 
QUALIFICil'l'IOi.i'i ii.NU PH.IVILa.m.s 

Section l. Classi!"icution ot f·rivileges 

Privileges extended to physicians who have been appointed to ti'le :iedi
cal staf't shall be divided into r::aJor, int.er:aediute, and minor, &nd shall be 
deterl!d.neci b7 the oredentiala comittce. i'he toll0\1inr, ahall serve es a 
guide in diff~entiating t.io t.iree types or privilego:si 

•• Ciajor J>rivileges in any sorvico rill allO\'I the physician to treat 
patients ':lhen, ror any cause, au.oh treo.tment involves a serious hazard to 
the life ot t.~e patient. 

b. Intermediate :zivileges in azrr service '\iilJ allow t.he physicid 
to treut patients wlJen, for any causo, auc.li t.raatt'!Ont does not involft 
a seriou.a hazard to the lite ot the i;atient but dona involve a danc;or ot 
diso.bili ty. 

o. Mnor privileges in any service -:rl.11 allow the physicion to treat 
patienta \'then, tor any cause, tho t.rcut:ient does not involve either a so~··ious 
hazard. to the lite or tite patbmt or a <lanzor ot dbebility. 

Section 2. Na';"lly Appointed l:Gdical ~ta.rt Members 

All members ot the ata.t't .,.,hen net11.y a:t.Jpointed shall be trranted only 
minor privileges until such time :·ia tt10 crcden;:.ials cor::rJ.tteo i~a:y deter
mine what f"urther privile6'1s ?!UiY be cra..'lted :dth sRtcty to tho patient, such 
extension of privileges beir.g based, us rcr aa nossible, on records or por
torlli8.ll0e a.a provided in Sections 3 3lld 4 or this article. The committee r.iay 
grant ma.for privilc6es to a newl.7 appointed mombor. (A1:1Gmriont J;.q ~ 1946) 

. Soot.ion .'.3. Direct O~erv&tion 

Eve17 member ot the consul ting or active t.-ediccl. sttl.ft, at t.118 con· 
oluaion ot 8D1' case in r1hich he has been ussociated lii th a mernbor ot the 
associate or oourtes7 maclioal 3taff, shall transuit tAo the modico.l records 
librarian a memorandum stating \'lhether 1 from his observation ot co14>etonco 
in so tar 88 the particular case. is concerned, tho me11ber ot the associate 
or courtesy :nedicel statr may be t,Tunted turt!&or privilog3s a:J specified in 
Soc f..on 1 or this article. Such expression ot opinion shall be lcopt us 
absol.utttq confidential by the ~ed.ico.l records librs.rio.n and shull be ac
ce:1sible only to the cred.enti:Us com! ttt:e nhon mclcing reco111L1emationt1 for 
promotion, appointr.ient to service, or granting ot incre1rnod priviloi!f'S• 

Section 4. llocoMmendations tor Promotion or 
Appointrnont to :>ervices 

•men caking rccomendations tor promotion, ar: ointment to services, or 
tho granting ot privileges, the credantiuls committee shall basa its judg
ment on the concensus as dctorn:inod u.ndor Sec·Uon 4 or this article, to
gether \fith the opinion ot tho chief or service concerned, on the record ot 
perrorcance 88 providod in Section 3 ot this article, and on tho further 
qualiticu.tions or the nember or the •ta.ft aa aha.-m in his t"ilod credentio.ls. 
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iUtTICLI VII. OFFIC.t::RS AL\D COi;~:I'!'TEF.S 

Section l. Otticere 

The otticere ot the modictll statt shall be t.'le president, the vice 
president, ancl the seorctar1. These shall be elected at the annual ir.eet
ing ot the medical stall, and sitall hold oftice until the next annual 
meting or until a successor is elected. 

The President aholl call end preside at all n:.oetin«s and he s!lall be 
a lllODOOr EX OFFICIO ot all COl:r.-d.ttees. He may it it ia so dosired, also 
be elected as chiet ot the ~ed.ical start. 

The Vice rreaident in the absence ot the president s}tcll assur.ie all !1ia 
dutiea am have all hi• authority. lie shall also be expooted to pertora such 
duties ot supervisioii aa mq ·be aasignod to hiJ:l by the tlresidont. 

The Secretar7 shall keep accura~.e and co:cpl.Gte :::inutes of ~ ,:ieo'(;iiw,., 
n.oll. i:·Aeti~a '!!.'"! ~,,,,. :>£ the preaidont, a.ttead to all correspotdence, an4 
perform such other duties ns ardinaril7 pertl!in to hia of'tico. If there aro 
tunds to bo accounted tor, he shall also a.ct us trNuJurer. 

Section 2. Con:r.1 ttees 

Co!!r..ittoos shill be sta.tding and special. i\ll comri.ittr::os other t.'tan 
the e:xecuti ve ahall be appointed by the president. 

1'he :&c:ecutive Cor.i:··itt!lo shall consist ot the prc;;~idcnt .and secrotu.17 
of the medical stott and ot three other r,..,mbers ot tho ucti ~e medical start 
to be elected at tbe time ot the annuul r~eetinc. The duties ot the execu-
tive co;:i;.d.ttee shall be to consider care.t"ul.17 and act on all mattars tthich are 
not ot a clinical nature and it L to be cxpocted tbnt all such buuinoas ot 
tho redical steJ.Y shall ho transacted by t.'1e c:n:ccutivo coai:.tce in ordc:r thnt 
the time ot the rccular r..oetinga of tile r..00.ical !Jtar.r rr:sy be cevoted to i.iu.ttcr:s 
pertoining to t:'lo rirofcssionul care or patiGnts. Tho executive comittoo 
shall present, ut euch meuting ot tho t!i&dic,..j, sto.f't, a roport or ~ny action 
that it .. 103 hu.vo taken sir.co tile last moctin&• T?1e exocutivo co11:1::ittoo smtll 
act US 0. liaison group outwucn the l!lOdictl :Jto..ff and !;he w:i~iniatre.tion Of t:1u 
hoopitnl. At tho discretion ot t~1c prosident of tho atatr, tl:o executive corn
rr.1. ti.co r.111 tu.notion as tho creC.ent11~l3 COZ>'llii ttee. (l:.J:lend.-:ent 1-.ay 6, 1946) 

The ;..edlcal. lteeorcl.s Co;rnittGc ahull consist oi t 11run r:ter:bers or tro 
modicul steft and si'lall i;~et!t ~1tto:cly !'or tht.> :.ur~·ooo of rcvic·.:ing the ?:;edictl 
records or all patients discht;rHHd curing •.•::c '7~"'k• '.a.'!JC co~::iaittco shnll re
;::ort to -...he u:edicnl statr the nu.r.i:s oi' ra.ny LJ0:1bers nho oro pernistentl7 du
linquent in the conpl~tion ot their rccord::i. 'J.'hi.:s corr.!':i t.t~:-c t>i'.all be held 
rcsponaible tor notif'yine tho rrocrram coti=--i -&t~u of nny coses that ohould be 
prosonted before the rr.edicc.l ato.f't. 

Tho Program Coa:mitteo ahill conait1t of tl'".r<..'O rlD!r.bora ot the codical 
start and shall be respo1!siblo for t.!">e prcpo.ration and prcs~rt:ation ot tao 
prograus or all ::iooti~s. 

Tho Credentials Coa;;.·i ttco shall cor.sis t of sovon rumbera ot the con
sul tine or active 3tatr, so solectcd as to inauro reµrescntntion ot the 
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ot the ma.Jor spociu.ltiuu. lt:J duties a.hall ~'° to !nvcsticr.te t.lie cre
dentials of o.11 applicunts for membership und to i:·::!:o roco;;v:;c?X!ations in 
conton:ity nith Article III, Section Sc, ot these by-laws, to investigate 
cny l:ireach ot ethics that may be roportod; to review any records that mo.y 
be referred by the r.:cdical director and to e.rrive at a decision ro;;urding 
tho perfor?Dance or the start member, or to rotor tho cuso to t.'1.e fllll ac
tive medical start it this ia considered desirable; to revio\l all infor
aa.tion avail.£.bla regq•ding the r:o.cpotcnce ot sta.rr r-'811bera and as a raault 
ot such reviotla to make rec01P.e1xlntiona for the e-rantine; ot privilo{~~s c.nd 
the tlppointr.Jent Of r.icmbors to the Vt;rioua serviCtlO c.nc! dopor·:ments llG pro• 
viecd, in /article VI of theso by'-lw;1s. 

Tho Intern Co111:i ttoe st.all consist ot t~iroo no:::bers ot thu :.:oclical 
ate.tr. Its duties shall be to act c.s an advis817 co::a:J.ttce in t'iio selec-
tion or intcrna, to outline courses of instr\iction !or the roaident ~odical 
start uni to sco that. t:·!oY 1ae ccrried out, ltnd to aaaist t.be adr.dnistration 
in r.nttera ot governcent and discipline ot tho resiciont r,.odicol start. Tho 
Thcraooutic :2nd Pharmacy Coin..,i t~e s41nll conoiat ot S 111or.:bora. It::J dutiua 
shall. be to decide u:;on drur :s 'Uld prcPHJ"ations to bo $tocked by the pher
c.0.07; and to report to the ::nedical :-ttaf'f on ne·.., drugs. (A::end:'!'.cnt ;~:t.J.Y 6, 1946) 

~pecinl cor.r.ittccs ohall be c:;,µointed tror: til".c to tho us :r:cy be re• 
quired to carry out ;>l'Opr:rly tho outioe or t:"le :oodicel. .'ltli·i't. i:iuch cotl
:d ttcos atu:ill confine their r1ork to the pur:::caea !or ,·1hich thoy \lGre ap
pointed and snu.11 report to t?"u1 full ::1odical staff. '.1.'hey shall r.ot hn.vo 

"po-aer ot o.ction wll.ess "3Uch is specifically gre.'lted by t.ho r.~otior: t7hich 
crttutad the 001:1.'"litteo. 

JJi.TICLE VIII. r.:t.A'TI~-<lS 

Soction i. Tho ;.r.nuu.l :..:Coting 

The annual oenting or tilo r.~diccl staff sl-.a.11 be toe last 1nuotine 
befOrG the Ond Of tile fi.301.l yeHr Of ti1c •OBpi tal • "t tr-is meeting tho 
re tiring off'icors a.."'Xi coc:Ri ttcea .shall rua.ke :;ucl1 reports e.s 1:.ay be de
oirablc, ufficors tar tho ensuing year si1all be elected, 1i?Xl. roco;nr'.cr.da
tions for apriointr.lont to the act.1 vo ".'leCo.icfll s t:.i..f t ":hall be r~c.cio. 

Section 2. Hogulor :.:Ct!ti:ngs 

ftegular motJtings of the ;·ic;C.icr.J. atarr s.!'4ull :t>ct !1cld at least r::.onthly 
&t a timo uno. place to oo :;>rovidcd in the ri:los ;:md rn1£,i..tlat.ions ~or t;:u 
eovornoent of tr.a L'£dical starr. 

~ction ). 5pecio.l :.:c:t!r..rs 

Special matings of tho :!&<lical H~&!t •ia.:r be celled ut QllY tir.o by 
the prosident and llhull bo cal.loci 11t the rer~;Jt er t,; " gowrn!ng board, 
tho executive corr.>ittco, or 1my five 1;1Cr.tbcrs of ~e r;..ctivc oodical stdf. 
n.t any special :.iacting no buai:"tct10 ahu.ll be t.r<:.ns11eted 6xcapt t.llut otc.tcd 
in tho notice co.llin:: thu ;.1ccting. ~:u:f'ficicnt r..oticu of uny 1!l.loting ohall 
be pcotcd on the bulletin oo:;.rd in t.'le :Jto!"f roo~ at luast l,H hours before 
the time set tor tho 1r.ttotinl:• 
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~t!cticn 4. ;;. ttoncfor.ce t:.t J;:.eiotini;s 

a. ..11 rio::ibers of thtt u.ctive r.:cdicul staff oiiall be rcauirc:cl to a.tt,md 
~11 1::ectings. a~1cnce from tr.rec comrncutive :.:cctings or from onc-t::1:irrl of 
the rct.,;11lar :::ut tin1~s for the year, \d th out acce11tnble uxcl.:JH, shall br. co:·1 .. 
sidert:d us resignation frore the i::.ctivo ncC.ical ate.ff, tine s::~all !JUto~ut.i
cally place t:~ absr:ntce on the asuociuto or caurwsy r:1cc,ic:1:l staff of t..:;o 
ilospitc.l. 

b. All r.1ouibero ot tho nosociato •. ~icol :itt.ff Stiull ix cxtit1ctocl to 
attund ~1Ewtinga •;11th tho sume ro: ulurity ns ::ioT'oora of t~10 a.ctivc ~ec~ical 
stc.rr. i•bsence fror:; thr1::c conso:::!utive ::.cetings or l"rur.: ono-tbil'd of tho 
moetinE s for tho ;,reor, wi t.hout nccootable oxcuao, 0;11111 :)c r.on:>idcrc:d us 
resignation from the e.:isuciate :;.cdictl st!ift' e.nd shall autcru:tir.~lly ph.:.cc 
th~ abscnt"e en tho courtc::ty r.iec•icu.1 otaff. 

C. Roinstutencnt of' r.e::bcrs of tr;c a.ctivc ~:rxl aGsociatc l~:cciical staf'fa 
to positions rcndorod vucant because of ubsonce fron T"catin.ss :·.a.y be 1:-ade on 
application, th~ procecure hciJli( the s1.:DM c..s in t~10 Cl'tsc of criglnt!l a;-inoint
tJont. 

d. ;,:embera of the hor.orsry, co!'!aultir.;-;, t.nC. court:sy c~ivisions of t.ho 
meciical et£.ff sl1all r.ot he roquirod to att1md f'loo"tinrrs, b-~t it is e-:-·.pectcd 
t..""iat they •;1ill attend and participate in thttsc i:iectir.r:;s U."lless thoy &re 
unuvcidably prevented from doinp, so. 

o. Any tiernb~r or any division of the staff ·;:~o him atwndeci a c~se 
that is to bo ;irc:scntt!d far disc'J~wion at :my !1;e1.!tin::; :Ji'.ull ·:::>c noti:cu .:;nd 
:ilu:i.11 be required to be present. r'1:..!luro to ettcrrl on rccci;:·t or such :1otico 
sl:c:.11 involve the penalty, in \i:ie CC.;l~ ot: 1:. •.~ember of t!:e cc!1~'..~l t..in~ r:r 
&ctive rnociical stafi'", of rovcrtinb to tl:e assccii:::.te ~·!Cc ica.l :atLif(' 1.mci., in 
thg CW>O or Ii l!'.CL1bcr of tilO courtesy r.odicr.;;.l 3tuff, of f'or :.'ci tin;_"! !;is ;:-.oci.ical 
s~cff ~embcrship. 

t. Shoul.C a r::e~bcr of the stt.ff bo e.bsont fror.:i a:1y ::ieotirn:: at ';":'dch 
11 cww thl!t ho hr!s attcmdee is to be c incu.:rncci, it :i;!tlll i:"'vortholc.~:; '-'a 
C.iscussed unless :.he cc:abc:r is w1avcic!n.bly <?.bsent ~~nd <·<-.r. !'cquo~tcr: t;·!at 
discussion be po3tponcd. In no case ahsll poati}Ono1::or.t b<: ::r~~nt'3d ror o. 
period longer t;"!sn ''~ct •::!"iich ~;111 olo.:::Jo until the H<"xt ru ular ~·'uc.tt 
rnecting. 

::icction 5. l° '.l.orur;i 

Fifty pc~r cent of' ~10 totc.l ::io.:;bor!ihip uf th~ i:c·;~i ,,c :~!:!<~ i c~.1 ; 'l.'i:..f't 
.shall conoti tutc a quorw??. 

Section 6. ,.t:;cnda 

'l'h<:1 i'-E~nda r.t :..n-; ru;:;ulnr r~tvtin:~ r.:!<:ill be& 
A. Dus!ness 

1. c~11 to orcidr. 
2. ne::r..iir.;.; of t.i·!c :·~!:J1:t1:s of t.l~e L.st r:.;-.·t.L.r a1-:C of all 

s~ci o.l <r:oe "liin;;d. 
J. L"r.1':1 nishcd b\J:J L1l:~H1. 
lu (;o:·~·~unic1!1'icns. 

5. .it<morts of sk.ndin(; ;mu ni' :-:pac:i:.~l l"r-1.sir.e'.;3 co.Ti ttcc:~. 
6. ria':: bti.:Jincns. 
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B. ~odicnl 
7. Ruvia-.-1 of :~ticnta in the :~os;;i kl ·,!i th apacial rc.ifcrcncc to 

diaez10s~s, tnrn.t11;cnt, :~rxl t.:uluyuC: rccovcr:tJ st!loc tad cu:Jca cis
chHrgHd sinco thtt loot confurcm.cc \·:!.th c !XJCi:J.l con::ddcration 
or 3ulect~d ducths, unir1provt:1d cases, inrccticn~, c;or-plii::.ti11l'!:: 1 

errors in diUa"'llOoos, und result!:> c;f trc::..tr.1cnt; ur:rl nn~lyfd!l l.l' 
clinicnl reports from tho vnrious tlopartr::enta. 

8e lie ports Of ota."lriinf; llnd Of Specir..l 1:!C<J icnl CO:':l'!i t tees e 
9. tiscuasion und ruco::ir.10r.d::tiono ror i~1pr0Vtl: .. ~nt of tho pro

fe :JS ional ·.:ork Of tr.e ho:; ;li tnl • 
10. i.dj 01.rnnont. 

The &r.e!:Ca at specis.l !:-.uotingo 3h&ll be: 
1. ~1:0rling of t?:c 11cticc calling the rr.ec tint;• 
2. lli3cullsion or ti1c b~.lnbc:;;J !"or -:frlich t1~1,; r.1uoti1:c: ·,.-r;:J callefl. 
J. ~djour~nt. 

1\RTICU: IX. m:L::-..> ~:n Tt&vLA'!'lCJ..S 

The medical stcl"t ah:ill adept uu.ci~ rule~ and reei:l~tior.a its T:'<i:.' be 
neccs.;c.:ry for tilo proper conduct ut' ita ;:or!;. Such rules ::i.-x1. rce?;lo.tioi~a 
shall be~ a ;Jc.rt ct ·t.:.cm~ by-l:i·;:31 oxcc~t t:·.:..t they r-.uy O<: nr1;;.ndoc?. at any 
regular ~.10ctir~ \dthout ~:rovicus notice by u t...-;o-thinla vote of t!rn total 
11ei.lborship Of tho active 1:1edical otuff • 5uc.'i a:~cndr!K.lnts shall OCCOl:-10 cf• 
fectivo ;·:hen approved by tilo uovcrr:ing bo~~rd. 

Those by-la~1s :1ny be ru::ended after !:otico given a't .·my rogulcr r:!twtin:~ of 
the redical staff. Suen r•otice sh;;.11 be rt'!fcrred t.o a :l~t!ci::il comtii"ttee 
·,7~ich shall report r.t tile nc:ct ro8'ulur ;~rJctbf; ;.mt. s.:u~ll rcquiro u t~m
tliirds 1r.a.j ori ty or tilor.e pre3cnt for t!do::tion. i •. ·.01xir.cnt:s :J 0 -.~do n~~ •. 11 bu 
cf.:"cctive o.hcn :::..pr;rovcc by -~::c crovcrnint~ board • 

These b.:·-la;is together '.'li th t;"i.O S~.i~!!ded :rules ~nc. ror-:ul.;;tiOn:i :-;hall 
be doptcc e.t any ref.t~li~r meeting of t:•e ~ctive r::cdical E;turr, ~!l1dl rc
pl::..co I~ previous by•lr.tHS1 rultrn 1 ;,·.n<i TCf;UbtiO?l9 1 ri..lld 3hl'..ll h.t:COS?iO Of• 

focti•to :-:hen '-<Tl;··roved hy t!::e COVC;Tflill[ bo.;rci of' ~ . .'1e /!OU::>i t·:.l. l'b:;y ,1}!:1111 
':7i1on i.do;:;tf...C nnc £.r-rovcC:, be ~~qu~lly ~:it1ciing on ·~nc f!Ovarnin;; ::;0~1·(~ !tnrl 
the nedic~l 3t~rr. 

Jldoptcd by ~ho ucti vc :;ice: icul st~:f!' Of C~: n.::.,!::·e iio~i!Ji tnl 

~'rc:;ic!cnt of I .ecic:.:.l s·c:-..rr 

!Jato ••••••••••••••••••• 

Ji.µprovcci by til<J :.;ovc.rnin~; bo ;rd of ~;--,e O~J: .dti;_:u ! :o:r· i t.:tl. 

Dntc •••••••••••••••••• 
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, ··. 

1. Tha monthly .1cc ting or the rsdicul staff ~mull btt hnlrl the first 
l~onc!uy or onch tnonth ut '1:00 ? .:~. 

2. !xcopt in ur·~eri{(mcy, no pa.~ient shall oo t.xfo1i ~ ted to tho ;,c;n;.;i t.·l 
until utter a. provisionul dhc;noais 1:::.;s Mf.:n stated cr1d t.ho conannt of ·i;•1a 
director socured. In case or smC::rgoncy tho provisionnl dbc11osis ohc.11 be 
st1~ted :-.s soon after ndr.:is.sion uo posaiblo. 

J. Physiciuns nr.;.:; tting pri V!-i.to pi;tionts ~1hull bo haltl rcs~~onsiblo 
for f!i Ving SU.Ch in.L'or!"li: ti on US f~ti.1 be l':COOSOG.r7 to ussure tiie ~·:rott~Ct.iOD Of 
other ;:>:iti1;;nts troc those ·:tho r.re 1.t uourco or c1r~nt;ttr frora ;my cc.W'lo wb::t
cvcr. 

4. ;'...11 tree :'·Utients ahull Co Kttendod by r::1.:1J'1.bers Of ·~h& a.,cti VC . 
med.1.c·cl. str.:.t"r 1 and shnll be usoigned to the ucrv3 co concornod in tho tr<.:<!t
!l".ent or the dist!«ac ~·1hich nccossi tf!tod :..dmisflion. Tho r.~cm ~er-a ot the a.ctivo 
modic:'1l staff muat :tssie;n :i rcnsonnblc of cusca to tho jurJ.orr. -.rho ::.re ss;.o
cintod ·~·11th thc!4 i:nC :.ho IACt!bcr Of the aEl30Cii:.to ~odiCt.tl 3t::ff to ~7hOtn the 
CtiOU is nasignod s!1ull c:.rry on tho trcutl."!ent U.'ldcr supervisicn or tho :rn::tlor. 
No physician shall. rocoive co:.1ponsc.tion for c.ttenclance in the CHse or any 
patient 't1ho io admi ttod f'reo b.t the ''os;)ital, l.ut in the caDe of patients 
troitt whor.i the hos:)itcl. is receivin{~ !Jr.rtial co::rpcnsation the r..ttentlLl'lg l.>.i.'1~1-
sician may charr.e a fee proportionute to tl1::J.t re~..-ivo<l by the ho,'1tJit.nl. 
Pay patients shall ::r. ;:;:i:.tt'lnded by thuir ovm priw:te phy:.1ici1!ns. In the 
c&oe of a µay µatient a;l};lyine tor atli:lission w.hu hus no f4 t i:.o:tc:in{~ phy-
sician, he :;hall bo a:Jsir,nod to tho : icrr:bE!r'3 of t~1f-: ncti vo :ncrlical stuff on 
duty in the oervicc to which tho illness ot ·t:io ;n1ticmt indicr..too assit:;n
mcnt. 

5. Laboratorios ~hall be provided in tho i:ou~)itul so ·iht:.t all -t;ypr:s 
of laboratory oxu1P.in:1tiono mny be c~onc. 

6. Sta.-:dill(~ orders ihc.11 bo f.'<Jr:.:rulo.tcd by conference het·:u.ion che 
codicttl staff C£nri t!1e director. 'l"ney iaay be chanrcd o·:ly b;/ the (lirector 
after conference w! th ti1c nedical stnff. :i'!:cse order a ~hu.ll be follo·.;~?d 
in so ta as propur trc:Jtr.:ont ot tha p:i.tient ·.vill • .,,11a:1, and '.:hen :J)OCi.t'ic 

orders 1!1'8 not \!ritter. b:r ·f.b! Ht-l;ending :,hysician -c.hoy :dJcll consti ~uto 
the orders for t.I't:f. tr.icnt. ::»t.unrHn~~ crcie:rs :d:1t1ll not, l10i1eV\:r, rcplncti or 
cancel tho;;o '.7I'it~n for '&."le sµocific: ;;;::r'~icnt.. 

? • l•ll orncrc; r~-r ·crr.:.~t1nent 51:ull be iu ::ri t.inc. Verbi-il orders nru.dl 
not be r:cce·:tcd or carri!:id out. An otter z.;';;;ll bo consicforcd to hr; in 
.:riting if c'ictntc;d to a senior nurse; or otiu~r .s:...1thorl::md pc!·:;on :rnd. sicnf!d 
by ·~he a.ttcndine; p:wsician. Orders dictatf·d over ~::-ie tt:l~nhone ;;.~1~11 bo 
signed by tno person to \fhom uictutud \Ji th the l'!~r.lt~ of' the µl:;r.:.iiciun per 
:Ois or her cmn nor.c. :o.t ::is ne~tt vi:>i t t!lc ~ttc~i<ii:1p !;hysiciun :-Jhull r.i.;~n 
such ordors, and r.er,lect to do so shall be» cor:sidcrod us uc:.no-.1lo<J:·;:'l0nt of 
t.!>eir corroctnoss. 

u. n.s fi:II' es <O.G3i ble t:1e ur.e or ;::·onriotary 1'(!. ?0t!ics :;~.;:.11 be avok.ci:..i • 
. :ien such arc orcler:~d tor private jK'-.ti~:;-:ts b.r the.; a-;,·i,urjdinc; ~.:11yrd.cian, t..=:oy 
~Jill be zccured und a ::;poci 1;;.l char;~c . ::r.i1:: to ·1;:1e )::;tie~t • 

... 12 -



9. The a~tonding p:i1ysician ohall be held ruaponsihlo ror the prepn• 
ration or a. complete meciioe.1 record l.'nr oacil !'ntio~t.. Tiiis record shall 
include identifica":..ion date; cor~:•lnint; portJonal history; ra.iiily hiatory; 
history of ;>resent illnuss; ::>h;rsical e"'ardnation; upoci~l re;wrts aucli !:..9 

consultntiona, cllnioal ls.'bort~tory, X-ray, anC. othttrs; provision&). r!inr;
noais; 1•:ed.ical or surgiccl treatment; !'athological fir:.Jings; rrogrt;:uJ 
notes; final <.!it1grtosis; coadi tion on disch;:.:.reo J i'ollow-u1J; u.nd autopsy 
report '\hen available. lo(o modical record sh:ill be tiled until it i::i com
plete, excopt on ordor ot tho ried.ical rocords co:::mittoo. 

10. A cou:pleto r.iotory and physical o::ur.1in6'tion ahall in all caaoe 
be mt.too witbin~24 hours after Elf.!11ission to tho hospital. 

11. .ihen such history and phyn ical e:-:;;;ninc.·i:.ion arc not recorded 
before tilo timo stated ror operation, the oporntion ::ohnll be ccncollod, 
unless the &ttc~nding sureoon stc.tos in -;:ri till(~ thst such celay ·.:ould bo 
dctrir:ionto.l to tho 9Qticnt. 

12. All recortls ere the propert7 of the i:.0091 ta.l t.ri! st.all not be 
taken attay •:1i t.bout pori11iaa1on. In CABO of rc&Cmisnion or c. p;:\tiant all 
provious record:> :1hall be ~vuilable tor tho use ot tto attending d1ysician. 
This shall apply :1hethor t.'ie ::1·::tiont be free or i :.ry, .::.ne · :huthor :'e ~ · 
attended by the :uuac :•hysicia.n er by anot?1er. 

]J. Except in ou.sas ot c~orr;onoy, pationtR for Oj1eration ~.;h::ll be o.d.
mi·i.ted not later than four o'clock tl:c cu,y previous to o.:nruUon. 

14. i•ll operations pcrf'cr~cci. si.F1ll oo ~Jlly deocx·ibcd 0-J t±.o uttonding 
suracon. all tissues removed nt opar:·:~ion uh:;;ll ·:.x; 1;ent to ,:,21c i1.031:itul 
pc.thologist ~rho sl:all :::a.':(c such c::ar.:in:::tion ns he i:.:-1.y con!;iC.c:r neccs:H.:.ry 
to arrive nt a pa~:oloiical. di.~nosis. 

15. In all cases •;hero a ~ationt in adini'f:,tod in 11 co:~c!ition or abor
tion, she or her rcrrosentetivc ~::all sign e. sti:toir.ont. cc-,rtifying t!:at 
neither o.ny c:nployao ot t!lo ~1osr>i·t;1~l nor t~1e :tttertlillf;: p!'1y:;.:.cir..n ·:~s 
directly or indirectly rc:nonsible i'or i t3 prcx.?uction. 

16. i:;xcept in emer{!t:incy, conaultution -.li th n r.c:i1ber of t::c co11:mltina 
or ot the uctivo 1.1ociical staf!' s:;c.11 he required in all mojor car.as in 
nhich the patient is not a ~;ood risk aoo in ull curo:;tagc:s or other 
operations :fr1ich nuy interru!lt !l 1,nown, :m.'Jpectcc, or !1or:s:f.blo prc::n:.mcy. 
The consultant shall r.:a!co anl sien a 1·ecord or his fint.~.inaa .::.:iC. reccmr.ion
dations in ovcry such tmso. In ~11 ci~03 ·;1here a rul~ of t?ie .1ou;)it:il re• 
quires consultation and in :.:10 C<HlC of froa pr1t.ienti1, tl:<J cOl!3L.:.t:.mt!l shall 
::;ivo Pis services uit:-.ou& cb;r~:c. 

17. tach momoor of the courtusy :.1odical starr, not rcsidc:1t in t.!•o city, 
or il!~Jodi&to vicinity, shull none a ir.oubor or t~10 :.~cdicc.l st,d'.!" .:ho is rosi• 
dent in the city, ·.:ho racy oc c::lled to utteud his pr!tic:1t!j in ~=crcruncy. In 
case of failure to nuno such aaaociutc, the ci:lroctor c..t t!·.e i10;; 1.tnl a:·i~ll 
have author! ty to cull any no1 •lx•r or t·:e s t1 .. rr s;1oi;l<l ht: co':!lit; er it 
necessary. 

18. Patients s;l/Jll be ri3cl·urrcd only on ·:ritto:i c1•clor of t«c e .. t1mding 
::;hysiciun. •~ t the t.11:.c of disc.1:.r(}'J tf:a nttm105 nt :ih:/;:ician :Jn:.:.ll seo t:iat. 
the rocord io cor!iplt..tc, ntt.tc hie !'incl cl.h:gnosi:.;1 r.n<l si '.;T> t~c rf:COT'ci. 

1) .. 



19. '~ t the r.~cnthly met tine of the rnodic:.:.l stnff the !:.otlicul re curds 
librurian shall sub1::.i t a. re:;crt of t:·10 profc:Dsionnl -;mrk of t.;e t:orqii";,cl 
for the ~rcvious l:.ont.~. 'i'!1is "!:ell nhor; ::~tionta ciisch;rEt::ci o.nd t!.o results, 
doutbs (the cause boine stuted ns r,i w')n by the ut":.encling :~r.ytJlciun), 
3t.Jtopsics, consultatious, r •. nd infoc·iiions or 411 kir.ds. ':':·:e di scuasion at 
the i:ceting shall x bm;ee on this ro:x>rt t.nrl at no r.1eotint~ :Jhnll 11bs "r:i.ct. 
rliscusaion of acientific i>:eciicul subjects bo perr.iitt~d. ..ftor ~uch moetin!! 
the secrc tary ot tile :?l.ldiccl staff !l!1all trans;ni t to ·t;l·.o director of tho 
hoopitf:.l such ro:::icrts am rccol!IT.:t:nda.tions as '!:.ho u1<Jdicc.l ntl!.ff may ·.iis.h to 

" make to hini or through hi:::i t.o tho f~uvornin/! l::o~rd • 

20. Every mc:r:bcr of t~c :11cdical at;:.ff sb:ll be ccti v:::ly intcr~rntcci in 
socurins r.:.utopsies ·.-:::ienevcr possi blc. ;'~O autopsy ohall ha per i'or:ied ·.11th• 
out ~:ri tton cor.ser.t or a rt:sr:onaiblo relutivo or friend • ,~ll 1:tuto;_Jaica 
sl'all be pcrformo<i by the ~ios;;itc.l !1e.t.!:oloi.rist or by ~. physicic.n to .,~1or.i 
he ::cy delect:.tc t!"'o C.:uty. 

' 21. Thu hospi tcl. ahall r.irlui t :OE. ticmts aur~·erir.g fro:.i t:ll ty11os of 
disoc.se. :'ritients ::11;;.y be tro~.t<.d only b'.t !)r.~·siciens ;1ho have oub:-:ittuci 
proper crcnentials ::..nd i1nvc been duly r.p~:<.:>intod to ·u:t:·.oora1:ip on the ;.·~dicrll. 
stuff. 

22. Surecons ::.ust be in thu opt·.rutbr: rooM t~nd l'f:::.!}.:f to co~·..<u:::nce or.or:.:
tion at the tii:'o echodulod, <:..nd in no c:.:::.;c ·.:ill the oµcrz4tir.r; roor~ be :1cld 
lon(;<ir th&n fiftt.io:l r.;inutLs d'ter t~·lc ti:~c ochctluled. 

Adopted at ~ rcgul:.;r :-:out.inn of t.:~o aci:.i vc !.~dic:nl st.~J."'f 

Prnsidont cf r..~c!ic;:l s·~:.!l'f 

Bocrotury of ~dicnl Staff 
Duto•••••••••••••••••••••••••••• 

Ap;~ovod by the covorning bo~d 

Date••••••••••••••••••••••••••• 
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1 

2 

3 

'· ..... 

. .. ~ ..... 
5 

6 

7 

3 

9 

10 

a m1 

JOOK I 

VOLill.E 7 

Description 

Protection of ~~acitul :Jial .brke::.~s and 
J.adiolo~;is ta l<'ro;:; InjUI"'.f by :i.adium. 
Robley D. l:vans, 'fho J ou.::n al of Ind. 
Hygiene and To=d.coloGY. Sept. 1943 
Volume 25, Ho. 7 p 2;;3. 

Ti10 Toxicolo;g o.;:· U Cor:ipou .. nds. 
Albert Tanncnbaur.~ am.: ;;. ;Jilverntone. 
1.!etallurcical ?ro,::cct :J.e;J·Jrt Gi!2446. 

iie;·; Yorl~ (Kelle::-:) t>afe t:t Co::~.d. ttec 
.Julletins. 

li'ish Pro[p:am Jeports and Charts. 

Universi t~! of ::.ochcster .i?ro,;ress 
aad Special ae)orts. 

Corresoondence on l 1roci,;,::::::-. .:;nt of 
Personnci. 

Contract of Oai: _;:idce ;-realth 
Association wi t:1 ti;.e Oal: ~d.<lce 
Eospital. 

V). 
:'::o .tc.1.,ort::.o frr:i ... .Jr. "!' • . ,::;_e: to 
Col 3.L. -.• ar:..~;~li. J::. ~~a~:..c:;-:io11 :.~aoui·c

;.1ont::: at '.:,\,nnossce Zas t..:.1?.:: :..:o:::-.:.oration. 
Dated 9 ::o~:J:·nar:- l):J~ ~: l't :.:a;/ 19:.ih. 

:.:<.in!rnttan Di~tri.:.:t ,jL:.ic~l o.:.:.:c.:~rs 

:t:;xperienc~ anc ,iu.alific~r':.ion::; • 

.. r-· l 

Location 

Medical Sect.:..on 
Ii'iles G-l.iC 

!iiedical Section 
Files CH2h46 

Lie die al Sect:.o!1 
:?ilcs. 

::-.Ie(~ical Sect5-:n 
Files • 

Uedical Sect~on 
Files. 

1rcciical Sect.:..on 
Files. 

I.Ieclical Sec::.-:in 
li'ilcs. 

:iodical Sect:: on 
Files. 

i,£dical :.)bct:..:;n 
:.?iles • 

• 
!{cd.ical SC:c::.~;:: 
Files. 



, .... 
:iISTO~c1 

1. Gmu;ter i.11strur:1ent .:01• neasuri:::: al::1ha :::-a:iiation. 

2. Electrostatic ty.1.1c of olcctror;:e;t-::.::- for ... ;.;;.'.j~ur:'..n; raccation. 

J. Vacuum tu'be t;r~>c of elcctrorrictar :'or ;.!easuri;.!_; radiation 
(Rocht::st•r Ion l.leter) 

4. Filr;1 badce. 

S. Pencil c ha::i.bers. 

6. Special :·in;;er-ring. 

7. :J'in:":er print inprcssions. 

9. Chrysler pll .. ";lp for !:1easu.ri:i:' c~-:-.cC::itration of :fluorine and 
hydro.fluo:~ic acid in air. 

lo. St.'.lndard Cher.tlcal ~iarfare kit. 

12. O::.\;~mization Charts - ].;.a11..'!-iatta:: :.:.::it:-ict :.iedical Sac:.ion • 

a. 1 1Iay 1943 to Jl Octo·::::::- 191.i.J 
b. 1 .:ovcmoer 1943 to JO .;.;~:::-il ./)+h 
c. l 1.ia:r 19h}4 to Jl Octo:.:i~::- 1944 
d. 1 i." ovomber 191.J.i to JO .d.: :·:'...l 19; ~5 

~: ~~~ ~~~dt313~u1~11s~-~ 
13. Jis_,~ .. n::;ar-; - Car0i~u ,: Garaon ::-.. ..::tic<:l::: ~or~1orat:Lor., 

Oal-: .!id:::;c:, T8rnwssec.. 

Jli. :Uispens<:rF,l and l''irst .it.id :3t:Jt::. :.::, :<'crclcva Cor,tloration, 
Oak :Ud;;:o, Tcrmessce. 

15. Di~pensary - Tennessee Eastn1ar. ~crporation, Oak ilidge, Tennessee. 



/' l'. 

Jiis' I 

,,ll?Wllllillr 11tlfei1ilfl~ 
16. Kadlec Hospital - ;~ichlD.wl, ·,fa;::;hin::i;ton. 

17. Ileane-Anderson !:;.0ciical Jorvice :rm.:..ltli:'<;, Oak :lidr;e, 'l\mncsr;ee. 

18. Oak :tictea Hospital 

a. Front entrance 
b. aear 

19. Oak :~idge Jent.al :foalt.~1 Contor. 

20. Oak Ridge Depart::ient of Health :'.Juildin.c;s. 

21. Hospital and first-aid Wlits at :Ianford Engineer Works 

?3. Ho::;pi tal ani t :io. 1 
o. Hos;:.ital Unit lfo. 2 
c. l''irst :nodical bu.iltlinr; and first and second first-aid 

buildin;:;;, ~>m_.'o!"d, -.• -~:~1:1~.n:~tan 
d. '.L'hird firr::t-aid ::mil:lir1:; <lt i~.::-1.fo::.·t~ a1~d. ... :1 st-nid 

station at ~:..:.c!1land., ·.iashi!i~;t)n. · 

22. C}1art s:10Tr:i11~ rl.;l<:it:~<J!~ ~";.!" ~.i.3:-,:cict res-3arch 
:cenoarch acencies. 

23. Auto:.J.atic recoru:b._ arnl alar::-• 
.C:1, ,ineer ·;·; or!:s. 

. I 
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C4 - THE 1'ANHA'!T .. J~ DISTRICT FU.JI 13/.00~ KR lll-NlTORlNG f'bll.SVNNEL 
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SECOND 
FIRST AID BUILDING 

in Hanford 

IJH4 froa ,..,.., II, 11113 

t.o ,,_. l, l~ - stolflld 

b:J 6 Mtf'US -4 I cfocfot"S 

(fl'1'U} 

FIRST 
MEDICAL BLDG. 

in Kan ford 

,,,,,. 4/IMiltf &atur 
~of ,#ri1-' 
,..,..,., ,,., 0/ lH& 
COfl ,_..., ID cot ...... -,,.,,. . ., 
MW'•• ... ~""· 

• 

<1.0r11J 

FIRST 
FIRST A.ID BLDG. 

ln Hc:anford 

' ,...,.,.,., ,.,. ........... ,,.. 
,,,.,, •1. l~t. •. '"°'' 111. zgq -
ftlfts• ., . ' .,. ... 
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THIRD fIRST AID BUILDING IN H~r0~D 

f'Ah t1~' of ""''t Hd hUd'"I "'°' tU•d /roa /VAtt J, 19 .. J 
to JMl1 23, 19~3 --- sta/f•d b1 tll.Q doctors e111d ~ n~rses. 

f'll(s IX..ll41nt containttd doctors' offCctts Gfld 10 bids ln 
a.dd( t(on to ,, .. ,t Hd. SC•Uor ~' l4hts wr• lot1r ud 

as sic• ~"''' fo .. aa!tts, f~altts, Clfld lsoiotlo11 coses • 

... . .. ·: .. :...·' 
~.w • • 

fI f<ST AID STA7!";H IN RICHLAND 

f'y~tcoi EO'ly '''st ''J Statta11 ln Nlc%:a~d. 
;;,., ~"''"" to .... ctto-:. ::J.~ lod.Ztt.: losti tol. 
:, ... , '411 .. , a: 41/f• .. •nt t'••s, 3 first ,, 4 
S!otio11s In l(clll(Jlt.!. 
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(.A.bbreTi&tion~ App. - Apperuth:) 

Atrioaa Pitoh'blen4e,, a.I 
All••• Dr. J. G.,, s.eo 
.Ul1e-Ohalur•' CcapUJ'• s.19 
Alpha Particle• QI" BadJ,atiGll,, 

2.2. 2.•. 2.10. s.21. 1.1~ 
Re•earoh,, &el 

Alm.tnm. c_,_7 ot .Amen.ea,, s.11 
Jaerlaan. cbaia. Cable eo •• 1.12 
.&aerioaa c,aa.u CGllp&D.7• 1.11 
Arg-. Le.bor&tel'J',. 1.4011 a.IT 
Ara, 

0

Aa8&Ult ..... 1.21 
.lutb.Ql"isat1GIUI• l.Z 

BDoutiw Ord.er Bo. 9001,, 1.1,.f' 
Pu.blio i.. •o. ss•. lei 
Pv.blio Law Bo. 680• 1.1 
h.blio LD •o.- 1oa. 1.z 

B & r Metal• corp.,, s.12 
Balcer Brother• InoQl"p.,, 1.12 
Baker, Dr. Lynn, S.81 
i,.i •• Dr ....... 1.20 
Barrier Prod.uotion.,, S.18 
Barrier•· s.19 
.sarr-. Dr .. 1.a.c.,, s.60,, &.19 
l&tteli. X.eri&l Iutitae,, 1.11 
Bell Telephone Le.'boratorie•,, 1.11 
lerJ"111.... 2.1. 2.11 
Bet& Partiol•• er Ba41at1•,, 2.2_ 

·2.•. 2.10,, 1.10,, s.21,, s.44 
a.es. 1~&&.. &.9 . 

Beta Bad.1&t1• :a. •• aro11.. &.•,ff 
Knowledge Ayallable,, &.6 
Re1earoh Required.,, & .a 
Progr .. , Iuatitu.te4,, s.e 
x..t1tat1..... s.e 
Iaatnmen,, 1.1 
Re.Wt•. &.1 . 

Bllli11g• Hospital,, a.&s,, s.e1 
Bi;t.tie' ')l Reaearoh Pouadaticm,, 

&.21. .19 
.: B1oloe10 Ia..tiwte•. l.t,, &.e 
·BioloC1oal Be1earoh Poundatl.aa. 
· 6.zz 
',J1olog1o and. Health Pq.lo• 

"__;; Re1earo11.,, 6.1 
Blood. Com:at1,, 2.18 

. , 
·--....--:-.....-. -····---~· 

Bloaa. Dr. w1111-.. 5.19 
Bl-.. Capt. Berm.rd. -&.21 

App. 012 -
Boche,, Dr. Rd>ert. &.20 
B0rcm. s.11 • 
Bo,,t. Dr. Georc•• &.20 
Breath Saapl••• 2.1s. a.11 
Brc:wa.O'z:liTer1itJ',, s.11 
Brues,, Dr. A. II.. &.17 
Brund.age. Capt. B. 11.11 s.s. App. ClZ 
Brush Le.bQl"&tQl"le1,, S.10 
Bl°1&D• Capt.,, F. A •• S.I. App. 012• 

&.21 
Bue,, Dr. v.,, l.a 

Cadm.1•• 2.s. 2.1s • 
Cantril,, Dr. s. r.,. s.&a. s.s1,, s.eo. 

5.18 - • 
Carbide 6 Carbon. Cb•io&l1 Corp.11 

s.2s. s.21. s.2e. s.so 
Carboa Tetraohlcride. 2.1s. S.16,, 

s.s1. s.4' 
Carbormad• Ccnp&ll7• S.12 
Cataetr~he ~ograa (Baergeaq 

Diealter); S.r:t.# 
Carbide & Car'bcn Chea. Corp.,, 1.21 
OU.Dtou. Le.boratori••• l.~8 L'-g· ,.-4 
Ba:atoi-4 Bagbeer Werk•• .....-n. 4.S9 
Ketallurgio&l Le.bQl"&tOl'J',, a.&9 

Oak Ridge. MO- +.', · 
. OhrJ'lsler Ccrp Ql"&tioa. S.19 
01 ..... o.a. Dr. Doa., · 4.18 
Clark•o.a, Capt. •.a.. a.1 
c1a7,, Dr. •·• s.ao -· · 
.011a1oa1 KedioiM & Dentietey • 4.1;-ff 

Ba:ator4 Conatra.otioa Pbaee,, 4.2a, ff 
·Ba:atcr4 tperaticns Pbaa~• .. 4.21 
.Oak Ridge,, 4.1. 

Olintoa Le.boratorie•• ·s.40. a.&s. s.s,,/f 
s.1s. s.19 

OobaliJ Tr1tluor1a.. s.14 
Cole. Dr• I. s •• 6.18 
Oolloid.&l.gel. z. 20 . . . . 
_.Colmb:la .. ~T•r•ii:J',, s.s,,. .. &.s,, .&.lt,1f.'. 
OQIUUlt• Dr•• J. B.,, l.S 
COA<litioniJag Proa.... a.zo 

", \.1. t •• 

• 
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Contraotore,. b.&Ddl hg 
Crwle Ore, Se&J Blaolr:: oxide, 
a.SJ bron. oxide, a.'f J greg 
••lt, a.a, hexatlaoride, a.a, 
Urania .. tai. a. 91 Ketal · 
tliapiDg " Biaglu.eriDC, a.11, 
Plv.oriU, 1.lSJ Flv.orooarbone, 
s.11 . 

Cooper, Dr •. RaJll.GD:l, s.27 
Copper Wel4 at.el Co., S.11 
CoetaJ.10. Dr. Jlartm, a.za 
Coate ot lledioal Progna•t 

Carbide ii Carlton Cb... Corp., 
a.so · 
Cliaton Laberatorie•, s.sr, 
s.&a 
Ferole'ft Corp., a.so 
Ford, Baooa ADa:rla Co., s.ao 
Santoni Bnglmer •orb. a.&$ 
Bantord Kedio&l (Ccm.at. Phase) 
....ao-- if-.J,f 
~ord llff.1oal (Operation• 
Ph•••).. • •• o 

Hooker, a.so 
Jrellex. a.so . 
Ketallurgloal Laboratorie •• 
s.e1, --s.ea-

Kcm.aan.to Cheioal Coe 1 
(Da,.toa), s.a 

OU: Ridge Dea.tal 6 Ked.ioal, 
4.221 lle•earob Seotloa, &.n 

Tenm••ee Baatman Corp., 3.40 

'

Crooker Rad.i&tloa Lab., u. ot 
Oalitoraia, &.12, &.ls 

otmter In.etrment•• 2.1s, App. Cl 
Curle, Detinl~iaa ot, 2.11 
Curtis, Dr. H. J., &.19 

Dental ComaunitJ' l'eecla,, OU: Ridge., 
4.18 

Dental Health Center, Oak Ridge., 
4.16,, App. C19 

Dental.Poli07, Oak Ridge, 4.17 
De11tal.Progna,,.11antor• Cout. 

Pba•e, 4.10, Jlutord (\»er. 
Phase,, 4:.SF 

Derlllger, .Dr. x., 1.22 

, 

DispeDJtariea, Faollitiea 
Carbide • Carbon Cbaa. Corp. 
S.28, App. C.lSJ Clintcm. 

L&boratoriea, S.&SJ Ferole'ft 
Corp., 1.29, .App.Cl4:J Ford,, 
Baoon tt: Dari• Co.,, S.SO, 
Ketallv.rgioal Le.borat017, S.61 
T.nneaeee Bastaaa Corp., I.IT, s.sa, 
.App •. c.11 

Dlrlalcm. ot Industrial Kediaine, S.l,ff 
Donald.eon, Dr. Lauren, &.n 
Doun.oe,, Dr. Alez.and.er, 5.21 
Dow"1°,, Dr. A. H •• &.20 
Drenl Bouse, S.81 
d-. Peat de ••Gm'~ corp •• 1.1.,. s.s.H' 

a.1s •. s.1.fr, s.41,. s.ss, 4.2& 

. If 
Bl.eotra.agnetlo Prooeaa, S.S, S.SlJ 

Huard•, I .Sl 1 

Electro Ketallurgioal Co.,. 1.10 
Bleotroatatio Duet Preoipitatora,. 

2.1a,. App. ca 
Bleotroatatlo I.ndioators, 2.18,. App. C2 
a...rgeno7 Diaa.Wr hogr•, (See 

Cataatrophe Programs) · 
Baohenbrezmer,, Dr. A. B.,. &.22 
:ha1aat1GD. ~ Huard Control 1a PU• 

PrOo•••• 1.11 
BYana. Dr. T. c •• 5e22 

Faust, Kr. J. T., S.6& · 
Failla. Dr. G., &.19,. 5.22 
Ferolen Corporatioa,. 1.29,. 1.10 
Fergucm., B. K. Caapan.7,, S.29 
Ferr,, Major J. L., a.a. App. Cl2,, 

S.l 
Pila JJadcea,, 2.18,. App. C.fr,, S."5 
Finger Priata,, 2.11,. App. C'f,, .a.4:8 
Finger Ring•• 2.lT, App. CS, 1.4:8 
Flaaica Prod.uota, 2.&, 2.12,. 2.13 

a.a. 6.121 Huard. Researob ... &.15 
ftuc:rU. D.teotcr,. 2.19, App. C9 
nuort.., a.T, 2.1•, 2.1s. App. C9,, 

a.a, 1.11, a.11, s.20. 1.22 
Buanl •••aroh· &.14 

nuorooarbcm.a,. 2.a, 2.14, a.14,,a.11. 
s.ZJ Ha1 ar4 leeearoh, &.2,, &. 9,IF . 
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Pora. Baoon • DaTia Corp •• S.29 
s.so 

Foater, Kr. Riohard. s.21 
Frank, Lt. B. D. • s.s. App. Cl.2, 

1.19 
Fr~ell, Lt. Col. ~.L., s.s. 

App. ci2. 5.17. e.1 

Gamma • ]',.ra7 Radiation. (Bee . 
Ra41&1;iaa.. JLtHaroh) 
~ Ra7 R.Haroh. 6.1, .If. 

l'.n.owleqe .A.w.llabl•• 6.1 
•••aroh Recpired. 5.a 
Program. lanitutecl. &.I 
Infititution•• & • .t 
Renlt•. 6.-t 

a..... BaJ'S• 2.2. 2.-1. 2.11. 2.1 • 
s .... s.s24&.9 . 

a.. Dithaioa. rrooe ... s.s. s.19 
Barrier Produotioa tor. S.18 
Pmpa tor, S.19 
Unit .A.aa•bliea tor. s.19 

Gold.ring. Capt. DaTid.• &.17 
ara ••• 111 Ch•ioal co •• s.12 
Gro.,..a, G9Deral L. R •• l.s. l•'• 

Halide Laaap. 2.20. App. Cll 
&.ailtcm.. Dr • .1.a •• s.22 
Hand Count.rs. S.'6 
Har•hn' Ch•ioal corp •• 1.9. 

a.a. 1.us. s.16 
Hawn.. Dr. Fru.oi•• S.21 
B'aaarda ot. 
· Chaioala. Gaae•. Liqui~•• 

Solid•• 2.e. 2. 7, H 
BerJ'lli•, 2.8 
Boroa. S.15 
Cadai•· 2.8 
Pluortu. 2.1. s.1s 
Pluorooar'bon.•• 2.8, S.14, 
Hydrogen Fluoride. 2. 7 
Kedio&l Control ot, s.u. 

s.14. s.16 
liotel. 2.9 
Phoageu. e.T 
Reaearoh. &.1. if' 
friobloreth.J'leu. 2.a 

. Gaa Dittwsion Prooeaa, S.20 
Eleotromagnetio Prooeaa, S .Sl 
Boraal InduatrJ"• 2.1 
Pile Prcioe••• S.4a 
PolODi• Pror:luoticm, s. 62 
RadiO&Ot1TitJ'. 2.1 
T.b.eraal Dittuaion Prooe••• 1.22 
Ura:ni• PrcioeHing, 1.1 

Blaok Qdde. 1.8 
Browa 0.:dd.e • I. 7 
Crude Ore. S.6 
Green s&lt. 1.8 
Hasard•• s.&, H 
He.xatluorict., i.a 
Ked1oal Cciritrol ot. 1.19, 1.12. 1.11 
Urani• Ketai. s.9. s.12 

Ha.sari Reaearoh aa. Subat&:aoea ot 
Pot.ittal Tozioit,'. 6.16 . 

Herring, 11&11• Karria 8-fe Co •• s.12 
Heatcm.. Dr. W. B •• 5.22 
Hexatluoroqleu. S.1-t 
Hod.ge. Dr. Harold. s.20 
Bolt, Dr. Harold• 5.20 
Bolt. Dr. w. B •• •.ls 
Booker fieotro-Ch•ioal Co.. S.lt. 
Hogdaille-llerehe7 Co.• S.18 
Howland• Capt. l • w •.• s.s. ·5.17' • App. 012 
Hydrogen nuoride, 2.1. 2.14 

" Induairial Bniene. 1~2 
Industrial Kedioal Belaticm1 at 

Ha:ntord.. .t.2T 
Induatrial Beaearoh. 5.15 

Iaatitutlaa.a tor. &.15, s.18 
Instl"Ullent Be••a.roh• 5.T 

Institutl•• tor; 5~8 
Iowa stat. College, S.10 

Jaoob1cm.. Dr. LeCll. s.69. 5.lT. &.18 
Jaoobscm., Dr. Loa.is. 5.22 
Jatte. Capt. L •• S.S, App. Cl.2, S.19 
J .... -. Capt. Llo;Jd. -&.21 
John• ltopkiaa UalwrBlt,'. s.u. s.1 •• 

1.11 
~ J o•l,a Ku.lltaotmoing a. Suppl7 Co.• 

s.u 

l 
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r !adleo Hospital. 3.62• 3.64• App. 
Cl6 

JCamraer. Dr. Adolph. 3.2'1 
lellez Corporation. The• 3.3. 

a.18 · 
1e11og co •• M.w •• s.18 
lettering Labor&tOrJ"• 5e22 

Lead. s.s2 
Leggo. Dr. Chriatopher. a.s9 
Lesco. Dr. Herman. 5.19 
Linde Air ~oduot•• S.6. 3. '1 • 

1.14. 
Linde Ceraaio•• .S.5 
Linde Researoh Laboratories. S.16 
Lorem,. nr; ••• 5.22 

lladison Square Area. s.s. s.<& 
Jlallinolr:rod.t Oh•iaal Co •• S.T • 

s.e. s.10 
Jlassaohusett• Institute ot 

technol°'7• ·s.18 
McDonald• Dr. Ellioe. 6.2S 
lloXbme7 tool llanut&oturing Co.• · 

s.12 · · 
Jlears. Capt. B.J •• s.s. App. 

012 
Medical CClaUD.it)' leed• 

Han.tord CoUtruotioa Phase. 
4.21 

Bant0rd Oper&tioaa Phase. 
4.Sl 

OU: Ridge. 4.1 
Medical Control ot Baaard•• S.10,lf 

Bleotrcnagnetio Proo•••• s.sz 
Pile ProoeH• S.'6 
PoloaJ:ma Produotiflll,, S.62 
1'hermal 6 Gas Dittt.aaioa 
Proo•••• 1.21 

lled.ioal ExllainatiOAB. S.60 
Inter'f"&l or Interim.. 1.23. 
s.ss. 1.50. s.sa 

Pr.-emplo;yaent. us. 1.s2. 
a.so. 1.s1 

!erainatiOD• S.24.t I.SI. 
a.sa. s.e1 

Medical Polio7,. •·'• f.5 
Bantord,CoaatniotionPha ... 

4.26 

Hantord Operations Phase. 4.as 
Oat Ridge. 4.4: 

Med.ioal SerTioe Buildhg (Oak 
Ridge). t.2. App. 011. 4~5• 4.17• 
..21 

Metal Hydrides. S.10 
Metal•• 2.1& 
lletal Proo es •inc a: Sb.ap lng. s. f2 
lletal Sh&pinc ti= !'AJgineering,. 1.11 
Metallurgical LabOl'&tOZ"J',. s.2. S.40,. 

. ~.se, s.ss. 5.f 
Jletoalt. Capt. Rcge~,. 6.21 
Jl.iddl.esez Warehouse. S.6 
Monitoring. s.es 

Air Caa.tmillation• s.2-1. 
Du.at. s.S4 
Atmoaphere. S.~7. 3.6i 
JlaiD.teD.anoe Wor.t. S.'8 . 
Personnel. S.ts. S.64 
Pbosgene. S.S4 
Plant Are••· s.46 
Radiatica. s.2s •. s.s4. App. B9. 
S.64: 

Water. S.4f 
Monoohlorotritluoroethaleae. s.1. 
Moaaanto Ohaatoal·Co. 1.e2 
Morgan.. Dr• K. z:.,. 5.19 

. t,,IO 
l'ational Bureau ot Standard•• ~ 

S.18 
Jfationa.l Canoer Institute. 5.4. 5.11. 

5.19,. s.22 
latioaal Detense .Reaearoh Ccama •• 1.1 
lel1cn.. Dr. Harold.. 4.18 
leutrons,. z.s. 2.10. s.4:1 
lleutroa RacliatiOD·Research. 6.4: 

Inowled.ge Available• 6.f 
.Reeearoh Required.. 5.S 
Progru Instituted·,. 6.6 
Inatituticas,. s.s· 
Results, 5.6 

lew Tort Are•. s.a 
Bew Tort Satety Cc:m.ittee,. a.2 .. 

App. Ba,. S.26 
Biobl,. 2.9 
lio:taon,. Dr. J. J •• s.ao. 6.18 
110boa. Dr. J. M •• s.eo 
licteon. Dr. Margaret. 1.10 
Horwood. Dr. W. D •• s • .&a .. 4.36 
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Oak Ridge Department ot Health 
Building, -4.21, App. c20 

Oalc Ridge Hospital, 3.S9, 
App. Cl8, •• 8, ,.11 

Objectins, Medical Program., 
1.1, App. Al 

Occupational A lcn-Occu
pational Medical Care 

Carbide • Carbca Ch•• 
Corp., 3.2T 

Clinton Laboratoriea, 3.66 
Hantor4 Engineer 'WQl"Jcs, 3.62 
feDDessee Baataan Corp., 
a.as, a.sT · 

ottice ot Soientitio Researoh cl 
DenlOJ?aent (OSRD), l.s, 5.1, 
6.1 

ottioer Qualiticationa, 6.2, 
App. BlO 

Operation Basarda, 2.1 
Gases, 2.'1 
Ketala, 2.161 Liquida, 2.81 
Solids, 2.8 

. Radioaotirit7,. 2.2 
Alpha, 2.2 
Beta, 2.2 
Gana, 2.2 
&abatanoes, 2.s 
Toleruoe Lenla, 2.9.H 

Org&Dllatioa 
Carbide A C&rboa Ch•• 
Corp. (Kedioal Dept.). 
s.21 

OrgawatiGR (Dental Dept.) 
Oak Ridgf, -4.lS,,9'-

0rganisation (Ke4ical Dept.) 
Carbide a: Car:bca Ch•• Corp., 
s.21 

Cl:lDtcn Laboratcries, 3.56,#' 
Hanton! ConstruotiOD. Phaae, 
•• 28 

Bantord Engineer W'orka, a.SS 
Hantor4 Operation• Phase, -4.35 
Metallurgical LaboratOl"ies, S.59 
Monsanto Ch•ioal Co. (DaytOD.). 

S.62 
Oak Ridge Hoep ital, -4.ls 
Tennesse~ Eastman Ce>zt>., S.ST 

Organisation (Rese~ch Section), 
5.16, H 
Biochemical Research DOWldation, 
6.22 

Clintc:m LaboratOl"ies, 6.19 
Columbia Uninrsity', 5.22 
.Manhattan District, 5.18 
Xatioaal Cucer Institute, 5.22 
lJlli.Tersit;y ot Calif'ornia, 5e22 
lJniTersit;r ~ Rooheater, s.20 
UniTersity' ot Chioago, SelT 
UaiTersit;r ot lfaahingtoa, 5.23 

0.-rstreet, Dr. Ray. 5.22 

Parker, Kr. H. K., 3.53, 5.18 
Patient Visits per Month 

Carbide A. Carbon Chem. Corp., 
3.25 . 

Bantord Engineer Wora, 3.5& 
Metallurgical Laboratories, 3.61 
Tennessee Eas'tman Corp., 3.36 

Pencil Chambers, 2.17, App. C5, 3.'5, 
3.64' 

Phosgene, 2.7, 2.1-4, 2.19, 3.36, 
App. ClO 

Phosgene Detector, Chemical lrartare, 
2.19, App. ClO 

Pile Process, 3.11~ S.-40 
Pitluolc, Dr. B'e.rrJ'., -4.18, 6.2 
Plutonium, 2.&, 2.12, 2.13, 3.•0 

Hasard Research on, 5.11 
Polic7,.Kedical A Dental Clinic, -4.4 
PolOD.i._, 2.&, 2.11, 2.1s, s.s2 

Hasard Research on, 5.10 
Polcndua ProceH, 3.62 
Pratt, W'llliaa E., Mtg. .Co., 3.12 
PrepaJaeut Plan tor Medical Care 

Oak Ridge Health Asaooiatioa, 
4.T, App. A2 

Objectins, 4. 7 
Keaber1hip 4: Fees, -4.8 
SerTice1 Covered, '·8 
Serdces not Covered, 4. 9 
Contract ot the Asaooiation 
with the B<>11pital, -4.10, App. B8 

A.dahli1tration, 4.10 
haluation ot, •.10 
Probable tuture ot, 4.12 
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PrinoetOD. t1n.iTerait7, a.is, s.18 
Procesd.ng ot 

Blaok Oxide, (u1o8 ), a.e 
Bcroa., a.16 
Browa 0x1d.•, (UC>z), a.T 
Orv.de Ore, a.6 
Green Salt, cu:r,>, s.e 
nuoriJM, 1.11 

• 

nuorooarban.a, a.la, a.14. 
Urani• hezatlucrid.e, (UP8 ). a.a 
Uranium. 11.tal., a.9. a.11 

ProcuremeJl'b II Aaaig:nmell't Serri.ce, 
1.5, App. BT 

Pr.Wotioa Procedures ot Pile 
Proo•••• s • .a 

Prosser, Dr. c. L., 5.18 
Publio Health Progr111a, 4.20 

TJpe ot S.rrloe Rendered. 
Bantorcl Con.atruo'bion ·Phase, 

4.28 
Han.tori. Operation.a Phaae, -'•SS 
OaJc Ridge, 4. 6 . 

Pumpa tor DittueiOD Prooeae, S.19 
Purdue tJn.iTeraity, S.18 
Purpose ot Reaearoh Program, 5.2 

Qu~it,' Hardware II llachille Ccrp., 
s.12 

Radiaticm. Hazard.a (See Huard.a) 
Wiatioa Research, 5.Z, IF 

Alpha, &.TJ Beta, &.8J .X-ra7 
II G...a Ba7a, &.I 

In.atzimell't, 5. '1 
K1xed, 6.T 
In.atituti-..a, 5.8 

••utroa., &.4 
RadioaotiTit,', 2.2, IF 
· Huard.a ot, 2.1 

Jlethoda & In.atrumen.ta tor 
e ...... luation, 2.18 

Radioaotiw &ibata:ao••• 2.a 
P'bai• Produota., 2.1 
PlutoDJ.ua, 2.& 
PolonJ.•, 2.& 

, Bacl1•, 2.4 
Bad.OD., 2.4 
tJraa.iWL, 2.6 

Radiua, 2.4, 2.5, 2.la, A.pp. B, 
a.11, s.1 
Reaearoh on. Extraction. ot, a.17 
Reaearoh Olll Ha1&rd.a,' s.10 

Radoa, 2.•, 2.u 
Rea, Lt.Col., C.B., 4.11, 6.2 
Reoard.a, 1.54- · 
Reaearoh Orgazdlatioaa (See Organi-

sation, Reaearoh ·Seoticm) 
Rekera,Oapt. Pauli 5.21 . 
Reports ~ Reaearoh Aati'Yitiea., 5.18 
Research, 1.1 

P'iaaio:a. Prod.uota, ltil 
Oa the Di.ttui• Proo•••• s.18 
Plutoai-., 1.1 
Polon.im.., 2.& 
Radiation., 1.1 (See ~iatioa 
ReaearohJ ·· · 

"O'ran.i•, 1.1 
Re.-.re Copper & Bra•• Co., S•l2 
Riohlaa.d.., Waahington, 4r.2S, 4.28, 

•.11, •.12, •.ss 
Rc:aae-J.m:leraoa Co., 4-.lt, 4.17, 4.18• 

4.22 
Rogera, Dr. D. B., S.29 
Rose, Kr. J. B., 5.19 

Saint Elisabeth'• Hospital,. 4.20 
S • .&.JI. Laborat<riea, S.16 
Sohrenk, Dr. B. B., &.Zl 
Schwarts, Dr. s., s.eo, a.1s 
Bchuum., c. H. • co., s.12 
Scott,. Dr. 1.~s.~ &;22 
Secnt&l'J' ~ War, 1.2, l~S, 1.4-
Securit," 

Etteota ot, 1.a 
sunrman, Kr. L. B., a.es 
Sinai, Dr. •than, 4.7 
Btlaire, Dr~ Barria, S.29 
sex, Lt. Col. c~ B., e.a 
~eoial.Huard. Ccmaitte• at 

Hantord. Bngineer Worts, S.62 
~enoer, Dr. a. a •• 5.2% 
Squires., Dr. Willta..~~-&.18 
stai.U.nga, Kr. J,;. B.,' •lO 
8tand.&r4. OU ~ Indiana. a.11. 
stapletcm., lfr. I..toa•: -&.at 
state Board.a ot Dental Jldainer•, 

1.6 
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State Beards ot Medical Exaad.ner1,, 
1.6 

statietic• 
lfantord Dental (Opera.tiona 
Pbaee),, 4.ST 

· lfantord lledioal (Coutruotion. 
Pbaae ),, 4.·29 

B&n.tord lledioal ( Opera.tiona 
Phaae ), 4.S& 

Oat Ridge Dental, 4.18 
Oak Ridge lledioal, 4.14 

ste&dman.,, Dr. L. T., S.21 
sterner, Dr. J .... H., S.!T 
stootinger:, Dr. H. E., 5.21· 
stone, Dr. a. s., s.&s. s.&9. a.so. 

&.l'r. s.1a . 
street~H·· Dr. A. I., s.aT 
&ablimaticm., s.s1 
Surge• General'• ot'tioe• 

Asaiata:Loe troa, 6.2 
Suter, Dr. George, 5.21 

TalU . .aterro. Dr. w. H.. 5.19 
Tannenb&lD, Dr. Albert, 5.18 
Telluri\'lll• 1.62 
Terrell, Dr. H. 11 •• 5.2a 
Tb.ayer. Kr. Bantord,, 5.21 
!heraa1 Dittui• Prooe••• s.s, 

s.21, s.22 
Tiedeann .. lfr., Dari4, 5.21 
Tolerance Ccmoentratiou tor · 

Radioaati.,.. Sabstanoe• 1a Air• 
2.U}!,Jpp. Bl 
Fi••tcm. Prcdaot•1 2.12 
Plutoni:•.- 2.12 
Poloa11111., 2.11 
Radon., 2.11 
lJ'ra.uila, 2.. 12 

Toleranoe Leftl• in Air tor 
Cb.•io&l Huard•, 2.1,,1' 

Be17llba, 2.15 
Cadailm, 2.1& 
Carbori tetraahlorlde, 2.15 
Cb.lorotcr.,, 2.11 
nuorine, 2.1. 
Fluorooarbcna, 2.lf 
Bydrog• na .. id•• 2;.lt. 
Phoagene, 2.l4-
Triohl0retli7lene,, 2.16 

Toleranoe Le.,..1. ot Radioaoti•e 
Material• in Body Tiaauea, 2.12,..,f" 

Pbeicn Proctuot1,, 2.u 
Plutoni.•1 2.lS 
Poloni-.. 2.u 
Rad11.B,, 2.la. App. Bl 

!oleranoe LeTel.9 ot RadioaotiTe 
&.abataoea in 11r1ne. 2.1s 

Tolerance Leftl• ot Various Tn• • 
ot Radiation.,, 2.10. 2.11 

Total Bod:J' Radiation, 2.10,, App. Bl 
Alpha,, 2.10 
Beta. 2.10. 5.8 
l'eutron, 2.10 
·a-, 2.11 

Treon,, Dr. '· P •• &.22 
Triohloreth7leae. 2.8,, 2.15,, s.2 .. 

s.20, s.22. s.44 
'fJ'b°'1t,, Lt. R. A.,, a.a,, App. Cl2 
fJpe ot Jfedioal SerTioe Ra.dered 

lfantord CCllJl'truoticm. Phaae, 4.26 
Banf'orcl tperatiou Pba.ae. 4.Sl 
Oat Ridge. 4.6 

11. B. Publio Health SerTioe. 2.12,, 4.20 
11. B. Vanadha Ccrp • • S.6 
1Jni.,..raitie•• 1.a 

11niftrait7 ot C&l itoraia;. 5.11,,!9 5. 22 
trnJ..,..r•itJ' fll Cb.ioago, 1.2,, s.to,, 
S.&T,~.4,, 5.8, &.10. &.11,, 
5.16,, 5.16~ &.19, H . 

Ool•bia UaiTeraity,, &.&,, ·s.a. 5.19,,-lf 
.&.21· 

O'niftraity ot Minnesota. 5.19 
O'nher•itJ' ot PemJ.87l'ftllia, 5.20 
O'niTer~ Roohe•ter,, s.2 .. 4.11,, 
4.ls, s.T •. 5.4,, s.s. s.10,, s.1s. 
5.16,, 5.19. 5.20,{f-

O'niftraity ot W'aahington. 5.•,, 5.ls,, 
&.21 

Uranium.,, 2.6,, z.12,, 6.1 
Blaok C>.zide (u3oa>. s.s. S.41 
BrC11111 C>.ri4•• (uo2 ), s.r 
Crude Ore, a.& 
Gree• Salt. cur,>. a.a . 
Huard. Jle•earoh m. &.lt 
lfexatl:uori4e, a.2,, s.a. s~11. s.20,, 

s.21. s.zz 
Jfetal, 1.1. 1.11, s • .ta 
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Oxy1'1.uorid•· s.a. a.21 
Radiation, Re1earoh 6.1, 
Tetrachloride (Uc14}, s.al 
1'rioxicle Cue>a >• 1.11 
Toxioit7 ot, App. Bl: 

Uranium, 216. 2.a. a.a, a.11 
s.19. s.a1 

Uranl\1111 2as, 2.s. s.19. s.s1. s.41 
Uranium, x1# a.e. s.21 

, Urani•• XI• s.9, s.21 
Urine, 2.11, 2.1s 
Use ot handicapped worlalen. at 

. Bantord, 4.2T 

Vaowa i'ube Bleoi:rautera, 2.1e, 
.A.pp. ca 

Valen.the, Capt. Willia.,. s.21 
Vanadiua Corp •. ot Jmerioa• a.& 
Vapor Phase,, 1.31 
Vaugh.a. Kr. BeU'J',. 4.10 
Veterin&ry Berrio• at Oak lUd.ge,, 

•• 21 
Vitro Kfg. Corp•• S.8,. S.T 
Voegtl:!D, Dr. Carl, 6.21 

Wantmaa, Kr. Kaury, &.20 
Warren, Col. S~ L., ·&.lT •. 6.20, 

s.1 
Washingtoa. state License Bureau, 

4.26 
Wataoa., Dr. c. J ., s.eo, 5.19; 
Welsh,, Col. A •. B., 6.S 
W'eat1Dgb0tl8e Bleotrio .t lltg. 

co., a.10 
Wetherhold, Dr. J. K., 4. 28 
Wirth, Dr. J~ B., S.&T, &.19 
~olt, capt. B. s •• a.a. s.s9, a.es, 

App. Cl2 
Wollan,, Dr. E. w., 6.18 

Zirkle, Dr. R. B., 6.18 
Zuesman.. Dr. Bernard, a.21 
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