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FOREWORD

This wlume presents a non-technical record of the nistory of
the Medical Pregram of the Manhattan District. The history covers
the period from.the.inception of the Lanhattan District te 1 July
1946. The data was obtained from the fiies of the Medical Section,
and from those individuals who were asscciated with the ledical Pro-

gran during its organization and development.
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Ineluded in the volume is a resume of all activities of the ked-~
ical Section except those which concern Area Y. The Medical Program
at Area Y, although under the supervision of Colonel Stafford L.
Warren, Chief of the Medical Section, is described in Book VIII

of the Manhattan District History.

11 March 1947
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SUMMARY

1. Introduction. - It was the purpose of the Manhattan District
Medical Section to supervise and advise on the numerous unique problems

arising from the procesaes used in the District and to facilitate pro—

. gress of the Projéct, by safeguarding the health of the amployees. The

Medical Program covered: research on the effect of absorbed uraniuom,
plutonium, fission products, ét.c., on the human arganism; industrial
hygiene, with appropriate programs instituted in the various plants

and laboratories; and c.linié_al and public health programs, the pur—
pose of which Ia;s to supply adequate facilities for the personal

health of the communities. The authorizations for the construction and
operaticn of the Medical Facilities of the KManhabtan District were
provided in general by Public Law No. 703, Public Law No. 354, Public
Law No. 580, and Executive Order No. 900l. Specific authorizations were

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

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

under Executive Order No. 3001, and in & memorandum dated 23 September
1942 signed by.t.he General Policy Group designated by the Pres=ident of
the United States. The problems facing the Medical Section were in-
tensified by the urgency of the need for their saluticn since many of the
materials to be studied were already in use at least on a laboratory
scale, and in some instances cn a plant scale. The necessity qf main-
taining security was also a major factor affecting the District's

medical program. As a result, there was some difficulty in preventing
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duplication of effort, since of information between related

‘projects was restricted to the minimum required for intelligent conduct

of the individual oparations. Te insure cooperation and to maintain se-
curity regulations, special arrengements had to be made with other agencies,
such as the local Medical and Dental societies, the Prommrement and
Asaighment. Service, State Boards of Dental Examiners, and State Boards of
Madical Ebca.mina-rs. -

2. Bazards of Operations. - Normsl industrial hazards such

as are noted in large construction programs and in chemical plats

were to be expected in the operations of the Manhattan District. OCme

of the major problems was the hazards of radioactivity, which were knowt
in a general manner by the resulta published on the radium dial painting
industry. The radioactive emanations which were encounterea were:

alpha ba.rticles, or electrically charged nuclei of helium atoms; beta
particles, which are free ‘electrons; gamma rays and x-rays, which ars
not particulate but are alectromagnel;ic waves; a.u:l neutrons, or particles
which have no slectric cf:argal. Radicactive substances from which any or
all: of these emanations might be expected are: radium, on which consider-
abfl.a data has been accmlated; radon, a gas produced when the radium
atom disintegrates; polonium, a decay product of radium; plutonium,

a préduct. of neutron bombardment of uranium which is the-basic material
on which the District operates; and fia:;i;:-n products, which consist of a
series of radiocactive subastances produced in the “pilé"proceaa. A second

major problem was the chemical hazards, soms of which wers due to entirely

52

S ﬁﬁnrmx '




new substances while others were well known industrially. Of the gasea
used or produced, considerable care was exercised with fluorine amd
hydrogenfluoride, two very corrosive materials; amd with phoagene, a
by-product in the production of uramium tetrachloride. The liquids
which were produced or used were the fluorocarbons, which are entirely
new compounds, ind:_wt:riall.y, and are moderately taxic; and such solvent
materials as trichlorethylene. Metals other than the radioactive type,
which were employed in sufficient qua.u‘t.j:t.ies to warrant notice as
hazards, were: beryllium, cadmiﬁm, and nickel. Because of the mumber
and varied types of materials and the great quantities involved, it was

necessary to set tolerance values fcr the various hazards. Definite

wvalues for the maximum allowable exposures to the various materials, both

radiocactive and chemical, had to bé established to facilitate efficient

over-all operation. Beta radiation, neutron radiation, combined gamma

- and fast neutron radiation and x~ray or gamma radiation tolerance levels,

stated i.r{terms of total body radiation, and alpha radiation tolerance
levels, based upon the amount. in the body tissue, were established by the

District Medical Sec-t.ion. Tolerance éoricentrationa i'dr radicactive

substances in air, such as radon, polonium, plutonium, fission products

and uranium and its compounds were studied and esatablished with

fa;ctors of safely as .high. ag practicable. Since practically all of the
materials used could be absorbed into the body, tolerance levels of
radioactive naterlal in body tlssues were established far radium,
polonium, plutonium and fission pmduct.a. It was impossiblie to an.'.aly-ze.

human tissues for radioactive materiels, so an indirect method was
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employed which c;Onsisted 0 . analyzing the urine for such materials.
Tnis indirect method nsccssitated the establishing cf tolerance levels
of -raiioact,ive substances in urine. Iu the case of the non-radicactive
mzuzrials it was necessary to establish tolerance levels in air for
chemical hazards. In order that the various tolerame levels would not be
exceeded it was necessary to institute methods and instruments for
estinating hagzards and, as a result of intensive résearch, such methods
and instrupents were developed and constructed, For the measurement
of radiocactive emanations, counter instruments, electrostatic indicat-
ors and the vacuum tube eleclirometer were adapted or deveioped.
Monitoring methods which were devdﬁpad to maintain supervision over
the various hazards included the use of mechanical devices such ea:
film badges, pencil chambers, and finger rings containing x-ray film
inserts.-: Physi o-biological methods for monitorirng, such as finger -
printing to note destructive changes in the print ridges, and blood
countes to note deleter-'ious changes in the peripheral blood, were also
used rather extensively. In radiocactive dust monitoring a device
designed by Mine Safety Appliance Company called an "electrostatic
dust precipitatof" was used to determine the.amount of radiocactive

dust in the air. Urine and breath samples were used to monitor the
amount of exposure experienced by the various employees. Instruments
and zethods for chemical hazard monitoring were developed mhere neces-

sary, the wost important being those -for fluorine detection, phosgene
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Fluorine and the fluorocarbons in general were industrially new
products and processes, and studies of the.ir hazards and medical
control had to be considered. Protective measures included physical
examination of workers and the use of adequate ventilation and fire
protectit:;n systems. Boron production, with its attending hazards and
medical control, was also cne 6f the problems of the industrial Medical
Division. Since those processes normally were conducted in closed systems,
éxpos;ures were unusual. Protective measures consisted in cont.nql of

dust and fume concentrations, good housekeeping and physical examinations,

on the limited mumbers of pecple employed. Process research was perfomed.

by universities or industrial laboratories selected to de 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 developmeantal research incinded the Kellex Corporation, S. A. M.
Leboratories and the Linde Research Laboratory. The hazards encountered
were those associated with uranium hexafluoride and the fluorocarbons

but these hazards were cafei‘ul.ly supervised by medical coantrol. Develop—-
mental research, on fluorocarbons, radium extraction, and methods of

manufacture of uranium campounds, was carried out in various univerasities

"and these installations were inspected and supervised in respect to

medical hazards by the Industrial Medical Section. Analytical research

on methods of cre analysis, .and the analysis of various uranium compounds
were carried out at National Bureau of Standards, Frinceton University

and Massachusetts Institute of Technology. The development and production
of process material in general breaent.éd, with few exceptioans, no

hazards requiring medical supervision. Barrier production presented

4



a hazard of nickel dermatitis, while the mamufacture amd testing of
pumps for the diffusion process produced the hazards of handling
uranium.hexafluoride, fluorine and the fluorocarbona, 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 Osk Ridge, Tennessee., These processes and thaif hazards
were of prime importance to the. Industrial Medical Division. The
hazards of the gas diffusion process and the hazards of the thermal
diffusion process were primarily due to uranium hexafluoride and its
hydrolysis product, uranium oxyfluoride, although numerous other
hazards were also present. The medical control of ha;ards for both gas
and thermal diffusion was in general based on an. industrial hygiene
program developed around the Carbide and Carbon Chemicals Company
medical organization. Two types of rautine medical examinations were

performed: & pre-—employment examination to determine the physical con-

‘dition of the prospective employee, and interval and termination exami-

nations-to determine whether.any deleterious effects had been produced

by thé employee's type of work. In order that a close check on bazards
could be kept, a program of monitoring was instituted, including air
contamination and-radiation surveys, which were made at frequent intervais.
General industrial hygiene was also a problem of major importance in

the processes. About 15,000 patient visits peg.mbnth was averasge when

the processes were in full production: Occupational and non-occupational
medical care were divided in a ratio of 35% occupational 65% non-

occupational. In its relationship to¢ the Safety Departments, the
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¥edical Department followed the Safe Practice Recommandations of
the New York Safety Committee. Other Activities included: local
pﬁblic health work, and a catastrophe program to provide far the
protect{bn end treatment of plant personnel in case of any major
emergency. The organization of the Carhide and Carbon Chemicals
Corporation medical staff was under the supervision of Dr. Adelph
Kammer. The Ford, Bacon and Davis Cdmpany operated.a separate
medical department until February 1945 at which time Dr. Kammer
assumed full responsibility. The medical program of the’Fercieve.
Corporation was alsc under the supervision of Dr. Kammer. The
construction and operating costs for the various companies' medical
programs, covering all medical work for both gas and thermal diffusion
processes, totalled approximately 3660,8&5.58 as of 30 Juna 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 phosgene and dusts containing uranium,

but numerous other hazards were also present. The medical control of
the hazards in general was under the supervision of the industrial
hygiene service maintained by the Medical Division of Tennessee Eastman
Corporation.' Pre~employment physical examinations, intenim'examinations;

and termination examinations were made as a ratine procedure to hrotect

‘both ﬁhe employees' and company's interests. A monitoring program was

established to maintain a close check on: uranium-containing dust in
the plant air; phosgene, & poisanous by-product; and radiation of all

types prodyced in the process. The prpblem of general
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industrial hygiene was of definite importanoce, espesially in
keeping the employeses on their jobz. A genaral indication aof the
amount of service offered is the faect that when the process was
in full production an average of 35,000 patient visits per

month was recorded. An average of 150 cases of ocoupational
injury or illness and an average of 400 oases of non-occupational
injury or disease were seen every 24 hours. The Tenneasee
Eastman Corporation Division nllo.luparviﬁed the looal plaxnt
sanitation and publio health. The oﬁrganintion of the Medical
Diviaion was under the direction of Dr. Jhmeg:kternor while the
Distriot Medical Section liaison was ocarried out by officers from
the Distriet Industrial Medical Division. The total cost of this
medical program was $994,000 as of 1 July 1946, not inocluding the
cost of ocertain facilities in EKnoxville.

The pile process was developed for the prodwtion of plutonium
from uranium. The process oonsists in general of the neutron bombard-
ment of canned alugs of uranium placed in the plile in a pre-arranged
manner, Metal processing and s}%ing in preparation for coating and
oamming the wranium slugs is done ;t Hanford., Experimental work on
all phases of plubtonium production was conduci:ed at both Clipntonm Labora-~
tories and the Hatéllurgical laberatory. The hatards of metal shaping -
and proceasing were primarily due to the poasibility of breathing
uranivm-containing dust while the hazards noted in the opsration of

the pile were principally due to the enormous smount of radiation
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produced. In the plutonium extraction and concentration processes

the intense radicactivity of the activated uranium slugs, the radio-
activity of the gases liberated in dissolving the metal and the
tdxicit.y of platonium and the fission products were of pnma.ry interest
as major hagards, The hazards of'the experimental work were- raughly
the same as those of the plant processes, with scme additional hazards.
Hazard control was in general divided ;_nto two problems: monitoring
and protective procedures. Monifoi-ing of personnel necessitated the
céareful check of all employees, who were required to wear two pocket
ionization meters and a film badge. Flant areas, at.moapheral sur-
rounding the plant, and the large quantities -o'f water used in the
process were also very carefully monitored. Mkaintenance.work in any

of the hazardous areas was always preceded by monitoring surveys and a
job analysis. Miscellaneous special surveys for radiocactive contamination

were made peric;dically in the cafeterias, laundry, office uildinge, etc.

" Protective procedures consisted of: mse of floor and table covering to

guard against contamination of work benches, etc.; prétect.ive clothing,
apparatus and equipment, which inc.‘l-.uded coveralls, gloves, hails, shoes,
elc.; and the rotation of employees from places of high radiation in-
tensities :; places of low radiation inmtensities at frequent intervals.
Medical examinations, consisting of _pre-employme.nt physical examinationa,
interval examinations and terminatior examinations, were performed on

all employees, In an evaluation of hazard comtrol it can be stated

that the .t‘o_i-egoing methods provided complete protection to the indivi~
duals working on various phases of the pile procass. In the general

L
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industrial hygiene work at the Hanford Engineer Works the ma jor
ocbjective was the ;uﬁtection of the employees and the puhlic from
over—exposure to radiation. The Induatrial 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 thise J:'-eport.‘ A Special Hazard Committee coordinated the
acﬁivities of the industrial medical division with opérations.
A catastrophe program for area evacuation was devised and revised
pericdically to meet changing conditions. The industrial medical
organigation was under the supervision of Dr. W. D, Norwood. Space
and facilities For the principal hea@qua?ters of the Industrial Med-
ical Division were in Kadlec Hospital. Reccrds of the Industrial
¥edical Division were kept separate from all Ather hospital and clin-
ical aharts. The cost of tke Industrial Medical Division, exclusive
of facilities, was $2,581,158.85 to 30 June 1946.

At Clinton Laboratories all oecupational and non-occupational

care was conducted in the medical dispensary on the laboratory area.

A definite relationship tc the Saféty Department of the Clinton Lebora-

- tories was established through the Chief of the Medical Division who

was a member of the Central Safety Committee. A4 catastrophe prog}am
was organized in two phases, one to cofrelabe with £he'ggueral Oalc
Ridge Prograﬁ and one for Clinton Labpratories area aione and, in
addition, the medical division had other activities related to local
plant puklio health problems. The organization and facilities of the

Clinton Laboratories medical division were under the supervision of




\ " Dr, H. S. St.oﬁa apd Dr, 5. Cantril. The cost of pfoviding the industrial
medical service at Clinton Laboratories was estimated at $368,000 froa
the time of its inception until 1 July 1946. At the Lﬁetalluz;gica.l
Laboratory in Chicago all of the occupational and non~occupational
medical care waa handled by project physicians. As at Hanford and
Clinton Laboratories there was a direct relationship to the Safety
Department of Metallurgical Laboratory. A catastrophe program was never
crganized, as the University of Chicago considered it unnecessary be-

| cause of the many safety features incorporated in the‘ operations. A

h?;% | number of physdicians’‘at the kKetallurgical Laboratory had other activities,

| mainly along the lines of clinical research. The arganization of the

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

activities, was under the mpervision of Dr. K. S. Stone. At first

( the dispensary facilities of Biilings Hospital we;re used but after
A JLily 1944, Drexel House was used for this purpose. No breakdown of the
cost of ope‘rat.ing this service is available.
Polonium was produced at the Monsanto Chemical Company's
E oof units 3 and 4, located at Dayton, Ohio. The process used at this

installation is primarily physio-chemical in nature. The hazards of
polonium production are primarily those of radiation since practically
all of the materials hapdled are radioactive. The medical control of
hazards was handled in general thraigh the Industrial Hedg'.cal Division
of the Manhattan District Medical Section. The three routine types of
medical examinations performed at Daytbr; were: pra—employﬁ:ant, interval

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

1




practice. Monitoring of the atmosphere in the working areas for radio-
activity was performed daily. To facilitate job procedures and prevent
excesalve radiation hazards to employees, detailed monitoring of routine
operations was done at frequent intervals. Perscnnel were Also care-
fully checked at frequent intervals by means of urine, blood, and feces
analysis, as well as by the‘use of film badges, pencil éh&mhers and wrist
films, The general industrial hygiene problems ﬁere handled in the
smali dispénsary by a registered nmurse. lore 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 employees. The cost of this medical program
from October 1943 to 30 June 1946 was approximately $243,000.

L. Clipical Medicine and Dentistry. - The provision of médical

and dental care and Felated services for both the Clintoh and Hanford
Engineer Works presented numerous difficult and unusual problems.
Clinicel medicine and dentistry at Oak Ridge cohsisted of a mediecal
program attuned to the community needs. Service was planned at first
fquan estimated populatiod of 8-10,000; but, as the projéct grew

it was necessary to adjust the plamned service for estimated popu-
lations of '15,000 to 50,000 and finally IoI: estimated populaf.ion of
72,000. The policy concerning fees, personnel and service necessarily
had to be revised from time to time with the incressing demand. The
type ol medical service rendereq was limited at first to first—-aid
and emergency medical care but was finally 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 Cak

Ridge Health Association was institutéd since it was felt thét such

a plag would insure better medical care, reduce absenteeism, decrease
bookkeeping and be an inducement in recruiting workmen. The plan oper-
?ted under & contract between the Association and the hospital. The
objectivea‘or the plan were to give hosPitaliza£ion and medical cover-
age in‘aa broad a sense as was economically feasible, kembership

was limite& to gov;rnment employees and the personnel of the oper-
ating companies, the charge for a family membership being @L;OO per
month. The Services covered were: 'hospiﬁal service, diagnostic

s . .
service and physicians® services. There were certain services not

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

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

payment plans, The administration of the plan was first under the
direction of Mr. Henry Vaughn and later under Mr. J. H. Stallings.
In an e;aluation of the Cak Ridge Hospital Association it can be
said that this plan offers more benefits to the subscriber than any
aexisting plan. The financial statua is best shown by the fact that
in approximately two years of operation reserves ammunt to about
$80,000.00; but the probéble future of the plan is unpredictable.
An emergency disaster program was established by the medical staff
for use in case of a major disaster which might require medical
participation. The organization of the clinical medical program at
Oak Ridge was first undertaken by the University 3f Hochegter under

authorization by the Machattan District. Later the organigation
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was taken over by the Roane-Anderson Company. Statistics on oper—
etions show an increase from & doctors and 1,890 patients in July -

1943 to 52 dqctora and over 20,000 'patients in July 1945. Following
V=J Day the total population of the area g;-adually decfeased to
approxiuately 42,000 in July 1946; during this period Amy Medical
Corps Physicians ware gradually replaced by 8ivilian physicians
acc'ordin.g to the needs of the community. A dental program was in-—
stiteted iﬁ ccnjuhct.ion with the medical program and was continually
adjusted to the community dentel needs. The policy was to usel

civiiian dentists since procurement of dentists was less critical and
dentists would have no contact with classified material. The dental
facilities were increased from accommodations for two dentists

at first to accommodations for 29 dentists in March 1945 and 25
thereafter. The organization was at first under the direction of

Dr. Don Clawson but was later placed under the direction df Dr. Willisam
Squires. The statistics on operations show an increase from 28 patieate
in July 1943, to 4233 patients in March 1945 and 3609 in July 1945.
On 1 Febiuary 1946 the dental clinic ceased to be operated by Roane-
Anderson Co,; thereafter dentist care was provided oan a private
practice basis. A public health program under the direction of Captain
Bernard Blum was organized in Jahuary 1944, and a veterinary service
was arganjzed under the 'direct.ion of Captain Lloyd Jameson in Augwat 1943.
On 18 December 1945 Captain Blum terminated his Army Service and was
succaeeded by Hr Leon S, Blankenship as puhlic Hsalth ofﬂc?r; Capiain

Lloyd Jamescn was secceeded by Dr. James Kile as Area Veterinarian

on.1 Jamary 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 Works
was divided into two phases, one existing during the construction
pericd and the other during the operations pericd. The comtﬁcﬂon
phase umedical program was instituted to meet .the community needs ;)f
é. temporary community of construction workers J, the policy concerning
personnel, ‘fac‘j.li'ties. and charges being directed by the contractor,-
E. 1. du Poot de Nemamurs and Campany, Inc. " The type of medigal
service rendered began as first-ald and emergency medical work but
rather Quickly developed into full hospital and clinic service; including
an industrial medical relations section as a part of the ¥edical

Division. An interesting feature of the prograc was a plan adcpted to

‘utilize all available manpower by the use of handicapped workmen.

The organization of -the Medical Division was under the supervision

~of Dr. J. M, Wetherhold who in turm was résponaible to the cantractor.

The operating statistics show a maxXimum in perscnnel amd also in

- patients seen”during the months of May through September and—June

sad-July of 1944. A dental program amd a public health service were

also in operation during the constructioan pbase. A ‘breakdown of

the cost of oberationa during the constrmction phase shows a deficit

of $1,724,000. The operations phase medical program, in contradistinction
to the construction phase, was instituted to meet the community needs

of a permanent type of community of a higher type of work;r. The

bolicy, a8 in the case of 'the constz;uctién phase, was undér the

direction of the contractor, E, I. du Pont de Nemurs and Co. T};e

typ-e of medical service rendered was that of a regular hospital




with attached clinics having all specialties available., The organi-'
zation of the medical servive at Richland was under the direction
of Dr. W. D. Norwood, who in turn was responsible to the Assistant
Plant Manager. Operating statistics show an increase in doctors
in general relation to the total population, A dental program was
established in close association with the medical program and was
available in August 194. In January of 1945, the public health
program entaile_d a transier of the Public Health :Sect.ion from Han-
ford to Richland. Aa emergency disaster program was establ ished
:;Ln conjunction with the industrial medical group for operation in
cese of a major ciisast.ar. A breakdown of the cost of operations
during the operations phase shows a total .net. medical cost of
%2,561,158 to July 1 1946.
5. Biologic_amd Health Fhysics Research. - The research

section came as a natural development of the rapid iarogresé of
physical research. The purpose of the research program was to in-
vestigate the pot;,mtia.i damaging effects of uranlum and other radio-
active campounds used, as well as certain special materials which had
bad no previous industrial use, Radiation research was first realigzed
to be necessary by the Univera;lty of Chicago group because of their
vork on the pile process; X-ray amd gamma radiation as well as neutran
radiztion, beta ra.dz;atim, alpha radiation and mixed radiations were
studied thoroughly in both acute and chronic doses. Projectse cover—
ing instrument research were in general interest.edl in the development
of new instmmgnt:a in order fo .copa successfully with the radiation

probleas. Inati_tutiona chosen to work on the instrument problem
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ag well as on radiation research were: the University of Chicago,
Clinton Laboratories and t.he Univergity of Rochester. Hazard re-
search on radioactive substances was a problem of major importance.
In general this work was cencerned with.t.he poasibie damaging effects
of radioactive substances when inhaled, ingested or placeci in co:;tact
:wit.h the skin; and the swstances studied were:  radium, polonium,
pletonium, fission products and uranium. Substances of potential
chemical toxicity such as the fluoracarbons, elemental fiuorine,
etc., ware also studied to prevent possible hazards. Industrial
research concerned itself in general with the new medical aspects,
-such as: monitoring, protective measures and statistical studies.
This type of work was performed at the University of Chicago, Clinton
Labaratories and the University of Rochester. Hecards of research
activities in the various laboratories and nniversitiés werejnain-
tained through the medium of progress reports, copies of which are
on file in the office of the District Medical Saction. The organization
of the Biologic and Health Physics Hesearch Division is divided
into various subgroups responsible to the Mmhattan District. The
subgroups are the Univerﬁit.y of thicago, Clinton Laboratories, the
University of Rochester, the University of California, the National
Cancer Institute, Columbia University, the Biochemical Research Faind~

ation and the University of Washington. Costs for these programs

are not available since they were lumped with costs of other types

‘ of research at the same institutions.

6. Organization. — With the transfer of all OSRD contracts

pertaining to the development of atamic power to the Manhattan
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District it became essential that a well qualified physician

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

Dr. Stafford L. Warren was appointed in the capacity in March

1943. The ariginal tahle of organization for officer personnel

for the Medical Section of the Manhattan District, with subseauent
sem-anmal revisions, is presented in this report. Qualificaticns

of all officers dppointed to the Medical Section were carefully

considered in every case. In arder to commission certain civilian

medical personnel and to make available material procurement

facilities, assistance from the S\ﬁrgeon General's Office was neces—
sary am arrangements for such assistance wers completed in September
1943. These have functioned .remarkably and appreciation for this

service is extended to that office.




" encountered from absorption of other materials developed for use by the

MANHATTAN DISTRICT HISTORY
BOOK I - GENERAL
VOLUME 7 - MEDICAL PROGRAM
SECTION 1 - INTRODOCTION
1-1. General. - The primary oﬂjooﬁ.w of the Mavhatten i)istriot .
wmas to develop and operate prooesses which would male possible the utili-
zation of the tremendous energy aveilable from the splitting of uraniym,

NMumerous unusual medical problemsa were ensountered as a result of the

unique nature of these operations, These difficulties developed, primari-

ly, as a result of the fact that the basio materials were radicaotive

and 1ittle or no toxieity data concerning them were available,
1-2, The Objeotivai. = The objectives of the Manhattan Distriot Med-

ical Program were to fuoilitate the progress of the Projeot by. safeguard-
ing the health of the employees, not only from the hagards inherent in
the peculiar nature of the Distriotis opsrations, but alsy from the usual
industrial mediocal hazards, amd to provide the usual olinical and imbl‘lo
health services required for fhe commmities eatablished at the plant

sites (See App. Al).

1.3, So'ogg.
a, FResearch, - Investigation was required to d_a‘ba'mine what

offeot absorbed uraniom and plutonium compounds wonld have ¢n the human
body; wiat effect absorbfed. pmc}u\?tl of uranjum (fission products from the
pile prooess) and radiocactive p‘rﬁﬁots produced in the actual explosion
of the uranium and plutonium bombs would have; and what hazards might be

Distriot. In addition, although the dangers of work with radium were
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(Par, 1-3)

fairly well known, it was disoovered that the knowledge asoncerning the
maximum safe ezpou_ufoa Yo wmrious radletions was not well-founded, and
that considerable ressarch would be required to establish safe levels with
certainty, A patural oorcllary to these investigations, was research

designed to establish early signs of toxic bffectﬁ from theese materials
or from radiation, and to daﬂllorp specific measures which would be use-~

ful for treating over-exposures,
b, Industriel Hygiene., - Appropriate programs of industrial

hygiene had to be instituted in the planta and laboratories working with
theee unumual materials, Plant medical staffs had to be provided with
th§ information pecessary to the intelligent performence of their dn'blei,
without compromising the security of thw project. Research was required
to devise nfo.u.:s of estimating the degree of hazard and exposure to which -

ths amployees were subjected,
¢¢ Clinical and Publis Health Progrems, - Irn additionm, at

Osk Ridge end Hanford, the locaticms selected for the major operatioms,

mnadical and dental facilities were either unawmilable or already overlosd-

ed with pa.tignt‘a.- In consequence, 1t was necessary to provide the facll-

ities and staff required to render adequate war-time medical and dental

cars, to fulfill essential public health fimetions and the minimun vet-

orinary service neoeded in the area, |

1.4, Authorizallons. - Authority to comstruct and operate the Med-
. leal fucilities of the Menhattan Distriot is provided by the following: |
an, Goeneral, - | ,
{1). Public Law No. 705, - 76th Congress, S5rd Session,

approved 2 July 1940, which authorites the Seorstary of War to provide

1.2




( Par. 1-_49.)

for thé ﬁsoos-:lary oonatmotioﬁ, mimﬁlitation, conversion, installatiom
and operatian of plant and buildings for development, manufacture, and
storage of military equipment and supplies, and for shelter,

(2)s Publio Law No. 354..- ("First War Powers Aot™) 77th

Congress, 1st Session, approved 18 December 1941, which empowsred the
President with certain broad wartime authorities (See Book I, Vol. 1).

(S)e Publio Law No. 580, - 77th Comgreas, 2nd Seasion,

approved 6 June 1942 which provided smendments to Publio Law No. TO3

_above (8ee Book I, Vol, 1).
(4)e Exsoutive Order No. 5001. - dated 27 Deoember 1941,

which delegated to the War Department authority to enter into comtrects

under the "Firet War Powers Aot™ (See Book I, Vol. 1)

b, Smoiﬂo.
(1)s Report of 17 June 1942 to the President of the United

( States by Dr. V. Bush, Director of the Office of Solentifie Research and
ey Development end Dr. J. B, Conant, Chairman of the National Defense Be— .
search Cami‘l_:‘bo;. This report presents the resilts of a study made to
determine the adﬂubility ‘of ocarrying on uhst; later becsme the hnhl.thu.n
ﬂ'if' . Diatri;:t Projeot, the conﬁaqunnu involved, and tho. results attained
(See Book I, Vol, 1),
(2). Delegation of Authority under Executive Ordsr No. 9001,

A memcrandunm dated 30 December 1941 from the Seoretary of War to the Undesr
Secretary of War, whereby the Under Seora'l':ary is delegated the powers pre-
viocusly delegated to the War Depsriment by Exeoutive Order No. 9001 (See
Book I, Vol. 1). ?

(3)e Delegation of Authority by the Undsr Secrstary of War to

- { Major General L, R, Groves, - A memorendum dated 17 April 1944, signed
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“ a (Par,. 1-41?)

by the Under Secretary of War, empowerbd Major General L. R. Groves %o
oxercise contractual powers under Executive Order No., 9001, effective :

1 September 1942 (See Book I, Vol. 1).
(4)s Further Delegation of Authority Under Executive Order

No, 9001l. In & memorandum dated 10 June 1944, Major General L, R. Groves .
delegated to the District Engineer, Manhattan Distriot, suthority to enter
into sontracts for the Manhattan District (See Book I, Vol 1).

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

Group designated by the President of the United States to determine gen~

eral poliocies of the project, in a conference on 23 September 1942 nﬁpoin‘bed

' & Militery Polioy Committee to comaider and plan military policy relating «

o the project axid mamed Major General (then Brig., Gen.) L. B. Groves to
sit with the Comuitbee as Executive Officer to cnrry out the policies that
may be determined (See Book I, Vol. 1)

1.5, Urgenoy. - The problems facing the Medical Soc'l:io:n were in-
tensified by the immediate need for their solution, When the mediocal re-
search programs were started, the materials to be studied were already in
use at least on a laboratory scale, ami,i.n some instances, .on a plant
scale, BSimilarly, throughout the course of llanha.tba.n District 0pomtichs,
the Medical research programs were pressed to keep up with operations,
Likewise, the Industrial Medical Division at its mcepﬂo:i/ was confromted -
with plants and labormtories in operation om unfanslisr mabterials, and
data cdnco:m:lng their toxicity were almost non-existent, Fiﬁal]iy, in the
sites at which it was necessary to provide medical and demtal care, staffs
had to be proaired and services mLuuma cn very short notice. There

was not time to e:l:porimont or shiff persommsl. ‘Medioal servioces had to

~
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be inaugurated with the knowledge that the guallty of professional care
wag exosllent and that its avallability was adequate,

1.6, Effaots of Security. = The nacessity of maintaining the se.

ourity of the Proje_et/ was a mjor factor affecting the District's medical
program. Iuborehanp[ of information betwsen related projects was re-
stricted to the minimm required for intelligent conduot of the individe
ual operations., This faot alone was responsible for great difficulty in
preventing duplicatiom of effort, Likewise, in the di esemipatim of data
from inad:ioal research to oontractors, great care was required to de=
tarmine that the information reached only those individuals entitled to

receive it, The physiocians prooured for medical service at Oak Ridge

were comuissioned in the Amy primarily in the interests of security,

since it wae planned origimally for them to serve the plants as well as
the rest of the commmity. Amy medical officers were melsoted also to

insure that cepable individuals were procured and kept on the Jobe

1-7. Speocial Arrangexsnts with Other Agencies. - Certain special

arraiigenents had Yo be made Yo insure the cooperatimm of other agendcies

‘and to maintain security,

a, Looal Medical and _&nl:al Sooietisa, = The local medical and

dental sooletiss at both Hanford and Osk Ridge were oonsulted and their
approvel obteined on the types of medical and dermtal service being offered,
In addition, fee schediles were dreawn up ;n conformity with the prevail.
ing rates of the commmities, .

b, Procwremsnt and Agsigoment Service, - Fumercus negotiations

wore oomduoted with the Procurement end Assigrment Service for Fhysiocians,

Dentists and Voterinarians. It wes mcessary that thw nationsl offioce and

o
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cortain looal offices of this organitation be advised of the mporba.noe-
and urgency of the Manhetten Distriot opemations in order that procure-
ment of physiciens and dentists from oivilien practice could be facili-
tated, and that retention of men in essexntial oivilian activities of the

Distridt ocould be imaured, The Procurement and Luig,mnbnl: Servioes wms

. found to be most coopsrative and helpful -in the problems with which 1%

wag oconoerned {See App. B7).
0+ State Boards of Dental Exsminers., -~ It was 1m?ouible to

procure a sufficient musber of demtlsts oensed in Tems sses and Wash-
ington to fulfill the needs of the cammmities, In additiom, licenses

to pnc'bice dentistry in both Tennessee and Washington are granted only

by examination and there is no provision in the lew for temporary licensure.
Therefore, arrangaments wore made with tl_:m State Boards of Demtal Exmminers

in thees states to pemit dentists to work on the project until such time

as they ooculd be spared to take the examimation for licensure.

d, State Boards of Medical Exauinsrs, - The arrangement made
with the State Boards of Medicel Examiners in Terme ssoe and Weshington re-
quired that civilian physiclans obtain licemnses by examination or reoi-
procity with the least possible delay after reportirg for worke

oo Universities, Medieal Schools, Biologic Institutes. -

Fegotiations wore contimally carried on with these organigationa to aid

in procurement of personnel and to make mvailable spocinl services and

equipment.

1,6
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SECTION 2 - HAZARDS OF OPERATION
2-1, Normal Industrial Harards, - Mediocal hazards identieal with

those in large oonstruotion progrems, with those inourred in chemical
plants, and with those involved in the use of high- voltage electriocal
equipment, were present in the operations of the ‘Manhattan Distrist,
Sinoe thess activities uro'exo,oed;i.ngly varied and were carried on in

a large mb&r of different plants, the degree amd type of hazard va.ri.o;l '
greatly from place to place, and from time %o time. These risks did not
cuuio eny sl;eo:lal conoern, ‘The contraoctors! medical staffs were well qual-
ified and equipped ‘Eo' deal with problems of the toxiocity of well kmown
chemioals, and to handle industrial aosidents, The Sefety Seoction of

the Manhattan District aided materially the comtractors' safety groups in
aceident pnwrxl;icm; and in establishing safe-handling pmcﬂooi (See

Book I, Vol. 11 - "Safety Progrem®),

2-2,- Hazards of Badioectivity,
8¢ Gemernl, -~ The chief problem confronting the Medical Section
ns;tha proper evaluation of the radiocactivity of the basic materials as

industrial hazards, The importance of proper evaluation of these hazards

-was given impstus by the memory of the dire consequences of improper pre-

cautions in the radium dial painting industry as evidenced by the cases of
redivm poisoning uhi§h ocourred after the last war, The memory of this
tragedy was very vivid in the minds of people, and 1.=ho thoughts of poten~
tial dangers of working in areas where radiation hazards existed were
intensified Becanse the deleterious effects of radiation oou‘ld not be

seen or felt and the results of ovan-u:gosﬁre m:lght not becoms apparent

for lomg periods after such exposurs, It was necessary, therefore, to
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obtain aocurate positive information for the use of contractors! mediocal

staffs on ths toxic effects of radiation and radiocactive materials, to
provide methods for estimating harards, and, whenever possible, to recom-

mend prophylactic measures against over-exposure.

be Radioaoctivity. - First, let us cansider the radiocactive

elements which are encountered in the operstioms of the Manhattan Dis-

“triot, These elements emit alphe and betsa particles and gamma rays

| Neutrons should also be oonsidered but they are produced only under special

conditions,.

(1)e Alpba particles are electrically charged muolei

‘of helium etoms, They are projected from certain radioactive substances
‘ .

with great energy bnf travel only a mlatiwly short distance in air and
are stopped by orbfumely thin layers of solide, When alpha particles
strike human skin they are stopped in ths outer ‘dead layer of oells, and
therefore are i.z_lo-s.pable of oa.ﬁning damage. ;-

A -

(2)e Beta particles are electrons which are projeoted

by certain radicactive substances with greater volooity than alpha part-
loles, snd these particles are more 1:v__o::|nt::-11;11:.gl than alpka partiocles,
They are capable of injuring hmmn skin becauss they pernetrate to the
vital growing layers. IHowover, the akin has marked recuperative power

and a certain amount of beta radiation may be received daily, year after

. year, withat damage oooﬁrring. Since beta particles are stopped in the

skin, they are incapable of directly produeing systemie effects so long
as the partiocles arﬁei from an external souroe (outside the bedy),
(3)s Gamna reys may arise from radiwm and other radioc-

active substances and ars sleotro-megnetic waves which have great pen-

B e
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etrating power, GCerme rays oan pass completely through a human body. |
They can be astopped by lead and other elements of high atomic nmumber,
Since gamma rays and X-rays can pass oom#lotoly through, the body, over-
exposures affeot primarily the most seneitive tissuea, Ccﬁtinued over-
exposure results in damage to the blood forming organs (pﬁnoipally.tho
bone marrow) and the reproduotive cella (testes and ovaries). In the
case of gauma and x-rays, as with beta partiolai, a certain amount of expo-
sure may be inourred day after day and yeer after ywar without harmful
ef‘fea'l:. ' )

(4). Beutrons afv_pa.rtio_lat which have no eleotris charge.
They arise .from the nuclei of atoms under proper conditions, The in-
strmment most commonly ussd haretofore to produce neutrons is the cyslotron.
FNeutrons like gamma rays oan penetrate the entire body, and the effects
of over-exposure are identical with those of gsmma rays, However, the
biological effects resulting fram ionisation by fast mj.rbi-ona AT® ap-
?mximtaly three ﬁ-.MS as gre.o.t'aa those produced by the same amount of
gamma rays, | ‘

¢e FRadiocactive Substanoces, - Sscondly, work with radi o~

active substances presents certain problems in eddition to the extermal
radiation which was discussed above. Thess radicactive substancas may

be inadvertently inmtroduced iuto the body by inhalation and ingestiom

m;d skin absorption and thus deposited in the body tissuss, Once de-
posited, alpha, beta, or gamma radiation l;a.y prnduo; untoward effects

on the tissues, Llso, concentrations of scme of these mubstances which
have a nla.ti.vely low radicactivity may produce toxic eoffects on the budy

from a chemiocal standpoint. The imporbant toxic radioactive elements are:
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(1) Padium, - The toxic effeots of absorbed radium were
well mown. Only & fraction (perhaps 10 per ocent) of the absorbed mater-:
ial ia ;:lepoaited, but the bulk of that fraction enters the bone., When an
excessive amount is deposited, the wnforbunate individual, afber a mumber
of years, may osase to produoe blood cells (n.lpast.io anemia} and sucoumb, |
In some instances, neorosis (rotting of the bone) also has ocourred, In
a fow oa.ieu bone oancers and a conditionm known as leukemim (an over-
prodnotion of white blood cells), also a fatal process, have ooourred.

Fortunately, sufficlent date have been aoswmuleted on radimm to es-
tablish the maximm a.llo-n‘ble dosage, which produces no significant bio-
logical offect, In addition, relatively sasy, accurate methods are avail-
able for determining the amounmt of rnd:';.m in the body, providing a posi-
tive oontrol for workmen exposed to the substance, (One method measures the
radom gas fom.e.d from md:h'.;m, which is exoreted in the breath; the other
method depends upon. the mdicactivity in an individnal's body a.; a result
of the redium dsposited,) '

" fhe fact that thess data wore available on radium was excoedingly
useful to the Medioal Seotlon, for by ounpn.ring.thp relative energies of
other substances with radiumm, it was possible tv estimats "maximm
allowable storage" which could be permitted without danger to the in-
dividual, _

(2). m - Thi; substance is a gas and is produced .
when & radium atom breaks up with the ejection of an alpha partiocle,

Fadon, like. its parent element ndiu: iz radicactivs and ‘is capable of em-

1tting alpha particles, The daughter pmdua.t_s of radon emit beta partioles |

and gamma rays, so that all three types of radiation are present, sinoe

Z2o%
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there are usually daughter elensuts in oqui..libriun with rmdon. If this
gas is inhaled in a suffiocient concentration and for a sufficiently long
poriod,: the lungs may be damaged by the alpha mmdiatiom,

(3). Poloniup, = It is known that radimm spontansously
dinintagfp.tol and pew.substances are formed which in turn deoay until tho

final stable residue of lead is reesohed. Polonium is a decay product of

_ radium and 18 ane of the substances which emit alpha partioles and yet

havu no radioactive decay products, It has been shown that when polonium
1s injected inmto rats, it is deposited in the greatest quaztity in the .
kidneys and in lmller quantities in the spleen, in tha testes (reproductive
organs) and in ths bones, If enough polonium is 1njeo+.od, death will en-
sua due to toxric damage of these vital tissues, ]

(4). Flutonium, - The "Pils Process” transforms Uranium 258
ints plubonium, which has an atomio ire'ight of 239 and en atomic mmber of
94, This traneformation is accomplished by bambarding U-238 with newtrons
in a manner desoribed later in this report (See Par, 3-12, b). The
potential hazard involved in the handling of fslutonim is probably quite
similar ‘to radium. This substance, like radium, shows a pndileefion for
deposition in the bony tlssues with the attendant effocts wtlinoﬁlundsr
radium, There are, however, some important differences, Plutonium is
approximately one-tenth as toxio as radium when it is permanently stored
in the bons, -Tho rate of elimination of absorbed plutonium is less rapid
than that of radium, and, therefore, s larger proportion of absorbed

plutonium tends to bdeooms pemeanently stored than in the case or'r;d:lm. -

R

(5). Fini.on Produots. - In the i.ndustrla.l prodnotion of

plutonium and in ths atomio disintegration of plutonium or 0‘235 many.

s -
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radiosotive substances ars produced. These substances are known as
fission ﬁmduats and intenaive research workk on animals has mwal;d
that these fission produa'l';s are potentially toxic agents because of their
mmdiocactivity.

{8)e Uranium, - In addition to its madioactive propsrties,
uranium has baen known for many years to be-a lubshnoo ‘capable of pro-
duocing damage to the kidneys, and has been used frequently to produce a
typo of oxporimn‘l:al nephritis in &n.imls similar to that produced by
meroury. S-t,udioa on suoch ura.niun nophri.ﬂa in dogs have proved invaluabls -

in the ocontrol and treatment of the later stages of human nephritis in

which large amounts of protein are loat im the urine, Industrially, wraniwm

compounds have been produced om a limited m;a.le as ooloring matter for the
ceramics industry; and also have been encountsred as & by-product in the
refining of pitoh-blends ore %o produce redium, C;:vn.;omnua with physiclans
who had medisal supervision over psrsons working with uraniwm, indicated
that toﬁo effsots had not bean observed by them (Ses App. nz"). However,

the Manhattan District opsretions involving urenium were on a far larger

scale 'l:hnn any previ.oualy carried on, and water soluble compounds (which

.might be absorbed much more readily) were uud. Cousequently, 1t was con-

sidervd possiblé for workmen to develop irritation of the kidneys if ex-
cessive ezﬁo_auras to uranium were emacuntered, and also, although consider-
ably more remots, to store sufficient urenimn to have toxio effacts from the
mdicactivity of the material,

2-3, Chemical Eazards, = There were a mmber of chemical substances S

used in the industrial operations of the llnnln.ttan District which were not
of a radioactive mature, Some of thess substances were well kmomn industrisl-

ly; others were entirely nsw, Same of the well known chemicals, however,
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were used on a much larger soale than ever before, Some of the more im-

portant substances will be commented upon briefly,
a, Gnansgesn,

(1)¢ Fluorine and Hydrogen Fluoride. Hydrogen fluoride

or hydrofluorio 8014 has besn widely used imdnstrially. Fluorine, on

the other hand, was a laboratory curlosity.. Both were used by the Man-
hattan Distriot on & large soale in .the preparation of special ocmpounds
of uranium and in the preparation of a series of special lubricant oom-
pounds, known as ttp- fluorooarbons, which will be d:l.llousud latsr (See
Par 2-3, b (1)), The hazard from fluorine is primarily that of a chemioxl
burn, whioh oan produce death with suffiolemt exposure. The hasard from
hydrogen fluoride is the marked corrosive effect the acid has an body
tissues., This is partioularly insidious because there 1s a latosz period
before there is perception of pain, It is stated that 50 parts of hy"dm-

gon fluoride per million parts of air will be extremsly dangerous if in-

haled for an extsnded period of time,

(2)e Phosgens, ~ This is a well known poison gaa which was
uud durl.ng World War I, and in the Manhattan Distriot i.ndnstr!.nl operl-
tions cccurs as a side-product in the prepnro.tion of speoial .uranium
tetrachloride., Phosgens produces a 'donsiaﬂn,g effect on Jung tissue
if inhaled in toxic concentrations, It i3 estmﬁd that if a person
should be p_loa;.?od in an atmosphere which contains one part of phosgene in
10,000 parts of air for two minutes, death would ensue,

(3). Carbon-Ménoxide. - This indnstrial hasard occurs to a

very limited extent in same of the processes. However, control of other

toxio elements by vemtilation aoccomplishes econtrol of this gas as well,

Mmm e 4B eeam et o ————
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Hence as a speoial speoific hazard no oontrol measures are dirsoted toward

(Par, 2-8)

it.

b. Lisuidl.
(1)« Fluorcoarbons., - These compounds are oomposed of

fluorime and carbon and are primarily ua"ad as l‘ubrionuba and ooolants by
the Manhattan District, .These oomi:oundn (CTFIG, 081?16’ Coy F“) wore
found to be moderately toxio to animals upon inhalation, but some of the
intermediate products formed in the production of thess compounds were
found to be toxio to -anigno.la in concentrations verying from 70-500 parts
per million parts of air, The animals exposed to toxio concentrations of

these intermediate produots of the fluorvoarbons died apparently as a

L3

~result of respixﬁtory failure,
(2)s Triochlorethylens. = This substance is primarily used

as a gresse solvent in the Manhattan Distriot. Trichlorethylene is olassi-
fied as a narcotic poison and ohronic intoxication supposedly produces Y
damaging effect upon the central nervous system. '

ce Solids,
(1). Metallio Beryllium. - This substance has been used in

industry and 1s oapable of producing marked damage to lung tissus if inhaled
as a dust, Enough information about the caﬁbea and prevention of'boi-yl-
1ium polisoning was available so that no research work was carried ocut with

this substance,
(2). Metallio Cadmium. - This substance is ussd by the Man-

hattan D_i.stridt because of li:l:s"e‘fﬁoi;mcy es & neutron absorber, A few

fatalities as a result of over-exposure to cadmium, in industrial @é_n'l:iahﬂ-= .

other than Manhattan District, have been reparted previously. Safety Pro=

ok TN
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(’ cadures were set by ths Marhattan District so that the harard from cad-

mium was only of & very minor nmature,

(3)e Metallic Nickel., — This substanoce is kﬁmm &g & hazard

in industry primarily beoause of its potentiality as a ekin irritant. o

With this substance alao, safety procedures wers so set up by the Man-

hattan District thet the hazard from nickel was only of a very minor mature.
2.4. Tolerance Lavels for Various Hasardous Materisla. | |

s, Gensral. — The materials dlzomsased ,g.'bo_'vo were used on a
vast industrial acale by tfe Manhatten Distriot and many people were en-

gaged in this work. It was obvicusly imperative, therefore, to learn sbout

the degree and mature of the toxiclty of these substances so that a de-
finite industrial hasard policy could be established which would insure s
maximm factor of ufat;v,r to the pec;pla working with these subshmes. De-

- finite values for the maximm allovsblo gxposures or tolerance to those
materials had to be established to foilitate efficient over-all operstion.

e ‘ (Thc terns “maximum allowable qxposun or comoentration® or “tolerance”

will be used intershangsably in this disoussion end the term "tolerance”

in this case will not refer to ﬁm definition proposed- in pharﬁaﬁqiogic;l. )

texts,) The radicactivity of these potentially toxic substances wes
therefore thoroughly investigated, their shemical properties were studied
and the effects of these warlous toris ageuts were evaluated inm carefully
controlled arimal experiments, It was as a result of this o:;'ian'bation
progrur that the degree of toxioity of thess substances folr ths warious

animal spscies was arrived at, Toxlcity in man was estimated from auoh

N g e g

data and from previously established toxicological information, and arbi-

trary tolerance values wers fntroduced which would offer s maximm factor ,

C -
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of safaty to the employess of 'I:.lu Manhattan District engaged in industrial
operation and research work. | |

The following is a bris? outline of the arbitrary toleranse values
whioh nfe. established. These walues, espacially those pertaining to the
radicactive mmterials for whioch meagre background date were awvaileble,
wore subject to constant checks and revisione as more information was

gathored through research and expsrience,
b. Tolerance Levels for Various Types of Badiation.

(1). Total Body Irradiation, - The probable safe level for

exposure to radimtion for a person amplo;}ed over an indaﬁnite period was
set at 0,1 roentgen units of gamma or beta partiole .radiation in any twenty-
four hour period. This walue was established by the U. S, Bureau of Stand-
erds in 1937 end was adopted by the Manhattan District (See App. B1),

(fhe roenmtgen 1s used as & measure of radiation and is defined .es a

quantity of x-ray or garma radiation such that the assceiated corpnscuia.r

emission, for ome oubisc centimeter (0.001293 grams) of air, produces in

that air ione carrying one electrostatic unit of eleotricity of either sign,)

(2). Alpha Radiation. = The tolerence valus for slpha part-

iole radiation fram an alpha emitting substance capabls of being deposit-

. ed in body tissue was established as 0,025 roentgens (physiocal oqﬁimlent)

per twenty-four hour day,
(3), Beta Badiation, - The safe 1imit of beta radiation

for .thp 'l.)ody as.a whole has besn set at 0,1 roentgen per twenty-four hour
day, and the figure set for beta radiation on the lund; only h.nu.boen
established at 0,6 roentgen units per twenty-four hour dey,

(4)+ Neutron Rndini:ion. = The biological effects resulting

4
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from fast neutrons l;o.s been shown by experiments to be from two or tem .

_ times as great as that of the samme a.n;smmt of radiation produced by x-ray,
For ionization in body tissue, a faotor of 3‘:; is probably ample as meas-
ured in roentgen equivalent physical, and 0,025 ;'oéntgons (physical
equivalent) per twenty-four hours might be taken as a tolermnce dose,

(5)¢ X-rays or Comma Rays. - The Fationmal Bureau of |

st;.pdards, acting upon the advioce of the Advisory Committee on Xeray and
Radium Proteotion, has establizhed the tolersnce dose for x or gmmma rays
of 0,1 roentgens per twenty-four hours. The committee recommended the

tolerance dose of O,]1 roentgen per day as provisional, and it is advisable

to apply generous aa..t‘et.y factors to prevent exposure even at this level,
For this reasca, it has been deemed advisable to build in protective
measures in fixed installations ‘so as to have the intemsity such that tb.e
operating pérsomel working on 8 hour day get no more than 0,1 roentgen

( in any twenty-four hour day, giving a safety factor of 3 in this oase,
o o. Tolerance Comoentrations for Radiomotive Substances in Air. .

(1), Baden, - The tolerance level of radon in air has

10 curies per liter of air, (curie is a unit of"

been established as 10~
radium emanation from, or the amount of radon equivi.]_.ont to, .one gram of
radium,) This value was based on the New York State Code for Radium Dial
Painters established in 1939, This limit represents one~tenth of the ex~
posures that was thought to have produced harmful effeocts on psople working
in the mines of Czeohoslovakia (See App. Bl),
(2), Polonium, ~ The maximum allowsble concentration of

. this material has not been doﬁniﬁly established but & provisiomal level

of 5 x 1074 miorograms per cubio meter in air has bo;n set. This figure

=t was arrived at after extensive animal experimentation,

1T
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(3)e Plutonium. - 4 tolerence limit of $.5x10™ curies of
Plutonium per 1iter of air was used for the Manhattan District, This figure
was based on extensive computation and comparison with radium and other
substances which emit alpha particles. The maximm allowable air concen-

tration has not been clearly established
(4)s Fission Products, - It is very difficult to establishk

tolerance walues f?r thoao. subaﬁ.noos, but an nrbitnry valus for the
mizxed fission produots .h.u been set at ons to ten miorocuries per cublic
meter of sir. (One microcurle is eéuu.l to one millionth of a'ourlo.)

(6)e Uranium, = The tolerance value for unnim which was
accepted for the Manhattan District industrial opomtiona ha.s bean set nt
150 micrograms per cubie meter of air, This is also ths tolerance wvalue
arbitrarily established for lead by the Un.‘l.i.:-od States Public Health Servioce.
No oconclusive dats was awvailable on the toxi.oity of uranium prior to the
start of the Manhattan Dietrict, and the above mentioned tolerance level
was, on the best anthority, applied to uranium p.nmg the pm:qmrl: of
furtber data through research and experience, o

d, Tolersanoe Levels of Radiosctive Material in Body Tissues, -

It is obvious that people working with these radicactive
substanoes would insdvertently ingest and inhale these substances to some
degres, It w'nl necessary, therefore, as an additional precauntionary
moa.sure, to monitor the persmml to ma.l:e certain that they hnd not accwm-

lated more than the m::imnn allmble concentration of theae tmbshnoas in

« their body tissues, Tolerance levels fb_r absorbed guantities-of these radio-

active materials ware therefore derived from animal experimentation and ex-

trapolation from those valuss to man and also from pmﬁously npomd .

..
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oxperinental work found in the nntmm. The tolerance levels establish-
ed for these substances are:

(1). Radium, - A tolerance 1limit of 0.1 miorogram of
radium stored in the body as established by the U. S. Publio Health
Service in 1941 was adopted by the Menhattan District (See App. B 1).

- (2). Polonium, « A tolerance limit of .15 micrograms

of polonium stored in the body was sstablished as a result of animal ex-
perimsptation and e campariscm of the radicsoctive ensrgy of this compound
with radium, '

(3). Plut;:_nium'. - The tolerance value for plutonium (1.0
nicrograms stored) was derived in a manmner similar to that of polonium,
It is osﬁabliahod that plutorium ie about 1/10 as toxic a# radium vhen de-

posited in the body.
(4). Fiseion Products, - Tolerance levels for fission

products deposited in t.issuo have not been established experimentally,
but it is possible to calculate the maximum allowable concentration by
converting available -da.h. on TX-reys, gsmna rays, ani alpha radlation from
radiuz into comparable energy limits taking ~i.n1:o consideration the dis.
tribution of the individual fiesion products after absorption.

o, Tolerance Levels 31: Radiocactive Substances 3_13 Urine, =

Since it is obviously impossible to amlyse human tissues for the amount
of radiocactive substanoces present, indirect methods had to be employed to
estimate the pm‘!;l'ble emounts of these substances whick were present in
body tissus. It is known that radicactive materials are excreted in the
urine. A tolersnce velue for urinmary exoretion has been established only
in the oass of polonium, The urimary oxorc;lé:»n tolerance ﬁlm for the

other redioactive materials are still under inmvestigation, and mo definite
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figures have bdeen established., The tolerence value for urinary exoretion
of polonium has been gset at 5,000 disintegrations per minute in the total
urine exoreted per day, (The uss of disintegrations per umit of time is a
method for dot«_am.tning vory small amounts of radicaotive substances. EBach -
diuint;gntlon 1s due to the radicactive disruption of an aton'm the
number of disintegratious per unlt of time 1s & relative measure of the

amount of total radiocaotive material presenmt.)
f. Tolorance Levels in Air for Chemical Hagards. - There are

a number of substances which are hporhn‘h as industrial hasards in the
operation of_thb Manhattan Distriot, btut their potential danger is in the
form of ohemiocal toxrioclty., Ths tolerance values for these substances will

be mentionsd bhriefly.

(1), Gases: Maximm All¢wable Concentration
(a)e FiQufrine 1 part per million parts of eir,

as ostablished by application of
data gained on exposure of animals
to ocontrolled atmosphsres of this

g8,

S parts-per'miliion parts of air,
the level sat by the American
Standards Association and sdopted
by the Manhattan Districk.

(b). Hydrogen Fluoride

(0)e Phoigcno _
1 part psr million parts of air,

the level set by the Chemifoal
Warfare Servioes as a safe concons
tration for troops.

(2), Liquids: _
a)s Fluorocarbons: The toleraunce levels for these sub-

stances (°7F16, GBFIG, Cz1Fyeq) wore established after a series of animal

eiperiments, The term foreshaot is used to desigiate the fraction of &
substance on which fractiomal distillation passes through the column first

(1ow boiling point) prior to the collection of the desired material, Crude

refors to the material after chemical preparation but before dietillation
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has taken place, Same of the available tolerance values established are

1isted belows _
CoFr-1 250 parts per miliion parts of air
CgFyg=2 Foreshot 70 parts per mlllion parts of air
chls‘z. ' 300 n L) L] " -] L]
| CgFqq- Crude 50 " " " "« = .
C;F;q Foreshot 100 ° | " @« & ®m ®

(b)e Trichlorethylens. = The maximum allowable sonoentration

for this substance ias been established by the State of Massachusetts as
200 perts per million parts of air, anmd this figure has besn adopted by

the Manhattan District,

(). Chloroform and Carbon Tetrachloride, - The maximum

have
allowable concentrations of these substances has been set at 300 parts

per million parts of air. This figure bas been adoptsd by the Marhattan
Metrict, '
(3). Motals.

R Ba:x. 11ium, - ¥o tolerance valus has been set for this
substa.n;:a, but the .oxisting information on the causes and prevention of
polaoning in the manufasture of berylliwu is c;uiu adoquate from & prac-
tieal sta.ndpoi.nt. Beryllium is controlled by the prawntion of inhala-
tlon exposure to fumes during processing. Should exposure occour with the
appearance of an initial shortness of breath, removal of the individual for
a period of several months will effect camplete ocurv, _

(b). Cadmium. - The tolerance level for this matsrisl

‘has been sot as 1 mgm, of oadmium per.term cubi¢ meters of air. This ia the

§
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concentration on cadmium as set by the Amsriean Standards Asscoistion and

adopted by the Distriot,
2-5. JMothods and Instruments for Estimating Hasards, -

"a.. Gonerml. — it was obvicusly imperative to have mathods
and propsr instruments to evaluate the degres of hazard involved in wrl:-
ing with these potentially toxio materials. As a result of intensive -
research, such methods end instrumenta were dnvaiopsd sand oconstructed,

b. Radioactivity. - First, the methods and instruments

developed for the evalmticm of radicactivity such as alpha, beta, gamma,
or x~ray, and neutron mdistion will bs oonsidered, Three general types

of 1nstﬁm’outu_ are used in survey and monitoring mﬂﬁ with radiocaotive

emanations, Thess are:

(1)s Counter Instruments. These instruments coumt indi-

vidual partioles emitted by a redioaotive element (Ses App. C 1),
 (2)s Electrostatioc Indicators. - This type of instrument

does mot respond to the individual radicactive particles but averages or
integrates the sffects of the total number of ptﬂ:iolsu by the ollhnrgo pro-
duo;d by lonizing a fixed volume of air (Ses App. C 2). '

(5). - Vaouum Tube Blectrometers - This type of ﬁ;fm'ﬁt

is similar to the Eleotrostatic Indiocators but the current produced by
fonization in a fixed volums of air is amplified and indicated on a mster,

(See App. C 3).
o. Monitoring Methods, - Five special monitoring methods which ..

me;sum the degree of radiation received by sach individual dhould be

mentioned, The firat three methods are meohanical de;v‘.iou r.ﬁ_ioh nol.sure

the total degree of radiation to which a person 1s exposed, Iheul.ns
(1)» Film Badges. - .For detarmining the amount of rméis-
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[finger-print ridges. In order to take advantage of this early sign of ro.dio-

(Par, 2a5¢)

tion received by a person in a given period of time, a apeoclial badge
oontaining x-ray film i1s worn. These films are developad, and by measure-
ment of calibration ocurves the total radiation received over a given period

is determined (See App. C 4).
(2)e Penoil Chambers, ~ These instruments are small

pooket meters in the form of a pencil or psn and are worn in a pookst and
measure the degree of radiation recelived by & person over a glven perlo& .’
of time (Ses App. C 5)s Prior to use, the quartz fibre emslosed in the
chanber is given a calibrated eleoctrioal oharge ‘rhi.ol_: 1t retains in.
defini tely, However, on exposurs to ganma and x-rays the fonisaticn so
induoted causes a discharge of this oharge on the fibre directly propor-
tional to the amount of radiation received, and oan be measured in a wariety
of teohnioal mannars, _ ' "
(3), Finger Rings, - To determine the amount of radis-
tion received by the hands of the e:‘nployaec in specifie cperations invaly-
ing possible exposure to beta rays, finger rings with x-ray film inserts
are used, Thess films are developed and ocalibrated to indicate radiation
received in a given period of time (See App. G 6).
The other two methods utilise early ohanges in ths human
body when ‘bhsr"a has been e:potura'to rediocactive materials, Thess are;

(4)e Fingsrprints, - Through research activity, it was

determined that ons of the sarliest indications of damage to the hands of

-

persons handling radicactive materials was & noticeable changs in the

LA e e gt e

tion damage, & program of securing periodie wax impressions dfl_:’d;iioged '

employees' fingers was established (See Aﬁf. c7)e.
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(5). Blood Coumts, = It his been definitely established

that blood-forming organs (bone marrow) are sensitive to radiation, and
their function is easily dersnged by owru-axpos;xru to radioactive mater-
ial, This 1is reflected when the blood cells in the peripheral blood are
counted.and exanined., Frequsnt poriodi.o blood counts were thoref&m taken
on all empioyuu engagod in work with radiocactive materials, - This pro- h
cedure served as & valuable early means of warning when any person might
.be gotti\.ng more than the mthm allowable exposures to radiocaotive
materials. | - _

d. Padioactive Dust Momitoring. - It was essemtial, also, to

establish monitoring methods for radioactive dust measurements on urenium, .
plu'tonim, and polonium, The amount of radicactive ;luat' in the air is
detsrmined by a Mine Safety Appliance Company Smrﬂ Elaotms_tatin
lﬂé;;pitator or a' device of similar design, A volume of air is drawn
through the precipitator and the dust i- eleotrically presipitated on a
metal foil, The mativity of the preocipitate is then determined by a Der-
schen eleétmmtor or other radiation measuring davios (App. € 8).

e Urims and Breath Samples. - As was pointed out previously,

the people engaged in work with the radicactive materials will imadvertent-
ly ingest and inhale these substances in spite of all careful precautions,

It was therefore essential to keep careful surveillance at periodio inter-

“wvals of the people engaged in this work, This was acoomplished in the

following mammer: _ .
(1), Urine, = It is wll known that the redioactive mater-

ials such as uranium, plutonium, and polonium, are exoreted in the nr.tnu,‘

and by measuring the radicactivity of the uripa uid by speolal caloula~
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tions, a rough approximation of the mmount of radicactive material ab-
sorbed and stored in the body tissues can be derived, It should also

be pointed out that early chemioal toxicity of uranium can be detected

by periodio examinations of the urine, As was shown previously, u_mniun
and its compounds are a potential nephrotoxio .(kidnpy damaging) agent,

and the du;u.go done to the kidneys will be reflected in the urine exoreted,

Likewise fluorine is exoreted in sxcessive amounts after exposure to the gas or

to fluorine oompounds, The periodic urins examinations of all persons
exposed to ursnium and its compounds as well as fluorine and its ompbtmdl
was therefore inocorporated as part of the Manhattan Distrioct safety pro-

gram, .

(2)s Breath Samples, - The exhaled air of workmem en-

gaged in work with radium will contain a por{:ion of this radiocactive
material as the 5Is,s, radon, Samples of this exhaled eir are ;:ollaotod in
ova.cus'l;od containers, By ma.uur.ing the radiocaoctivity of thsao. air samples
the spproximate amount of radium deposited in the body may be ealouut;d.

2-6, Instruments and Methods for Chemical Hazard Monitoring. -

Lastly, the msthods and ;..x':strtmonts used for estimating the hazards due to
substances which are dangsrous beoause of their potentisl chemical
toxiolty should be mentionsd,

8e Fluorine Detection., - To ascertain the presence of fluo-

rine and hydrogen fluoride in air which is breathed, a "Fluoride Detector"
is used (App, C 9). This instrment oon;lsta of a vacuum pump equipped
with dye-impregmated filter papsr., As air is pulled through the filter, a
qmtih.tivo _1ndioation of fluorine content {s given by change in color ‘

of the filter paper,

b. , Phosgens Detsotion. - The human sense of smell is the best
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method for phosgene deteotion but ths M-9, the Stamdard Chemical Warfare
Kit for Deteotlon of Toxio Cases, 1s employsd in all operautions where
there 18 & possibility of hazardous phosgens ooncentrations (Apps C 10).
The principle of the kit is similar to that method for fluorine detection
dogoﬂbod above, - In place of filter paper used above, a colloidal gel
is employed whioi: ohanges color 1f phosgene is present in the air,

0. Solvent Detection., -~ The Halide Lamp is used for the

dstection of .hn.urdoua consentrations of such agents as trichlorethylens
and such matarials as fluorine, ohlorins, and bromine (App. C 11).

2-7. Conolusion, - It was through a thorough and complete under-
standirg of the haczards of operatioms with the mtoria.l; discussed, the
possession of proper instruments, and estimation of the degree of hazard

that the Menhattan District was able to provide a maximm factor of

safoty to its employwes,




CSECYIUN 3 ~ TiwUsinlal L EDICINE

3-1. Generai. - The Division of Industrizl Kedicine of the
Medical Section was formed to eid kKanhattan District contractofs in
establishing programs of industrial hygiene sppropriate for the
peculiar hazards encountered. This Division, acting in a staff
capacity through the Area Engineers, recomuended schedules cf phys-
ical and_laboratory‘examinations of employees, recommended messures
to determine the amount of taxic substances and rgdiation present in
plant operations, §nd reviewed the results of these procedures to as-
certain vhether or not chanyes in.the process ¢r work rdutine‘would
be recuirea to prcteet the worisen. In adiiticn, the Divisicn was re-
sponsilble Tfor trensmitiing useful inforueticn froi the edicil re—
sezrch rre reng to the sentractors, znd for meking the azeds of the
induystrial concerns known to the researecl: groups,

3-2. Scope of Activities. - The medical programs recormended

wvere varied in scope depending upcn the type‘of hazard present. Eﬁ-
tent of supervision varied from occasional cursory inspection, té'_
full—trme assignment of a medicel officer to the operatiorn. In gen-
eral, close supervisicn was extended to those projects in which the
Governtent was financielly responsible for all cdsts of the cperation.
Those contractors who were perfciming their.usual work received regu-
larly énly casuel supervision, but the cocplete facilities of the
Division were available on recuest.

3-3. Industrial Hygiene Laboratory. -~ A laboratory, equigpgd

to perform the special and unusual analyses necessary to control the




occupatione]l hazards of District operations, wus instituted at the
University of Rochester znd supervised by the Division of Industrial
Eedicine (See Par. 5-8 d). Included in its activities were dust
counta for radiocactive material, air gnaiyses for radon, film monj-
toring (use of x-ray film to measure radiation), analyses of urine
for uranium and fluorine, and radiation'measurements by instruments.
3-4.° Relationshir to Other Health-Physics Groups. — The Divi-
sion of Industrial Medicine was responsible for medical supervision

_of. all District contractors operating on cost-plus-fixed-fee con-

tracts. However, all of the concerns listed telow were under the
immeaiate supervision of Dr. Robert S. Stone and his associates in
the health program of the Lstallurgical Lsboratory. The Chief of

the Liedical Section personally determined that the activities of

- this group were appropfiate.. The concerns listed are:

a. kKetallurgical Laboratory, University of Chicago
b. Clinton Laboratories (University of Chicago)
c. Hanford Engineer wWorks (du Pormt)

d. Other subcontractors of the University of Chicago end

M

of du Pont doing work related to Hanford Engineer Works.

3-5. MNew York Safety Committee. - A coamittee was formed by

engineers of the Kellax (crporation, assisted by a medical officer
frow the Industrial Divisien, to.writa a seriés of bulletins con-
taining_apprqved safe-handling methods and first—-aid procedures for
work with fluoﬁ.né,‘ uraninm hexafluoride, hydroflucric acid, tri-
chlorethylené, snd other agenfs uged In cleaﬁing,procedures (See

App. B 3). Thése manuals were written originally for the use of

[



employees of Kellex and its subcoutrccteors, but in time became

stendard ‘reference works for District operatibns using ﬂhese sub-

atances.,

3-6." Qrganization. - The functions of this Division were

originally carried on by Lt. Col., H. L. Friedell. The responsi~
B;;ities were delegated to Major John L. Ferry during Kay 1943,
Kajor Ferry wss assisted By Lt. R. A. Tybout, who supervised the
indnstrial hyglene laboratory; by Captain Jue N. Howland, who super-
vised the cantracts of the kadison Sguare and New York Areas, from

1 July 1944, to 15 Eﬁrch 1945, and was replaced 15 March 1945 by

Ceptain Burtis J. Mears; by Captain Fred Bry_,a.ri who became Assistant

Division Head 15 Yarch 1945; by Captain B. S. Wolf, liaison officer

and roentgenologist fo;_the electromagnetic process (1 August 1944
to 1 April 1945), *ho later wzs operations medical consultant to the
polonium production plant; by Captain B. M. Brundage, liaison o{-
ficer for the gas and thermal diffusion processes; and by Captain
L. Jaffe and 1t. E. . Frank, liaison officer and roentgenologist
respectively at the electromagnetic process plant, following reas-
siglmuent of Captain w#olf (app. C 12). . During the first six months
of 1946, there were maﬁy changes in personnel of the Iﬁdustrial

¥edical Section. This resulted frog both army diséharges and QOperation

Crossroads. By June 30, 1946, Capt, B. S. Wolf was in charge of

Industriul Medicine for the Dayton and New York Areas and Capt.

William R. Clarkson, reassigned from the Oak Ridge Hospital Staff, to
supervise industrial Medicine in Cak Ridge.

3-7. Uranium Processing and Special Chemicals.
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a. General. - As pnysical research on the vericus methods

of separation of uranium 235 progressed, it baecane necessary .to expand

the program of procurement of ore and processiug materials at an

exceedingly, rapid rate. No longer qould the small, limited auf:ply'
organizations engage;i in manufacture of the various salts and oxides
produce adequate amounts of material to meet even the wost limited
scientific needs. Hence the establishment of a procurement facility
was lmperative, to coordinate and an-tic_ipaté the needs of the experi-
mental ia'borat;oriea; to extend various types ‘of ;;rpceSsi_ng reséa.rch;.
and to construet improved j:rocesaing and pilot plants of various ‘typea
for specific phases of the w.rk, in addition P supplying standard
mat;u"ials. for use of the District. The Kadison Square Area was est.‘a.b-
lished to serve such a purpose. Its operations are deacribed in
Book VIT - Feed Materials.

Medical work carried out in this phase of the program con=
cerned itself only with the hazards which might be incurred béc'aus_e
of exposure to uranium and its various compounds, from 'crude ore 'fo _
the finished product, plus the new special materials such as vfluorine ‘
and the fluorocarbons which were to be use.d in various steps of the -
processes. Medical prograws were initiat.ed in all areas, the scope
and extent of such programs depending on the typal aof haz‘a._rd present.
In many piants wﬁere the operations involved constituted those with
which the management was familiar from long experience, only cursory
supervision was. exterded. The Medical Section daid nqt ix;terfbre w.it.h |
the normal industrial hygiene programs of such installations but

served in an a.dvisory'"ca.pacity only. Because of the need. for security
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in &1l operaticns the Ledicel anc Safet; Jepartaents of the verious
plants could not be sufficiently well informed .n the special hazards

due to these corpounds. Hence ccnstant lizison between Medical and

"Safety Sections was encouraged. Their coordinated efforts resulted

in efficient protection of the workers with the least possible inter-~

ference with the plant producticn.

b, Uranium Processirg and its Hazards.

(1} The Crude Ore.

(a) Proceqs. - Uranium exists ir its nztural
stzte in the chémical form of the black oxide (U30g), cocbined with

a variety of other substances such as silicon and the like. The con-
centration of this cxide varies fm—_-fifty to eighty per cent in the
very rich ores (for example, African pitckblense) to only trace amounts
found in earths almest universally. However, the ores used by the
District in proceésing were of the highest uranium content available

and ranged from about two per cent to approximately eighty-per cent

in content. When uranium exists in its natural state it is alwaya

accompanied by its daughter in the radioactive series, radium. There-

fore, in addition to the hazard present froz the uranium, handling of °

ore subjects the worker to radiuc as well,’

(b) Contraciors. -~ Uranium ore was hazndled in
tre following installations in the United States: (kct included was

the El Dorado site in Canada)
(l) U. 5. Vanadiuz, Vanadium Corporation

of america, Uravan, Durango, Naturita and Grand Junction, Colorado.
2 ) )

(Per. 3-1)
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(2) kiddlesex iarehcuse, liddlesex, New

Jersey.

(3) Vitro kanufacturing Co., Canonsburg,

Pennsylvania.

(4) Linde Ceramics Plant, Tonawanda, New York.

(¢) Hazards. - The hazards related to uranium
and its daughter, radium,are of two general types; those caused by
radiation'of various types from these metals, and those related to
direct toxic or poisonous actio:.;l of a cherdcal nature con cer-t.ain organs

or tigssues of the body. For a more detaziled survey of these hazards |

reference-shouid be made to Section 2 dealing with physiological effects.

(2) Preperation of - Black Oxi@g: (U303)
(a) Procesa. = After solution of ore in sulfuric

acid and differential precipitation of the radium, lead, vanadium and

other impdrities, the uranium is precipitated as‘tﬁe 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 thé preﬁmdy combined ammorda. This process is essenti-
aliy gimilar in all of the three contracting companies using it ,_“witfh
the exception thet tl.he source material may be ore, uranicm carbcnate
and weste liguors or sludges centaining amocunts of uranium feasible

for recovery purroses.

(b) Contractors. - This process was carried

Al

out at the Linde Air Freducts Company and the Vitro Manufacturing Co.,‘

»

Canonsburg, Pennsylvania, by almost identical methods. E. J. du Porit

at Wlmington, Delaware, carried out a

de Nemours and Company, Inc.

' 3'6 -
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sindlar recovery process on sluages and low grade materials in their
"recovery" plant. Black Oxide refining contractors mentioned in
Book VII ;re Vitro Manufacturing Co., and Linde Air Produﬁts Co.
Kallinckrodt Chemical Co. processed Brown 6xide UG2.

(c} Hazards. - Hazards in this process are
related to the possible absorption and the breathing'of radium and
radon of the saluble sqdium and ammonium uranium sélts:

(3) Ereparation of Brown Oxide.

(a) ‘Process. - In several installations the
black axide is diasoclved in nitric acid and washed several times with
differential ethef and water washes to remove the inpuritisa. The
nitrous oxide of the formed uranium nitrate is driven off by neating
and the resultant orange oxide (UC3) converted into brown oxide (UCp)
by heating in a hydroggn furnace.

: (b) Contractors. ~ This process was carried
out at the du Pont de Nemours Company in the above mentioned plant,

at the lallinckrodt Chemical Company, and formerly at the Linde Air

Producta Plant.

(¢) Hazards. - Hazerds in this process arise

from possible exposure to the soluble uranium hitratq which has been

shown by laboratery experiment to be one of the most toxic of these

carpounds. However, for the most part, this substance is handled

as a wet solution or paste, and only in the heating step (transfer

-

by hand to the ovens) does much exposure occur.

o e g e
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(4) Preperation of Green Salt (UFL).

(2) Process. -~ The process of conversiocn of the
brown cxide (UC2) to the green salt (UF,) is b, reaction, in inclosed
chambers, of the brown omide with anhydrous hydrofluoric acid, at
a high temperatﬁre. After passage of the anhydrous hyd;ofluoric
acid over the axide for a specified number of hours, it is removed .
ih the dry state by hapd and reuted to plants foy the producticn of
either the hexafluoride (UF4) or the pure metal (U).

(bj Contractors. - This prccess for the pre-
paration of the tetrafluoride was carried cut in the Linde Air l

Froduets Co: peny, the i2llinckrodt Charical Conpeny ard the Haréhaw
Chemicel Coupany cof Cleveland, Chic. The green salt rrerered in the
first two install:ticns nemed was used for ret 3hlon *o «etaly that
in the last, Zcr the production of the hexafluori e,

(¢) Hegerds. - Hazards in this operction are
for the tost part due to expesure to anhydrous hydrofluorie a;id énd
the tetrafluoride and its smsll content. of the oxyfluoride (UOFg)
This latter is scluble emd roderately taxdiec.

(5) Freparetion of Hexafluoride. (UBg)

(a). Frocess. — The heiafluoride is prepared by
the direction of a strean of pure.elemental fluorine (FQ) over in—
closed trays of the green sazlt UF4. The hexaflucriue so formed is
volatile at the temperature encountered and passes off through ducts
and is collected in cooled tanl:s. It is then purified by d;iving .
off ercess inpurities by redistillation, collected in mickel containers

and shipped to the main-processing plant, where it is used as the base
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material for the diffusion purification process for the separation of
. J

uranium 235,

(b} Contractors. - This process was carried
out by the Harshaw Chemical Company of Cleveland,- Chio. At one tihe
the du Pont Company maintained a eimilar installation of smaller size.

(c) Hazards. - Hazarde encountered in this

process are related to inhalatioh and zbserption of the soluble hexa-
fluoride, the possible exposure and hazard due to bﬁrning or corrasive-—
ness.of elementﬁl fluorine, and the danger related to the possible |
absbrption of uranium axyfluoride remaining in the rsactor trays after
the hexafluoride is driven off, In addition to the oxyfluoride, most |
of the disihtegration rroducts of the uranium used in the original
charge are left behind in the residue. These uranium Xj and uranium
Xs, the natural daughters of radioactive decay offuranium, account

for most of .the radioactivity possessed by uranium.. When UX) and

UX5 are concentfated, as in this process, they form a potent source

of beta radiaticn. Suitable protective measures are required, such

as glovés, shieids, and radistion exposure monitoring. '

{6} Preparation of Uranium Metal.

(a) FProcess. - In the preparation of uranium
metal the green salt (UF,) is thoroughly mixed with magnesium powder,

placed in a dolomite-lined steel container, and heated until the

' reaction starts. The reaction maintains itself without furthdr

heat, much in the manner of thermite. This_reaction'reduces the

tetrafluoride to uranium metal, forming a biscuit which falls to the -
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bottom of the container, This biscuit is remelted in a v%cé% fu}—
nace, chipped, lezbelled, :nd shi,ped to the ultimale destinaticn,
where it is reworked inte ingots for use in the pile 'process.

. -(b) Contractors. - This process was earried
out at the lallinckrodt Chemical Company, the Electro ketallurgical

Company at Niagara Falls, and at the Iowa State College, Department

of Chemistry, at Ames. Related procedures were done by lietal Hydrides,

Beverly, Laaaachusetta, Brush Laboratories, Cleveland, and dbatlng—

house Lanufacturing Company, Bloomfield, New Jeraey.
(¢) Hazards. - Hazards are the minimal one of

expusure to black oxide foraed by axidative reactions on the surface

of the metal, and radiation from the surface of the metal,

(7) Hedical Contrvl of Hazards of Uranium Processing.

Kethods of medical control of the hazards involved in uranium pro—

- cegsing were instituted in the following fashion. Periodlc inspec—

tions of each facility wers made to see that hazard control measures

were followed and to examine for possible new sources of trouble.

Workera were given complete physical examinaticns, plus.examinaﬁiona'

.of the blocd and urine, for abnormalities. Chest x-rays were taken;

blood serology recorded. Examinations of the urine at gonthly inter—
vals and of the blood at tri-ronthly inter'val:.i were made. Any abnor-
malities were a cause for compiete review of the case and correction

if pogssible. Repeat examinations (physical) were made at annual or

' semi-snnual intervals depending cn the individual circumstances.

Protective devices such as special clothing, dust maaks, gloves and’

3.10
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the like were recoumended where necessary, and if no suitable metnods.
of protéction were aveilable, developmental procedures were instituted.
Genersl overall mdnit.oring of the hazards existing in the individual
plant was carried out., Individuals exposad to po.ssible excesses of
raaiztion were required to wear film budges, which determined t‘hé total
anount of exposure received during the day or week. Dv,itst'sa.mplles were
collected and analyzed so that plant conditions could be conti-alled
by suitable feduction in exposure. If necessery, it was recomuended
t,l‘.at've_nt.ila.tion be increzsed, housekesping of the plant be izproved,
or chemical or engineering proéedure be altered, to reduce exposure.
Analysis of plapt atmosphere for rezden content vwes .saae whenever
exposures to high radiv.m—cbnt.éining cres were encounisred.

‘Such careful-inspection and anal ysis of plant

conditions enabled the Medical Section to enforce tolerance con=-

o centra.tion\s of hazardous meterials in the individual plant, and’

thus protect the workers from possible radiation or chemical injury.

(8) Metal Shaping and Engineering.

(a) Process. — The processing of the metal

‘consisted of “the forming, coatirg, and canning of vranium rods in

suitable form for use in the pile process,

{v) Contractors. - Following are listed the
ingustrial concerns which set up expsrizmentztion on, and development
of processing methods, and performed various phases of the program

of metal shaping and engineering:
(1) Copper Weld Steel Company, Warren,

Chia,.
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(2)
(2)

(&)
(5)

(6)
@
(8)
(Q)

(10)
(11)
(12)

(13)

(14)

(23)

-
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Baker Brothers, Inc., Toledo, Ghio,
Herring, Hall, liarvin Safe Company,

LY

Hamilton, Chio.

B & T Metals Company, Columbus, Ohlo.

Revere Copper & Brass Company, Detroit,
Eichigan.

Joslvn thufacturing & Supply Company,

Ft. wayne, Indiana.

Battelle Kemorial Institute, Columbus, Chio.
Carborundum Campany, Niagara'Falls;‘New York.
Apdraw c. Campbe;l Division of American .
Chein and Cable Co., Bridgeport, Conne&ticut
and #ilkes Barrej;-Fenna. e
;ﬁiiiam E. Pfatt Manufécturing Coripany.

q. H. Schumad & Co., Sprugete,. Penna.
MeKinney Tool kKenufacturing Company, .-
Cle{eland, Ohio.

Quality Hardware & Ma@hine Corpo}ation;
Cricago, Illinois.

Grassellil Chemicél Conpany, Cléveland,

Chio.

aluminue Conpany of America, lew Kénsingtou,

-

Pennsylvania,

(¢) Hazards. - These procecures subjected workmen

only to contact with the metal and the exide (UBOS) found on its surface.. (R

In rnost instznces the experimental preduction was continued for only a

’ _J_”,_.unn-‘“_.!;!v'—;"-":-___
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few -mont.hs, and the hazaru te workmen wzs consicdered negligitle. .
(d) kedical Control. - The program of medical
éupeﬁision was less elaborste for t.hese‘co‘ntractors than that listed
above (puragraph 3-7 b(7)). Occae:iOnal eir analyses for uranium
content were cade, and the employees underwent periodic routine ex-
sminations, |
~c. Fluorine and Fluorocarbcos. .
(1) General, - Prior to the existence of the District,
elamental fluorine was a laboratory curiosity. However, qua.ntit.y
production of this element was requir;d for use in treasting metal
éurfaces to make them less reactive with uraniua hexafluoride; and
for the production of uranium hexafluoride and varicus fluorocarbons
{the fluorocarbons were selected for t.hair- properties as coolants,
lubricants and plastics which woild not react with uranium hexa-

fluorides).

" (2) Fluorine. |
(a) Process. - This element was produced by
electrolysis of a.nhydfous hydrofluoric acid in the presence of

potassium and flucride,

- " (b) -Contractors. — Fluorine was produced at
Johns Hopkins University, Baltimore, kiryland; by Z. I. du Pont de
Wemours, Hlmington, Delawére} by Hooker Electrocherical Company at

Kiagara Falls, New York,.and Cak Ridge, Tennessee; and by the Harshaw

Chemical Company, Cleveland, Chio. '
(c) Héze_.rds. ~ Fluorine is an exceedingly

(Par. 3-7b(8))
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irritating culolires, znd, depemiing unon its concenbiciion, can
ceuse skin rashes an’ hurns and Jrritatica of tle respiratory

passaces and lungs:
(d) Lsdical Control; - orkien had periodic

physical examinstions and examinations of the urine and bloods

. Since the hzzard of chronic effects was nesligible, examinations

viere nade arnuelly br semi-annually, and the resclits were used zs con-
trols for persons exposed to uranium, Spot-checks were made on

the urinary fluoride excretion to puzrd against excessive fluoride

- absorption. Inspections were made, and adecuate ventilation and fire

protection required. Sﬁitable zas5k8 and protective clothing were
recoumended after trorough te.sting. '
(3) Fluorocarbons:

(a) | Process. - The lubricant and coolamnt
fluorocarbons aré produced by reacting hexafluoraxylene or special
oils with cobalt and .silver fluoride:r catalysts. The catalysts are .
renewed by reaction with fluorine: A plastic fluorocarbon is pro-
duced by polymrizatidh of monqchlorotriﬂuoroetlﬁane in chloroform, |
and t,reatm;ent with cobalt trifluor:'uié.- |

(v) Contractorss - Chemical processes in the

' prbduct.ion of lubricants and ccolznts were perrormed by Johns

Hopking University, Hooker Electrochemical Company, &nd Z. 1. du
Pont ds Nemcurs and Comﬁam-.- The plastic was prbduced by l;j.nda Alr

Froducts Company, Tonawandz, New York.
(c) Hagardss - Severe pulmonary and skin irrd-

tation may be encountered from fluorine and the catalysts used in
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the lirocess., Intermediate products in the process cayse roderate
irritation, and the end-products are slightly irritating, In addi-
tion, the well-known hazards of work witﬁ chloreform and carbon
tetrachloride are present, Ihes; consist primarily in anegthetic

effects with posgible brain and nerve damage, liver &amagq and

kidney damage.

(d) Xedical Control. - Physical and lakora-

tory examinations similar to those used in fluorine contrcl were

instituted for theas workers 3s well. Suitable protective equip-
ment was recommended, and engineerihg procedures were instituted
which mininized contact with toxic uaterials.

d. Boron Froducticn.

| (1) Process. - Boron triflucride was re.aci.ed with
dimethyl ethef and distilled. This.substanCe was converted to boron
trichloride, which waa passed in an stmosphere of:hydrogen Aqrphs
a ot tantalum wire, with the ccllection of metallic boron om the wire.
(2) Contraélors. ~ The following contractars were
concarned with the various steps in the boron grodaction process:.
(a) H:rshaw Chemical Co., Cleveland, Ohio
(b) Standerd Cil of Indiana, #hitin:, Indiana.
{c; azerican Cyanamid Co., Staora, Connecticut.
(3) Hazzrds. - Boren trifluoride, boron trichloride,
dimethyl ether, and boron trifluoride dimethyl ether complex are all
lcw-gréde pulmonary irritants, Dimethyl ethgr alsc has anesthetic
prope}tiea, and is highly inflammsble. The metal depbsitiﬁﬁ{grbgqqgﬂ%.

is tegardous only from the jpossibility of explosion of rycrogen.

CiAwe
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(4) Kedicel Control. - Euployees on these projects
received the routine exarinations ordinerily made in the plants
listed. Thelchémicals ﬂéfe handled in closad systems and exposures
wei'e_ unusual. A few spot—checks of fluoride excretions were made
on Harshaw employees. These indicated that the w@rkmen were absorbing
fluoride in greater than normal , but not dangerous, ambunta.

3-8. Frocess Research.

a. General. ~.A number of universities were given contracts
to do research on various problems in.chemistry and physics'reiaﬁed
to District operations.. These projects varled in size from a few

to more than a thousand perscns. Likewise the hzzard and medical

.supervision required varied ccnoiderebly in the Jdifferent operations,

b, HResearch on the Diffusion Frocess.

(1) Scope. - Extensive research was carried out on all

L

phases of the development of the diffusion process, including the -
pucps, barriers, cooling devices, seals and ipstruments required for

. v
the uechanical separation of Us3s. Equipmenlt design and pilot plant

operation were part of the research.

- (2) Contractors. - The fundacental research in the

program listed above was rerformed by the S.A.L. '.La.boratories

of Colwbiza ﬁniversitg. The iellex Corporation, a subsidiary of

Y. vi. Kellogg Cowpany, did the engineering desig: and operated a

snall pilot plant, The Linde Research Laboratory, Tonawanda, Kew
York,tested mbtors, operation dréves and sezls. The Bell Teléphoqe
Laboratories of Swamit, New Jersey,and Princeton University, Princeton;

Nev Jersey,did certain resezrch on the corrusion and the effact on
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porosity of setels rroduccd by flvorine and urcrium hexafluoride.

(3) Hagzards. - These activities were acco:npah:led

by the hazards zssocicted with the use ¢of urznium hexalucride,

. \
fluorine znd the fluorceertuns, and, in additicn, those cherdczls
usuvally encountsred in chemicel rescarch.. In general, the work was

not congidered to be eibecially kewardeus.

(i) Lediczl Coatrol. - Zspleyees engeped ir these

a-.ctiﬁitie& recelved careful periodic physical and laboralory exami-
nations accordirg to the schedule outlined in paragraph 3-7 b {7).
Careful statistical studies of the data obtained revealed no signi-
ficant difference in the findings of the exposed and non-:zxposed.
groups. Checks =lsc were made cf the atmospheric content of noikious
substances, and pericdic spot-checis were sade of urinary excretion
of wrardum and fluoride. .

C. Developmental Research.

(1) Fluomcarboﬁa. - Chemical research on methods
of »roducing fluorocerbens wzs done at Johns Hop_ld_na University.
Hazards were those listed la paragraph 3-7 ¢, but nc; fofma.l medical
program was instituted other than spec:{.i'ic instructions in treat-

ment of acute e:éposures to the raterizls.

(2) Badium Extrsction. - Research was perfcrmed at
Yale University to develop a sicple méﬁhpd of extracting both uranium
and rasium from ore. Hazards involvad were scall because the-‘.vork
was done entirely on a laboratory scale. Radiation @eaaurement.s

were made by both instruments and film'badges. Alr sasmples for
radon content of rooar air were .ade and found to be well below

et
z
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tolercnce lirit:. ‘iorkmen were checked by breath scrmrles to deter-
mine the amcunt cf :bsorbed redium. These tests likewise indic.ted

no excessive exposure.

(3) Nethods of Manufacture of Uranium Gompounds.

© Fundamental research on methods of manufacture of uranium compounds

was d;ne at Purdue University, 4. Lafeyette, Indianaj the National
Bureau of Standards, Hhshington, D. C.; and at Brown University,
Providence, Fhode Island. 411 of these projects’were inspected g
and fouAd to have negligible hazards. Consecguently, no formal

medieal program was instituted.

d. Analytical Reaearch. - Research on analytical methods

and analyses of ore, znd varicus uranium corpounds was carried out

at the National Bureau of Standards, Washingtan, U, C.; Princeton

' Univarsify, Princeton, Hew Jersey; and at liassachusetts Institute

of Technology. 'Inspections were made of these projects; dust counts
and radiation meaéurements were taken but, because of the negligible
hazard, no formal medical program was instituted. S

a. General. - In the majority of instances the contractors
surplying process equipment were rerforming their usual operations,

and no special medical supervision was re uired. The few exceptions

‘are noted belov.

b. Barrier Production. — The barriers for the diffusion .

process are aspeciélly—formed nickel tubes. They were produced by
the Houdaille-Hershey Company of Decatur, Illinois, and Linde Air

Froducts Cocpany, Tonawanda, MNew York. The orly ha.arda were those
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" of nickel derm:titis in suscepiitle nersuns ind from vse of Lri-

i
chlorethylenv. Froper engineering reduced contact with these sub-

stances, and persons sensitive to nickel were rziually eliminated
from employment. The schedule and extent of exzxinations were those

usnal with the individual companies for their employees.

c. FPumps for Diffusicn Fiocess. — In the manufacture
and testing of pumps, a limited amount of urcziuc hexafluoride
was uged by the Allis-Chalmers Company of Milwaukee, Wisconsin,
The operation waa.inspected. Instructiona were given far acute
sxposures, and employeeé were exzrrined re&ulari; as outlined in
peragrerh 3-7 b(7). '

de Upit sssemblies for Diffusion Irecess. - These units

were menufactured hy the Chrysler Corporation, Detroit, ldchigan.
The orly special hazard involved vas that of the use of elemental
fluorine fof crelimirary conditicning eof ﬁha equipwent. inspectiuna
were nade,'énd aprroprizte cirections for trezting acute exposures

were provided. The program cf physiczl examinations was that used for

other Chrysler employees. in similar jobs.

3-10. Gas Diffusion and Thérmal [iffusion Frocesses. '

a. Frocesses and Hezargs.

(1} Ges Diffusion Process. — The gas ciffusion

process secarates the rare uranium 235 from the siore abuandant

urenium 238. This separation process consists of pasaing uranium

Lexaflueride, vhich existis at temperatures above 130 Jegress F., in
the zaseous state, through long porous tubes or Larriers located in

an znclosed systec. The'process, which is coupletely described in

- o
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Book 1I of this history, effects the diffusicn of tie liphter wraniuc

- 225 throuph the fine pores of the tubes or barriers, leavirg the

heavier uraniuvm 238 atcuws still in the central system. This uranium
235 is passed through numeroué stages of conceﬁtration up to approx-
irately 30 per cent in the final stﬁge, instead of the 0.7 per cent
contairned in the original metal or its hexaflubridé. In the product
roors, by means of a cooling system, the enriched ﬁranium hexa-
fluoride (containing higher pefcentagg of U233) is removed for ship- -

ment to another installation at which further concentration is .sade.

The "depleted" uranium hexafluoride which still contains consider-

able amounts of 235, is then piped to a tails accumilator bullding
for st.orag;e. until 'it. cé.n be either re-introduced into the cascede

or disposed of in some other wey. Before any uranium hexafluoride
can bé processed, 1t is necessary that all metzl parts cof systéms be
made inactive to this substance tolprevent reaction and breakdpwn |
to a non-gaseous form. A "oonditioning_process“ is used for this
purpose, consisting of ﬁréatment with fluorine, forming on all
metal surfaces a film of metal fluoride which does not react with
the he;a{luoride. Prior to this treatment vith fluorine the metals
are '.'-.'ashec_l' 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 from exposure tc fluorine
in the gaseous state in the-ﬂcbnditioﬁing process” and sxposure to
uranium hexafluoride and its breaidown products in the remainder

of the process. Fluorine, as previously described (see paragraph
BECUR LTGRO AL
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5~7 ¢(2)) may cause painful burns. In acdition, in high con~
centrztions it (s_ﬂ extrenely irritatcing to the upper respiratory

tract, trachea and lungs. Ko severe systenic toxicit; from it has
been noted. Uranium hexafluoride in the gaseocus form is also quite
irritating and is easily absofbed from the lungs. apparently, however
it is possible to absorb appréciable quantitiés.in gny acu?e exposure
without severe or prolonged damage fesulting. The brezkdown producﬁs
of uranium hexafluoride zre chiefly uranium oxyflucride in the form of
a soluble dust produced when uranium hexaflvoride reacts with moist

air end hydrofluoric acid. Uranium oxyflucride in noderate concaniration
is zlac te.dce and cepable of eivsicg ldiney injur;. To date,ta&posures
to uraniun hexefluoride have been well ccentrolled ana.no sericus effects
have been encountered. There are other haseras presént, but these are
identical with those‘usually found in chemical plants and iﬁcludé'tri—
chlorethylene and cther solvents. The potentiai hazards from radiation
are small Because of the extramély long half-life of the uranium metai
and lack of concentration of the uraniuz Xj and X breakdown products.
Again, inasmich as the system is entirely closed, the aipha and beta
raciation presemt will nct peretrate the setol walls te & hagzardous
extent. The fluorinated hydro;;rbona used in cooling and lubricating
the atove xachinery sre alsc in an enclosed system, and humen exposure
to then in high concentration oceurs only in case of a breakiown. In
such instances adequate protection’was provided by the use cf army
assault masks to avold lung irritation, the major damage.‘ ‘

' {(3) Thermal Diffusion Process. - This process

seperates uranium 235 from the rore abundant uranium 238 by a process
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f of thermal diffusion. (& cauplete descrirtion of tﬁig process is
glven in ﬁcok VI of the histcry). The uranius hexafluoride feed
waterial is lirst placec in the transfer roon, weighed, and then
piped to the columns vhere the éhermal diffusion action takes. place.
The "éuriched“ U?6 is removed from the top.of the columh‘and the
"depleted® materiél is either drawn off the bottom or'recireulatea
from the bottom to the trensfor roem and returned tc the column.

The "enriched" materiai is drawn from the top of the column into

metal capsules, vhich are then taken to an :sree in the conditioning

sher outside the main builling for transfer inte larger containers.
avout 1 June 1945 en coditiconc) aprerctus was corstructes for the
trensfer fre. these lar;er o:otainers to lar.e shirping tanks. For

cpzrational reascns, the trerial diffusion precess was abandoned in .

( august 1945 and placed in a standby conditior.

e (4) Hazaris of the Thermal Diffusion Process. - The
transfer procedures for uranium hexafluoride constitute the major
hazard in this process (eicluding rupture of a high pressure tank

%?%ﬁf or steam line). Before a container is attached, the line contain-
ing UFg is frozen off vith dary ice. Then the contaicer ie connected
and the line is opened by thawing the solid uranium hexafluoride
A ezt froo o _unsen hwrner flare., The process is repeated to

reiccve the container. The danger of breathing Ufg and of being

burnec by it in this operatlon i? considerable. In this process,

as in the ges diffuston method, metal parts coming in contact with

uraniuxn hexsfluoride mst be pre-conditioned with trichlorethylene - - - };ﬁ:“;

L and fluorine., This procedure is done in a conditioning shop outside
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the process building. fhe najor hazards in ﬁhis area are those of
burns cf the hands frem fluorine and to a lesser extent from uranium
hexafluoride. Dusts and fumes from hydrc?.y'sis of Urg &re occasionally
present although exposure is variable. Burns arising fram the high
pressure steam in the lines (900 to 1200 pcunds per square inch)

are also found.

1

b. Medical Control of Hazards.
© (1) General. ~ The industrial Lygiene program for

control of occupational hazards of both the thermal and gas dif; |
fusion processes was deveioped around the Czrbide & Carbon Chemicals
Company medlcal -crganization. The physicians and nurses and dis-~
pensary facilities were used for both opsraticns. Specizl services
were p?ovided by the chemistry and rhysics laboratories of C&CCC \
on the request cf the ledical Department ¢f this installation. |
(2) XYedieal ixaminations.

(&) Pre-Eaplovment. - Pre-employment rhysical

examinations were instituted for all emplcyees to insure maximum use
of aveilable ranpower in job sltuztions most favorable to their ‘
health. The physiéal exarinetions included & brief medical h;story,
a physical examination by a competent phy;ipiah, laboraztory examina-
ticns cof the bléod and urine, x-ray cf the chest aad bloo: serology
'for syphilis.l Examinations of this {:re zre corsidered more than
adequate zccording to the éeneral standarcs of iost boépanies amn-
ploying.large gxﬁups of veople. .The average rate of examinations in
July 1944, was 10-15 pef day; in Karch of 1945 a pesk of 110120 ex—

amiraticns deily wes reached; in Julp of 1945 the rmumber had decreased

“rer 8
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* ang then a

to EC~E5 per diy. In august

sharp dro; occurreé. Ir June 1946 the number hud croppei to 8-9/day.

(b) Intervel :nd Terminsticn. - Iatervel exam—

irations at both installations vere brief and consisted of cursorj

.physicel examination, blood count amd urinalysis, x~ray of the chest

and special examinations as indiccted. If there was a history of
exposure teo hacardous raterials, special attention was directed
towerd the deter-instion of si;ns of bodily damzge. There was no
specific intervel for these exzringtions., Termiraticn physical
exeminations included & ccaplete physical exsminaticn, bloed count
znd vrirelysis and x=re; cof ths chest. .Seuin:ing inlJanuar: 1945
urinclises Tor uvranium centent vere su-r’ed on PErsSons EXI 08T . LG
urce ue nexafl:cri-e. Tests were nade on all -ezrscns expoges to
hizh concentrstions of ursnius compounds, and alsc in the rveriodic

health examinstions. These tests were ;2de a part of the routine

" industrial health exancneticns, starting early in 1945. The program

v:as ;Lesi:_:;hed_to prov:i.de; at intervals of six to seven weeks, a check
of the general health of all -erscns enployed and to evaluate ab@be
beceuse of illness, weight loss, changes in tlood pressure, and cther
gbncrrelities,  These tacts were instituted to detect ecarly signs

of toxic effects from vor« with uranium com; cunds, anc ceorrecl the
coniition before injury is incurred.

(3) Lenitoring.
(a) Alr Conteminstion. - Bepinning in Deceaber of

194L, the chemical laboratory wcade air analyses for fluorine and

urariwn hexafluorice cirteit, These aﬁalyses vere ..zde at weekly

P R
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intervels at vericus point roouh the gas diffusion and therial

processes aﬁd repcrted to the edical Depart.ent for interpretation.
(b) Radistion. - .Because of the possibllity of

exposure to radiation, réutind surveys'wére beguh by'tﬁe physics

laberatory personnel in Karch of 1945. Ccrporal Wendell Miller

and assistants were assigned to carry out .asasurements of alpha;

betz and gamma radiatic::. Selected areas in boﬁh gas diffusion

and thermal process plants were surveyed at weekly intervals with

specizl recording apparatus. Data from these surveys were feported

weekly to the Medical Department for irterpretation and recammendations.

¢. General Industrial Hygiene.

(1) General. - An indication of the amount of s:ir—
vice which was provided by the Ledical Depértment ay be deioon-
streted by the increass in ,atient visits per month from the start

of operaticns.

July 1944 ’ - 1000 patient visits

Septemker 1944 2,550 patient visits
January 1945 6,300 patient visits
karch 1945 h 11,050 patient visita'
June l§h5 : 15,500 patient visits
Angust 1945 . 20,400 patient visits
) Cetober 1945 11,7GC patient visits
Februsry 1946 G,600 patient vigits
June 1946 ” i0,000 patient visits ‘

(These figures include &ll occcupational dis-

ease znd accident cases, initial visits for non-vccupational
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iilness or aisease, speclal exauinitions for _roups in potentially

hazardous areas, and pre-employment exaninations.)

(2) Occupational and Non—Cccupational Ledical
Eég. - An average of 170 occupational cases weré seen daily in the
dispensary (approximately 35% of total work-load of the treatment
section). These included injuries from special hazardous mzterials

as well as the type of occcupaticnal injury occurring in any wanu-

fscturing plant. The remaining 65% consisted of the treatment of

non-~occupational illnesses which interfered with the efficiency

of the worker. Treatment of non-occupational illneas or injury

was limdted to cne or two visits. The Kk-25 DLispensary, a branch

of Cak Ridge Hospital, provided medical care similar to that renderea

in a physician's office for non-occupational conditions occurring

among“s.mployees or residents of K-25 Area. In Septerber 1945, follow-

ing a reduction in population of the K-25 ares, the dispensary wes

closed. Cooperation was maintained betvieen the medical department

and the worker's personal physician to insure efficient medical service,
(3) Relationship to the Safetr Departments. - The

Medical Department, in its liaison with the Safety Departments re-

sponsible for the preventlion of accidents aznd injuries not due to

hazardous special asterial, followedlthe Safe Practicea Recommenda-

tions of the New York Safety Coummittese (See par. 3-5). The suervisor

of the Ledical Department was a member of the Special Hazards Committ~

ee, which met at monthly intervals to study hazards arising from

specigiJmaterials.and to make s:itable recommendations for their

control, All minor injuries were investigated by the Salfety Depart-
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ments, Submajor accidents involving removal {row vork znd wajor acci-
daﬁts involving hospitzlization, épquired a corbined investigation of
both the hedical and Safety Departments, Ali injuries involving uran-
ium compounds were especizil: inveétigated.

(4) Catastrophe Program. — 4 couplete program was

organized to provide for the protection and treatment of plant per-
sonnel in case of any major amergency. Thls program was divided
into two parts, cne established for the lsdical andlaffiliatedlde—
partments of K-25 Area, and the other, a disaster program which
included all medical groups on the Area, 'anq was directed by the
staff of the Cal Hidge Hospital, Cozuitments were made under both
rlens for the evacuatlon of the plants and arees and for the treat-
mert of injured personnel, |

(5) Other activities. - The Ledical Department
" also supervised general sanitation, waste, aﬁd.garbage_ramoval and
related ;,ctiﬂtias. It also mcintained a visiting nurse _ser‘viéé |

for the home care ard medical control of those patients whe did not
require hospitalization.

d. Crganization.
(1) Carbide & Carbon Chemicals Cornoration.

S

(a) Steff. -~ The organizetion of the .edi-

cal department of the Jarbide znd Carbon Chewdcals Corporation was
started in April of 1944, when the services cf Dr. adclph Kemmer,

fornerly Medical Director of Inland Steel Company, iwere securaa on

a full time basis. Dr. Bernard Zussman and Dr. Raymond“cooper'ibre‘"?i=~f*:

hired in Febhruary of 1944 but'no_departmental operations were started

¢ et
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wntil Dr. Kammer's arrivel. Prior to april of 194L4, pre-employment
ex~minations }or this organizetion .nd its subsidiaries were carried .
out at the liedicsl Service Building by the Cak Ridge Hosﬁital medical
staff. From April 194L to July 1944 the pre-amplpymenﬂ:axaminatiqna
vwers carried out in one office and three examining rooma in the Csrbide
and Carbon Corporation Administrstion Building, Actual operation of
the main disrensary of the medical department began in July of 1944.
The dispensary was designed to handle 5000'oparating'agﬁiﬁjé033_

The prime functions of the Mbdical ﬁqpaitnent.were: the ;élgéﬁion
of adequate personnel through pre-employment axamna.tions, -. the
treatment of occupaticnal injuries and disease, the preliminary
treaﬁment of non-occupational, or welfare, injuries and diseases,
and the lndustrial hyciene control of occupational disedde hazirds.
The staff at the time of cpening of the Dispensary consisted of

three doctors and six nurses. Dr..Martin Costellpfwaﬁiaddéd to

the staff in August of 1944 and in the follauing January' he wgs

made agsistant supervi sor of the Medical Department, thus freeing

Dr. Kanmer for executive duties. In Septamber of 1944 the étaff'

consisted of five doctors, nine nurses, eight technicians and eight

clerks. By 1 July 1946 the staff hac increased to & total of 14
physicians, 28 nurses, 14 technicians, and 23 clerks apd stencgraphers.
In December 1945, the staff had cecreased in the number of physiclians
to a total of 10 physicians, 30 nurses, 14 technicians, and 2§ ¢clerks
and stenographers. In June 1946, the staff had decreased to 8 phy-
sicians, 24 nurses, 12 technicians, éﬁd:19 dlarksfand:Sﬁeﬁbgrééggrs.

{b) Facilities. - The Dispensary (See App. C 13)
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containing two six-bed wards, four fo.r-bed wards, two treatment
rooms with cubiiles ; doctors' offices, x-ray rooa and darkrocm,
laboratory, and an emergency room. Sinee the criginal estimate of
the number of employees was too low, it became necessary to acquire
additional facilities. B_ecauas the employees of the Ford, Bacon and
Davis Co., a gontractor, and those of thg;gf.arguson Company (Fercleve)
were alse to be handled by the single uwediczl department , additional
first-aid stations or infirmsries were opened cr taksn over in their
plant areas. Because of the increasing demahd for x-ray exsm~—
Inations for disgnostic purncses, it was considcrec necessary to in-

clude x=ray equipment in the Carbide uispeusar; building. DLis; nost~

- ie %-Fdy~Bervice was provided in Cctcier of 19 ad a photo-roengéén.

urit was added in ipril of 1945.
(2} Pord, Bacon and Davis Cempany. - In Larch of

1944, the Ford, Bagon and Devis Company began cperating a field
hospital, under the directicn of Dr.‘ 3. B. Rogers, for constroction
workers. Iater an infirmary was opens< and oparated in the present
conditioning building, under the supervision of ur, Harris Sklairs,
from September 1944 to Februcry of 19:.5. At this tine the responsi-
bility wes shifted to Dr. Kammer and his associates. Ferd, Bacon
and Devis ccitinued to employ thelr owrn nurses. In lay of 1945

this Company turned over all operatiocns to the Jsrbide Corporation,
and the infirmary became first-aid unit of t.he Carblde medical

depertment.

(3) Fercleve Corporafiun. -~ The Fercleve Corporation

T SRR
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(H. K. Ferguson Company of Cleveland) begm its medioal program

in Ootober of 1944 with pre-employment and termination examinations,
which wore carried out at the Carbide dispensary. First-aid work

wad done in the beginning in a temporary structure on the plant site.
On 1 February 1945 a seml-permenent building (See App. Cl4) was opened,
The new {irst-aid unlit ocontained two treatment oubloles, an eye treat-
mont room, l..n office and space for the Safety Department. For opera-

tional reasons, the Fercleve Corporation's umit was closed and held

in standby condition in August 1946.

m ' e. The Cost,

(1} Carbide & Carbon Chemicels Corporation, -~ The

cost of aonstructing the dispensary exoclusive of equipment was
$181,823,75. The approximate coat of opsreting the facility from its

opening to 30 Juns 1946 was $479,021.83 of which the following amounts

( were chargeable to other contractors.
e () Feraleve Corp, $53,299,77
(E) Kellex 1,646.22 -
(c) Hooker 16.68
(d) U.S.E.D. 108,55
(1) F.B.&D. (Oper.) 5.183.28

(2) Ferocleve Corporation. - The first-aid

station bullt for Fercleve cost $16,411.53. Total cost of mediecal

soervice inoluding the fsoility amounted to $62,095,72,

(3) Ford, Bacon and Davis Company, - The cost

of equipping the Ford, Bacon & Davis first-aid unit was $3,6878,50,

The additional coat of cperating the medioal servias prior to trans-

P
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fer te CLlCS amcunted to +26,127.05,

3-11. Electromagnetic Frocess.

&. Process zna Hazerds.

(1) The Frocess. — The elsctromagnetic process

accozylishes separstion of the rare uranium 235 from the mmore
abundant uranium 238 by rassing uranium tetrachloride im a gaseous,
ionized state through & megnetic field which tends to deflect the

lighter atoms (13235) from the normal path of the gas. (A detailed

- descrigtion of this process is given in Book V of this history.)

The process feed material, uranium tetrachloride, was prepared,
until 28 Yay 1945, by reacting uraniuvm tricxide with carbon tetra-

chlcride under pressure. Thls operation produced large auounts of

zhosgene as a by-product. after 28 Lsy-194L5, a vapor phase method

of chlorinatic;l was used, which cperated at much lower pressures

and yroduced less phosgene. The uranium tricxide (U03) v;'as obtained
frew other Manhetten District contractors at the start of operati&ns.
This was supplemented by material returned from the separation operation
for reprccessing. Earl, in 1945, an increasing amount of M"enriched"
uranium hexafluoride {material in whick the Up3s content had been in-
creased) was recéived frorm the gas znd thersal diffusion proceéses fqr_
cenversiun to uraniws tetrachloride. Following jurification, the
ureniug tetrachlcfide is bottled and. ‘p1locessec1 in the electromagnetic
vlant (See Book V, Vol. 6). Part of the uranium tetrachloride in-

troduced into the bottle remains unprocessed. This material iy re-

turned to a recovery rlant and is reconverted t¢ uranium tetrachldride co

andl the seqguence of operations is repeatad.
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{ (2) Hagsrds. - Fhesgene and dusts containing ursnium

are the principal hazsrus of the electroma_netic jrocess tut there
are nurerous other haza‘ird'.'s present in some degree. These include
alpha, beta, and gamma radiations; carbon dust; trichlorethylens;
carben tetrachloride, ordinary chemicels such as nitric acid,
hyrcehloric acid, etc.; and the dangers attending the use of

high voltaze sources of electriecity.

. Mediczl Control of Hazards.

(1) General. - For the control of occupatioral

hazards, a _can;:let.é industrial ‘hygiene serﬂcé_ wzs malntaipned by
the Fedical uJivision c¢f Temnesses East.-:ﬁn Corporeticn. Farscnnel
tni facilities_ wers provided for eveluating the notentielly hermful
environcent factors, such as the concentration of tocxic dusts, gases,
(" and vapors, and physical conditions such as lightirg, huaidity,
t . temperature, etc. A clinical secticn performed a variety of labora-
tory tests for the detecticn of possible in.jury fror materials |
encountered :l.n the oreration of the electromagnetic process. For

the control of radiation hazards, a Speclal Instruments Laboratory

was maintained in conjunction with the Frocess Igproveament Division. .

(2) Ire-employment Physical Sxziinations. - In order
to insure.the maximam utilizaticn of aveilatle cencower and that
peramns ewployed would te placed in jobs epprerriate for their physi-
cal status, a system of pre-emnloyment physical examinations was start-
ed, on Tennessee Eastmsn Corporation ‘applicant.s for employment, on
1 July 1943. The pre-employmrit physical examination included a -

k_. brief mecical histoery, a physical exanination by & cuapetent rhysician,
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-T lzborztory examination of the urine, a Jasserman Test on the bliood,
and an x-ray of the chest. This type of exeminaticn is consicered
adequate by the general standards of most larye industrial concerns
engaging in work on a similar scale.

- (3) Interim Exsminations. - _Shortly after the cpening
of the new medicezl dispensary in Juﬂ? 1944, the staff of doctors was
large enough to allow one physician to werlk part time on spscial
excminations of employees in.potentially hazardous areas., Thosse

. workers employed in the Liquid Phase proceis, where phosgene was a

E%?s malor petential hazard, znd these hansling wrenivr: ccmwrounds (for
exalr:ple: the chemicel recovery annloyecs znd tulk traztoent a-nle: ses )
were _iven frequent rhysicel checl=ups, irludin; vlecol cecunir, urin-
alysis and, in scine czses, biE:}:c'ihhon—prctei_n ritrc. en indicating kidney

(' damage ard icteric index leterrd.ations for liver dirz.e, The employ=-

e 20 ees having the greatest potential hazard were examined three tizes
a year, while those where the hax.rd was least were examined at least

once a year. If any abrrormal findings were noted in these examina-

bt
%

tions, the employee was refeired to the Kedical Liaiacn Cfficer for

further study as to the cause of the abnerzality.

{4) Terminstion Examinations. - Cn termiration of

enpliyment the employee was referreu te the iwaicel division for a
short interview to determine ihether or not he felt he had been
injured in any way by his work. If any complaint was made and con-

sidered worthy of investigation, the employee received a complete L

physical examination to. evaluzte the validity of his claim,

(5) Monitoring,

L
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(a) Dust. - Cn 10 april 1945, following several

preliminary surveys, a roautine of duat monitoring was set up. In

- locations with the highest poteniial dust hazard, dust measmurements

were made.at least once each month, while at other places where the
dust hazard was not so high, the measurements were made at least

once wvery twec months.

(b) FPhosgene. - The ronitaring of phosgens,

~ihe other priricipal hazard, was psrticularly difficult because there

were no aefficient and sufficientl; accurate methods of measuring
this gas at low concentrations., The humsn sense of smell is pro-
bably the most accurste detector cf the gas at.‘concentrations of
about one part per million., Seceuse of this fect, it was felt-
that iihe workmen themselves, whan tralned to recognize the odor
of phesgene rather than rely on the use of guestionably accurate
chemical detectors, could ﬁare effectively apply the necessary
safety precautions. Consultztion with the Division o.f Chemical
Warfare revealéd that this principle of depending on the éensé.
of smell Las been used bj them in the manufacture of phosgene at
Edgewood Arsenal. Since the vapor phass method of makdng uranium
tetrachloride has been in use, the rotential phosgene hazard lms
practicall; disappeared.

(c; Radlation. - Beczuse of the possibility
of exposures to radjation, the Specie&l Instruments Laboratory began
to survey .t.he electromagnetic process from beginning to end in the
fall of 1943. Surveys on alpha, beta, and gawna radiation were

carried out, Dr. #illiam Bale, a physicist attached to the Diatrict
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i.edien]l Section in the Kochester area, was cszlleu in us consultant

and visited the Tennessee Eastmin Corperaticn plant in Februory 1544, :
erd agaln in July 1944, During his visits he nmade thcrough surveys
with portatie testing meters and fqund that there wcre no areas

which had harmful amounts of rzdiztion (See App. [ 9). Dr. Bale
suggested, however, that the "cubicles" which contain the large

kerotron rectifying tubes, the tybe testing rooms and the cable

 testing rooms, be surveyed periodically. After a therough pre—

liminary survey to determine the most prcobable sources of radiation

in these arsas, a system of routine monitoring was instituted in

Februvary 1945. The selected areas were rnonitored by placing x~ray

file in light-ti;ht containers at fixed pcints in tre rooms to be
checked. The degree of ﬁlackaiing of this film gives a ﬁeasure—

ment of the amount of radiation. This type of monitoring was car-
ried oﬁt twice weekly until the first of July 1945, and the radiation

was found to be far below the tolerance level.’

¢, General Industrial Hypiene.

(1) General. - An indication of the amount of service
rendered by the Tennessee Eastman Corporaticn Medical Division is
demonstrated by the increase in patient visits per month as shown

in the following table.

Yonth Patient Visits
September 1943 A
- January 1944 4,365
July 194k | 17,459

Jarmary 1945 .22,386




A

gt
g
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Juno 1605

Scertasbier 1955 19,740
Cebober 19:5 12,960
Yarch 1946 £,539 ' .
June 19L$ . 9,299

These i ures include occupzticrul idsz:.se eni zccident cases,
ngi=ccey-otional diseass cases, specizl eraminctions cn groups
em-loyed in rotentially hazardous areas,‘;nd rre-zplornent
exaninations. In edditicn, ¢dvice-cn hez=lth - rcbless was given
by individual consultatior, by erticles in the Tennessee Bastman

Gcr;oration Bull:tin, +nl 23 2 —ert of the Superviser; Treiiing

“enl Imsvction Traicing Tre_re.s.

A .- - . . .
(2) Cecu =tiznal Tnjeri=s :nd Illness, - The

reiic 1 division at ilhe Tennesset Sestran Corrorotion -lant wes
resronsible fgr the nedicel ;roceiures recessary to treat cccu-

reticnal accidenﬁs and diseases, An avera;e of 150 occupational

cases, varying greatly in severity, vere seen every twenty-four

hours in the dispensary. All cases of phosgene exposure, nc matter

how winor, were seen &énd ureroughly checked st the iiapensﬁrja

Cxyeen bresthing equinmesnt wis rewu, ane cvallabtle for treztimnt

cf 2]l rhosiene ceses. il cases of severe injur, requiri.i; pro-

longse: treatrent end cesss requlring corerctive ;rcceutreslor the

servizes of & specitlist were referreu tu the {ak lddie Hospital

for Lare. The compensation fcris required by Tennessee state law, .
suck as the Employer's First Report and the Thysiclan's First

le~crt, vere filled cul Uy the disgensary staff end Jorwarded, through
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the Ulstrici, tc Lhe lisurance ccirrier,

(3) Loen=Cccurciionzi Iniuries cid Disecses, - a

liszited smecical service for non-occupaticual illness or injury

was &available for employees while at work. This service was de-
signed to keep the employee on the job bx avoiding loss of tiie

for care of minor illness. Ferscns recuiring ncre then simr-le
dizsnostic and therapeutic procedures were refesrred to their fa:}d.ly
physicians for treatmert. Approximately 4J0 of such cases were seen
in the dispensary every twenty~four hours.

(4) Sanitation and Public Heslth, - To insure

adecuate sziitetion in the hendling ard su zlying of food in the

rlent site cafeteries, & [iecuent inspecticn and bactsriclogical

testing pro rem was carried on by the keaiesl Livisicn, which also
( supervis=d mosquito and veriin control.

d. Crgapigation.

(1) Ledical Division, Tennessee Jastman Corperation. ~

The orgenization of the ledical Division of Tennessee Zastman Corpor-

ation / vas started in Fetruary 1943 when the services of Dr. Jeames

i+ Sterner, of Zastwan Kodaic Cgmpaw, viere secured on a part-time

consvltant basis. He was joined, on 1 July, b; Lr. a. K. Streeter,
%G ves appointed temyerar, ledical Directer and becen to assemble
thé dispensar; staff. The actual operation of the !'euical Jivision

begar in Septewber 194>, in a dispensary designed to jiandle approxi-

ratel; 7,000 operating emzloyees., The staff, at this time, consisted

] N .
~of 1 doctor and 2 nurses. The dispensar; wis a hollow-tile, vermunent .

. Yere of buildng, containing -a six-bed ward, trestuent cuvicles and

"'".:"-"l"."."*-'"
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EIG]

i - ¥ s - . PR N =
docters! offices, &9 well L8 spice ior the clindcel and li_gstirizal

]

nygiere lsboratories. .8 plunt ¢jerstions & rosches full curicity,
’ it wes Found thet the original estiwcate of the nuaber of emclcyees

was too low, and it beca.e necessary to enlarge the itedical facilities.
In the early rert of 1944, consideration was given to an expansion of
the existing dizpenssry, b&t? tecause of its off-center locaticn ang
tie necessity for the courlete remodeling of the Luilding, it wes de-
cided to construct a new dispensary {See Aip. C 15} centrally located

within the operations area. The new dis;ensary was desiined to handle

13,500 employees. FProvided in the building were diépensaries for

euer e!cy axbulatory care, six docvers' ofiices, x-r:, roo.s, trsetueat
cubieiszs, spice ior twent] hsds, oa esercency receivi.s roc:, an

rocce, & large laburstor, wo house toih the clinical

1]

aCT, &nc; operaving

o4 industrial oy iene sections, wnd & special instrw-eni lelcratery,

i

Tie nwber of Leas was incressed fros six to twenty in the new ouild-
ing, since it had veen determined that even minor cases of thosgene
exposure should be observed ior at least tienty-four hcurs, utllizing

more beds than were ori:irall; thought riecessarj. Lecause of the in-

. .

crzasing desand for x-ray examinations focr dlsgrestic ;urposes, par-

.senent x-ray equirment wes installed in this 1ew disrenswr;, to avoid

trensrerting enzlzy ces to {alr Ridge Hoszitzl., The lis;ensar, wis

- -

cc.plebed =nu oocu ied curing Jul® 19:4. The wriine’ dispensar;

beiliing was cotveried to an oifice unit for the Che.isiry Lesarwent,
Cn 1 Zovenber 1943, ir. James Sterner was iree ic asswse
the cduties of directcr of the ¥ediccul Division, on a part-ti..e tesis,
¥

: with Lr. a. F. Strester acti. g s wssistant Odrector. at this tice,

[
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the staf! coansisbted of v.¢ uccteoers and six norses. (o 1 . irch,

1945, Ur. Crristoiier le_s6 ves obleinad fre. Lhe Ultol St:oez

L

ble Lz deul Livisic

=1

]

Jublie Tecllt Zor Tul, be bhecome Uinooior o
with: Dr. Juies Sterner cobizg as cert-ti e consvltant i Industrial
Hygiene Ceatrol. The staff, on 1 Jul; 1945, consisted cf seven qoctors,
thirty nurses, nineteen technlcians, und twenty-seven clerks and
stenographers. By 30 June 1946, the staff had vnder oite & scaerste
decrease to six ph;siciana, 25 nurses, 21 clerks snd secretaries and

8 technicians, The Industrial Hy iene Latcretoery was loczted in the
original medical dispensary building from January 1944 ustil July

1944, «t which tise the laborstor, wues tra-. ferred tc the allcltel
space in the new uis :nz r;, Thds ... 5 Lo oo or perlirs vas
necessitated ty the incdrecse i lgboritcr; cer.cianel, fhis contrcl
section was under the suservisicn of Dr. James k. Sternsr Jrei its
inception early in the summer of 1943.

(2) Listrict ledicadl Section lisison. ~ Oa 3 asugust

1944, It. Bernard 'lolf was clecred to work in the restrictec areas

of the electromsgnetic precess, as liaison officer for ike l.anhattan
District Yediczl Section cnd as radiolcgist. Frior to lt. .olf's
érrival, all x=~reys tiken at the E15pensafj were trénsported tc the

(ak Ridge Fespitel for final readlng. -tn 20 april 1945, v, .clf

was rerlaced by Captein L. Jafie &s Lieison officer, Lie lettsr re-
maining in this post until his erny discherge i larch 1%.0. The roent-
genolc;ist at Cak Ridze Hcanitzl resssuued, termerarily, the resjon-
sibility cof interpreting the Dispensary's x-rays. On 1i June 1945,

PR rT £ota &85-

1t. Zdvwerd D. Pranlc wes clerre. te woric at the wis: )
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! aumed the duties of il ain Edward Frank'a re-

leass from active duty in May 1946, the x-fays wore once again sent
to the Oak Ridge Hospital for interpretation.

8. The Cost. -~ An estimate of the cost of the medioal
service, from its inception to 1 July 1946, is glven in the following

figurea, These figures do not inolude the flrst small dispensery used

nor do they include the rental cost of the space used in Knoxville as

a pre-smployment examining center, mince these costs are included with

the personnel and safety budget and are not avallable as ssparate itema.

Cost of Construction of Dispensary $268,632

Equipment 45,073

Operating Costa

() Supplies, Maintenance and kiscellaneous

( 8246, 950
' (b) Selaries 433,345 680,295

= Total Cost §$994, 000

3=12, The Pile Prooess,

o a, General, - The plle process waa developed for plutonium
production from uranium {See Book IV of this history). The funda-
mental physioal and chemical research on this process was done at
the Metallurgiocal Laboratory of the University of Chicago, and small
oxpearimental piles were built and operated by the University at the
Metallurgiocal Laboratory and at Argonne, Two inastallations were
designed and constructed, One of these was a pilot plant, called
Clinton Laboratories, at Oak Ridge, Tennesaee, built for the study

of produotion methods, snd the other was the final production plant

- at Hanford, Washington. Thes general principles, on which these




e
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riaints vere beseu, were Jdeveloned at the Universit: of Chica;o.
The ehginesring design wos made by . I. du Iont de Lemours and

Ccupany, of Wilmington, Delawzre, sukmitled to the scientists of the
University of Chicage for approvel or revision, and then constructed

by the Du Fort Company. The Clinton Laboratcries weré opefated by

the Univeréity of Chicagoguntil July 1945, at which time the monsanto
Chemical Ccmpany of St. Louls assuined responsihiiity for its operations.
The Fanford Flant was operatad by the du Font Company with the advice

of the University of Chicage. The three installations were closely .

interrelzted. Key medlczl and opereting r-ersonnel for both Clinton

Tacoritcries end Henfeora Zngineer .criss vere, in & lorze rart, either

- T

rzcrulted froo or Lrained at the letallur icel lébo*atory. Leceuse
exseri entation had indic:cted thet an opcration of this tyre ndght

be hauerdous, eluberate precautionary medicel 're rams were instituted
i determinelthe source and type of hazards which might be incurreg,
to protect Operatiné persornel agezinst these hazards, to recommend

the ..zasures necessary in design for safe opération,_and,'in addition,
to rrovide routine occupational care.

b, IThe Process.
(1) Generzl. - Cinned slugs of uranium cre placed
in Wte ile in @ pre-—arringed .an:er, which sul jects thein to neutron
vocbe:dient. The neutrons zre produced coutinucusl; by uranium
fissicn, which occurs at a controlled rate in the pile. The effect
cf the bombardment is to convert uranium 238 into plutonium, and
to rroduce certain cther breskdown products of uranium known as

"rission yroaucts." «fter a unre-detercined perica of tine, the
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aectivateu urardun slugs cre removed b; reucte cublrel fro. the sile
tc tenporar, stors;e wader weter. e cre loaded under wuter into
leczd containers sna tronsported e ¢ sepirite water sturcge arec.
After a period of storepe sufficient to roduce the radiosctivity

of the materisl (by decay of the fission rrocucts heving relatively
short half-lives), the slugs are removed in lead containers end
transported to other :reas in which extr:cticen end concentration

cf rlutoniw: is made. In these aress the uranium slugs are dissclved
and the plutonium is ;urified and concent;aied, in chemicel rrocedures
carried on by remote control behind ccrcrete shielding. The final
sciuntion fro.: this rrocess is raroved to srecizl ifscletien wiits

in whick the finel axtr.ction is .ols, .::322 Creaiw. end by-ploducts
of t&e exiraction rocess &re Storel Ior ihe rcst erd in under-
cround tenics.,  DBully, less active wzstes cre .(elivered to settlin:
ronds. Plutonium isolated &t Hanlord is stored in sreciel under-
irouad storaze vaults.

(£ Letezl Frocessin end Shering. = at Kanford

billets of uremrum metal zre receivad Tro. eihor District con-

trrotors znd are extruded intc recé. The re.s are siroi.htened,

=

ctt—gosseu, cut inte suitaile Ze.itihs, iciinel, conial wnd cunned

is o pmemner ztoropriste Lo use in tre | e rucess.  lrior te ihe

2z letion of these Teciiities .0 Merlero, Uz Lebtillurrliccl Ii ove~
tery machined slugg of urecdvm setzl cnd I experiionts in costin,

rd canning of slurs, and oxnsriiencal rorring of wriaduve setad.

(3) Experiment:]l ork. = Ghericcl :nd physiczl
reseoie’ o 21} rheses of clebt-nie | roductlon wele cosgucten et
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both Cliutin Leboritories aig tie ictailurgicay laboratory. New
methods of opuratior: were tirst investigatec on isborutory scale
prior to inamgpuration of reguiar proauction precedures. In addition,
particularly ut 'Ulint.;m lsborstories, considerablie effort was ex-
pemied in study of methods of isolztion and on the physical am
chenical properties of the radiczctive fission prodm"bs from the
pile reaction. As in plutoriur production, "hot" uranium slugs
were passed through the water canal, und taken in shielded con-
tainers to special "hot" laborstories in which separztion and re-—
search on fission products were conducted., This work was confined
to laboratcry scale. l

¢, Hazerds.,

(1) General. - Tre grincipal hazerd of ihe pile
process results from the enorusoss asount of radicactivity produced
in the operation. In addition, the ileutonium znd the fission products
are radioactive szteriauls capable cf causing serious damage if ab=-
sorbed in sufficient guantities (See par. 2-2 ¢{4) and 2~2 ¢(5)).
Conseguertly, the most isportant factor in safe operation of the
plant was engineering desi.gn, which protected against radiation and
minimized coutact with the .uaterials.

(2) Letal Sheping and irTocessiug. — The primary

hazard o.f the variocus preperatcry procedures is tnat of breathing
uranium dust. However, as indicated previocusly (See par. 3-7 b
(6){(c)) the dust is the black oaxide {U30g) ard is essentially
non-toxic, In addition, there is exposure oi‘ the hands to the re-

latively weak radiation frae uraniuc metal. Under ordinary con-
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ditions of handling, this constitutes: a negli_ ible hazard. Finaily,
in cleaning the uranium slugs, ecids and de reasing agems
(tricihlorethylene and carbcn.tetrachloridq) were used. It secms
likely that the use of carbon tetrachloride constitutes the greatest
danger in this operatiomn.

(3) Operation of the File. — The hazardous campon-

ents of the radiation produced in the pile are neutrons and gamaa
rays and, to a lesser extent, beta rays (See Sect. 2—é b). A tre-
mendous amount of cgoling water is reguired by the process, and in
passing through the pile this water and the air it contains become
raaioﬁctive'and require special handlingf The uranium slugz, and
even the iaterials of construection of the pile, tecuge intcnsely
redioasctive. Consequently, removal of the slugs and any repair work
done on the pile reguire intricste protective procedures.

(4) Plutoniuw sfxtraction and Concentration. - The

priréipal hazards of these jrccedures result frcm che inteanse radio-
activity of the activated uranium slugs, from the rauicactive gases
liverasted in dissolving the zetal, znd from the toxicity of plu-
tc.wn ang the fission predncts (See par. 2-2 c¢(4) anc 2-2 c(5)).
Tre voxieit, of these r;‘a‘t.erials becunes imzortant only in the final
seccraticn of plutcnium.cr -n case of accident. Jampling rrocedures
Lrroecghout the process introduce the additional denger of Spiils

of active .aterial. rinally, waste sclutions fron the process,
containing uranium and fission proauctg, are hazardous because of
the radicactivity present aod the toxicity of the materials contained.

(5) Experimectal iwork. - The ressarch work on plu-
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ﬁonium producticn shd on iscluticn and puriliczticn of varicus otner
radiocactive isotopes was :tccompanied by zll the hazerds encounterea
in the gile process production plent. 1In sw.e instances the hazards
Were greater in the laboratory than in the plant because of make-
shift shielding and equipment. Then, too, scfe practices for ex-
perimental worx could be developed in & general way only. Final
formlation of gpecific rules had to await inforcztion oltained
from the researeh work. In certain instances, also, familiarity of
the scientists with radivcactive materials made tliem less cautious
than they might have been.

d. FEazard Control.

(1) Genersl. — Hazzrd contrcl was divicec into

the following parts: monitoring, wnick included iethous ¢i check-
ing personnel, plamt areas, abmos here, and wastes; and protective
procedureé which cancerned floor and table coveri:gs, protective
cloething and equipment, and methocs cf rotating employees in hazard-
ous areas. #Autamatic cuntrols were installed to stop the apparatus

when over-tolerance levels of radistion were reached.
(2) Monitoring. )
(a) Personﬁel. ~ xll individuels werking on
e pile process, at all three liocetiocns, were cerefudl; caecked
to insure trat Lharndul wrowts of riciation were not received.
All persons admitted to areas at Clinton end ranford which could
possibly have aignificant amounts of radiation were reguired to
wear two pocket ionization meters and a filn badge (See par. 2-5 ¢).

This rout.ne was tiie usuzl practice =t Chicago, but wes nov campul-
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sery.  The jociket ..ebuers vere read -ui.y chu bhe fiiw badges at
interv: ls of cne or twe weels. 1f the ;cchet weiters inuicutea that
expcsures ubove the toleraice level of U.l roentgen of veta or gauua
ragiation Here‘receiveu, =n iﬁmeqiate crecik of the type. of exposure

Wus aue, un. corrective uecsures uere ...slituteu to .revent re-
curresce,  Ancivicueis v receivie . ore thun telersrce amﬁuﬁts {a

rave oc&urrence) vwere obsorved clossly for & gerica of tire o iisure
that no boidily damage wes incurred. hadiaticn of the hands was

Uy the use of Mg film mevers or wrist .badges (See par. 2-5 ¢).
In adcitiun, finger fidga inpressic:s were tzken at.3 month interveis
of 8il empioyees handling rucicactive nuterizls (See pars 2-5 i) ).
Ghanglaf iv. the fingerpruntes of any inciviuiuas wes sufficiept. excuse

to effest an i:m.ec.’-iat.e_ investigation. At Chicago, as a further

ciiecs, stuaies of Lae cepiilaries ci vne nands were also made, and

&t Lhe .end. of every siift the gioves, nats, shoes, respirators and
protective clothing of employees worsing in rzulcaciively contasinated
-reas were tosicu. Clothing containcten with radiosctive material
was sent to a special iaundry for decontemicstics. 11 evidence of
over-tolerance activity still existeu ii bthis clothing after laundiry
procedures ﬁere carried out, it w.s eiticr iiscecrusc or stored until
such excess awctivity disdrished by, zaturcl rudicactive decay. hand
counters wers used to deterrine excedsive hana centaminatien, and,

if contaminated, the hands were cleaneqa by scrubtiag or chewdcal

methods.
(b) Plant Areas. - All hazardous working areas

cuntinuously recording instru-

in the : lunts were ronitored, L,
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me:ts, equipjpeu with cutowatdc aiarm agvices, which were sel off
as scon as the tolsrance level of radicactivity was resched (See
app. C 23). Bioiogiczl monitoring wus also carried out zt Clinten
Laboratories, by placing rabbits and rats in strat.egic iocations,

to determine whether long continued exposure wouid have any signifi-
cant effect on them. A specially trained staff of workers examined
all vork arezs, a;.;paratus, equipment, tables and hoods at regular
frecuent intervuls to determine the presenca of harmful levels of

racioactive substunces. Analyses were made of the alr to determine

the ccncentration of radloactive dusts cr gases.

(e¢) Atmosphe:e. - AL gases and fumes exitted
by vie _iie zng oy the cheideal se.paration jrocess exhaust stacks
Wwers exu.dned czrefully in order 6  revent wny hazira to tihe .lunt
arees cnd to the surroundin, regicn. Coutinuous checks were mads
for tie presemce and wocunt of radiocactive -gases by the use oi
recording ancliysers wa film packs. Tnis egui.ment was in struteyic
jocations in the i.oeaiate vicirdty of the three instslluations, with
otlLer u;:it.é at oista.pces up to several miiea from the st.';u:ks.' Ko
hazardous concentrations were found at azny time. Scme ticiogical
monitoring was carried out at Clinton Laboratories b, introducing
aniiels airectl; iitc stack guses anu excmining thes at intervals
t§ ceteriine whetner injury had occurrea. To iate no injury has
beer uenor.strated (See App. B 4).

(d) Water. - Large guantities of water are

usea in the sepirziion and decontamination procedures. Continuous

LCitoring of this waste for rasiczctivity was carried out, in ordsr

Lo
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Lo prevent radivective -prouucts irow bein; aischargeu lato the
strezms in the viecindity. all the water after use wis wreirea iato
nciding ponds vhere it wus aslowe. to remain uatil its zetivity was
redquced by ;recipitaticn and radioact.i\,;e disintegretion. Lin addie-
tion vo Lhe checx «n the water, additional studies zave-been carried
out on the mud of the stream Led, tie plant iife eana algse and the

tish population at optimus Locations (See agp. B 5).

{(e) Laintenance dork. - Laintenznce viork in
any of the hazs'.raous areas wus precedea by :;.oniﬁoring surveysa and
a job analysis. After careful evaiuation, special ;rotective eguip-
zent such as clothing, respirctors, gogzles, zna gicves rizht be
requirec. The monitoring was continued aurin: Zie entire period
of wori. Upen cuapleticu, special examinatic.s were .aue of iistru- |
zzr.ts, tools and clothing to detect any unusval amount of rauio-

activity. Pocket meters and Iilz badges were read wni every por-

sible precaution was taken to prevent over<ex;csure.

{f£) Kisceilaneous., - 3pecial surveys for radio-.

active contamination were nmade poriodically in the c=feterias,
ilaundry, offize buildinga, ami other locations witilin the plant areas,
tc cetect the uwepositicn of rmdiuite quantities ol racicective iLcterisl.

vhec<s were .ade on the utmos.neric content of .eano i the lead skop

.vhere the lezd siields for protective w.its wers fair: csteu.

(3) f‘rot.sct.ng’Procedges. - Special protective

apparatus and procedures were found necessary to elicipate cthose

nazards which could not be conirclled by engiresriny :esirn and pro-

cu88irg wetioas. AS previously stated, these lrciuce ine ude of flicor
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vf anc tacle coverings, ;rotecbive a; . clawvis ard equipient, and regular
rotation of employees away IToid migh eXposure areas.

(a) Floor und Ilsble Ccverings. - To guard
against high radioactivity in the conceatraticn and isolation pro~-
cesses where the concentrations of plutonium and other substances
of this type were comparatively high, work tenches, tzbles and
fioors were coverea with paper which in turn was destroyed and re-

placed at regular i.tervals., In some laboratories glass tops were

found to be preferabie.
(b) Protective Clothingz, apparstus and Equip~

ment. ~ Periodic changeﬁ of jprotective wora clothiﬁg for all em;loy-

ees working in plant sreas was reguired. This included coveralls,

gloves, hats and shoes. ILhe perious of {ize bet.ecn changes were

( determined by the type of work perlcrned, ;ossiciiity ol exposure,
D end sctual corteminaticn as deterwiied vy tre wonitoering for radio-
o activa msterials. 1In certuin haz;rdoua arzes caean clotning was
ragularly issued deily. Speciai gloves were worn in carryiaug out ‘
ﬁ“Q;} those operations which.necessitated exposure of the nands to radia~

tion or contamination. Kaspiraters, previcusly tested lor efficiency,
were worn in sll maintenance work involving exuosures te tne radio-
active dusts of 1ission ;E'ouuct.s and ‘_'l_utonium. Gogglies were issued
to all employees'engaged in oper:tions in which &  cssibility of the
qontaminatinn of iiie eyes exisled.

(c) Rotation of fZagioyees. — If it became nec-

essary for certain employees to receive radiation in excess of tol-

( erance for & lisited period of time, trose LOrxers were tien re.cved
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frow. the !

for the tiie required to determine that no adumsge hed been incurrec.

There were very few cf these cases s the actual nL;.mber not being avel.able.
(4) Uedicai Exsminetions. -~ The medieal control

of the neaitk; status of plant employees was exsrcised by t.he'

following exadnations. 4ll employees received a pre-emuloymert

examination befors being hired to work in the plant'afea. Int.efval'.

examinatiocns wefe carried out at sgecified times, for general

health cantrol and to determine whether any da.mage, due to expos—

ure t¢ radicactive iaterialy, had been incurred. A termination ex-

amiriation we9 carried out at the tiwe of discharge, to detsrmine

whether any ci.enzes nzd occuéreu which might be related to exposures

to ruuicactive haZaras in the plants. The pre-employuent eXaudinu-

tion is.clu;ei.a cazpiete I;hysiéal exauination, cnest x-ray, coaiplete

blocd cow.l, urinaiysis, and a aemlc::gicél test for syphilis,

Physicel examicaticns were repeateu at intervsls of & to 12 months.

Laborztory examinzticns varied in frequency, dépenuing on the degree

of hazard, and usually consisted of blood counts ] and urirelyses, re-

peated &t interveis of no mere tian one month lcr persons in'hazardf

cus ereas. Ulerzi.ction exauinations were simiiar to the pre-

CLplOYL8hie 8A&LIHALLIOLS, .Speciul attention wes uwir_cted toward

tie ustectacn I changes cue to resiation. The traister exauinaticrn

on enjioyees Loving to other aress was identical witi the ternination

exatdnation. aAll plant personnel working elsewhere in the arezs re~

ceived these exumirstions ot intervals of three Lo 8ix m_onths; Uc-

Ca8ichial C1G0d afn. uriner, exarinations for lead vwere carried out
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“ooinddviceels vke had exgosure Lo lesd.

3, Evaluation of Hszarc Coemtrel., - 'ihe .cuhods

inticated avove .rovicee cuiprlete _rovection of che Ludlviduwls

wurking uie the verious phuses of the _Ile iroczas. To .alnbain
such high steiterus of vroteetion necessilaies a vur_, coaziuercole
eipenaditure of eneryy, anu the nﬁ;:ber ol ;ersons reyurec axceeded
by far the number usually assiynec tc this iy, e <f weri. as an
additional protective cwsasure in these o, eraticns, & very conser-—
vative view was taken of the dossges of ruaiqtion and cf radio-
active substances considered s:zfe for long-continua& ex;rosure,

enid wlditicnasl foctors of safet; were iivroducec in .o3t ilstunces.
I'ne fect thet nc evidence has develcped to -ndic te thzt any
ingivianel kes been injured in any way by tone speclas nozzrus of
this ;rocess, is cansidered to be wuple justification for the

efforts expended.

6..- @. Goeneral Industrial nglene.
(1) Hanford Engineer works.

(a) Cvjective. - The Industrial Section of
the Meuicali Departient at Hanford was ré.Sponsible for: determining
the physicsl status of applicunts for work in the pile process
rlant, in crder to utilize most effegiively the manpower available;
tiie prcteciion of tiie empioyees cnd tie uwic from over-expusure
to rauiation wna radicactive substusnces, by a.propriate exaninia-
tions of the plent environment and of the plsnt persornel; the care

of occupational illnesses and injuries; and the minor mecical care

necessary to reduce sbsenteeism.

S~
e .2 i
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(b) Ceousgtional eny hon-Geow.sbivnal bewical

Care. - The Inaustrial Secticn was respournsitle jor the treatment
of all oceupaticnal ilinesscs and injuries. Linor c:3es vere ¢ureqa
for at the first-aid statiuns., Patients requiring hospitalization

were treated in Kidlec Houspital at lderland, wasnington. Close

"liaison was maintained betveczn the ;hysiciuns of the Industrial

Section and the staff of the hospitai. AN a ratter of -olicy,
treatment was provided by the Industrial Section alsc for winor non-
ocecupational illnesses and irnjuriea, in croer that workien could

receive treatment with the least possible loss of time frowm work.

(c) }Lﬁaation of Industrial iedicual Livision to
Cperstions. = & Special HQz;—.r; Cawdtree woe sstablishea in Wovenber
1944, a8 a subcouc . ttee of the CentrarSafet; Couwdttee, to sct as
Lhe lieison group cetween t.e industrial lLeuical Secticn of the Ked-
ical Department and the Cperations Sugervisors. The Couauttee re-
viewed various radiation hezards and issued special bulletins out-
lining the control procedures to be used-cy plunt persounel. Respon-
9ibility for radiation safety was prinarily charged to the clépartmant
coz:cei-ned with any particuiar opdraticr.. Trie Hezlin Uupartment In-
strusent Group of the lndusciriel Lecicel Liv.sion were reyuired to
Keep tie aepartments inforaea of tne existence of unsafe working
gonditions or operaiing praciices. The Feaiih instru.ent Group
2190 ;rovided an ewucutionai jrogrum for-sg ervisors on radiation
hazards and jrotectiorn.

(d) Catsstrophe Frogram. - An area evacuation

plan was devised, and revised periouically witn changing conaitions.
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orderea, to anéwer emergancy calls, and, atter couplelicn of these
duties, to pick v their perscnnel and establisn field headguarters
in a location designated by the Heslth Instrument Section.

| (8) Crganization. - B. I. du Font de Nemours
and Company, the prime contrzcter, accepted the responsibility for
all meaical care reqﬁired in the operations phase, both the industrial
and cocemnity medical care, Lr. W, D. Norwood was chosen in Feb-
ruery 19i3 to be Director of the kedical Depertment., He was es-
peciaily gqualified for tnis positicn as hclder of a degree of kaster
of Science ir kiectrical Ehg;neering, in aadition to iong exger-
ience as an incustiial physician. UDoctor liorwoud received indoetrina~
tion in the special hagards of the Froject at the hetailurgical lLab-
cratory of the University of Chicugo and began fuli-~tige work in dich-
land, .fashingtai, during karcia of 1944, He was joinea iu Septsuber
l9hk'by Lr. 8. T. Cuntril, a specizlist ir radicicgy frow Seattle, and
by Dr. E. i. Parker, & specialist in racium Jdosimetry. Doetor Cantril
and ir. Parker hai both had considerabls previous traiving at the
ketallurpicsl Luboratory, ana had been ackive in the direction cf
t:.e ieaiczl Leparu.ent of Clinton Lzboratories. They becume the
nesus of Incustrial beaicine and Healtw: Fhjsics respeciiveiy. asddi-
tional physicians, nurses, technicians, and otiner helpers were auued
&es tre needs of the Section increized, until & total of 81 perscns

were directly emjloyed by the Industrial Medical Division and there
were 145 in the Health rhysics Croup. )

. 7
(f; Faciluties. = Tis priucipal beadquarters
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of tie Ihuslria. Ledicul bivision wes-in Kaalec Kospitsl (See app.
C 16). Space cnd fecilities were cvailskble for pre-atplb;‘xnent vhy=
sical and isboratory examinations, and for the admiristrctive of-
fices of the Health Fhysics Group. In addition, first-aid stations
were ustablished in each }lant srea (seven in all), to cire for
cinor ilinesses and injuries and to cenduct periodic yhysical and
laboratory exasirations. All of these stations were open cn a 24-
hour basis except the one in the XG area. The work scheduls in

this area was only one shift per day and the first-aid stution was

‘¢;pzruted zccordingly. The first—aid station in Kadlec Hespital was

usea for ,atients requiring specialized. cure rnot availutle in the
ereas. aftcr 1 Februiry 1545 this stution alsc scived ss the Village
esergency medical center iram 4:00 p.au. to 6:00 s....

| (¢J BRecords. - lhe records of vhe lanaustrial
Eedical Department are kept separate froam all other hospital and
clinical charts since they comprise part of the anplcyeeds euploy-
ment record. These neuic:l records are .ade in duplicute, the orig-
inal be.ing. kepﬁ in the central record room of Kadlec Hospital and the.
dujpiicate poing to the are# first-aid staticn. If an ecpioyee is
ireusferred frc: Hanford to another Lanhattan vistrict .reject, a -
z;hc:.clst.ubic. cop, of the recera is ftorwasrdec. The surerviscr of
inoustria. wecical records is &lso in charge of compw:; accideat
art neawath insurance claiis, tie clerical work reiative tc lecical
leaves und ubsences, .nd the necesaury contacts with the ecpiuvyment
tmd securit. cerartments to insurs that prior wedicul woprroval is

received vefore em leyees wa visitors are periittec in restricted
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al'eald.

{h, The Cost. - The net exjerse of tiie Indus-
Lriai keaical ~ivisios iro. its Zagepiion tnruvagh 30 June 1'&4«'),
exclusive cof facilities, wus 92,581,156,E5.

(2) Clinton Laborutoriss.

(a) Ceccupstionsl und Nom-occupational Care. -
The care of sll injuries received wnile working at Clinton laboratories
was conducted in the medical dispensary. This type of service formed
approximately 25 per cent of the activity of the firat-aid and t.ré:—_t-
ment section. The remaining 75 per cent of the work consisted of care
Ciose iizison was mairtained
between the dispensary physicilans ond the worker's persernol physiclian.
Any patient reciuirijaa' hespitsal csre far either ceccupational or non-
ocen:. tianal iIllness was clossly followeu.

(b; Relatiousiip to the Safety Department of

the Clinton Laborstories., — The Chief of the Zedical Division was a
mP:mber of the Central Safety Coumittee cf the Ulinton Lsboratories,
which met at monthly intervals, to set down measures for the control
of the hazerds occurring at this instzllaticn. For the control of
special medicai hazards, a Subcommittee c.';n netivity Hauards was
formeu. This group, which &4 usuelly at meutay inlervais, formlated
an exte:sive mwnual on the detection and cont.ol of hazurds from
radlation. 1n this .ullicaticn measures wers estabiishea for ef-
fective contrcl of the radiation haszerds of ‘each area. all sub-

major and majer scclidents required a gou.bined investigation of both

tnhe Safety znd Lne iefical vepartments, Linor injuries were iavesti-
A E J
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geted b, the oulet, wercrbueni ori). all injuries were iivesti;ated
vdth perticulzr core if there wuas & chuance of contanminatvion by radio-
active suteriai. keports welre xzde to the Safety Section of such find-
ings, and contrcl igasures were set up by the caubined effort of both
the dufet; and the Ledical drganizations.

(¢) Catastrophe Frogram. — Two catastrophe pro-

BrumS were organizea to -rovi.e for tle jrotection and treati.ent of

clant persongcel in the case uf a najor emergency. 0Une LIOgram Was

eslublished for tiie viinton Liberaiories alcue, ana the otier was

wider the coutrol of tiwe

Va.. sLGeE HES, 1T=5. novisie.s were pacs Lider boti slens for tioe

gvacuubion ol Lrig il ww eles, cid Lie Lrectmect ol ali injured

LArSCIIIel .

(d} (ther activities. - The medical division

al80 supervised general 'sa.nit.at.ion, water ;urification, waste und
garbagze renoval, wnd the lize. 4 visiting nurée' s,er\rice. was ziso
walrtained for tie heme visits and care of certain patiente not
sufiiciently ili .o resuire hospltalization.

(e; Urzanization and Facilities. - Since the
MEjor Gazures oo e (lle oerction were well defirned before con-
structica was steive. ztv Cidntea iezuoritories, it wus possible to
srocure Ghe wediesl }crsul..;el te_ore Lhe facilities were completed.
Tie aslection of irdiiicuals faciiiar «ith hazards which would te
encountered wss made ¢y Jr. R. 5. Stone. Under his direction the
general policies of heward coatrcl for the pile process were deve-

loped., A&xperience was galned ol Lie argonne experimental pile and
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the Undversity of Chiez ¢ ietallur iczl lavoraicry., In Sertecrer

of 1943 Jr. S, 0. Ciutril was trunsferre. fro.. the ;ctailurgical
Leboretcer; te Clirtor Laiorateries and placed in charge of tue .edi-
cal Livisien. In July 1944 Dr. John E. Wirth was appointec to the

medical staff, und in Septeuber of that year he sueceeded Dr. Cantril,

~who was tranaferrea to the Hanford Engineer .orks. A neaical dis-

pensary was planned and constructed to rroviue for routine exami-
nations and necessary [irst-ald and ererzency trectment of zn egti-
mated 1200 employees. It provided a first-aid and emergency treat-
ment room, a faur-bed ward for cere of casualties, & .dnor sur:zery
roc.., a clinical lsborebor;, &ndi six coibiraticn offices ana treat-
mebt roome. Construction ¢f this tmilding was startea in april of
1945, _end in Auzust of 1943 the firet pre-empleyuent physical sxawi-
naticne were carried out. acditicnal space was later provicew for
the health—physics (moritcring) and instrousent labaratofies-in the
new Health-Plysics buildiﬁg. The medicel facility at present is
staffeqd by the chief nediczl cificer, vr. uirth, and three assistant

physicians. Six to seven rurses have been -ufficie.t to jeruit the
dispensary to be open for the comrlete 24 nwur shilt. approxirately
six pre-employuent and Ifive to six terrdnation or fracsfer exai-
'roject stirtea. lhe
working | o.uletion has re aires within Lhe extre.es of 1100 vo 2800
at all tiwes. Approxi.atel; 50 to 130 patients are seen waily jor
iirst-wdd and e.ergenc; treatcent, Routine and syecial examinatic:s
for persuiis in hazardous ares: ar: alsc carried wt.

(£) M‘ - -The experse entailed ir _roviding
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incostrial o edicid service at Llﬂ.hm. Lz croetories froo- the sturt of

crersticns uitil 1 July 1946 is estdiatza &t ,36E8,00C. This woouat
oo

Hi12s 000 W$240,0
includes arn c.penditure of ';.-Ge-,-f;GG\- ‘or facilities, and 1-;3;,4500
for operaticns. |
(3) Letallur.iczl Laborator:.

(a). Cccuyaticnsl cad Non-occw atiocnal iedical

Czre. - 4ll out-;atient ocecuzaticnal ard non=cceu:atiwnal medical

care of euployec. of the Letallurglecal Laberator; was i arformed by
proeject physicluns. Dispensar, facilities for this service vners
ma.ir.talnad in Billings Hos itsl cof uhs Lmversxt of Chicago froo

June 1%942 until 1 July 1944, en. zi.ace ihat tie ser-ice hizs ieen
rencered-al orenel Uouse, the iecalth caoter of this Univer:it, . Fer-
sons requiring hos iteligation Zor coeupetic.l illrsss w inlwry

vere miactec in Sillic s ‘lespitel under ke cure of o s lier oI the
resuler attending staff., Ei lojyses were furnishel cut-patient care,

vithout char e, for rio:‘:éocm aticuzl 1llsesses @ o accldats. This
service 1¢5 -rovided to uiniimize the tize Zust b, reason of niner
iil::ess, ti.a &lsc te escertzin thet the illnesses were non-cecupu-
tionul. Pospitilication wnd chysicluns fecs icr non=oceunutional

illnesses w.d injuries wers ...t rovide.. However, ;rojoct .hysicians

sidntosnes oless licdison with the rhysic.uns curing for hos it .lised

wersoiael.  obuli :hysicliins from Billligs Mespitll revided consvaite
ing service when consultation s necessar;.

(b} Lelaticns i:- to the Safety Devertument cf

retellur;icsl leborator:. - The 3cfety Duorirt.ent accepted the respon-

sibility fcr ordinary s:..fety an..fire =eventien. The ZJectiun of




(Par. 3-12.(3))

Clirieal euicine wis respcusible for all radistion hazérds, for safe-
handling of rediczctive materials a.d c¢re. decsls. .nen. & situaticn
involvedl both depart..ents, cauferences werz held znd the lines of

responsibility were deterasineaq,

(e) CLatastrophe Program., — Bacause cf the umany

safety features incorjorated in the cpersticns at l.etallurgical
Laborztory, no cotastrorhe pro, ran wes cir.sidered necessar, by the

University of Chicago, and none was organized. .

(d) Gther Activities. - & nuber of tha phy-
slciens erployed by the letallurgical Iaboratory for this Section
devcted their time teo clinical resecrch, | [Zis vori was dirsctad
pricapril; toward tests which would indiccte sarly demace iro::, or
provide smeans of neesurin., absorption ana excretionv of the raterizls
in usse,

(e} Crgenization. - dr. Robert 5. Stone, asso-
ciate Director for Health of the istallurgical Project jo:'i.nad- the
project in July 1942. He wes assisted by Jr. leon Jacchbson, who
was consultant to the project beginning in January 1942; he started -
giving half-time in Noverber 1942, and becane a full-time staff
mesber in July 1943. Dr. S. T. Cantril was added to the staZf in
august 19.,2, (¥e became uvirectcr of the ieaical Department of
Clintes ilaboratories in Septumber 1943, znd in Septerber 1944 he

wed trensferred to Hanford Lngineer .orks tc hezc the Inuustrial

"lealcal Frogrem under Dr. V. D. Norwood.) Dr. J. J. Nickson and

Ir, Yzrparet Nickson were employed in September 1942 and May 1943

respcctively. The folluvily doctors wers addea on the date indi-
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cated: Dr. S. Schwarts, November 1943; Dr. E. 8. G. Barron, Novem-
ber 1943; Dr., C, J. Watson, November 1943J; Dr. E. Clay, 15 Marsh
1944; and Dr. J. G. Allen, July 1944,

. Dr, Robert S, Stone has beean director sinces
coming on the project., Hiz first asaistant, from August 1942 to
Aupust 1945, was Dr. 5, T. Cantril, and, since May 1944, has been
Dr. leon Jacobson, Dr. Jacobson has been in charge of the blood
laboratory since coming on the project, and since July 1943, he has
been in charge of clinical mediocine (medical care of ooo’upa.ti'onnl
and non-occupational illnesses and injuries) and of clinical investi-
zgation (special laboratory procedures to detect injury by, or measure
excretion of, chemicals). In this work he has been aided by Dr. S.
Sohwerts, in oharge of biochemlstry, Dr. E. 3. G. Barron, in charpge
of Ensymé studies, and Dr, Margaret Nickson, in charge of skin
studies, The cliniocal medicine at the start was dome by Drs. Cantril,
Jacobson, M. Nickson, and Jo J. Fiokson. It was delegated 15 March 1944
to Dr. E. Clay who oontinued until 21 July 1944. Since that time the
olinical work has been done by Dre J. G« Allen; Dr. C. Je Watson has
acted as consultant to this Section and also the Blological Research
Seotion, Dr. M, Nickson has acted asz a c‘onsultli.nt/ onl_v, sinee November
1944,

When Dr. Jaocobson was made Associate bivi sion
Director in May 1944, the Industrial Razards Division, previously
included in his Seotion, was removed, and Dr. J. J. Nickson was

made Section Chief,’
Approximately 19 persons worked in the olinical




(Par. 3-126(3))

medical section, about L0 in clinicel imvestipe.ion, ciu an average

of 3¢ in the Incustrial Hazards 3ectiau. ajreximetel; 90 rerscrs
were attached to the .sedical Division at the peax of emcloyzent
(2500). At this level, there was a turuover of about 20C persons
per m;:anth, and the number of examinations, incluuing nre-esplcyment,
interval termination, occu;ﬁat.ional and non-occujational types, totalled
ap;;.roxima‘tely 1,000 per menth. The rather large nediczl staff was
necessitated by the hazardoua, laboratory-scale expsriments, and
the cousiderable turncver of personnel.

(f) Pacilitiea. - From the start of operations
until July 1544, Qispénsar; tacilities of Billings Mcspitel were .
used o the physicians of the lletallurgicai Iroject. Sinze that
azte facilities in "Urexel Eovse have been usea for :« lisyenszry,
This installaticn croviues out-patient feecilities, similar to the .
average physician's office, suitable for treating uiicr illnasses
erd in:]uriles and for raking physical exasineticis. In adadition;
a s5.&11 laborator; was proviued for making emergenc; laboratcry
examinations. Routine urine and tlood cxaminations were dcne in a
laboratory located in Billiings Eospital.

{g) The Cost. - i'c btrez.cown of the oz o f

thig zervice 1s cviilable., T is Lo cluce. i the socas:

P L P |
clloLin

¢’ the Hezlt™ lr¢ ré.a of the .ctuidlur fcal Lebvoritor; &b Chicu o,

2-13. Folcziua Productioﬂ.

The need for poloniui {cr iadium P) zs a nsutron
source {or use elsewhere in tne Disirict was foreseea in early 19.4,

&r.a eccorai;gly a rocessing rogram was inatituted at the lcasanto




o

Sl

gy

(Par. 3-13)

Chsiidlcel Congwrn s

a. frocess. - Units 43 ard #4 of the lcnsanto Cherdcal
Ceugny at Leyton, Chio, vere sot up for the extraction aina purifi-
cztion of polonium., From November 1944 to Jaaucry 1945 & s:all amount
cf ;olenium wes extracted froi. rociocactive lead ores, bub during

Jarnwary 1945 t:is @ rccess wes cbanicned., Concurrently with the ex—

“traction frou rudocactive lead ares and continuing up to the rresent,

a secand rethod for preparation of ;.-oloni_um has been in use, which
produces a ruchk larger a.mour}t. of “elonium than can be extracted from_
lead ore. The polonium is artificially produced in a pile by the
neutron bombardment of bis@th. 'I'.-té poloniun is then chemiceily
extrecteu, fre.: the wichanged hism‘ttl'z rencinic:, aind further rurified
Ly ;;l-l_;.'sico-t:hei.:.j_._qg rrocedures. =» detailed eaplanziion ¢f the pro-
cess .ce.r. te found in the voluue concerning the los alasog Preoject.

b. Hazards of loloniwu Frodwction. - In aa.ition to the

hazards of chenﬁcalé in general use such as acics, alkalis, etc.,
there were two special chemical hazards noted only in the pméess
wsing the radiocective lead ares. Thesc Lezards were ex:osure to
lezd and tellurium, The major hazaras were zue tc el-ha radiation
frem volonduny bete wnd javvi. radistion fre. the _.-‘r?cursr.r cf lolen—
ceiivobed inouris

. - IR -y .- » s . =L LA -
ivn (Cellwe Fpr ool Tete sod oz roddaiion Jiw

. . .- .o : - ! o .. s P o
Lies sueh os silver o iren {Cec cure 2=2 Y,. There s wloc & hazerd
Cro.. tie texdaiz- of cclondn. pur =2 (cee v, 2-2 ¢(3)).

v . - /

¢, x2.ilcal Contrei c¢f Zazards.

(1) Ceneral., - The industrial hy.iene program for

certrel of cccupitional hazaris at Dayton wes under the direction of
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.
the Tndustriel e .icel Livisicn of the Lanhebbti.. vistifet [edi-zl

Section,

(2} Ledical -xami:ztions.

(a) Pre-—ggglog-ment. - Fre-smployment physical
examinaticins were . andabor, cn &ll inca.ing empicyees. These enaui-
nations served as a btise line for subsequent examinations an. alsc
insurec the .sxdimum .use «f avzilatle zannower in job sitvations
suitable to the employee's best interests. The a':éminat.ion ircluded
a brief medical history, & physlical exaxzination anu a'*;—ra;f of the

chest., Laboratory examnations of the blood and urihe wois performed

and blood serolosy was ccne as a check for syphilis.

(b) Interval Examineticns. - Teriodic physical

exaninations were performed on the ex;csed enplcyces every six months

(_ while the unexposed perscnnel vere exanined once a year. Houtine
| complete blood counts were done on the exposed group monthly while
' the unexposed group wers checked every three months. Urine analyses
were done on the exposed group weekly and on ths unexposed group
ﬁt&-i" _ monthly. These examinaticna were designed to ‘detect early signs of

toxic effects frew work with polonium.

(c) Termination Exauii:ztions. - “hen an en-

zloyee wes terainsted, he wes given an examination much 1ike the
pre-employiient exacinatics, tc deteriine .hetier he had received any
deleterious effects from his emplcyzent. This rrocesure was of |
benefit to toth the terminated employce and tne esgp:loyor.

(3) MKonitoring. |

L (a) atzosvhers. - all recirculated air was
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sonitcred daily for redicaetivit: . the circulating uuets a.a
preciiitron vere clewned wnd deco..taiinatei on the Lazsis of the
readings obtained. The atuwosphere of all "hot" laborztories was

also monitored da ly.
(b) Radiation. - Because of the large amounts

of radioactive material present it wss necessary to make daily

- counts of all working surfzces, incluaing the hoods in all labora-

tories handling active material. To facilitate job procedures and
prevent excessive radiation ¢f employees, detalled monitoring of
routine operations was done on frequent occasions. Sﬁacial ﬁr oc-.
cegional operaticns were carcfully ronitored to wrevenl accidents
and to supply date for future reieremce. s»ll cortiiners of active
material were sonitored before snirping.

(c) Fermonnel. - L--loyees ex;csed to ,oloniur
had urinalyses for‘thia elensnt weekly while the unexposed eiployees
wefe checi:ed monthly., aAnalyses cf %lood and feces {or radliocactivity
were :izde when indic:ted. Routine Ueta and gamma radiation monitor-
ing was done on all personnel by the use of wrist films and pencil
chembers. Twice a day routine hand counts were done‘6n~di1 personnel,
and 211 clothing entering the lzundry wes nonitored before and after
lzundering. 4all exrcsed persorncl wers fingerprinted (See par. 2-5 ¢
(4) ever; three months as an added precautioﬁ.

~ de Generel Industrial Hygicne., - The care of occupational

and non-occupational illnesses’ and accidents offered at this instal-
lstion was limited to that which could be handled by the registered
nurse in attendance at the dispunsar;. Illiesses aud accidents of

SEORITm

3.64

L
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more thin rincr nature were referred to Dr. Iynn Baker, who was a
rhysicizs in the vart-tisze employ of the cocpany.

e. Crranization. - Fro:z the time of its inception uwstil

april 1945 the Health and 3afet, Secticn wes under the direction of
L. L. E. Silverman. In april 1945 Captain (ther lisutznant) 5. S.
Wolf was assigned by the Uistiict lecical Section to take charge of
the Heaitl. Program. L& d. T. Faust vas assigned by the Bistrict
Safety Section to take over the Safet;v Frogram. ifter Lt. Wolf's
arrival, new personnel were rapidly acded, in order t.o keep t.ha Healt.h
Program abreast of the nev. problems created by axpa.nd.i.ng product.ion.
By 3C June 1945, the organization consisted of 27 peopls, mest of
vhon viere assigned to the Yealth Physies Departraent. Cartain 3, S.
.ol.f wes reassigned to Hew York City in lay 1945 anad was not replaced.
f. The Cest. - Tha estimated cost of the Health Frogram

fro: Cetober 1943 to 30 June 1946 was +245,000. The tulk of the cost

was for salaries. The cost of special moritoring equipment is not
included in this fisure, as it ras oLtained from the Letallurgical

Froject and the Clinton Labecratories and is included in their pro-

grac.
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( | SECTICN L - CLINICJ?LL <EDICINE AND DENTISTRY _ s

. 4~1. General. vaiaion of medical and denta.l dare apd re-

-lated gez_wicea, for both the cliuton and Hmi'ord Engineer #drks,
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ordinarily provided by'.employers in large inch.mtri'al:,'-operat_.ions.' It

' was planned "'Ith'#_{;_"p'erao‘n-s' for  whom hbs"pit'.a.l":’cgre?-m-as -_ret;_uii'e'd"w'ould_: o

Ap investigation of hos=

R T

from’ other war.industries, and the physiclans and ‘dentists’in Knox-

to accept the sdded respon-

o+ .a

pakic el fanctdons.

e



( contagicus dlaeases and any other illness which ma.de it imlooss:Lble to

1eave the dormitory for food. In addition, the 1a.rge ’cbriﬂtmction
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’ ' Consequently, construction of & domitory large encugh to accomm “ :

140 persons was begun in April and finished in June 1944 (Ses Bk I
VYol 12 App.-_Cé)

incidence of severe upper-reaplrato:y infections. Eo fu.rther addit.iona.

.
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medical service was rendered by Army officers and two civilian pay-

chiatrists. The schedule of fees was based on the fee acheduie ‘of the
Knox County Medical Socliety. The fees went to the Univeraity of Rochester
and, later, to Roane-Anderson Cokpany (and, in turn, to the Government }.

The hospital was operated with a "closed staff¥ (only those doctors

regularly assigned to the hospital were permitted to care for patients
in the hospital). The indnstrial physicians who referred cases to the
hospital were extended "courtesy privileges", amd act.od as consulting
p}uvsician.s_ in the case of their patients. A prepayment plan (See Par.
h—é&(h)) , the Oalk Ridge'.HeaJ.th Association, was offsred to employees
of the Govérnment and t.hé operating comtractors. Medical and dental

service was furnished to military personnel in accordance with Amy

regulations.
(b} cy After V-J Day - Following the reduction

in area population, pla.n'l were formulated to convert the medical starf

of the Oak Ridge Hospital to a civilian status. These plans were

carried ocut during the ensuing aix months period.
Civilian physiclans were selected and admitted to practice

according to their quali.ficat.ions and medical necessities o.f the community.
Where poasible, apeciallst.s, 8o designated by Medical Specialty Boards,
were selected to insure a high grade of medical care. Ammy Medical Corps
phyaicians were released according to policies of the Surgeon Genéral's
Office. During the transition period, civilian physicians were retained

on salary by the Roane—Anderson Company; 60 per cent of the .fees recoived

for their professional services in ;rcvid:!.ng emrgency .mad:lcal ‘care T

were credited to the physicians., On 1 Karch 191;6, the hospital t.er-inat.ed
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its contract arrangements with the civilian physicians, coincident with
the appointment of Dr., Iucius A. Salisbury as director of the Oak Ridge
Hospital, the Oak Hidge Dental Clinic, the Oak Ridge Medical Service

Center and the Veterinary Facilities.
(3) Type of Medical Service Rendered. - Limited first=

aid and emergency medical care (other than that provided by construction

contractors for occupational injuries) were first available to area

employses and residents 1 July 1943. Although eeastructioca—of the

. - was not yet fully in operation:
Medical Servics Building had-mct-been—cempleted at that time, pre-
employment physical examinations were performed, inoculations against
typhoid fevéf and emallpox were given, and the emergency room was
operated on a 24~-hour basis., During this period 5.130, necessary house
calla were made, and sanitary inspections of the cﬁeteriaa and dormi-
tories were initiated. Since the Oak Ridge Hospital had not been com~
pietod, ci:-itioa;l.ly ill patients'were referred to tfw care of physicians
who were staff members of the hosﬁitals nearby. After the hospital
wa;i completed in Novemb;r 1943, cauplete medical service was offered

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: Sqrgery; Hediciné; Obstetrics a.nr.l Gynecologys
Eye, Ear, Nose and Throat; Pediatrics; Paychiatry; Proctology; Neur-
ology; Urology; Orthbpedica; and Dermatology. The head of each sec—
tion was a physician who had postgraduate training in the specialty.
In most instances, the other d;apa.rtment meabers also had special '

‘Braining in the field of medicine to which they were assigned. Ade-~
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quate laboratory and x-ray facilities were provided for both the in-
patient and out-patient services.

(4) Prepasment Plan for Medical Care. {(The Oak Hidge

Health Association) (See App. 4 2),

(a) General. - It was considered desirable to
institute a prepayment plan to cover medical and hospital expa#aea for
persons employed at Oak Ridge, and for the families of employees if
they were residing on the area. It was felt that such a plan would be
an inducemeat in recruiting workmen, would insure better medical care,
a.nr::l, consequently, reduce absenteeiam; and, finally, would sppreciably

. decrease the boolkeeping and collection problems of the hospital. How=.

ever, the security requiremente of the project made it impossible to
utilize the services of existing insurance programs, because it was not
permi;aible to disclose the. number of patients, the job classifications
of subscribers, etc. Therefore, it was decided that an a.rea prepaymanﬁ
insurance plan should be devised and instituted, controlled by staff
physicians and members of the different operating companies, ;J.nd.er
the direction of the District Engineer. To that end, the sorvices of
a consultant, Dr. Nathan 3inai, were obtained. Dr. Sir;ai. was associ-
sted with the School of Fublic Health at the University of Michigan
and is one of the country's outstanding authorities on prepayment in~
surance plans., The proposed plan was presented to officers of the Knox
County Medical Society and mo cbjection was raised to its inaugui-ation.
(b) Objectives. - The Oak Ridge Health Associa~-
tion started operating. in Rﬁteﬁber .].943, under & gx:aiit. of .iuthority Lrom - -
the District Engineer. Its objectives :«ere the follow;ng: _

e i e i e e
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(1) The contract was to provide not only

hospitalization but also medical coverage, and that coverage should be

| as broad as economically feaaible.

-

(2) The association should be self-
supporting. ’ |
(3) The doctors should have a 50% voting
power on the Board of Directors and on the Emcutive Comit.t.ea.
() Membership snd Fees. - Membership in the
usqciat-’ion was offered to Government employeés and the persannel of
all contraqtérs with the exception of construction companies. The

turnover of workers in the construction companies waas 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’o'r a family msm-
bership, Ilhich aliowed the subscriber and his family to have hospital
care, but restricted office visits to the subscriber. For indlvidnal -
subscribers, the membership fee was $2.00 per month and entitled the
subscriber to both in-patient and ocut-patient care. Most of the com

panies had payroll deductions for the moathly dues.
(@) Services Covered. - The following was

offered to the employee subscriber:
(1) Hospital Services.

(a) Up to 30 days of hosi:it.al care
each year at the Oak Ridge Hospital on authoriszation of a staff physician,
plus a 50% discount of hospital costs for an addii_.ioml 90 days. Hoapii_;al-.

care included:

[ . C R e e e g e i e s oo e
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Bed and Board Casts and Splints

Oberating Room Tranafusions
" General Nursing Oxygen

Aneathetic Serums

Laboratory Service | " Drugs

Ambulsnce within the Area
(b)- If, in case of emergency, the nem-
ber had to enter ‘ancther hoapital, the association would pay to that
hoapital up to $5.00 per day for the first 30 days and up to $2.50
per day for the next 90 days, and in addition, would pay the attend-
ing ‘phys.{cian the maximm fee allowed by the Oak Ridge fee schedule
for similar serwvice. '
(2) Diagnostic Services. - All medical,
' sufgical, and other services, .'lnc.lﬁding diagnostic x-rays, electrocard-
iograms, and basal metaboliam tesi‘.s, rendered to & msmber who was a
bed patieat in the Oak Ridgs Hospital.
(3) Physicians' Services. - All services
(exclusive of medications) rendered by physicians in their offices in
the Oak Ridge Hospital, including laboratory and x-ray exsminations.
(e) Services Not Covered. ~ The folloung ser-

vices were not covered by this plan: home calls, ‘obstetrical care
during the first ten months of emrollment, deantal care, nervous, men-

tal, and tuberculosias cases after diagnosis, drug addiction and alco-

holism, plastic operations for besutifying or cosmetic pﬁrposes, inten-

tional self-inflicted injuries, special nursing, appliances other than -’

casts and spints, radiation therapy, physical therapy, workmen's

aese &
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. o i '_-_"-?,-”.' xo‘
compensation cases, ofMce calls except for subscriber.

(£) Contract of the Association With the

Hospital. - The Oak Ridge Health Assoclation made & contract with the
Oek Ridge Hospital (See App. B8) by which the hospital received $5.10
per day for each ~.‘|.t:l—pai:..‘umi: eligible for association benefits. This
sum covered all services to which in-patients were entitled under the
subscriber's contract except x-ray services and other professional

services, -The aseociation paid the hospital for x-ray services on in-

patients at the rate charged private patients. In addition, the hos-

_ pital received $3.00 per day per in-patient as tﬁe profeasicnal fee -

for the care of medical patients. The hospital reﬁeived ‘the minimum
fee of the Oak Ridge Hospital schedule of fees for each surgical in-
patient. The hosPifal received a $2.00 fee fér each out-patient visit
of association subscribers, which included all sorvic.es rendered (ex-

clusive of medications).

(g) Administration. = The first direetor of .

the plan was Mr. Henry Vaughn, Department of Public Health, University

of Michigan. On 29 August 1944 he was succeeded by Mr. -J;--:_H; Stallings.
~(h) Evaluation of the Oak Ridge Hospital Aesoci-

ation.
| (L) Benefits. - This plan was emineatly

satisfactory to the subscriber. The rates iex_'e moderate and the bene-
fits received were. generous. The medical care was rendered primarily

by specialists, was readily available and excellent in gquality.
(2) Financial 'Status. - The:-association was..

able to discharge the obligations of its contracts with the subscribers

410 - e
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and the hospital, and aeccw ] s surplus of about $80,000 in almost
two years. This was appreciably less than the reserve of $10 per sub~
scriber which had been recommended as necessary as insurance against
an epd.ciemic _or' other unforeseen catastrophe. The rates to tlhe. Qaic
Ridge Health Association were set scmewhat lower than the cost of simi-
lar services for private patients. There was a tendency for members

of the association to use the hospital services more frequently than

. nonmembers, and to receive more service per visit, which increased

materially the difference between the amount paid by the association
and the cash valus of the aervic.e rendered. L
(2) Uodifications in Plan

&. Diagnostic and Professional Services - On 1
March 1946, an sgreement was made with the Ozk Ridge HOSpit,ﬂ for the.
Cak Ridge Health Association to pay $1.25 for each out-patient attended
by & civilian physician; this sum was paid for all la.bc'_;rat.ory and x-ray
services provided by the Cak Ridge Hoapit.a.l.. A Ia-e of $2.00 was paid
to the civilian phjaicia.n for each out-patient visit. For each out-
patient t.reat.ed- by a nﬂ.litary\phyaician,. the Oak Ridge ﬁealt.h Association
continued to pay the Oak. Ridge Hospital $2:OO; this fee provided for
the physiclan's services aad all x-ré,y and laboratory chargés.

b. Hospital and Out-Patient Benefits - On 1 May

1946, the agreement between ;c.he Cak Ridge Health Associa.ﬁion and the
Oak Ridge Hospital 'waa terminated, and the following changes occurred:

| (1) The Oak Ridge Health Association paid to the
subscriber $5.00 for each hospital day. For' miscellansous hospital . .

services, including operating room, anaesthesia, delivery room, lab-
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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 a.n operation, the totzl amount payable for all such
services was not to e.x_ceecl $25.00 for each separate hospital admission.
| (2) The $3.00 per day fee paid to civilian
physicians for in-patients was discontinued. Héspital patients became
respousibie to their physician for their own medica.l fee; this obviated

any tendency for physicians to hold patients in the hoépital in order

to secure payment of the medical fee by the Oak Ridge Health Associstion.

{3) The subscriber became entitled to re-
imbursement of expenses in 2n amount not exceeding three-fourths (3/4)
of the sums a.llowé.ble to the subscriber for services rendered to members

of the subscribere family as bed patients.
(4) Reimbursement for out-patient x-ray and

laboratory charges as well as ail fees for professional services

- rendered to.out-patients were discontinued.

(4) Probable Future of the Plan - The reduction in

total membership to approximately 4,000 members on l'July 1946, from
the previocus total of 22,000 members in July 1945 and a reduction in

the reserve fund to §12,000. as of 1 July 1946, makes operation of

the plan under the present program inadvisable. It is expected that
on 1 August 1946 the present association will be dissolved and there-
after the pre~payment for medical care program will be handled by the

Provident Life Insurance Company of Chattanocoga, Tennsssee.
The Oak Ridge Health Association will continue to operate

a8 a non~profit organization, acting as agent for the Provident Life




B

BTty

4,

Pk ]

(Par. 4-2a(4))

Insurance Co. The presemt reserve fund will be used to cover current
and future éla.’una, and will be disposed of in accordance with the grant
of anthority from the District Engineer. (See App. A 2)

(5) Emergency Disaster .f’rogam. — A wedical emer-
gency disaster program was estahlished 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 nurss, and
were completely equipped with first-aid supplies, emergency medical
equipment, a.nd"t.ra.naport.ation. Definite emsrgency ass..ig,nments were
ést.a.blished in the hogspitals and firat-aid stations, operated by the
medical organizations of the operating contractors, which were to assist
in their respective areas,

(6) Organization. - In Apri.l 1943, the Um'.\reraify of

Rochester was authorized by the Manhattan District to procure the medi-

cal and dentzl personnel necessary to render the medical service planned

(\ater Lt.Col.)
for Oak Ridge. In May 1943, Dr.,C. E. Rea was chosen to head the staff

and agreed to procure 10 additional physicians and 2 dentists as members

of the staff. The late Dr. William B. Holt of Chicago, Illinois, was

hired as Hospital Director and was authorized to procurel'the necesgsary

nurses, technicians, and administrative staff. The original medical

staff members were chosen for their specialized professional abilities,
and separate departments of surgery, medicine, pediatrics, cbstetrics
and gynecology, eye, ear, nose and throat, roent.genolbgy, laboratory,
and public health were planned. By 1 September 1943, 11 doctors and 7-
nurses had reported for work. Sui:aequent a.dditiom. to the staff were.

made according to the demand for the mervices of the various special-
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ties. The ratio of physicians to population was maintained at approxi-
mately 1 to 1,500 (the average throughoat:thé éoﬁntry during the war).
The contract for administration of the medical and dental facilities
was'trapsferréd, 23 September 1944, from the Univeraity of Rochester to
the Hoane-Anderson Ccmpany, but the policiés regarding medical care fe—
msined under the general sapervision of the uanhattgn District Medical
Section, Aleo, im accordance with arrangqmehta previoﬁsly:made, the en-
tire medical sﬁarf, with the exception of'Dr. Holt, was commissioned in
the Army Medical Corps during November and Deceaber 1943, ia order to
safeguard the security:or the project and tg insure ﬁha retention of
men with outstanding professional abilities. After December 1943,
additions to the staff were procured through the Surgeon General's
Office. The numer of physicians increased to a total of 52 in July
1946, stabiliging at this level during the months of July, August and |,
September. Medical Corps officera were separated from the Hﬁnhattan
District as they becams alégible Tor dlscharge from knny service and . Lq

were replaced by civilian phyaicians. On 1 Harch.l94§, the by-laws

of tHe medical staff of the Cal Ridge Hospital were ammended to conform

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:

Out~Pat . Hospital
Pariod Doctors Nurses Attandants Orderliea Ireatments Pat, Days

July 8 4 0 2 1,890 -

Augnst 8 L Y 2 3,653 - - | | "‘f;l;?;-' e

5 ,,J(‘.“i e
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Qut-Pat. Hospital

[ Period  Doctors MNurses Attendants Orderlies Treatments Pat. Days

September 8 5 é h 6,235 -
October 10 7 10 5 7,283 -

November 1 25 1 5 6,705 55

December 1n 28 1 6 L,772 1,017

Jammary 12 L 18 6 7,801 1,705

- Febmaryh L 45 18 5 7,833 1,923"'

March 14 Lo 16 6 9,581 2,137

gﬂna April 16 51 25 7 10,643 2,472

o May 20 . 60 30 6 12,788 2,293

June 23 72 37 7 12,934 3,024

July 25 72 37 6 10,403 ke O

( sugust % 8 Y 9 12,186 4,433

i September 26 91 L7 12 11,861 by 837

Octaber 28 112 52 1 12,915 5,910

November 27 131 i 12 12,985 6,397

December 36 136 43 12 13,042 7,783

%&r} 35 137 36 L, 16,719 7,262

February 34 136 b 16 15,605 8,195

. March 34 145 L7 17 18,715 8,843

April 38 iVAY 54 16 16,873 _ 8,025

Moy 42 144 51 20 18,507 8,713

June 47 143 50 20 18,337 8,616
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Out.-Pat.., Hospital

( Period Doctors Nurses Attendants Orderlies Ireatments FPat, Days
945 poc. THS o
July 50 2 52 1b4 L9 20 19,599 3,050
August 50 2 52 136 18 22 . 21,570 . 9,376
September 50 2 52 132 4l 25 17,343 8,138 -
October 40 2 42 1h4 5 25 18,275 8,730
November 40 6 46 139 L7 25 16,893 8,849
Deceaber 42 7 49 1ib w2 13,335 8,69
January 36 16 52 133 bl 2 15,816 6,885
February 28 16 44 130 3 - 23 13,803 6,605
Varch 26 19 45 125 36 18 7,061% 7,147
April 19 23 42 129 33 20 L TTO% 7,382
May 10 24 34 124 36 20 3,752% 6,629

( June 929 38 129 39 20 3,023% 5,775

- NOTE: # Represents only patients attemded by Army Medical Corps
physiclana. |

4 — Military
¢ — Civilian
T = Total

b. The Dental Program.
(1) Community Dental Needs. — As indicated in Par.

4=-2a(1)(a), it wa:s planned originally to provide only emergency dental
care at Oak Ridge. However, with the rapid increase in population it
became evident that the dentists of surrounding eommitiea,‘ already
overloaded with patients, could not provide adequate care for t.i:é resi-
dan’;.s of Oak Ridgs. Accordingly, the dental ‘service assumed. the raespon-

';L_ eibility of providing adequate wartime dental care for all resideants

[
;. b=

P b
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of the ares.

(2) Policy. ~ It was considered preferable to have
deht.al care provided by civilian dentists, since procurement of den-
tists was less critical than that of physiclans 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 fees

at a moderate level. The fee schedule was derived from that in use in

‘Knoxville and the swrrounding commnities. Fees were collected by the

Univeraity of Rochester, and later Roane-Anderson Company, and, in turn,
reverted to f.he Government . .Ea.ch demtist originally was permitted to
conduct his practice according to his training, ability, and judgmént..
As the clinic grew in sige, specialists were procured and new patients

were, after diagnosis, assigned to the dentist best fitted to do the

work reguired.

(3) PFacilities, -~ Accommodations for 2 dentista were
iﬁcluded in the Medical Service Building w.hen it was designed. By
September 1943, ‘I:.h; space devoted to dentistry was increased to allow
4 dental operators to work aim.ltaneou;ly. In the apring of 1944, the
Dental Clinic was again enlarged and a total of 8 dental chairs was in-
:;talled. One of these was equipped with an x-ray unit and waa used both -~
for ordinary operative dentistry and for dental radiography. By May
1944, it was necessary to start a night schedule of appointments, in order
to provide essential service with the facilities available. To keep -
pace iit.h the growing dental requirementa of the rapidly incressing

population, a saparat.e“ building, t.l_:é Deatal Health Center, was designed
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and construction wes cémpleted July 1944 (See App. C19). The new
clinic was used exclusively for adult patients and the old was remocdel-
‘ed éo care for children.

(4) Organigation, - The first dentist, Dr, Harold _
Nelson, started wark 15 July 1943. ' He was joined by Dr. Harry Pitluck
in September'1943, and together they operated the clinic until the
first Dental Director, Dr. Don Clawson, came 1 August 1944, on leave of
absence from Mesharry Demtal Schodl, ﬁaahville, Tenneasee. It became
necessary for him to return io Meharry on 1 fdbnuary 1945 and he was
succeeded by Dr. William Squires, a retired Colonel of ﬁhﬂ Army Dental
Corps, who continued in the capacity until 1 August 1945. Colonel
-Squifes was succeeded by Dr. Ewell Neil, who acted as Director until
l'Bebruary }éhé, at which time the Dental Clinic ceased to be operated
by Roane-Anderscn Cqmpaqy; thereafter, dental care was provided on a‘
private practice basis. On 1 February 1946, there ﬁere.9 full time
and 2 part time dentists., Two additional full time dentists were
adi‘mit.t.ed to practice during the ansuing 3 months. The growbh of
the organization in p;rsonnel and the services ;endered are iqdicﬁted

in the statistical section (Par, h—2§t5)).
(5) Statistics. ~ Following is a table which illus-

trates the growth of the Deantal Clinic in techniecal personnel and vol-

ure of work performed, from July 1943:

ng;enistﬁ
. ~ X-ray Techn. Patients
Period Dent.ists Dental Assts, Anesthetlists Treated
y : o
July 2 1l 1l 28
August : 2 1 1 - 80
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BF o

i

Pericd

1943
September

October
November

Decexber
1944

January
February
March _
April
May

June
July
August
September
Oct ober
Novembe r

December

1945
Jamary

February .

March”
April
May
June

July

Dentists

W

AR Y I T T T WUR Y

15
16
25

25

§ B

25
25
25
25

Dental Assts.

N N [ o

M

W v oW oo o NN

17

25
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HEE' gnists
A-ray Techn.

Anegthetists

0 [ - I = oN N o

N
0 O o

10

10

[reated

200
300
315
400

650
930
1,090
1,265
1,195
1,027
1,436
1,794
2,303
3,003
3,298
3,200

4,096
4,408
4,233
3,898
4,207

3,609

Pat.ients
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J %;xgienist.s
ray Techn. Patientas

Paviod Dentists Dental Assts. Anesthetists Treated
1945

August 26 18 20 3,671
September 24, - .21 | 1 3,883
October 24, 22 15 3,535
November 24 2 i - i5 , 3,992
December 25 23 14 2,005
January 21 18 13 1,916

c. -Public Health Program. - A formal publie health pro-
gram was organized in January 1944, under the direction of Captain

Berpard Blum. Prior to this time, physical examinations had been made

- of food handlers, and periodic inspections of eating places and dormi-

tories had been instituted. Captain Blum was charged with the rbapon—

sibility of procuring pefsmnel and orga.ﬁizipg a publiec health program,

' adequate to protect the health of area reéidents, employees, and visi-

tors. A milk control program was established, and, in coéperation with
Knoxville Health Departament, féms.and processing plan’ta supplying milk
to Oak Ridge were peri:odically' inspected. The U. S. Public Health Sgt\-
vice Milk Ordinance and Code were adopted 7 September 1945, and unpé.s—
teurized milk was bai-red from the area. The effectiveness of these
measures was demonstrated by a progressive decrease in the bacteria
count of the adilk, and in the number of properly pasteurized specimens
received by the Milk Control Laboratory. Area water suppii&ﬁ were in-

spected and samples were analysed at regular intervals. A venaereal

‘disease control program was organized and included a treatment clinic,
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First Out-Pat. Hospital

Period Doctors Nurses Employment  Adid Treatments Pat. Days
194J

December 21 101 848 9,896 1,909 4,181
1945 - ' '
-January 19 Th 420 8,811 1,646 3,714
February 11 2 - 2,593 183 973

(2) The Dental Program. - 4 de;ltal clinic was estab-
lished in connection with the hospital. Two deantists were available
throughout the construction phase. This limited number waa considered
sufficient, as only emergency work was performed. The clinic operated
in a manner similar to the Xedical Clinic.

(3) Public Health Service. — As the physical well-

being of each individual on the reservation was of vital importance to
the éuccaséi‘ul completion of the comstruction project, public health
and sanitary inspection units were established. On 31 March 1944, a
public health physician was emplc‘uyad and was then appeointed, by the
State of Washington Department of Health, as Deputy State Health Offi-
cer for the Hanford Engineer Works. This arrangement gave__ legal sanc-
tion to the Hanford Fublic Health Program and tied the program into that
of the state, bﬁt permitted security restrictions to be maintained, by
special arrangements with the State Health Department. Mess halls and-
cafeterias were inspected daily, and milk, water, and food inspec;t.ions
were made periodically.. Trailer camps were insﬁecped weekly, and period-
ic inspections were made of barracka,-dormitories, schoola, and stores
in both Hanford and Richland. In order that the load on the medical
atﬁ.ff could be decreased, by reiieving them of unnecessary houss calls

and clinic visits, the Public Health Service instituted a homs nuraing
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( educational aetivities, and investigation of venercai disease contacts.
A public health nursing service was estsblisheqd, which included: immuniza—
tion znd comaunicable disease 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) of 3,619 persons. In addition, the pub-
lic has received instruction in disease prev'e‘ntion by films displayed
: in local theaters, byl articles in the Oak Ridge Journal, and by means

of a poster contest on respiratory diseases. The program of geperal

sanitation iln\rolved inspections of sewagé treatment plants, the swim—
ming pool, trailer éanps, grocery stores, drug stores, barber shops,
and eating houses. An active rodent and insect control program was
followe-d. The handling of food was supervised and food handlers were
( . - required to receive periodic physical'examinati_ons. Outbreaka of gastro-
L ' . enteritis were investigated, as well as complaints relating to general
sanitation; The Public Health Department was first located in the

Medical Service Building but in time outgrew its quarters. Conse—

q‘uently, the Stone and Webster Field Hospitél on Scarboro Road was
remodeled and the department was transferred there 15 May 1945 (?ee App.
C 20). Captain Blum, oﬁ 18 December 1945, terminated his Army service
and was succeeded by Mr. leon S. Blankenship,who is the present Public

Health Cfficer.

d. Veterinary Service. — In August 1943, veterinary ser-

vice, under the direction of an Army Vet.erin_ary Officer, Captain Lloyd”

A :
Jamason, was established, primarily to care for Government-owned live-

kl_ ‘ 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 intd
the reservation was required. A dog pound and small animal hospital
were constructed and operated by Roane-Anderson Company. Dr. James
Kile succeeded Capt. Iloyd Jameson in the capacity of area veterinarian
on 1 January 1946, A small animal hospital, which in Septeaber 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 July

1946 is indicated below:

Medicine:
Cost of construction of hospital . $ 984,564
Cost. of construction of  out-patient 184,111
Additional construction costa 126,701
Total construction costs 1,295,376 -
Operating expenses 3,929,014
Operating reveme - o
Operating deficit 974,081,
Total expense for medicine §2,269,460
Dentistry *
Cost of construction of dental elinic 94,656
Operating expenses 554,726
Operating revenue
Operating deficit _ 182,727
Total expense for dentistry 277,383
Public Health .
Cost of construction of guarters _50,‘5&5
Operating expenses 190,311
- i fod 240,856

Total expense for Public Health 240,856
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Veterinary Service

Cost of construction 16,111

Operating expenses : 31,130

Operating revenues 5,591
Operating deficit 25,539

Total expense for veterinary service 4,650

Total net cost of Clinical Medicine, Dentistry, . N

Public Health and Veterinary Service at Oak
Ridge $2,829,349

4=3. Clinical Medicine and Dentistry at Hanford Engineer Works,

8. Construction Phase.

(1) The Medical Program
(a)' Community Needs. — In March 1943 c¢onstruc-—

tion was begun on the Hanford plant for plutoniuﬁ production, and in

¥ay 1943 on the Richland Village thirty miles away, in which 15,000

people directly or indirectly connected with the plant were to be

housed (See Bock IV, Vol. 5). The plant and villagé had to be completed
at the esarliest possible date. Morkmen could be attracted to the iso-
lated site only with special inducem;nta. One of these inducements
was ?he provision of facilities for laborers to live with thelr fami-
lieﬁ in privately~owned trailers. Another ,was the provision of cam—
plete, high-quality medical care for workmen and their families. On
ordinary construcéion’projects, medical facilities are provided only
for industrial medical care of employees during working hours. At
Hanford, however, the provision of these unusual Iaciiities, among a
number of othﬂra, increased the morala of workera and lowared tha labor

turnover. There were other reasons for providing complete medical fa-
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( cilities at Hanford. The most important one was that extreme secrecy
was mandatory. This necessitated all medical facilities being under
Government control.and, as far as possible, that medical care for per-
sons located on the plant site be performed at the plani’. rather tha.n at
other population centers, to -prevent leaks in information as to the

~ size and nature of the project. To centralize Government control, it
was decided that the prime contractor waild be r93pohs_ible for all
medical care on the area. The extremely isolated spot at which the
.plant was located limited to almost nothing the medical care which

could be made available t,hi'ough norigal channels_., The medical facili-

ties of Pasco, Washington, already had 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 almost the limit of medical load prior to the project, because
s of war industries located in their areas. The facilities became com=
pletely inadequate when the population was increased by the families
of Hanford workers who lived in these areas and chosle to commute to the -
'fm job rather tﬁan live in Hanford. At one time, St. Eiizabeth'g Hospital

in Yakima was so crowded that Government funds were being seﬁght from
Hanford Engineer Works to build additional wings to supply the need for
hoapital beds. The origihal plana, on which the medical program .was
based, called for 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 mlze was far tco small. The gddition of family units to the

- construction camp brought additional large numbers of 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 construc-~
tion difficulties became more apparent. At the peak, in order to meet
construction schedules, it was necessary to have a population at Hanford
of 51,000 people and to process through pre-employment examinations a
total of more than 91,000 applicants. 'I_'he expansion of medical facili-
ties, to care for this cmstmly anxi unpredictably growing population,

was the greatest problem faced by the medical administrator during

construction days.

(b} Policy. — The medical program was start.éd by
the const:ruction contractor, E. I. du Pont de Nemours & Company, Inc.,
in March of 1943. Definite requirements were stipulated for the pro-
fessional members of the staff. Doctors were required to have creden-
tiala 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 sciehce
Mationa and, in some cases, reciprocitjr examinations. The Wakh-
ington State lLicense Burean offered cooperatio;:l in malding prbper 5 o
ceptions to the Medical Practice Act during the emergancy. Nurses
were required to be registerad graduates of a school for murses and to
be licensed in the state of Washington. The operation of the Hanford
Hospital followed closely that of a municipal hospital in a normal city
of comparable size, Admission to the hospital, in accordance with
usual hospital practices, was by order of the attending physiclan, and
the case remained in the assigned physician's eare during the patient's
stay in the hospital., Rooms were assigned oa the basis of availability

and the physical condition of the patient, Fees for hospital care,-
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vailing rates in the surrounding territory. In order to gain the co-
operation of patients and in the interest of the general project wel-

' fare, no charge was made for services in the Health Center (Public
Health Service), Contagious Disease Unit, or Psychiatric Unit of the
Infirmary. To facilitate the payment of medical fees by the dontrac-.
tor's employees, a wage deduction plan was adopted whereby any employee
could have proporticnate amounts deducted from his wage check each pay

- period until the fee was discharged,

" (c) Iype of Medical Service Rendered. - In

April 1943, a first-aid station was esﬁablished at the site of conatruc-
tion, and by June facilities and staff were available for first aid
‘ and 10 bed cases. Regular hospital facilities were first a;a;i_'l.ahle to
(” employees and their familjes in July 1943. At this time the capacity

of the hospital was 38 adult beds, 4 pediatric beds, and 8 cribs. By

Kiw
June 1944, the capacity of the hospital had been increased to 116 beds.
In September 1943, an out-patient clianic was opened in conjunction with
& the hospital for treatment of patients not requiring hospitalization.

e

Patients visited the clinic voluntarily and selected their favorite
doctors within the limits of their availabllity. In Noveamber 1943, a
temporary sick bay was established in three barracks, as hospital facili~
ties #ere inadeguate to care for the large numbers of cases which re-

quired confinement. Becsnse of an increase in the number of contagious
and infectioua diseases, a special isolation unit was established in

a barracks building in Decamber 1943. In January 1944, an additional

g barracks was added to the isolation unit. 4s the population continued




(Par, 4-3a(1))

L to increase, it became apparent that the tempofary barracks facilities
for sick bay and isolation were inadequate, and the construction of an
infirgary and public health building was begun. This building, provid-
ing space for 22, beds and quarters for the Public Health Service,
was occupled in June 1944, As these isolation; aiék bay and p;ychiatric
units were elstahliﬁhed, the temporary ban'acks which had been used
for these services were returned to housing. Since the medical
service was maintained by the contractor, all pre-emplojmant and
teﬁmination physicél examinations were made by the medical staff.

Adequate laboratory and x-ray facilities were provided for both in-

patient and out-patient services (See App C 21).
(d) Industrial Medical Relations. - An indus-

- trial medical relations section was established as part of the Medical
( : Diviasion. This section performed the necessary functions in handling
ey accident and health 2nsurance, disability iagq payments, and wage com—
pensation. leﬁical reports, concerning theheligibility of applicanta
for the above berefits, were submitted.frup this section. One seniof
§%§€f S clerk, one mssistant, three stenographers and one messenger wére ag=

signed to duty in this section.
* (e) Use of Handicapped Workmen, - As a means of

utilizing all availsble manpower, a plan was adopted whereby persons
with major physical defects could be hired, with the understanding that

job piacement would be made in accordance with the nature of the de-

fect., These defecta were those which were existent at the time of ap-

pliecation for employmsnt. If, however, an employee sustained an occu-

L pationsl injury by which/ he was incapacitated to some degree but retained




i opsy

ot

SRR (Pars 4-3a(1))
a high percentage of his working ability, the Medical Division recom
mended that he be placed on "gulded werk". 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 periocds. The work given
the employee was dependent upon the severity of the injury. The
guided work policy was another means of conserving manpower, and‘acted
as an incentive to the employee to recover his total ability to return
to his regular job. |

(f) Organization. = The Medical Division was
organizad-oh 21 March 1943, under the direction and oon@fol of the prime
contractor, E, I. du Pont d Nemours & Company, Inc. Under t_hle syper-
vigion of Dr. J. M. Wetherhold, an office w;s established in the Gray"
Building in Pasco, Washington. The staff comprised two doctors and
a nurse. No x-ray or labaratory work could be performed at this office -
and, consequently, these procedures were carried out in the Lady of
Lourdes Hospital in Pasco, #ith the shift of the medical iacilities
to the canstruction site at Hanford, the medical starff expanded-to keep
pace with the inc'-;reasing demand, until, in June 1944, .the-staff—hed-dew————"""
veloped into a force of 372 people (29 supervisors and aﬁsisthnt super-
visors, 31 physicians, 165 nurses, 10 technicians, 4 dieticians and 133
aides and 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 Richlamd, On 10 February 1945 the Out-patient
Clinic was closed, snd, on 15 February 1945, the last patiegts_iqiphe

hospital were transferred to Richland.
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close of the construction phase, the medical operating statistics were

as follows:

Period

1943
March

April
May .
June

July

‘ Augnst

September
Oc;ober
November

December
1944

January
February
March
April
May

June
July
August
September
October -
November

Lkptors Nurses
1 0
3 2
4 6
5 10
7 15
9 22

13 30
1 L7
16 53
18 79
21 . 95
2 105
21 11
24 117
27 130
35 150
38 160
35 157
34 159
32 143
27 122

Pro- First
Employment . Add
108 -

1,070 560
1,661 2,983
1,961 Ly 329
3,124 6,933
3,303 7,147
2,720 6,812
3,59% 7,916
5,585 12,465
6,732 15,145
5,591 19,869
5,247 18,775
7,280 22,688
6,76 22,017
9489 21,759
8,182 31,224
6,189 30,753 -
4,536 30,621
3,938 25,685
2,319 21,707

855

14,320

Out -'P at L3
Treatmants

1,388
1,824
1,838
2,326

2,802
- 2,861
3,213
2,911
3,450
3,427
3,339
3,740
3,201

3,756

Hospital
Fat. Days

630
940
1,606
3,732

7,113
6,078
5,591
7,309
7,178
5,875
6,057
5,128

5,017

. 5,687 -

4,736
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( service, This unit handied requests for medical service at barraclfs
or trailers. Upon receipt of such requests a nurse was diapat.ched to
the patient. It was the duty of t'.h:ihsh nurse to determine whether the
patient requiréd_ hospitalization, the services of a physician , or

first—aid treatment by the murse.
(4} The Cost. - The expense entalled in constructing

and operating medical facilities at Hanford during the construction

phase is indicated below.

(a) Cost of Hospital Buildings
1. Hospital . $ 434,000

2. Convalegcent &
Isolation Ward

& Public Health 512,700 § 946,700
(b) Cost of Hospital Equipment. 237,000
( ] l_ (c) Operating Cost ~ Medical Facilities '
1. Lab . $1,734,000
il =r 22 4
2. Material 310,000 2,004,000

Total $3,227,700

Operating Deficit

‘ Op.era.ting Cost §2,04L ,000

. | Less revenue 258,000
Less expendable

supplies trans-
ferred out 62,000 $l,7_21;,000

b. Operations Fhase.
(1) .The Medical Program.

(a); Ccmmﬁity Needs. — In the establishment of - ° Ll

the medical program for the village of Richland, it was determined
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that it would be neceséa:y to provide facilities for complete medical
care of all residents of Richland »ho were dependent on the Hanford
Engineef Works either directiy or indirectly, for both occupational

and non-occupational illnesses and injuries., The isolatiom of the pro-
ject, fram centers of population with éstablishpd modical facilities of
sufficient capacity to render the required medical service, was the de-
termining factar in this decision as it was at Hanford. It was also
decided that the medical facilities provided at Hanford for construc-
tion personnel should not be u;ed after the start of Opérations, as

the plint hazards, as determined by the pilot plant, indicated that
thig construction village should be complgteiy evacuated. To provide
the required medical facilities for an egtimated pqpuiation of 15,000
persons, the construction of a 75-bed hospital was authorized. This
was located at Richland, 30 miles from the boundry of the operating
area. The ratio of 5 beds per thousand population, although higher
than the national:average, was necessary because of the isolation of
the village and the high percentagelof dormitory-housed workers, and be-
cause normal hospital patient population ratios cannot be applied
gsafely to a population as small as 15,000, Shortly after the hospital
was placed in operation, it became evident that even though the capacity
was adequate for gengral needs, tha estimate was lbw for obstetrical
cases and also for out-—patient facilities. To provide addition;l-fa—
cilities, a wing was added to the Obstetrical Section and a separate
builﬂing wags constructed to house the Dental Section and the Out-
patient Department. Two housing units were provided to be used as

isclation wards for the care of contagious diseases,
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(b} Policy. = The operations medical organiza-
tion was made up of two major divisions, one concermed with village
health and the other with industrial medical care. This latter divi-
sion is discussed under Par. 3.12e(1). It was felt that the special-
ties, including obstetrics, pediatrics, surgery, internal medicine,
eye, ear, .no.'.ie and throat, should be maintained as such and that speciial-~
ists in these fields should be procured to head each specialty. In
this way better service could be offered than if a type of general
practice was instituted. Definite requirements were stipulated for
the professional members of the ataff. All employees of the Kedical
Department, including physicians, were remnerated 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, the usual charges in the neighboring villages and communities also
were coansidered 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 inducement in Il>rocuri_ng
personn_el and in reducing labor turnover. A medical prepayment plan
was given éonsideration but discarded in favor of a wage deduct.ion
postpayment system for contractor's employees. Mkilitary personnel

were furnished medical and dental care in accordance with Army regu-

lations.

{e) Type of Medical Service Rendered. = For a Lo e

short period, from March 1944 until 20 May 1944, the medical 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 rees callected. On 20 May 1944, however, because of the un-
satisfactory condition of medical care due largely to the attention

of the physicians to the pay pat.ients)a.nd bacause of the dlssatisfac-
tion arieing.from the reimbursement of physicians on a part salary and
part fee~for-service basis, it was decided to take o§3r the medical
care of the village residents at this time rather than wait until the
previously planned date of 1 August 1944. Because of this sudden
change in plan, medical routines and procedures were informal and were
modified as necessary to carry the locad. Because of the excessive
work load at this time, practically all medical care was on an emer-
gency bagis. To avoid confusion, a policy was adopted 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 aﬂveloped by which the patieant came to the clinic

EE e g

only with a prior appointment, except in case of emsrgency. In Hdvémber
1944 the out-patient facilities became over—-crowded and a separate
building was constructed. This building housed the Medical and Dénta.l
Out-patient Department= and was ready for use in January 1945. After
full operation of the willage hospital was realized, specialty services

3
such &s surgery, pediatrics, obstetrics, internal medicine, eye, eary ;
nose and throat were a regular part of the medical service offered.to..- ﬂ@r-j,q;

patients both in the hospital and in the cut-patient clinies.

[ ’ i
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Adequate laboratory and x-ray 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 Pent de Nemours & Company, Inc.. The Medical Department was
under the direction of the Medical Superirtendent, Dr. W. D. Norwood,
who in turn was responsible to the Asaitiant Plent Manager. The
staff, on the opening of the village medical service in late May 1944,
. congisted of 2 doctors and 12 nurses. As the construction phase de-
m clined, physicians were shifted from Hanford to Richland. Formal
| ‘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 made by
(' medical personnel of the Hanford Engineer Works, with approval by the
Medical Superintendent. In soxe instances, the Wilmington Office of
E. I. du Pont de Nemours & Company, Inc., directed the employment or
transfer of individuals for the medical staff., By July 1945, the medi-
ﬂbﬂi‘ﬁ | cal service had developed into a staff of 366 employees, consisting of
14 physicians, 7€ nurses, and 274 other emplojyzes such as orderlies,

aldes, janitors, etc.
{(e) Statistics. - From June 1944 until June

1946, the c—edical operating statistics were as follows:

Orderlies, Out-Fat. Hospital Total
Period Doctors Nurses Aides, etc. Treatment Pat. Days Popunlation

Lo4h ‘
June 2 ~14 3 1,000 79 L2 ..
( July 7 24 41 1,516 il9 5,692
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( | Orderlies,  Out-Pat. Hospital Total
Period Doctors Nurses Aides, etc. Treatment Pat, Deys Population

%Eﬁﬁ;t 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
Novemver 1L 68 226 3,057 1,655 ° 11,270
December 12 61 226 3,282 1,731 11,960
1945
Jammary 12 75 272 3,470 2,185 —
February 15 83 272 3,525 2,215 15,147
March 15 g1 276 3,373 2,270 15,401
April 14 78 278 3,363 2,595 15,3;5
May 14 77 280 3,304 1,948 15,266
June 14 78 274 3,044 1,761 14,403
- ( #* July 12 51 3 3,746 1,996 14,167
g * Angust 12 47 29 3,772 2,169 13,616
# September 11 51 33 3,596 2,119 13,218
October 11 L7 36 2,815 1,871 13,098
November 11 49 37 3,439 1,863 13,113
December 11 51 10 3,278 1,546 13,126
%@y 1 53 37 3,852 2,038 13,178
February 11 53 36 3,882 2,301 13,234
Uarch 11 54 36 3,675 1,641 13,194
April 1 57 33 4,095 1,918 13,113
k " g:l:;fc:niso{ofmﬁz?ﬁght 25th of month

R T S
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Orderlies Out-Fat. Hospital Total
(_ Period Doctors Nurses Aldes etc. Treatment Patient Days Population
1946
May 1 54 35 3,895 1,917 13,021
Juna ll 53 31& 3)660 1:859 123 761

(2) Deatal Program. — The dental program at Richland
was established in close association with the medical program. The
first dentist arrived in June 1944 and provisions for emergency dental
care were instituted. During June and July, emergency treatment was
provided for approximately 250 persons. Regular dental service was
first available in August 194), 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 -
C administrative pmrposes. However, no percentage or bonus was given
o | for income earned in excess of his normal yearly salary. Operations
of general practice were not standardized, each dentist being allowed

to canduct his practice according to his ability, training, and judg-

ment. The following table indicates the dental work load fram June

1944, to June 1946.

Period Dentista Number of Demtal Patients
1944
June 1 (Approx. 250 cases
July - 1 seen in this period)
Avgust 2 384
September 2 525

« October 3 8l
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Period

1754

November

December

January

February
March
April
June

July
August
Septeaber
Octcber
November

December

1946

Jamiary
February
March
April
May

June

As of end of month '
Balance as of midnight 25th of moath

L¥L)
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(Pac. 4-3%6(2))

Number of Dental Patients

1,038

1,072

1,222
1,221
1,749
1,772
2,032
2,033
2,007
1,886
1,674
1,855
1,382
1,222

1,218
1,646
1,766
1,864
1,669

1,610
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(3) Public Health Program. - The Public Health Sec-

tion of the Ccnstruction Nedical Department had gradually shifted
personnel to Richland on a loan basis, as the need for such service
shifted from Hanford to Richland. On 15 January 1945, this unit was
completely transferred to the Operations Medical Department. The
personnel transferred included a supervisor of public health, a murs~
ing supervisor, seven public health nurses, one health educator, three
sanitarians, and two clerical assistants., The functions of this unit
were comparable to Lnose of the Public Health Department of & city of
similar size. Tuberculosis, venereal disease, and maternity clinics
were maintained for the protection of the project personnel. Feriodic
sanitary inspections were cade of all cafeterias, canteens, cafes,
dormitories, barracks, and food stores. 4 public health nuraing service,
including infant and pre-school, schoocl, adult, and industrial hygiene,
and morbidity and crippled childrens' serwices, was established. Milk,
water, and food inspections were made periodically. The Sanitary Sec-
tion maintained supervision of sewage disposal, malaria and pest con-~
trol and water analysis. No charges were made for services rendered
by the Fublic Health 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 congjunction with the industrial medical

groups, for operation in cases of a major disaster which required medi-
cal participation. The overall direction of this program was assumed
by Hr..Newton Stapleton. However, definite emergéncj #aaigﬂm;ﬁfb_weré

glven all medical personnel and emergency field units were organized.

Ctat m s e
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( Special provisions were made to evacuhte the plant areas and Richland
Village if an emergency arose requiring these drastic procedures.

(5) The Cost. ~ Following is an estimate of the cost
of providing medical and related facilities and care for Richland

Village thru June 1946,
(a) Permanent Medical Facilities

1. Hospital building  $615,000

2. Professional
Building 110,000

Total § 725,000

(b) Operating Cost thru June 1946 3,394,758
Total Medical Cost 4,119,758

(¢c) Revenne 813,599
Total Net Medical Cost 3,306,159

( (d) Breakdown of Operating Medical Costs and
Non Industrial

Gross Expense Revenue Net Expense
s *. Dental Dept. $ 137,478.90  $130,474.94 - § 7,003.96
o Pharmacy 64,604,822 62,529.85 2,118,37

Dtilities :
(water, fire, elect, etc) 84,186.43 L 84,186.43
Public Health 1,857,362.93 1,857,362.93

Industrial

Medical and Hospital Expense 1,251,081,47 620,594.31°  630,487.16
TOTAL $3,394,757.95 $813,599.10  $2,581,158.85

~




ernd

Ay

SECTION 5 - BICLOGIC AND HEALTH PHYSICS RESEARCH )

5-1 General. The origin and growth of the research section
came as a natural development of the rapid progreas of physical research.
Before the responsibilities of the project were assumed by the Office of
Scientific Research and Development, research carried out in isolated
physical experiments concerning isolation and utilization of uraniuvm 235
was on a very small scale and, in reality, constituted no medical hazard.
However, as the physical phases developed, it bec.a.ms apparent that hazards
due to radiation, from the parent substance, uranium, and its natural and
artificial disintegration prodnets, including radium and the fiesion pro-
ducts, could be extremely imjurious to the human body. Experience had
previocusly accumulated to show that long-lasting detripental effects, and
occas:[.onal fatalities, could occur, following indiscreet use of radium or
X-rays, through either ignorance or nag;ect. This concei:t was apparent to
the directors of the individual projects and, with the grouping of the
small units under OSHD, caused them sufficient concern to allocate &
portion of the funds of the Chicago project to bilelogical research, and
development of methoda of protection for both research and production em—
ployees. The cooperation between the medical and physical research sectioms,
gven at this early date, resulted in the accumulation of mich valuable dat;.
With the continuing success of. physical and chemical research, the genefa.'l.
scope of the project expanded rapidlj. The responsibility for overall super-
vision of the project was assumed by the Manhattan District in 1942. With
this consclidation of all facilities, it becams necessary to organize a |

modical section to supervise the medical research and health protection

for the entire project.




5-2 Purpose of Research Program. - The hazard problems, which

accompanied the growth and development of the Manhattan District into a
gigantic industrial enterprise, have been reviewed in Section 2 of thia
Volume. The primary concern of the research section was to investigate
the potential damaging effects of the uranium and other radiocsctive com-
pourids used, from radiation or chemical toxicity or both, and to
establish firmly the maximum doses of the various radlations which could
be received safely by projoct employees. In addition, the tox.city of
_certain special materials, which had had no previous industrial use, had
to be determined., This knowledge was sdxght in order that effective pro-
tective measures might be incorporated in the design and operating prac-
tices of the plants. It was necessary, also, to attempt to develop effect-

ive methods of treating toxic reactions which might be encountered in persons

working with these materials.
5-3, Radiation Research.

8. Gensral, - The need for medical research on the hazards
of the Manhattan District program was first realiged by the University of
Chieago group, whose research was on the pile process, for the trans-
formation and isolation of the transuranic element, plutonium (23%).
(Ses Par. 3-12). The'lpile reaction produces a tremendous diacharge of
particles or energies of all types of radiation (alpha, beta particles
and gamma rays, and fast and slow neutron radiation). All of these rads ¢
ilations cause reaction on eatering living tlssue. Consequent.ly, it was :
important to study blologicel effects of all types of radistion to de- ::
termine the allowable exposures to radiation arlsing both rrom&noxternal?'w:”"?

source and from material taken into the body.
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b. X-ray amd Gasma Radiaticn.

(1) Knowledge Available. - There were considerable data on

the bibloéical effects of x~ray and gazra rays existing prior to the Man-
hattan District operztion, However, most of this information concerned
lethal or sublethal doses and, although "tolerance” levels had been set,
the information on which these levels were based was quite sketchy.

(2) Hesearch Required. — It was determined, there.ore, that

& program should be instituted to estaplish firmuly the "tolerance“-or
"maximal allowsble dose" for chronie exposures. Ih aaditioen, it was consig-
ered advisable to establish beycnd question the comparztive effectiveness
of sarr.a rays and x-rays (known to be guits si.ilar) and of x-ra,s of
aifferent voltages.

(3} BResearch Program Instituted. - The research instituted

tc investigate these points consisted primarily of qaily exposure of grougs
of animals of various species to gamuA rays ana to x-riys of diifereat volt-
ages, each proup of animals receiving a different level ci expcsure. In
addition, exposures to single larger doses of these radiations were made, to
study the acute effects-produced. The animals in all of these expericents
were carefully and regularly examined, using their growth and general appear-—
ance as a guice to the state of heslth., Special tests were also performed,
includirg clood counts, urivalyses, chewical examinations of the blood and
certain other tests in selected cases. All experiments were carefully cone~
trolled. it death or at the end of the experiment post-mortem examinationa
were made. To determine the effect of these rediations on genetlcs, special

expericents were initiated to study the occurrence of mtationa in fruit

flys, and the effects of radiation on the breeding of mice. Other experi-

v e ¥

v !
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ments were carried out to determine the biclogical effect of certain doses
of x-ray on fish of various sizes from the egg stage through the various
developaental stages to adult fish {App. B5). Attempts have been made also
to find better tests of radiation damage and to devise effective methods
of treatment.

(4) Institutions. - The Metallurgical Laboratory of the
University of Chicage performed soms of the acute radiation exposure
and delegated to the National Cancer Institute at Bethesda, id., a
comparative study of exposures of animals to x-rays and gamma rays
from radium, at different dosage levels, given dally over anAhour
period and continuing for specified periods of time. Another program,
designed to study the effects of exposure to x-rays from voltage
sources of 250,000 and 1,000,000 volts, at various dosage ievels,
given in a pericd 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
for damage a?d treatment methods have been investigated at both the
University of Hochester amd the University of Chicago.

(5) Results. - During the yeéﬁ:;%LB to June 1946 enough

{o confiem

data Las been accumlated whiek again eeubipawed the advisability

of the tolerance level selected. The various institutions are in

the process of preparing monograms dealing with their experimental

work.

c. Neutron Radiatien. -

(1} Knowledge Available. ~ Before the Manhattan District
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project was initiated, sketchy information had been accummlated on the
biclogicai effect of fast neutrons, largely frow the treatment of a few

cancer patients with this type of radiaticn.

(2) Research Required. ~ However, very little data was avail-

able concernirng the effect of neutrons on the health of individuals or

concerning the comparative effectiveness of neutrons and x-ray or gacma

radiaticn.

(3) Resgearch Program Instituted. - Programs which paral-

lelled the x-ray and gamma radiation research were set up also far

neutron expcsures. 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 amirals were carried on as in the

x-ray and gamrsa ray experiments.

(4} Institutions., - The Cancer Research Laboratory of Columbia

University did a series of experiments in which groups of mice were
exposed to & dally dose of fest neutrons, each group receiving a different
dosage level., A similar set of.experiments, using dogs instead of
mice, was carried on at the Biclogical Foundation of the Franklin Insti-
tute, Newark, Delaware. Additional experiments on the metabolic
effects of neutron exposures were carried out at Clinton Laboratories,
Qak Ridge, Tenn.

(5) Results. - Although all of these experiments are continuing,

it has been established that neutron radiation produces essentially the same

etfect as x-ray and gamma radiation (See App. B6). Further, it has been
demonstrated that when neutrons are measured by instruments used for measur—

ing x-rays and gamma rays, a g:i‘.v?% q,r}:Lt, of neutron radiation is about 7-8
t, ¥
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as as
timeﬁheffective biologicallyhthe same unit of gamma or x-rays (See App.

B4y & B6)., In calculating tolerance doses, an additional factor of
safety is added and neutrons are considered ten times as erfective
as gamma or x-ray radiation. During the year 1945-46 data las been
accumulated by the various research institutiors which confirmd the
above statements.

d. Beta Radiation.

(1) Knowledge Available, - A limited amount of data was

available prior to Manhattan District operations con the biologic:l effects
of beta radiation. Most of this information was based on the treatment
of various skin conditvions. However, this xnowlecge was incozplete and
additional data was required to clarify some of the existing uncertain-

ties.

(2) Research Reguired. - 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.

(3) Research Frograms Instituted. — To provide answers to

these gquestions, animals were exposed acutely and chronically to various
levels of beta radiation and carefull; studied for skin and systemic
effects. Conparison was made also of the effectiveness of beta rediations

from various sources.

(4) Institutions. - The bulk of experimentation on the biolog-

ical effects of teta particles was dcne at the Clinton Laboratories and

the University cf Chicago. A swall corroborative program on this

5.6
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subject was performed at the University of Rocheater.

(5) ZResults. - This research is continuing, but has de~-
monstrated already that the maxisum allowable tolerance figures for
beta radiation to the skin are conservative and unquestionably safe
(See App. BL & B6). It has been proved also that the lethal dose of
beta radiation delivered externally is far greater than tha lethal dose
of x-ray or gamma radiation {See App. BL & B6). The experimental
results during the 1945-1946 period were again strongly confirmative
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 skin effects, Consequently, no investigation
of this type was undertaken.

f. Mixed Radiation. - In the operation of the pile process, there
exists the possibility of individuals being exposed to more than one type
of radiaticn. Emperimenﬁs were instituted at Clinton lLaboratories wﬁereby
animals were kept in various parts of the operating aress in which they
would be exposed primarily to neutron and beta radiation. These animals
were carefully observed to detect haramful 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

workmen did not spend more than a few minutes per day (See App. B4 & B6).

g. Instrument Research.

(1) General. ~ New inatruments had to be developed in order to

cope successfully with the radiation problems that arose in the course of

ifarhattan District operations. Certain instruments were required for use
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(" in the separation processes; cthers were needed for health protectica.
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 medifications which adapted the instruments
to the specific needs of the operations. In addition, special instruments
were developed for measuring the content of varicus radiocactive substances

in air.
(2) Institutions.

(2) University of Chicago. — The Instrument 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 number of instruments for other areas, and designed and

¥oywre constructed instruments for determining the content of radiocactive sub-

stances in air (See App. B4).
(v) Clinton Laboratories. — The Clinton Laboratories

o .
s organized a separate instrument sectioo for the construction of instruments

@
Y

especially designed to meet the needs of the Clinton installation.

(e¢) University of Rochester. — The Rochester University

group also assigned a group of aen who devoted their time to instrument
research and devalopment. Standard alpha meters and all pur;ose meters for

measuring alpha and betsa particles and gamma rays were designed and con-

structed for other areas with hazard problems from radiation (See App. B6).

(d) Other Instrument Sections. — Both Columbia Univer-

s sity and Hanford Engineer Wcrka had Instrument Development Groupa at

i




work on the design of instruments especially adapted to the specifie
problems of their respective operations.

5~4., Radioactive Substances - Hazard Research.

a, Geperal. - During the year 1945 - 1946 metabolism
experiments on polonium, plutonium and radium,uaing 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 thiity times as toxie 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 compenszted 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. Biologlcal explana-
tion for these differences may be oxplaidzg:éﬁ‘bhe distribution of these
elements, the radium burying.itself deep in the bone, the plutonium in
the endosteal layers near the marrow and the poloniws in the hematopoietic
and lymphatic tissues themselves. The 6-8 months studies of the compara-—
tive lethal dose tend to corroborate the above findings. Pathological
findings indicate that radium showa an affinity for the hematopoietic
system, vasculer system, liver, kidney, bowel, bone, and testes with
daisage proportional to dose and tiice. Folonium shows an affinity far
the hematopoietic s:stem, bowel, and testes orly with damags again probably

proportional, Plutonium shows iis aifinity for the hematopoietic system,
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liver, «idney, bowel, bone anu testes. 1lhe cranges cbserved with radiun,
althcu.i. .ore wicely distributed, are not *esrg severe as Lr.se noted with
polonium. An usual finding vditi, radium is the development of far
advanced arteriosclerosis of the aorta and larger arteries including
the ccronaries. OStudies are being conducted on the injectlon of non-
toxic amounts of plutonivm, 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 tire, The informaticn gained from such studies
will be used in determining accurately the 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 tiue.

b. Radium. - Although processing of this material was nct
a major activity of the Manhattan District, it was necessary to conduct
animal studies with radium, to use this substance as a base line of com—
pariscn 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 Far 3-13) for the Manhattan District. A
careful survey of the medical literature revealed that the information on

its toxicity was very sketchy and of doubtful accuracy. Accordiagly, a

program was established at the University of Rochester to provide the in~

formation required. These experiments followed the plan indicated in Par.

S=4, a., and from them it was possible to arrive at a "“tolerance valus"
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{ for both depcsition and urinary excretion (See Far. 2-4, d and e). These
findings, plus a fairly simple cmantitative method of measuring urinary
polonium, resuited in an eifective, relatively simple means of monitoring
personnel. The injury produced by large doses of this material is primarily
to the kidneys and the blood-forming argans. Investigstions are continuing
and have served to corroborate the preliminary estimates of "tolersnce" for
urinary excretion. "Tolerance" figures have also been calculated for

»polonium in air, but are of considerably less value, because bHe 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 texic

effects on the animal o.gznism. It was suspected that this material

might behave in some fashion similar to radium and, therefore, paraliel
( studies were made on radium for purposes of comparisen. The Crocker

Radiation Laboratory of the University of California was emlisted to

Dt
carry out part of the experimental work on plutonium., Plutonium (239)
was made in the cyclotron at the University of California in trace

Fae o amounts and used in metabolic experiments (See App. B4). The relative

aeffects of plutonium alone or in comidnation with other substances were

compared. The results of these experiments with tracer amounts of plutonium

were ugsed as pilot experiments, for estahlishing the type of experimental

work to be done by the Biological Section of the Chicago group, when larger

amounts of plutooium became avai lable. 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.

{ 'Bh). Tests were made to determine the effect of the contamination on grow-

-5.11
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ing plahts.and to esticiate the efficacy of various methods of decontamine-
tion in removing such materials from the soil. Another phase included work
on methods of removal of sbsorbed plutonium from the animal body (See App.
B4). In addition, certain chemical experiments were cerried out by this
group in developing new methods useful in their work {See App. B4).

Results to date would indicste thﬁt plutonium after absorption may be one
tenth or one fiftieth as dangerous as radium, M"Tolerance" figures for bod}
depoaition, air content, etc. have been developed by taking the mﬁsp con=-
servative assumptions, with the reaplt that in this work great effort was
expended to keep &ontact down to extremely small amounts. Recent work on
a method of measuring urinary excretion is promising and it asppears likely
that it soon may have practical application.

e. Fission Products. - The experimwental work on these radio-

aciire 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 numbter of rzdiocactive breakdown

products of uranium are formed, and in the chemical separation of

plutonium these substances could be hazardous. These figsion products

are formed by actual splitting of uranium or plutonium atoms into two
portions of unegual sige. Since the; are radiocactive, there is the double
problem of acute toxicity and the chronlce effect of the radiation pro-~
duced by meterial deposited in the body. These problems also required
investigation, and experiments were planned to carry them out, 4t first,
none of the calculated flssion products was available and they were made
for the project by the group working with the 60-inch cyclotron at the

Grocker Radiation Laboratory. The acope of the work on fission products
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included: determination of poiscnous or toxic levels on various species of
aniuals; study of acute and chronic poisoning after exposure to fission
products by feeding, breathing, ana inmtroducticn of the substance me-
chanically into the blood atream 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 body. Methods for removal

of these subatances from the body were investigated $See App. B 4).

The Crocker Radiation Laboratory of the University of California also
carried out work on fiésion wroducts (See App. B 4). The metabolism

of the figsion products in animals wss studied, and the effect of arti-
ficial contamination of soils of various geologic types with fissicon
products was infestigated. Test.s 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 increasing
the elimination of these substances from the animal body. The University
of Washington also carried out some work to determine the effect of stream
pollution by water from the pile, on fish native to the Columbia River.
Fish were raised in tanks fed by variocus 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. During the period of 1945-1946 the
tfish program has continued and the results are being coupiled for a |
camprehensive report. The plan of work is we: 1.) §ollow-up of the
present experiments extending thru 1948; 2.) continuation of the exposures

to cheaical materials and also cbservations of possible effect in the

Columbia River; 3.) campletion of the histological studies already in

e TR
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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 of five uranium
cazpounds, UF6, U0z, UCL,, UF;, and UC2(NO3)2. These compounds were
selected because the greatest number of employees were exposed to these
#fostances. U02(NO3)2 was included in the above list because of the
necessity of a base line of comparison with data available in the
sefentific literature. (Most of the animal experimental work done prior
to the Manhattan Project was dene with UO2(N03)2.) Two concentrations
of dusts were used in the experimental chambers. One dust leval was
selected because it was thcught that it would produce no tbxic effects,
and the other level (approximately ten times:‘;rgac;tr) was 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 far indicate that the established tolerance
level allows a maximum factor of safety to the people who work with these
compounds. Additicnal important work consisted in the development of
accurate methods for the measurement of the particle size of uranium
compounds in the air. These techniques are used in the control of the
concentrations of the uranium compounds in the experimental inhalation
chaubers, and in the monitoring of the conceht_,rations of such compounds
in industrial areas where humans are exposed. Techniques for the fraction-
ation of the particles of uranium compournds into lots of uniform size
have been developed. In this way exposure of experimental animals to
partlcles of known size can be determined. Preliminary data indicates

cry

that the small particles are most toxic.




e ]

b &

——

5-5. Substances of Potential Chemical Toxicity. - The special

materials which were developed for use in the processing of uranivm 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 elemermtal fluorine and various.com-
pounds mammfactured by reascting fluorine with hydrocarbona {fluoracarbons
- CoF14, CgF16, C21FL,). The toxicity of these substances was tested by
an experimsntal program similar to that used by the Toxicology Division
of the U. S. Public Healith Laboretories. Protective devices were tested
and reco.nmenﬁed for installations requiring their use (See App. B 6). The
work on these special substances was carried out by the Fharmacology Div-
ision of the University of Rochester. WNo additional substances in this
category were tested in the year 1945-46.

5-6. Iadustrial Research.

a. General. - The industrial application of results of the
research program is described elsewhere in this volume (Section 3 In-
dustrial Medicine), In conducting the Industrial Medical activities it

was necessary to do certain non-medical research primsrily concerned with

hazard control.

(1) University of Chicago. — The Chicago groug studied
methods of monitering and developed methods of using x-ray film and
ionizatlon chambers to determine the amount of radiation existing arvund

working areas. Ventllation systems were studied and working areas were

deaigned to offer the maximum protection. By use of the data developed

by the workers in thlis research group and the animal research group,

0

measures were instituted to cover all likely poasibilities of exposure and

)
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' to safeguard the workers in all cases.

(2) Clinton Laboretories. — The Clinton group had an in-

dustrial research section similar to the one at Chicage. This group as-
sumed responsibility for the medical supervision and protection of all
workers at Clinton laboratories, both by monitoring the plant and making
physiczl and laboratory studies of the workers st frequent regular intervals.

(3) The University of Rochester. - The University of

Rochester also had an industriel research section. Fiim and instrument
o monitoring methods and protective devices were developed, for the. pro-
%‘% tection of the workers exposed to uraniwa and other special materials

(See App. B 6). Actual monitoring of the plant areas,under the supervision

of the Distriet Ledical Section, was done to detect dangercus amounts of

radicactive substances. Consultant service was provided, for the determii-

( ation of the extent of the radicactive hazard in the individukl industry.
. 5-7. Reports on Ressarch Activities. - The various research sec- '

tions kept in close cont.a.ét. with tne Cffice of the Medical Section through
the medium of progress reports. The Chiczgo, Clinton Laboratories, Uni-
ruse versity of California, and National Cancer Institute reports are filed
rith the District and are designated as tre CH and CX reports, The Uni-
versity of Rochsster and Biological Foundetion reports are also filed in
the Office of the Lkedical Section znd are designated as M reports. The
~ reports from the University of Weshington ave filec in the same office
and dre designated as Fish Frogram EKeports and Charts.

5-8. Organization,

P . a., Manhattan District Personnei. - The District Engineer was

i required to approve all contraéts of the Lanhattan District, including

.‘!
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those for medicei resesrch. The Chief of the Medical Section, Colonel
Stafford L. Warren, acted in a staff capacity to the District Engineer,

to provide information on the District requirements for biolegical research
and to report the progress of the program. Colonel Warren organized,
supervised, and integrated the medical research program. In this

task he waa aided by Lt. Col. H., L. Friedell. In March 1945, Lt. Col.
Friedell was appointed Head of the Division of Biological and Health
Physics Research of the Kediecal Section. Capt. J. W. Howland was

selected as Assistant Division Head, and, with Capt. David Goldring,

acted as liaison officer to the research organizations; The relationship

of the Division of Biological and Health Physics Hesearch to the civilian
research agencies is illustrated in the attached chart (See App. C 22).

b. University of Chicago. — The Health Program of the MKet-

(“ 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
as Asgsociate Project Director for Health, in June 1942. He was charged with

g " the responsibility of protecting the health of all of the individuals eﬁ-

gagod in the pile process. To discharge this obligation he was required
to procure the necessary personnel, to set up safety standards and safe-
operating procedures for the pile process, and to plan and supervise the
research necessary to insure intelligent formulation of the standards of

health protection. Dr. Lean Jacobsonaa member of the staff of the Uni-

versity of Chicago Clinics, had bean asaigned previously the tasi of
clinical care of project employees, [irst as a consultant in Janmary

k. 1942 and later as an assistant (November 1942) in that capacity with
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Dr. Stone. Dr. Simeon T. Cantril, previously Director of the Radio~
logical Department of Swedish Hospital, Seattle, Washington, became
Dr. Stone's assistant in August 1942, and, with Dr. H. M. Parker, an
expert in radiation dosimetry, instituted the industrial hagards section,
charged specifically with the responsibility of instituting safe-operating
practices for radiation and radioactive substances (Both Dr. Cantril and
Dr. Parker were transferred to Clinton Laboratories in August 1943, to llead
the Health Program and Instrument Section respectively). Dr. E. W, Tollan,
Asgistant Professor of Physics, University of Chicago, aided in the dev"elop-.'
ment of monitoring instruments and in the dssign of the shielding regquired
by operation of the pile. After Dr. Cantril left the staff, Dr. L. O,
Jacobson became assistant to Dr. Stone. The activities of the ;Jrgan_izat.ion
were divided into the following groups, headed by the persons listed:

1) Clinical Kedicine - Dr. L. O. Jacobson

2) Biological Research - Dr. K. S. Cole

3) Industrial Hazards - Dr. J. J. Nickson

Dr. Cole had been Adssociate Professor of Physiology, College of
FPhysiclans 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 Illinols, and Dr.
A, M. Bruves, Associate IPhyaiciah,Hunt.ingt.on Memorial Hospital, Boston, kass,
Dr. Albert Tannenbaum, of the research staff of Michael Reese Hospital,
Chicago, Illinois, performed the reeciing experiments to determine the tox-
icity of uranium campounds for mice. The Industrial Hazards Secticn, after

Dr. Cantrilt's departure, was headed by Dr. J. J. Hickaon( serving directly

5.18
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/ ( under Dr. Jacn)bsm);who was assisted by Lkr. John E. Rose. Assisting in
| the Section on Cliﬁton Kedicine were Dr. Samuel Schwartz, who was in charge

of biocpen:i.st.ry, and Dr. E., 5. G, Barron, Associate Professor of Medicine,
Univeraity of Chicago, who directed studies of enzyme Chemistry. The
Pathology Section was headed by Dr, William Bloom, Professor and chairman
oflt.he Department of Anatomy, at the University of Chicago. Dr. Bloom was
asaisted by Dr. Herman Lesco. Dr.'. G. Failla, Professor of Radiology and
Director of the Radiological Research Laboratory, College of Physicians

and Surgeons, Colucbia University, Dr. W. H. Talliaferro, Dean, Division of

Biclogical Sciences, University of Chicago, and Dr. J. Watson, Frofessor
and Head of the Department of iedicine, University of Minnesota, acted as
consultants to the project. The organization grew in size as the research

pregram expanded, until approximately 215 persons were employed at the period

th* (,,, qi‘ gfeat.eat. ‘activit.y. This does not include the 90 people employed im the
clinical group. Not inclﬁded in this total are persons in the Instrument
‘Section who worked full or pert time on the development and maintenance of
B instruments required by the Health Program.

¢. Clinton Laboratories. - The health program at Clinton
Laboratories, under the supervision of Lr. R.S. Stane, was directed by
Dr. Simeon Cantril, fram its inception in July 1943 to September 1944.
He was replaced at this time byt:.;Bhn Wirth, who had been previously at
the kational Cancer Institute. Dr. wWirth, in addition to his duties as
director, supervieed the clinical medicine section of Clinten lLsboratories.
Dr. H. J. Curtis, formerly Assistant Professor of Physiology, College

Physicians and Surgeons, of Columbia University, was in charge of

el

biological research. Dr. K. Z. Morgan, previously a research physicist




at the University of Chicago, was in charge of the instrument section.
At the peak of employment, a total of approximately 100 persons were em-
ployed by the Clinton labaratories Health program.

d. Ihe University of EBochester. - The Biological and Health

Physics Research project of the Univerait); of Rochester was inaugurated
in April 1943, with Dr. Stafford L. Warren, Chairman of the Depertment of
RAdialogy, in charge. He organized and supervised the project, which was
divi&ed into the following major sections, headed by the individuals
listed:
| 1) Radiology - Dr. Andrew K, Dowdy.

2) Fharmacology - Dr. Harold Hodge.

3) Instruments and Special Problems — Dr. silliam F. Bale,
All of these men were membera of the ataff of the University of Hochester
at the start of the project. Dr. Dowly was associate profeasor of radio-
logy, Dr. Hodge was assoclate professor of biochemistry and pharmacology,
and Dr. Bale was associate in radiology. As Dr. Warren becaze more and
more concerned with activities of the Manhsttan 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 Medical 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 Lr. kaury Wantman, who
alsoc was in cherge of the statistics section. Other individuals whg
supervised research groups lncluded:

(a) Pr. George Boyd - - Head of Cyclotron and Nuclear R;search

Department, Biochemical Research Foundation, Newark, Del., in charge of
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special studies of the toxleity of certain radicactive substances.

(b) Capt. Fred Bryan - - Formerly instructor in the School of
Medicine and Dentistry, University of Rochester, in charge of hematology
(subsequently replaced by Dr. George Suter, also instructor in Medicine,
at the University of Rochester).

(c) Dr. Alexander Dounce - - Instructor in Biochemistry at the
_University of Rochester, who waa responsikle for enzyme chemistry. '

(d) Dr. Francis Haven - - Associate in Biochemistry at the
University of Rochester, who was in charge of the mechanism group.

(s) Capt. Roger Metcalf ~ - Who was responsible for the pathology

of the experimental work.
(f) Dr. L. T. Steadman - - Associate in Radioclogy at the Uni-

versity of Rochester, in charge of spectrochemistry.
(g) Dr. Herbert E, Stokinger - ~ Immpochemist, University of
Rochester, who was responsible for supervision of inhalation experiments.
(h) Mr. David Tiedemann - - Who replaced Mr. Wantmen as head of the

statistical section.
(1) Capt. Paul Rekers - - Conducted special hematological research

in radiation exposures.
(j) Capt. William Valentine - - Conducted similar hematological

research in radistion exposurss as Capt. Paul Rekers.
(k) Dr. Carl Voegtlin - - Retired Chief of the Natiomal Cancer

Institute, an authority on toxicology, served as full time consultant to

the pharmacology section.

Other pert-time con@cama to this section included:
(1} Dr. H, H. Schrenk - - Associate Taxicologist of the Bureau
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of aines.
(m) Dr. J. F. Treon -~ - Instractor in Toxicology, Kettering Lab-
oratory of Applied Physiology, Cincinnati, Ohio.
As the research program expanded, especially trained individuals were
added to the staff until a peak of approximately 3680 persnns was reached.
6. University of California. - The medical research program

at Derkeley was under the direction of Dr. Jeseph G. Hamilton, Assistant
Professor of Msdicine and Radiology, Radiation Laboratory, University
of California. Ur, Hamilton was assisted by Dr. Louis Jacobson, Dr,

Ray Overstreet and Dr. Kenneth 5. Scott. The program was closely
correlated with that of the University of Chicago. Appradimately 16

persons were employec at the peak of operations,

f. National Cancer Institute. - The work at National

Cancer Institute was under the direction of Dr. R. R. Spencer, Chief of
the Netional Cancer Institute of the U. S. Public Health Service. He

was asgisted by Dra. E. Lorenz, A, B. Eschenbrenner, M. Deringer,

W. E. Heaton, amd approximately 6 others.

g Columhia Univeraity. — The reseafch performed at
Columbia University was integrated with the radiation program of the
Uﬁivaraity of Rochester and was under the direction of Dr. G. Failla,
Professor of Radiology and Pirector of Radiologic Research Laboratory,
College of Physicians and Surgeons, Columbia University. He was assisted

by Dr. T. C. Evana., Approximately 6 additional persons were employed

on this project.

h., Blochemical Research Foundation. - The program o Te—
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( Del., was directed by Dr. Ellice McDonald, Director of the Foundatica. He
was asgisted in this work by Dr. Harold i. Terrell. Approimately 1li

other persons were employed in the program.

1. University of Washington. - The fish program conducted

by the University of Washington was headed by Dr. Lasuren Donaldson,
assisted by Mr. Richard Foster. Approximately 4 other individuals were
employed in the performance of this experimental work. MNr. Henfor& Thayer

acted as GSRD consultant to the project.
J: Ihe 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 performed. Becauase of this fact, costs

for the medical research alone are not available, since all costs have

been lumped intc one sum for each project.
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‘progrgps of District contractors and of acting aa liaison officer to the
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6=1. General. - On 1 ¥agy 1943, al OSRD cont.ract.; pertaining o
to the development of atomic power, including associated biologic
and health physics research programs, were transferred to the Manhattan
District, and, to insure proper coordination and to avoid duplicatiocn,
all research programs wera made subject to the approval of the District
Engineer. It was essential, therefore, that a well-qualified physician
be procured to act in a staff capacity to the District Engineer. 4
survey of the leading medical authorities familier with the special
medical problems encouatered in project operations revealed that Dr.
Stafford L, aarren, Professor of the Department of Radiology, Univer-
sity of Rochester, Hochester, New York, was the best qualified physician
available for the positicn, :ccordingly, in Karch 19..3, Ur. Warren was
appointed consultant to the District Engineer and began the development
of the organization required to discharge the responsibilities delegated
to the Section (App. Al). |

6~2. Officer Personnel., — The Medical Section of the Xanhattan

District. - The firat‘medical officer attached to the District was Lt.
Colonel, (then Captain)Hymer L. Friedell who was assigned as liaison
officer to the Yetailurgical lsboratory of the University of Chicago in
August 1942. Vith the appointzent of Dr. Warren as Consultant to the
District Englneer, Iit. Colonel Friedell becaue his executive officer.

In kay 1943, Lajor (then Captain) John L. Ferry was added to the staff

and was given the responsibility of supervising the industrial medical

1
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research program at the University of Rochester. During the summer of




M

—

1943, Charles E. Rea, M. D. {now Lt, Col.), Harry Pitluck, D. D. S., and
the late william B, Holt, M. D., were procured from civil life to provide
care for the comminity of Oak Ridge. ODr. Rea was appointed Chief of
Clinjcal Services for the Area, Dr. Pitluck, Director of Dental Service,
and Dr, Holty; Director of Medical Service. On 5 November'l%B, Dr. Warren
was commiasioned a Colonel in the Army Medical Corps, A, U, S., and desig-
nated Chief of the Medical Section. His organization grew in size as
operations of the District increased, until, on 1 July 1945, there were
72 medical, 3 dental, 3 medical administrative, 1 veterlnary, and 1 sani-
tary corps officer assigned. There are charts to indicate, at intervals
of six months, the growth of the organization, and the individual assign-
ments within it {See App. C12)., The activities of the Secticn were
divided largely into three groupa coordinated by the Section Chief” and hia
Executive Officer:

a, Blologic and Health Fhysics Research.

b. Clinical Medicine and Dentistry.

c. Industrial Medicine.

6~3. Qualificetions. - The qualificationa 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

aajor cantractors medical organizations are indicated in Section 3 of this
volums which describesthe activities of those organizations.

é-5. Assistance fraom the Surgecn General's Office. - Arrangemeats

were made, in September 1943, with the Surgeon General's Office (App. AL),
to commission certain civilian medical personnel employed by the District,

to obtain the additional medical departme;'lt. personnel required by the
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District, to meke avzilable the uzterial procurement facilities of the
Surgeon General's Office, and to use funds avzilable to the Surgeon Gen-
eral for the medical and dental care of military personnel stationed at
Manhattan District 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 his liaison officer with
the authority to approve requeats from the Manhattan District. Further,

the District Engineer and the medical officers under his control were not

required to submit to the Surgeon Geperal any reports which would reveal

the nature, scope, or military importance of the project. (All of the re-
ports of the work of the Manhattan 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 persannel
assigned, attached, or allotﬁed to the Manhattan District would not be trans-
ferred to or from the cantrol of the Digtrict Engineer without his prior
appfoval. This measure was considered necessary to control the security of
classified information and to maintain especislly qualified personnel at
the%r assigned tasks, The relationship with the Surgeon General functioned
eff;ciently from its inception, and is continuing at the time this history
ias written. It. Col. Carl B. Sox replaced Colonel Welsh as Liaison Officer

during the spring of 1945, but otherwise the relationship has continued

unchanged.
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Responsibilities of the Medical Section. A letter
from Colonel K. D. Mchols to Colonel 8. L. Warren

dated 10 August 1943.

Grant of .'Auth.ority for the Osk Ridge Health
Awsociation, : : : -
Hospital and Medical Fagilities for Oak Ridge.

A letter from Colonel S, L. Warren to Colonel K.D.
Sichols dated 15 Pebruary 1944.

Medical Fagilities, Manhattan District. A letter
fyoa Major Gen, L. R, Groves to The '
General, Arsy Service Forces dated 21 Septeaber 1943.

By-Laws of the Oak Ridge Hoeplital
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' o UNITED STATES ENGINEER OrFics ™ -
MAMHATTAX DisTmicY L '[ n
P O BOX 42
STATION P D=22-h
Naw Yor, N. Y. -

M REFLY
ALrif YO

- 10 August 1943
Subject: Heapoz}aibilities of the Medical Section
To: Dr. Stafford L. Warren, Chief, Medical Section

Reference is made to your commnication of June 17 and subse-
quent conferences on the basic rubject.

The functions and resnonsibilities of the Medical Section
include the following:

1. To carry on or arrange far and tc supervise or
maintain liaison with such research work as 1is deemed
necessary for carryine out the functions of the Medical
Section. In thls recard, however, all existing research
agencie® workingz on the health npiblems of the nrojeet should
be utilized to their canacity znd every effort should be made
to have them do additional research work when recuired and to
avold duplication of effort.

2, To determine what health hazzrds are oresent in any
of the operations of the llanhattan District,

Wrsrsasr 3. To determine what orotective measures should be
taken to eliminate or protect against any snecific health
hazard of a serious nature,

L. To kesp the various contractore and Area Fngineers
infarmed’ in regard to approved measures to be taken for the
safeguarding of health.

| ' S. To organise and operate a hospital, medical service,
- and dental service at the Clinton Engineer Works.

_:-,__d.l-'!a-,é;-;;‘}:

6. To confer with and to advise the Area Engineer and

dmtractor at the Hanford Engineer Works and to determine
that pmpor Hospital and Medical Services are established thete.

!

o It will be the responsibility of the Area Engineers involved to
e see that the approved or recommended protective health measures are put
into effect by the contractors although the Medical Section will be ex-
pected to give assistance and cooperatiocn in thile matter by making peri.o-
¢y ~die inspections to.check on the working out in acteal practice of the"
S protective measures devised. -
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‘Dr. Stafford L. Warren -2~ 10 August 1943

.The organigation of the Medical Section and the personnel as-
signneri. s are noted. The Section itself will be administered by:

Dr. Stafford L. Warren, Chief, Medical Section
Dr. H. L. Friedell, Executive Officer, Nedical Section

The assignmernt of Captain John Ferry to the Medical Section, Special
Products, has besen approved in a commmnication dated 8 August 1943,

The assigmments of Dr. Charles Rea as Clinical Supervisor,
Clinton Engineer Works, and Dr. William B. Holt as Chief, Hospital
Service, Clinton Engineer Works, are hereby approved.

For the District Engineer:

K. 2v]dA
K. D. NICHOLS

Colonel, Corps of Fnrineers
Deruty District Enpeineer

cc: Area Engr., Hanford Engr. Wks., Pasco, Wr~h,

Dep. Distr. Fngr., Knoxville, Tenn.

Area Engr., Chlcago Area

Area Ergr., Wilminvton Area

Area Ergr., California Area

Area Engr., Columbia Area

Area Engr., Murray Hill Area

Area Engr., New York Area
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presentative. " The:
4 by the subscriber groups
froa the dote of thelir nspoct.h.
board of gategory A, members - i
IEYREPaC o iimesbers of cat-
pm"g Serve'indofinitoly at the *of tha District
4 vacancies on the board of ®itogory b, members will be filled
* on the recocmendation of the phyaic.iru' 5mup
3 -111 be ruhd by the District Engis :re.s:
- ’t"« ’ &2
1 The Bnlrd of muct.ogp select froz its nui)Crahip
1.13.11'., vice-presidant, setret and treasurer of the: issocutibn
d 1t may employ a business banager and such otfier ecployees as -y?{
necessary for the@bxncution of the issociation's work. The board
all maks all decisions aid do all things necessary to carry out. t.h$
rociation’s objectives. It shall adopt a set of by-laws stating the
des of fts officers and key employees and prescribing its rules of
cedure and operation, A certified copy of the by-laws and of all
ndusats theretc shall be promptly furnished the District Englineer
shall have the power of veto in whole or in part thereof,

b, The treasurer or hias succesapr shall be the custodian of
the issoctation's funds and shall be solely responsible to the
siation and to the District Englneer for their collection, safe-
ng, disbursesent and accountability, The treasurer shall prompt 7
it or cause to have deposited all Assoclation funds in a selected
whiclh shall be a member of the Federal .ieserve Systen to the credit
» Onk Kidge Health Associstion, The depositary of the funds, -in
or in part, shall not be recoved to any other bank or placa,

(1) All disbursements cade from the funds of the Association
hall be by check signed, "The Ouk .tidgs Health assoclation, by

icosdsor mAY, on his own responsibility, set up uith adequate 7~
foguards and accountability such petty cash sccount as may be

cessary but not to exceed fifty dollars ({(50,00) total, and

psyment therefrom shall omod t.mtﬁiu dollars (,25 00)

anount.,

{2) The treasurer ll"'lut.hor:l;e-d during periods of his ab-
¢ in excess of two days from Osk .tdge, Tennesses, to appoint
:put.y Tnuunr t.o por.torn his duties,  In ths event absonce

, Treasurer,® provided that the tressurer or hia
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Subject: Grent of Authority fur the Oni .tidge Health associution

of the treasurer froo Onk .ddce shall exceed thirty (30) consseu-
tive days, the Board of Directors shall appoint & new'treasurer,

c. The secretary of the board shall kesp accurate mtnutes of
all meetings of the Board of Directors and Exscutive Coozittee, as
wall as perform other duties asz may be assirned by the board. A copy
of al! pinutes shall be promptly furnished to the District Engineer.

d. The Boerd of Directors shall meet as often as necessary to
properly supervise the activitles of the Association, .sgular msetir s

shall be held at least quarterly.

¢, The president shall presicde over all meetings of the Associa-
tion and of the Board of Directors.

f. The Board of Directors shall elsct froa its mesbership an
Executive Committee composed of aix members, three of whoa shall be
physiclans, headed by a chairman who will be the ssme individusl as
thoe president of the Board of Directors. The board will also slect
from its mesbership a Budget Comuittee and an Audit Comaittee of
three msambers each, and such other coomittoes as shall be considered’
nacessary by the board. The primary function of the Executive Com
mittes shall be to supervise the operation of the associr‘ion as
di-ected by the Board of Directors. The Budget Committer shall keep .
itself fully informed as to the financlal status of the Assoclation
and shall study all budget mattors subaitted by the businesa manager
. and sake recommendations to the board as to the course to follow in
the matter of budgeting funds. The primary function of the Budget
Coemittee shall ba to keep the board informed of the financial status
of the Assoclation and nake recozmendations for corrective sction when
necessary to insure that the {inancial status of the Assoclation i
sound at all times. The Audit Committee's primsry responsibility
shall be to insure that sn adequate bookkeeping ind acoounting aystea
1s maintained at all times; that all disbursessnts are for aythorised
purposes and within budgetary lizite; and that all property sand funds
are properly acoounted for, ,

4 Officers of the Aamoclation and sssbers of the Poard of Directors
shall serve without cocpsnsation. Employees shall be cospenseted st retes
not in excess of those psid locally for similar services sad as agproved
by a majority of the Board of Directors. Officers or employees of the
umzmwuwmm«axurmmum




Subjests Gl‘:t of Authority for the Cak Zidge Health Aasscciation,

5 nupa.m servioes at the Onk .ddge Hospital will be procured by
oontract with the Roane-inderson Cocpany or its successor at charges which
may ba subject to periodic adjustasnt on the basia of hospital costs or
otherwise as may be spproved by the District Enginser. Lsdical fees will be
w?mwum-mtmmm

.84 Office spece and squipmsent will be made available by the District
W with or without rental for the Assocletion's use. A  such facili-
ties will remain the property of the Government and shall be . :-ld account—
able as luch Mequate msasures will be adopted for their cure and main-

tenance,
LR

7. A M and mssbership statement shall be prepared monthly
snd copies thereof shall be fumished each member of the Board of Directoras.
A copy 7aigned by the president and the treasurer shall be promptly
delivered to the District Engineer. Aidequate records shall be maintained
of the issociation's activities and competent safeguards, bookkeeping, and
sccounting procedures equal to Al 21050 and T 7JL Form 15 shall be in-
augureted and!maintained for the protectioca and accountability of all
property and funds for which the issoclation is custodian, The Distriet-
Engineer shall have the privilege of auditing or inspecting the sccounts,
books, and affaire of the Association at any time or to require additional
reports rohun t.o the A.uocht.lon'- operations.

;-. - 8,.. nochﬂon may be dissolved at.the diacretion of the Distri.t
Lo Englneer’ Ilth ;mitbout the recossendation of the Board of Directors. In
the svent thereof, the. Board of Directors will procesd to liquidate all out—

ouu-u.m within a year imosdiately following the receipt of notice

tod:l.s:olnuﬂmlmnupcndhpon of all aasets and surplus funds and all

'Mrhitlmtw . The disposal of asssts snd surplus funds of the
bo‘d.;.h the concurrence of or at the direction of the Dis—

' u},.fonout (1) By donation to the American Asd Cross, the
' orithe Salvation Arsy; (2) by transfer to a successor
omlntion; or )&w ‘such other donations or transfers aa desired except
. thWMMMWMWo{m asssts o sur-
"~ plus‘funds be Wtod to sny afficer or member of the Assoclation. Dis-
. 'pod.um of Go .property in-the custody of the Associst’on will be uiti
' Wnl.' oratt.ho diroeuan of the District Engine- -,

: 9% e nﬁm nt the am-d of Directors and officers of the Associa—
_.tion shall mot'be held porsonslly respoensible for any losses or any liabili-
“ties of the Ashociation, exnept individuslly as shall be ceused by the fraud
orbld faith or w mhmdm' or officer,

10, This grant offeathority shall be retrosctive in effect as of the
 firet day of mzma,tm shall resain continuously in effect wntil
rﬂohd tw t.hu nlltrlet Mno

: ..5‘,.::‘, e ,rd‘., nfhdwi."“" .
K. D. KICHCLS, -
Col,, Corps of Engineers,
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Subject: Hospital and ! edical Facilities for Oak ridge

VEVORANDUN [Q Listrict Tagineer, 'anhattan District
\Atte tion Lt. Col. T. T. Crenshaw)

1. Reference is made to zero - DI'}-11, 29 Junuary 1944, {n-
dicating that a minimum of 45,000 "permanent®™ residents will be
housed at >ak Ridge with a possible peak of 52,000 by July 1944.
Other information indicates that betwesn July and Decamber, an addi-
tional 25,000 construction workers will also be housed og this area.

2. Adequate minimum requirements should be made available for
both constant bed occupaacy for expected illnesses in tnie ares,
and a certain amount of excess capacity, usually 20, for sudden
epidemice. There are no data from wnich t> determine directly the
requirsments of the sovwewhat abnorzmal commun:tyat Osk “idge. how.
evar, there are cartain assumptions which msy Le rade from current
experience.

3. The ratioc ol teds to population im the ['. 5. for 1339 was
3.4/1200, with 63 oczupancy. For 1943, the ratio is pot available,
but the occupancy was nearly 95., which is dasngerously high. Thise
sudden increase in bed occupancy may be directly the result of
several factors:

a. The smaller number of physiciana available, which makes
it 1mpossible for sick patients to be cared for in their homes,
&3 wasd the custom previ.usly.

b. Vore members of the fanily working, with noone at home
to care f£or the patient.

: tn influx of atngle "war” workers into communities

[

where ~hey have to be hoaspitaliied when ill,

4. ‘atjerts sarning rnore —oney dezand the batter care and
iower risx waicr. wos;ital fazilities provide,

111 -f these Ta-tors are present st sk nidze. Approximately
17 ¢ tie population are single workers.  he mejority of the operat-
i .2 :#rsonnel talongs to the shite-collar classe who are accustomsd
T o~mt ~g] Tere,

4. Tt oemity o7 octastar, Clew York, frow #hich coms many
v roLerws.l . erggnz=l, the ratio is 3.1 beds /1U00, and the
cat.wo Gl 40 7 rar opliation nae changed from 17750 o 1/12)0,
within © ~ past yAar, inre Lie ruwrio of phveicians te populatiom

A3




(' utfeet:  oapiial £ vediesl -azilities for cax Lage
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in (e «idze has been [ixed at 1/7000, tecauss .f th= difficulty of
obteainin- thysiclans, it is imperative tnat th= propossed beds ¢ .-»5-
ulatiun ra<io be maintuined at & h:zh leval,

5. after estudyin; tne advice 3f consultunts an. surveying thue
lecal situatioa, it is recommanded thut hos *tal facilities, inzlud~ 5
ing :at-zatient s-ryise, te -assd on th~ ratio of I Teds /1000, or N
25, baus.

6. .t .5 recomrapnded that thess fucilities be constructed
immediately s~ that the entire hospital init is available for use

by 1 July, 1944.

TTAFFORD L. "PARRIN
Colonel, Yedical Corps
Zhief of Vvedioal JGection
>
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Subjeocts Medical Facilities, Manhattan Distriect Uk’
Tos The co-nu.nding Oeneral, Aray Servioe rorcn, ?e

Washangven, D. C,

1. Dues to the wmique ocooupational hazards -h.lon afi-
countered in the operation of the prajects uncuer the ocontrol of the
Manhattan Distriot of ths Corpe of cngineers, it has been necessary
ta provide an-site hospital and medioal facilities for the perscnnel
employed thereon and suck of their families as are required to live
on the projects. It has also been found necessary to ocontract with
certsain institutions for the fwroishing of medical facilities and
espeoially qualified personnel,

2., At one project, hospital facilitiea are nearing completion.
The medical staff, provided by the contractor in charge of a part of
the medical research pertaining to the prolect, hus necessarily come
into possession of consiuerable secret information. For this reason
snd primarily in order to insure¢ the retention n the prujeot of their
outstandiag professional qualifications, and to insure cintiauity of
research and medioal treatmant, it nas been determinecd to be essential
tihat a certain portion of this medical staft be in the military estab-

‘lishment,

3. It ia therefore recommended,
cerhin of

.. That, tho mediocal personael be commissloned in the
dediocal Doplrtnant and that a proourement objeotive and al-
lotment of peraonnel be made avu.lable to the Surgeon Geaeral
for that specifio purpose in the numbers and grades inuicated
on the lnclosure, and that the District Engineer, Mannattan
District, be authorited to correspond dirsctly with the Sug-
geon Generel 1a order to «xpedite the militarisation of this
medioal staff.

b, That the Surgeon General be asked to give the fullest
consideration to recomendations of the Jistrict Engimeer as to
the grades in which the members of tnat staff are to be appolates,

A%
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Subjeat: Modical Facilities, Manhattan Distriot 21 Sept, 43

and to requests for any necessary waivers of physical diesa-
bilities of those persons, provided that such disabilities
will not preveat them from perforaing their ssesigned oon-
templated duties.

6. That exieting Medical Departasnt persoanel and
matorlel procurement facilities be made available to the
Manhattan Distriot, where it is sdvantageous to the Govermment.

d. That those persons neamed in paragraph 2, AR 40-508,
and stationed at those Msnhattan District projects at whioch
there are located mediocal facilities, be authorized to receive
medical care at those facilities, and the expenses iacurred
thereby be reimbursed to the Manhattan Distriot by the Surgeon
Genoral from funds available to him, the aanner of reimburse=
ment to be mutually agresd upon betwsen the Surgeon General
and the District Engineer. '

o, That, for esecurity ressons, a liaison officer be
appointed by the Surgeon Genwral «ith station at the Office
of the Surgeon General, with full eutbority und freedom of
action to approve, in the name of the Surgeon Oenmersl,
requisitions acoomplished by the District Lngineer, Menhattan
Distriet, for suoch Medical Department personnsl and materiel
a8 are necessary, and to sxpedite the filling of such requiesi~
tions. This officer will be provided by the Manhsttan District

with the inforeation (for his persomal use) necessary for him

to act iantelligeatly.

f. That the District Lagineer and the msdical offloers
under his ecutrol be mot required to submit to the Surgeon
General or Ms revpressntatives aany reports which in the opinioa
of the Distriet bmgineer wiil raveal the nature, escope, or
military importance of the work belng performed by the Manhattan
Distriot.

. That the Nediocal Department personnel assigmed, attached,
or allottsd to the Manhattan District be not transferred to or
from the control of the District Engineer without his prior ap=
proval, This msesure is necessary in order to ocontrol the
seourity of elassified information and im order to inaure that
the especially solected medical perevommel will be retajned on

their presently aseigned tasks.

Por the Chief of Engineers:
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T BY~LA4S OF THE OAK RIDGE OS. TTAL
PREAKBLE

v Recognising thet the best interests of the patiant are protected by
concerted effort, the nhysiclans practicing in the Osk Hidge Hospital here-
by crganize thenselves in conformity with the by-lews, rules, and regulutions
hereinafter stuted. X

For the nurpose of these by-laws the vword medical staff shall be inter~
proted to include all physiciens who are privilezed to attend patients in
the Ouk Ridge Hospital.

Thenever the term governing board appesra, it shall be interproted to
refer 10 the controlling group.

ARTICLE I. HAXE

The nane of this organiaation snall ba the "ledicel Stuff of Osk
Ridge Hospital."

ARTICLE IY. PUIPOSE

The purpose of the organization shzll bet

1. To insure that all patients admittod to the hospital or treated
in tne out-pationt department reoceive the best os3zlble carec,

2, To provide a means whoreby problers of a nedico-administrative
nature may be discussed by the riedical ataff with the governing board and

the adninis tration,

i R

3. To intitiate and maintein self-governmont.

4+ To provide education and te maintain educational stamiards.
St ARTICLE IIX, KELBERSHIP

HSeotion 1, Gualifications

Tae upplicunt for rembership on the redical gtulf shall be m graduate
of an suproved pedical school, le;:ully licrnsed to practice in the state of
renmessee, qualified for mamberahip in the local redical socloty, and prace
ticing tho comrunity or within reansonablc ciastance of the hospital,

Section 2, lithics und Ethical Relationships

The code of ethica as udopted by the .urerican iwdical Associution and

tho "Principles of Financial llslations in the Profesaional Cere of the

Patient® of the American Collegc of Surzcons shall govern lie profegsional

conduct of the menbers of the medical stuff. Spacificelly, all members of

the modical staff shsll pledges themselvea ihai “hoy will not recoive from

or pay to an:ther physioiun, eillicr directly or indirectly, any part of a

fee received for professional scurvices. On the conirery it shell be agreed
_ that =11 foes shall be collected end rctained by the individual nhysiciun in

L “ accordance with tle vulue of servicas rondered,



Section 3, Apnlication for lLembership

Applicatioff for membership on tho nedicul stalf shall be prescnted in
writing on the prescribed form, which ahall atate the quulifications and
rofercnces of the an-licant, emid shell also aipgnify his agreemont to cbice
by the by-laws, rulesg, and regulations of the medicul staff.

Scctlon 4, Terns of Appointment

a. Ahppointuents to the modical staff shall be zade by the governing
board of the hospital erd shsll be for tho period of one celendar year,
£t the end of the yoar tre governing board of the hoapltal ey reanpoint
all members of the nedical steff for a firther period of one year, pro-
vided the nedical steff has not recomrended that any specific upnointment
shall not bs rcnewed. In such casze all other reapuointrents ooy be Lade.

be Should the governing hoard wish to takc the initiative in re-
fusing to rake rceappointment of any momber, it shall so sdvise the medical
ataff, stating rcasons =nd usking for recommendstions es to furtaor uctiion,

¢+ In no casc shcll the yoverning board tike action on on applicatlon,
refuse to renay an apyointment, or cancel cn up-ointment previovaly made
without conforconce with the nedic:zl staf?, but rozurdless of the recomrenda~
tiong of the medicual stuff, finul rcszonsibility Tor appeintment or cencel-
lation of an appointment must rest with the soverning board.

d. &ap.cintment to the medical stafl shull confor on the appointee
only such privilcepes as may be rercinafier nrovided.

hY

Section 5. Procledura for apreiatment

ez« The anulication for merbership on tie modicul staff shcll be
presonted to the director of the uospitel and by l: referred to the
gsecretery of tho mecicel stuff.

~ be 4t tho [Mirst reguler mesting thereafter, the secretary shell
present the spplication to iho medieal staff, at which tiue it shsall be
elithor recomrendec for rojection or referred to ihe credentlsls committoe.

c. The credountials committoo ghall ianvestigale the churceicr, quali-
fications, and standing of the apulicant end shall subult a report of find-
ings at lie next regular ueetlng of Lhe .sdiczl staff, or as socon there-
after as possible, rocowmonding that the ap.-licutlon br accepted, deferred,
or rejectede In no cmsc anall this report be delaynd for .ora than turce

nontha,

d. Unen deterriining ovalifications, tne credentials com-ittoe shall
also aosign privileges s3 provided in sirticle VI, icciiorns ) znd 2 of those

. by=-laus.

e, On receipt of tho report of tio credentials co:mitize, the
modical staff shall irmediasboly recomzend to tha governiny boere thet Lie
ap;:lication be aceentod, coferred, or rcjected,

f. Tho recomwendation of tiie redical stuff arell be transuitted to tiwe
governing bvoard through the dlrvctor of the hosuitul.

-2 -
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g Tne governing bourd aball eithur nceept the recormendation of the
redical staff or snull refer it back for further considerstion. In the
lattor cese the governing Lozrdé shall instruct its secretary to atute to
the redical staff the reusons f'or sucshr action.

h, %“hen {inal nction has beon tuken by the governing toard, tho
director of the hospitzl shall be authorized to trangmit this decision to
the candidats for sombership, and if he is acocepted to socure ula signature
to these by-lawa, rulos, and rogulations, 3Such signature snzll constitute
his agreemont to be governed by the sald by-laus, rulea, and reguletions,

Section 6. Erergency end Temporzry privileges

a. In case of emergency the vhysician attending the ;:atient shall be
expected to do gll in his pover to save tho life of the nstient, including
the calling of such consultation &3 :ray be quickly available, For the
purpose of this section, an emorgency is defined as a condition in which the
1life of t:s patient is in imiediute Gungor snc in vhick any dolay in ad-
ninistering troatmant would add to thet danper.

b. The director of tho hospit:l shall heve the authority to zrant
temporary mrivileges to a nhysielan who 13 a emusr of the local mecical
soclety and deaires to attend 2n occesionel ustient in the :csnpital but
who i not a reuber of the modical stafi, Suck tcmporary privileges shuall
be prunted after confarance siith tie chicf of staff or the rmedicel director
to detervine an authoritstive oninlon as to the competence ond ethigal
standing of the physician vwho deaires such tcozaresry privileses, and in
the excrcise of such privilceres he shall be unber direct su crviamion of the
chief of staff. Tenporary rrivileges nay not Ye granted to zttend more
than four patienta in eny one yoar, after which the physicien to whom the
temporary privilepcs have boen Zranted shall be roguired to tecowe a nmenber
of the redicul staff bufore belny zllovwed to attend additional patients.

ARTICLE IV, DIVISIUn: G 1.5 :2DiCLL STuF¥
Section 1. The ucdiexl Staff

Tre medical stoff shall be divided into onorary, corsulting, active,
assoclate, arnd courtesy :roups.

section 2, The :donorary iediczl stuff

Tho nonorary —edical stiff shall conslat of physiclins -tho arae aot
active in the hospitel und who are :.onoreé by eceritus nositions., These
may bc hyuiclens who lueve retired from auctive rosj:iiil service or phy=~
siclians who are of outstznding roputation, not necessarily rcaidont in the
corp:uni ty.

Tho honorsry riedicel ataff al:gll ‘v apncizted by tie governing hoard on
rccomnordation of the active mmdicel stuff and snull Lave no wvssigned dutias
or r:asnancibilitiesy Their nrivileges shell x deturined by the ere-
dertions committea s provided In article VI of these byr=lmis,



Section 3. The Consulting kedical 3tuff

a. The consulting medlcal steff shall consist of recognisod speciale
iatas who ere active in the hospltal or who have sipnified :rillingnesa to
accept such appointment. These msy Le fellows of the American Colle-o of
Surgeons or tho .nerican College of Fhysicians, diplomatos of one of the
national boards of nedicul spocialties, members of the nutionsl socieoty
reproasenting tke specialty, or otiors whom the crodentials comittee vay
consider to bo worthy of teing appointed us renmbcra of thie cénsuliing
medlcal staff, icebcrship on tie corsulting medical staff shall not render
the monber ineligible for rombership on the agtive medleal ataff,

b, Appointnent shall be medie by the governing Loard on recomrendetion
of the sctive medicel staff. Credentluls shall not be required for such
appointaents end the propeaed member noy be invited to cecept a pointinent,

ce The duties of the mombers of the comovliing medical stafl shall
be to give thelr gervices ithout ecanrge ln tha care of froe petients on
roquest of uny member of the active :weclcal staff, and «lso in any case in
which consultation ias required by the rulos of the loapltal.

ds In so fer as their spocialty is concoerned, cenbars of the cone
sulting medical staff shall have umrestricted privilegca, but in cases not
falling within their srecialiy tihoy shall nave such priviloses us ray be
detcrmined by the eredentisls com ittee 23 provided in Article VI of theao

by=lecwa.
Section 4. The ..ctive ivedlcal Stalf

a., The active medical stcff shull conslist of physiclens who iave beon
gelectcd to attend free patients in the rospital and to vhom all such patienta
shall be assigned, lembors of the active medical staff shall not be ro=
quired to be exclusive speclalists, but it 1s %o e expected that they will
be well-skilled in the perticulur branch of medieclne to vhich they ure as-
signed, and that the mujor purt of their mrivate -ractice will fall within

that specialty.

be Appointrenta ghall bo made annuglly by tiie goveraing board on recon-
mendation of the active .wdicel ataff from the forner wembera of the active
medical optaff, und, Iin so far es it is iosalble, vecancles shell de filled
by promotion of members of cine associate wodical stefl who have signified a
degire to become mure pctive in ins =ork of the hospltul,

c. Tho dutlaes of the nctive nedical staff siall be to attond sll free
patients and, in so far us frees work 1a concerned, tuecy shall attond only
such patients as are ac:dtted to thelr services, All busiscss of tho nedi-
cal staff aball bo trunsncted by vhe active wdicel stufl xxt only mouxboers
of the sctive vedicsl stuff saunll bYe olipible %o vote and 2old offico,

de In so far es {roc cuses nre concernsd, mecbers of the active medical
ateff shull treat vutlents in both the in-patient ami out-petient depart~
rents as ussizned to the gervice snd in the traestiwnt of theao thoy shall
have unreatricted rrivilezes end chall treut the ratlcnt to & conclusion,
whether such treutment is ;iven in the in~ or the cut-peticnt departwont
or both, In 90 far as privestc patients £re concerned, they shall have un-
restricted nrivileges in ihe troatment of nutients f:lling within the
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gspecialty to vwhich they are ap.ointed, but in tha othrcrs they shall have
only such privileges as may be determined by the credentials comittes in
aonforatty with irticle VI of theic by-laws,

Section 5, The Associate Lediesl Staff

8, The assgociate nmedicel staff shall consist of junlor and loss cx-
perienced members or of physiciasns wvho have not been actively intercested in
the work of the hospital but have but hcve oxpressed a wish te become setive

a3 vacancles ocoupr,

b. They snell be apvointed and essipned to services in the ssme nanner
as rrovided for the active medicel staff snd eueh shicll be asaoclated es
junior with a membor. of the sctive rmodiczl staff.

¢e The duties of the members of the asssocizte redicel staff shall be
to attend fres patients in accordunce with assignmant Ly the saenior with whom
they ere casocluted, They may ve required also to act on &1l committcea ox-
cept the executive commitiee uxi the credunticls corn:ittea,

d. In so far ss free cases ere concerned, the mor:bers of tha assoclate
medlcal ataff shell e lirlted to the twreztmont of cases falling wlthin the
aservice to whieh thoy are snointed :nd in accordance with assiznment by the
member of the active modieal atafr ulth vhon they are sssociated, In so fer
as privote patients ure concerned, thoy snsll nave guch privileses s pro-
videc by the credenticls comditce in Article VI of tacse by-loaws,

Section 6, The Courtesy -ecicul Staff

The courtesy medlicsal ataff shull ocnsist of t:05e members of the medicel
profession, eligible as herein provided Ior iedicul staff membership, who
wish to attend private -atients in cho hosvitel, btut who co not wish to be-
come nehbers of the active nedical staff or who, by reason of residence, ars
not eligible for such an»pointment. They shsll bte aprointed in the sume
manner as other sembara of the rmedicel steff and thoy shall have such privie
loges as may be determined by tho credentlals comnittee in conformity with
irticle VI of these hy-lawu, but they ahull not ve olifible te vots or hold

offico.
ARTICLE V. CLIHICAL DEPARTLLNTS

Section 1. Services

Divisions or services of the medicsl 3tuff shall e us followra: liedicine
to include cerdioclogy, comrunicchle diacases, cdermatolosny znd syphilolosy,
diseasas of tae lunis, clscascs of iwtabolism, cndocrinoleyy, gastrointes-
tinal disessos, neurcpsychiatry, rnecliatries; surgery to include malignant
tumor surgery, neurological surgery, orthonedica, plastie aurgery, proctology,
thoracic surgury, tvraunutic surgery, urolopry; and other services releted to
the spocialties of rafdiology; patholofy; anestresiu,

Section 2. Secialization

“hile the members of tihe metive un asgocl:zte services shall not bo re-
quired to be exclusive spociaoliasts, it ls to bhe oxpected trat they will be
well skilled in the speclalty to wirlch they wre zasicned snd thut not less
than fifty ner cent of thoir private work in the neapital s3i11l be in thot

-5-



e

specialty. The chief of each service shzll be a recognized specialist,
Section 3. Assignment to 3arvices

«asignment to the service shall be mnde at the firat necting of the
active medical staff cfter its meubers have been aprointed by the govern~
ing board, and members a0 assigned shall rermain on service for one yosr or
until & succesasor hus-been anpointed. Appointments shell be ::ade after a
carcful analysla of the efficiency of the candidsto as shown by a record of
his work in the hoapltal.

Section 4. Organization of Services

a. £t the annus)l meeting tiero shull be elected & ciiof of the medical
ataff who akall be = member of the activo wedical staff, .ie shall be res-
ponsible for the functioning of the ¢linical organization of the hospital snd
shall kesp or cuuse to be kept a careful supervision over the clinical vork
in all divisions und ascrvidess U3 <uy, if sesired, elso be elected as presi-
dent of the mediczl staff.

be Lach service sholl be orpanlzced zs a ¢ivision of the ~medical staff
and shall have gs its heed a chief of service, who shall be reapunaible to
the chief of the mediczl ataeff for the functioning of .-1a scrvice ind shall
have geueral supervision over the clinicel work falling within his service

whether it be free or private,

6. Immediately af'ter appointment, tho members of tie active medical
staff in each service shall meet and each shell cesignate the membor or
nembers of the assoclate nedical staff whom they wish to have as thelr assise

tanta,

d. ‘The members of each servica division shall icet during the first tuo

qeoks after they are appointed for the purposes of electing a chief of sere
vice and a seoretary, aml of perfecting such organization and arranging such

a schedule of duties for their term of office as may seem advisauble to jroe
mote the best interests of the patients.

e, In the medical and surgical services therae s ull be elected also an
assistant chief for each service who shall perform suci duties za nuy ve as-
signed by the chief of service. The members of the services shall be resg-
ponaible to the chiefs of sasrvices snd through them to the chief of the

rmedicel gtaff,

fo Each service :ay et separately, but such Reeiinss znall not release
the members from thoir obliration to 2ttend the general mectinzs of 3he medi-

call staff,

ge¢ In so far as free cases are concerned, enbers of the active medicel
steff snoll treet patients in voth the in-and out=patient depurtments as
assigned to the service and in the trcutment of these, they ghall !'‘eve un-
restricted privileges cad shall trcat the patient to a conclusion, whether
such trcatment is given in the in~or out-patient depurticnt or both, In so
far as private patients are concerned they shall have unrestricted privileges
in the trestment of nctients felling within tho speelelty to which %they zre
aprointed, but in cthera trncy shall nave only such rrivileges us ray bo pro-
vided by the crecentlals committee in irticle VI,
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ARTICLE VI. DETER-ISATION OF
QUALIFICATIORS AND PRIVILAGES

Section 1. Classificution of Frivileges

Privileges extended to physicians wno have been appointed to the !edi-
cel staff shall be divided into rajor, interiediute, and minor, =nd shall be
deteriined by the orcdentials comittce, The folloving snell serve es a
gulde in differentiating tho three types of privilegous:

e. cdajor wriviloges in any sorvice will sllow the physiclen to treat
patients waen, for any cause, such trectment involves a gerious nazard to

the 1life of the paticnt,

bs Intermediate urivileges in any serviece wil} zllow the physiciun
to treut paticnts wvhen, for any ccuso, such trestmont does not involve
a serlous hazard to the life of the natient but docs invelve a dangor of

diaability .

¢, iinor privilegos in any service will allow the physiciun to troat
patients when, for any cause, the ircutrsnt does not involve sither a sorious
hazard to the life of the patient or & danzer of dissbility,

Section 2, Newly Appointed Ledical S5taff Members

All membara of the sgtaff when newly appointed siiall be granted only
minor privileges until such time 18 the crodentlals comuitteo iray deter-
mine what further privilegws muy be granted with safcty to the patient, such
extension of privilegea beirng baged, us fer a3 possible, on recorés of por-
formance as provided im Sectlons 3 and 4 of this artiele, The comnittes may
grant major privileges %o a aewly appolnted menbor, (Acendment lay &4 1946)

. Soetion 3, Direct Cbuarvetion

Every member of the consulting or active vedicel staff, at the con-
clusion of any case in wrieh 7e has been uasoclated vith a rmembor of the
assoclate or courtesy medicasl staff, shall transumit to the medical records
librarian a memorandum stating whether, from his observation of corpetonco
in so far aas the partiocular case is concerned, the menber of the associate
or courtesy medicul staff may be greonted furtlior priviloges az specified in
Soc fon 1 of this article, Such expression of opinion shall be kopt as
absclutely confidential by the medicsl records libreriap and shull be ac~
cessible only to the credentials committee when meking recommendations for
promotion, arpointment to aervice, or granting of inecreascd priviloges,

Seotion 4, Rocommendations for Promotion or
Appointment to Services

vhen raking rceommandations for promotion, ar ointment to services, or
tho granting of privileges, the credontiuls committes shall base 1ts judge
ment on the concensus as detcrrinod under Section 4 of this article, toe -
gother with the opinicn of tho chlef of service concerned, on the record of
perfornance as provided in Section ) of this article, and on tho further
quulificutions of the nember of the staff as shoun In hla filod credentials.
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ARTICLE VII, OFFICERS ARD CO:L IVTEES
Section 1, Cfficers

The officers of the modiczl staff shall be the president, the vice
president, and the seorctary. These shall be electsd ut the ammal reet=
ing of the medicecl staff, and snall hold office until the next annual
maeting or until a successor i1s elected.

The Preaident skall call ond preside at all moatings and he shall be
a monber EX OFFICIO of all cowrdttees. He muy if it is so dosired, also
be elected as chief of the redlcal ataff,

The Vice Fresldent in the absence of the president shell assume all hia
duties and nave all his authority. He shall also be expvobed to perform such
dutioa of supervision as may be assignod to hin by the uresident,

The Secretary shall keep sccurn’e and coxplote inutea of cll rectings,
n=]ll rastingg on nrdar of the president, attend to all correspordence, and
perform such othor dvtics ns crdinarily pertein to his offico. If there aro
funds to be aocounted for, he shall zlso act as troaswrer.

‘ Section 2. Corittees

Committecs shcll be standing and specisl. £11l comndttzea othaer than
the executive shall be anpointed by the preaident.

the Executive Comr-ittes shall consist of the proaldent .and secretury
of the medical staff and of three other mcmbers of the active medical staff
to be elocted at the time of the cmimal reeting, The duties of the execu-
tiva comiittes ahall bo to consider carefully and ect on all mattera which are
not of a clinical nature and it s to be expoctod that ell such businoass of
tho pedical sterf shall be transacted by toe cxcevtivo cormiitoe in order thrt
the time of tho regulur reetings of tne modleal atafl rmay ve cevoted to nuticrs
pertaining to the profcaslonal carc of ratlents., The executive commiitice
shull present, at euch meating of tho madicnl staff a report of zny action
that 1t .oy huve taken sirco tae lust mecting., The exccutive cownittoc saell
act #s a llalaon group M:tween the modicel staff and the wininiztrztion of tw
heapiial. At tho dlacrction of uhec vresident of the atuaff, tho executive com-
ritloo will function as tho crecentisla comiittee. {(imend=ent ray 6, 1946)

The wedlcal Hecords Comlttec shull consist of L'ree merbers of tre
modlcul steff and saall :eet weokly for the wr:-ose of revicring the medicel
rccords of ell patients discharged during uhc wosk, The committee shall re-
rort to the medicecl stall the numes of any wenbers who aroe rersistently de-
linquent in the completion of their rccords, This comriitsc shall be held
responsible for notifying tho program comrictae of any crsca that ahould bLe
prosonted bafore tke redlecl ataff.,

The Progran Coamittec shall conslut of tirco rembors of the rodical
staff and shall be regporsiblo for the prcparation and prescrtation of tina
progruas of all nestings.

Tae Credentinls Com-itteco ahull conaist of soven menbers of the con-
sulting or active stalf, 8o sclected as to insurc represcntation of the
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of the major spcciultivs, Its duties zhall bHe to investiccte the cre-
dentiala of all zprlicnnts for mcmbership urd to rilia regomendations in

[ conforr:ity vith Article I1I, Section 5c, of these by-laws, to investigato
eny breach of etnica that iay be roported; to review any records that may
be referred by the medical director and to errive at a doclsion re;urding
the performance of the staff member, or to rofer tho cuse to the full uc-
tive medical staff if this i1a congsidered dcsirable; to reviow all infor-
mation availeble reg:rding the cormpetence of slaff rembers end a3 a result
of such revions to moke recommendations for the granting of privilejes gnd
the uppointment of membors to the varlous services und dopar-ments as pro-
vided in ixrticle VI of theso by-luwis.

The Ictern Com:ittoe sksll consist of t'weo members of the :edical
ataff. JItas dutica shell be to sct ea an advisary coraciitce in btie sclee-
tion of interns, to outline courses of instructicon for the rcsident wedical
staff unc to seo that tioey cre cerried out, and to asaist thae adminigtretion
in rattera of governrent and discirline of the resicdent redicel astaff. The
Therapeutice snd Zharmacy Comittee sinll conaliat of 5 morbors, Its dutics
gshall be io doclue unon éry;s and prcpurstions to bo stoexed by the phar-
rocy; end to report to the medical ataff on new drugs. (A—endrcnt iuy 6, 1946)

Specinl commitices shall be chutinted fror timc to tire us mey be re=-
quired to carry out properly tko autios of the acdical ostuff. GSuch com=
ttees 0nall econfino their work to the purcveses for wihich thoy itere ap-
pointed and snull revocrt to the full nodical staff. 7they skall rot have
power of sction unless such is specificelly prented by tho rotion ghieh
crentad the corittiec,

Rl - S

oRTICLE VIII. FETINGS
"i‘ﬁﬂﬁ Section i. Tho inmuul _eciing

ne anmial uecting of Yne rodicel staff shall b toe last mwcting
before the end of tne [iscxl year of trw ospital. At tris meeting tho
retiring officers and cotnittees shall make such reperts gs inay be de-
iy airgble, officors for tho ensulng ycar sinall be electcd, «rf recommende=
C ' tions for apveintment to the activu -edlical staff =2zll be reda.

Scetion 2. Kegular Zcetings

Regular mcutings of the iecieel ataff shall be leld at least nonthly
et a timo una pluce to be orovided in the riles ond rogulavions Jor the

government of the wedical stusfl,
Scetion 3. Specliel :icutings

Special oeetings of the menicul sisff way be called at any tire by
the prosident and shall b celles #t the re-icat cf w.e gowrning board,
the exscutive cormittea, or mny five nenbers of the wotive medicel steff,
at any speciul mecting no busincss 3hull be trznsacted excapt thut steted
in tho notice callimg ihe uccting, Sufficient rotice of any mweoting shall
te pootcd on the bulleiin bosrd in the atalf reon at least 46 hours weforo

thc tine sget for the meoting,



Seetien 44 sattondurnce ot hectings

de «ll roaoberg of the uctive redical staff sizll be required to attond
all rectinga., abacnce from three consecutive mectings or from onee=taird of
the repular rmee tings for the year, vithout scceptable oxeuse, shall bo cone
sidered as resignation from the zctive nedical ateff, onc shull gutonatie
cally jplace inc absentee on the assoclute or courtesy necicel staff of tao

nosnitel,

b. 4ll naewbers of tho assoclate .wdical staff shiall be expected to
attend reatings with tho some ro ulority as norbers of the active medicesl
steff. sbsence frorm tlirec consccutive :cetings or frum cne-third of tho
reetings for the year, without accovtabls cxeuse, sinll be considered as
resignation from the essociate rediczl staff end shall antercticully tluce
tho abscntve cn tho courtesy nmecicel staff,

¢. Relngtatenent of rechers of tne active zrgd assoclate medfceal atuffs

‘to positions rendercd vacant because of zbsence from reetings ray be rade on

application, the procecure being the sure as in tao cusce of criginel apnoint-
nent,

d, Gembers of the hororary, congsultinr;, enc courtcsy civisions of tie
medicul stsff shell rnot be roguired fo attend mootings, but it is evpected
that they will attend and participate in thesc mectings unless thoy ure
unuvcldably prevented from doing so.

©@. Any membor of uny division of the staff who has atwended a cuse
that &5 to be ~reschted for discussion at any mecting ahall Se notiled und
sliall be required to be present. rullure %o ettend on receint of such noticc
shzll invelve the penzliy, in uvhe case of & iember of the eonauliing or
gctive modical staff, of reverting to the asscciste sedicel steff eng, in
tne cuse of a menber of the courteay redicel atuff, of forleitin? nis edical

steff merbersaip,

f. Should a rember of tne steff bo sbsont {rom uny msoting at vihich
a cuse thet ho hes attended is to e dincussca, it suall roverthele:s %e
¢iscussad unless the menber is wnaveldably sbaent ad ras roquegsteo that
digscuasion be poatponed. In ne case shall postponurent Lie crwtued for a
ceriod longer than éhat which will olase until the wext re ulsr staff
mecting. '

Secetion 5, ¢ uorum

Fifty per cent of 4he totsal mesborship of the wetive edinsl stzff
shall congtitute a quorusn,

Section 6, .zcnda

The sgenda ot any rozular necting rhall bes
A. Dusiress
1. Czll to ordur.
2, headirs of vic wineves of the lust rooulor und of all
apeecial rosvinza.
3, Urfinished business,.
Le ULorrunicenzicns.,
5. ileports of stunding and of specisl tusinecs co.rittoes,.
6, ren busineas.
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B, medical
7. Review of patlenis in the nosnitel with special refercnee to

diagnoses, treatrent, end delayed rocoveryy selected cuscs dis-
charged sinco the last confurcnce with snoeciul conaideration
of sclected dugths, uninproved cuscs, infeceticns, corplic: tior:,
errors in diagnogos, und rcaults of troatmenty wnd anslysis of
clinical reports from the various departients,

8. licports of gtanding znd of svecicl redéical com«ittecs,

9. Llscussion and reeo:mrondztions lJor inorowve:ent of the pro-
feasional ‘rork of ithe hospltal,

10, .idjournment,

The sgenda at speeizl rootings shell bes
l. Aeading of t-c nctlee calling the recting.
2. DLigcuasion of tne busincss for walen foc noeting wuzs called,
3. adjournmsent,

ARTICLE IX, RULGS Al ReGULAYICHS

The medical staff shall udept suer rules and regvlutions o3 ray be
neccgsery for tae prowper co:aduct of its vork. Such rules and reegulotiona
shall b a port of ticse by-luvs, oxecst that they ray oo arendod at any
regular necting vithout rovicus notice by & two=titinia wvote of tue total
nenborship of the aective nediczl atuff, Lueh anendircnts shall becore of-
fectivo vhen approved by tne yoverning boord.

ARTICLE KXo ACREDLLLTS

These by-lews nay be arerded after notice given at sny rogulex rweting of
the mediczl atef'f. Suen rotice shzll be refcrred o a special comiitice
which shall report &t tue neoxt regulur socting and simll roquire a twos
thirds majority of tnose vreaent for wdoztion, Ji-emdrenis so ~zde nh.l1ll he
eflectiva vhen spproved by the poverning bourd.

FHTICLE XI. .0UPLICH

These by=lawg together uwith b0 srpended rules and rogulztions shall
be zdopted zt any resvler weeting of tie zetive nmedical stulf, siinll ro-
plceo ony provious by-lnus, rules, -né regulotdons, und shzll hecomo of'-
feetive ~hen un;roved by the governing bo.ra of 4e counitcl, They sholl,
maen adonted ané epnroved, be zqually hdading on tae governing Lowsrd and
the nediccl ztaff,

Adopted by tne active medieul stoff of Oz fHidre llognital

it

Uresidéent of ediezd 3ol

dJecrciuary of ouiesd Sus’t
Dato.l.l.....'-....l...

Aoproved by the soverning boird of the Quk Liddre toyrital,

Seerctary of tis Goveraing So-ad

Datc'-..-....‘..l.'... - 11-



RUL:S ARD REGULATICHS

1, The monthly .accting of the redicul atuff snull he held the first
wondey of cach montit ut 7300 Pai.

2, Exccpt in viergency, no peilent shell be adudlted to the hwesuit:l
entil wfter a rrovisionul diug nosia sus begn stoted cnd tho conaont of ihe
director sccured. In case of amergoncy the provisioncd disgnosis sizll be
stuted ss soon aftcr ndizission us possiovle.

3., Physiclung adnitting private patients shall bo held restonsiblo
for giving such inlform:tion ss ray be nceesasry to ussure tihe rotoction of
othor »uticnts from trosc who rre n source of cdunyer Trom any cause white
CVYLT,

bLe i1l free ~atients anull bo attendod by nenbers of the active
medicel st:ff, and shnll be nssigned to the scrviee concorned ino the troute
rent of the cdiseusc which neccgsitated :dmission, Tho romers of the zetive
modical staff must zssign a reasonohblc of cuscus Yo the juniors who nre sgso-
clatod with them nnd tho menber of the assoeiute redicul ataff to whom the
czoa is pasigned shell earry on the trcotient under superv;aicn of tho geator.
Ko physiciun shall rccoive coapensciion for ztiendance in the ecnse of any
patient vho 1s admittcd free by the “osuital, Mt in the case of natients
from whom the hoawitel is receiving nartial compnnsatiun tre ctiending phys
siclan moy charge a fee proportionate to thui reccivod by the hospital.
Fuy poatienta shall ir utiended by thcir own privste thysicicns. In the
case of e wey patient apulying for admission who nus no rtiending phy-
siclsn, he shell be assisned to tue ncorbers of the active medicel staff on
duty in the service to wnich the illnesa of the nutiont indicates agsisn-

mont,

5. Laboratories shull be provided in the :osjid 41 so vhat all tyvoes
of laboratory aexcwinations may be done,

6o Gtanding orders ihall b furmlated by conference hotuccn che
oedicul stalf und the dircector. They may he chanred w:ly by the director
eftor confercnce with tic nedical steff, These orders shull %o follousd
in so fer as proper treatment of the natient will allow, and hen goocific
orderp cre not wrliten by <ihe uttending -hysician they shell constilute
the orders for trestnent. Stending orders shwell not, howevor, replnce or
cancel thoue writien for the guweeifle maiicnt,

7. 411 orders for ircetient s:ull be in eiting, Verov:l orders shill
rnot be zeecetcd or cerried out. An order 5":ll b consldercd to b din
sriting if cictated o a senlor nurse or otaer zuthorized person ond signed
by the attending wiysiciun, Orders dictaied over Lne toluvhone s.u1l be
signed by tno neroon to vhomn dieteted with the neme of the physliciun per
nis or her oun nace., 4t Lly next visit the cttending whysiclun ahall sizn
sueh ordors, and rerlect to do so shall be considered us uc.norled: ment of

their corroctnoss,

8. A8 fur as cos3ible the mume of ;pruvrielury recediss slall be avoidoo,
“.hen such ure ordercd Tor private patients by the aviending ~hysieclan, ey
“ill be seeured and a Jpncnal charze o to Ui sotlent,
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9. The astonding physician shell e held rusponsible for the prena-
ration of a coaplete macicel record for emcii neticnt., This record shall
inelude ldentificztion datej comnlaint; personul history; fuwily kistory;
nlgtory of rosent illoess; shiysical sxarinztion; speeial rencrts such os
consultationa, cliniosl lazoorutory, A-ray, ant others; provisional diap-
nogls; redical or suwrgicel ursuiment; pathologleal firdings; mropress
noies; [inal disgnosis; coxdition on discharge; follow-up} und autopsy
raeport ghen avallable. ko redical record shall bs filed until it i3 con-
plete, excapt on order of the redical recorda comnuittce,

10, A complete histury and vhysical o:azinstion ghall in all cases
be uritton within.2L houras after aciiission to the hoaspitul,

11, .hen such history and physical exuminscion erc not recorded
before the timo stated for opcration, the operation sihnll be ezncelled,
unless the ettending surgoon statos in writing that such delay rovld be

detrirental to the petient,

12, A1) records cre tne property of the rospitsl woxl skall not be
taken away without poridgolon. In case of reodmission of o patient zll
provious reeords shall bu zveilabls for tho use of the utternwiing vhysicliun,
This shall apply vhether the notient be free or ay, cnd hether e Lo
sttonded by the swac ritysicion cr by another,

13, Except in cases of cnmergenoy, paticnia for opcration sh:ll be ade
miited not l=tcr than four o'eclock the day previcua to o wratfdon,

14, 4«11 operations per{crced srall) be fuily described by ko attonding
surpcon, 4ll tlssueos renoved at oper-tion shill = sent Lo ohe nosipiial
pathologdist who shall aake such cxarinstion as nic way consider necessery
to arrive at 2 patiologleal dlasnosig,

15. In all cases vheore a patient is admittod in 4 coxdition of abor-
tion, she or her representative shall aigh e atstement cortifying tiat
nelither any cmployac of tao nospitsl nor the attending vhys:clen ':as
directly or indircectly reaqcnsible for its rodfuction,

16, bxcept in emsrpuncy, conaultution with a romber of tic econnulting
or of the activo nodical staff scll he required in all nmejor cancs in
which the paticnt i3 not a joed risk am: in ald curestegcs or other
cperations waich nuy interrunt a known, suspectoc, or monsibvlo pre:nancy.
Tne consultant shall rake anmd sipn a record of lis findings ené recommen-
dations in owvery such cesce In zll cusesd whers a rule of the aounital re-
quires consultation end in the ciase of free pablents, the coisultunts saanll
sive is gervices witiout clier;c,

17, Lach momber of the courtesy tiedicel staff, not residont in the city,
or iruwdieto vieinity, shull nane a meober of the nedieal 360 ho is rosi=-
dent in the city, 'ho mey b2 c:lled to attend his naticnty in ecorsency. In
caso of failure to nuno such aguociute, the dircetor of the ivos 164l ahzll
have authority to cull eny norber of t:@ stuff snoulé he econsirer it
neccgasary.

18, Patients slwull e cisclaried only on written crder of e aoleading
zhysicion, ot the time of dise.cxie Yre ntiending smysiclan 3null seo st
tho rocord is conmplete, stete hls fincdl éiepnosis, and slin the record,

-13 -



19. 4t the renthly aecting of the mediczl staff the redical rocords
libruriun shall subizit a rercrt of tic professional work of tie honpisel
for the vreovious ionta. This shell show :ztionts dischurged and Llu results,
deuths {the csuse being stuted zs piven by the atiending hysiciun),
avtopaics, consultations, and infeciions of ull kinds, The discugsion at
the moeting shall B¢ wmued on this renort ind at no neciing shall avsoract
discusgion of gscientific redical subjeets bo permitted, ofter euch moetine
the secrctary of tne mudiecl staff ghiull tranamit to tho dircctor of tha
hospital suen rejseris ama recowendations as tno mediccl atuff uay idsh to

* mzke to him or through ninm vo the governing Lourd,

20, Every mepber of the medical atiff st::1l be cetively intorusted in
socuring zutopsies wienever possible, Jo autopusy snzll e perforoed writhe
out vritten congent of 2 respornsisle relutive or friend . .11 wutoumics
shall be peorforowé by the nosnitol nethologist or by & physicion to ion
he ray delesctc thc cuty.

21s The hogpitcl shall ménit petients aui‘i'erin;;; froz £11 tymes of
_ disocse. Dntients :mmy be trowted only by vhysicizns rhoe zave sutmittud
Hia vropser ercoentials and nave Ycen duly couwointod to -erberatiy on the redienl
stuff,

22, Surcuons must be Iln Tthe eperatin: room end reccy to covicnee oporu-
tion at tiic timc schodulad, and in no ccosc wfill the opcrating room be held
longer than fifteen minutcs cofter the tire gcheduled,

Adovted at = regulcr mecting of tie acilve redienl sioff

Proaident of Ladlezl Stulf

Scerotory of fodical Staff

Dute.I.Q.lI...Q...lOOOO.C."l..l

Apyrovod by the governing board

Sceratery ol e Goverrirg sowrd

DoteBecssnnensssnssnssnanssannra

-1/._—
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Descrigtion

Protection of ladiwa ial .urikers and
sgtadiolojdsts Frosm Injury oy Radium.
Robley D. Lvans, The Joumal of Ind,
Hypiene and To:dcolo(y. Sept. 1943
Volume 25, lo. 7 p 253

Tne Toxdicsclesy of U Qompounds.
Albert Tannenbaur and e oklverstone.
lletallurrical Prolect Rewort CiH2LLG.

e York (Kellex) Safety Couiittec
“ulletins.,

iniversiy: whicaro ieslic Zhports.
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SOCK I o= MITHAL
VOLULE 7 = .is.lsal PAOGoAM

APPRiisil G = PHCTOGAAPYS

1., Counter Instrunment Sor measurin- alpia radiztion.
24 EBlectrostatic type of clectrouitsr for Lscsuring radiation.

3. Vacuun tube type of electromcizr for neasuri.c; radiavion
(Rochuster Ion Lieter)

).Lo Miln badge .

5e¢ FPeneil chambers,

6 Special Snrer-ring.

7« Finzer print improscionce

1

0o Zlectrostatic precipitgtor for ssasurin: <dust in fihe elr.

L]

9« Chrysler vunp for neasurin: coicsntration of [luorine and
iprdroflunric acid in gir,

10, Sizndard Chenical Warf{are kit.

11, alide lemp.

12. Or:snization Charts « lLanhattsn Zistricy ledical Secetion .
a. 1 May 1943 1o 31 Octesar 1943
ba 1 Zlovemper 1943 to 30 a4:=il PLL
Ce 1 Lz 1905 o 31 October 19LL
de 1 Povenber 1344 to 30 4:-il 1943
ce 1 iay 1715 to 31 July 3.3

fo Chart dated 31 July 1546

13, uJic_wunuary - Caroide o Cardon Jh:ndeale Sorsoraticn,
Oal idre, Tennessecs '

1, Dispensary and first ald stat’:.:, Ffercleve Corporation,
Oak 2ddre, Tennessee. '

13. Dispensary - Tennessee Eastmar lcrporation, Osk iidge, Tenunessee,
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Kadlec lospital = :tighland, Jashinoton.
itoane~aAnderson lizuical Service hulldir;, Ozk idge, Tenncstecs
Qak 3idge Hospital

a. Front cntrance
b. ilear

Cak idge Dental Healti Conter,
Qal; Jidge Department of Health Duildin:s,
Hospital and first-aid unitse at anford Zngineer \Works

8s Hospital nit lio, 1
he Hosyital Unit Noe 2
ca Hirst medicazl building and first and second first-aid

bulldings, .nulord, sesiaincton
de Third first=zid Hullding at Zznford and Cirzsteald

station at [feohland, wrashinston.

Chart sioming relation of Jicirdet rasaagren Sorlzion ko civilian
researcll agencics,

Autoaatic recordin. and elarm syston Jor monlicring, uangord
Ll ineer woris.
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Cl = A COUKTER TYPE INSTRUMENT FOR LESURING ALFHA it-DIATICN
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C2 = AN ELECTRC3T..-TIC TYFE CF ELECTROKETER FOR WE.SURING RiDIATICHN






C3 =~ A YACUWUU TUBZE TYFE CF LIECTRUAETER USED IN LEASURING RADLATICN.
THIS INSTRIMERT IS khCWK A8 THh ROCHESTER JUN KETEK.
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Cly = THE MANHAIT:N DISTRICT FIIM BAUGL FCR MCNITORING FEKSURNEL
EXPOSED TO RADIATICH., BCTH THe ASSEMBIZD BADGE AND THE
COXPONENT FAKTS ARE SH(WN,
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C5 = TWO TYFLS CF PENCIL CHAMBERES FCR KE~SURING RADIATICN, .IN
USE BY THZ MAKHATTAN DISTRICT.
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" B. AN INPRRSAIGN CF A KIGAT ISOKX FINGIR SHOWING KARLY
FLATTXNING OF THE RIDGES AND SOME ECCALIZED ATROPHY,
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¢ & = AN EIECTROSTATIC PERCIPITATCR USKD FOR AKASURING THE AMOURY
OF DUST IN THE AXR, -
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C9 = THE CHRYSLER PUNP, AN INSTRUMENT FOR MEASURING THE CONCEN-
TRATION OF FLUORINE AMD BYDROFIUCRIC ACID 1K AR,
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Cl0 - THE STAKDARD CHEMIGAL WARFARE KIT FOR DUTECTION OF T0XIC
GASES. THIS KIT WAS USED PRIMARILY POR THE DETECYION OF
FHOBCGINR PRODUCED AS & BYSFRODUCT IN THE ELEGYRUMAGCKETIC

FROCESS, )
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. Cll «~ AN HALIDE LAKP USKD FOR MEASURING THE CONCENTRATIOR CF
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‘THE DISPENSARY AMD FIRST AID STATION LOCATED

= FRONT VIRN

? THE FEAC

A

CORPORATION PLANT AT CAK RIDGX,
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(17 = VIEW OF ROANE-ANDERSON MEDIOAL SERVICE BULIDING AT OAK
m’ TEIDIESSER. .
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€20 « FIONT VD OF THE BUILOING HOGSING THE OAK RIDGS DRPARTMER?

OF HEALTH, OAX RIDGE,
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FIRST AID BUILDING

Psed from dpril 18, 1ou3
to Jung 1, 1943 - stoffed
by 5 ruryss ond 2 doctors

(orren)

FIRST
MEDICAL BLDG.
in Hanford

Tsed Suring latier
part of april ond
dwring way of 102
. conteined X0 cot
D% - : v beds - staffed by
M T .. surse and ordsrly,

BTN

‘? !].é: h“’?ﬁ&fﬂ'f'f{»; \i

tcerrea)
SLCOND

in Hanford

(Lowsn)

FIRST
PIRST AID BLDG.
in Hanford

1 rmovated fore
Nnuc--aal Jrom

prii &, 1w, 0.
ub 1083 —

'hma by # nureas
c2/¢e)
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Hedi * 21 June g, 1943
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THIRD FIRST AID RUILDING IN HaNFORD

Phiz type of First #id Muilding was used fron June [, [5.3
to July 23, 1843 --= staffed by two doctors and 5 murses,
fhis building contained doctors’ affices ond 10 beds in
addieion to Pirst did. Sistler buildings were [oler used
as sick tays for nglesz, 7emales, ond ixolation cases,

FIHST AID STATI N [N RICHMLAND
ryoical carly Pi-st 444 Statton in Feh
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¢ 2) -~ YiEN OF AUTOMATIC RECORDING AMD ALARN STSTEX FOR RADIATION
mmnm IN USE AT HANFORD ENGINXER WORKS.
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{(Abbreviations Appe = Appendix)

Afriocan Pitohblends, 3.5

A-ll." Dl'. J. G.’ 3.60

Allis-Chaluners' Campany, 3.19

Alpha Partioles or Radlatiom,
2-2. 3.4, 2.10' 5.21. 5.9;

Regoarch, 5.3

Argonne Laboretery

Authorizsations, 1.2

t Baker, Dr. Lynn, 3.66
m.. Dr. 'oro. 5.20

Barrisrs, 3.19

Beryllium, 2.9, 2.15
3.65, 3.84, 5.9

Research Required,
Institutions, 5.6

Instrument, 6.6
R.mlt.' s.

"4 Resésreh, 5.1
Blood Counts, 2,18

Alumainum Company of Ameries, S.l2
American Chain & Cable 000'-_3.12
Ameriocan Cyansnid Caspany, 3.15
» 3.40’ 8.“
Am ‘Azssult Mask, 3.21

BExeoutive Order No, 9001, 1.3
Publio law No, 354, 1.3

g;:gf Publio Law No, 580,
) Publie Law No, 703,

1.3

1.2

B & T Metalg Corps,, 3.12
Baker Brothers Incarp., S.12

Barrier Produotian, 5.18

Barrea, Dr. B.8.C., 3.60, 5,19
Battelle Memorial Institute, 3.12
Bell Tele phame Laboratoriss, 3.18

Beta Particles ar Radiation, 2.2
24, 2,10, 3.10 S.21, 3

Bota Radiation Resesrch, 6.8 ff
Knowledge Available, 5.6
5.8
Programs Instituted, 6.8

Billings Hospital, 8.58, 3.61

Bi?ﬂlﬁl Researoch Foundation,
6.21, 5.19
-Biologis Institutes, 1.8, 5.8

-Blologioal Research Poundatim,
~' - Biologie and Health Phyaloe

Blomg Dp. 'ﬂlm' 5.19
Blum, Capt., Bernard, 4.21

‘PP- c12
Boshe, Dr. Rcbert, 5§.20
Béron, 5,15 .

Boyd, Dr, George, 5.20

Breath Samples, 2.18, 3.13

Brown University, 3.18

Brues, Dr. A M., 5.17

B o, Glpt. B. l.. 53, App. 013

Brush fnhorntcriel, 3.10

Bryan, Capt., F. A,, 3.8, App, Cl2,
5.21 ’

Bl.l!_h. D!'o Y.’ 1.8

Cadmium, 2.8, 2,15 -

c.ntril, Dr. S, 1'... 3.55, 3.57, 3. 80
5.18

Carbide & Carban Chemioals Co:p..
J.23, 3.27, 3.29, 3.30

Carbom Tetraohlaride, 2,15, 3.15,
J3.31, 3.44

Carborundum Company, 3.12

Catastrophe Progran (Emergeacy
Disadter), 3,27,
Carbide & Carbon Chem. Gorp., 3.27
Clinton Laboratories, 3.58 _g 52
Banford Engineer Works, 4¢£8, 4.59
Motallurgiosl Laboratory, 3.59

Oak Ridge, 4+10- 4.2

'Chrysler Carporaticn, 3.19

Ciawson, Dr. Dom, 4.18

Gllrklﬂn, c‘Pt. '.Ro. 8.3

Clly, Dr. l.. 3.00

Clinioal Medioime & Dentistry, 4.1
Hanf'ord Constructicn Phase, 4.23 #F
Hanford Operations Phase, 4.27
Oak Ridge, 4.1

Clinten Laboratories, 3.40, 3.55, 5.5,/
5.18, 6.19

‘Oobalt Trifluoride, S.14

Cols, Dri K, 8., 6.18
Colloidalgel, 2,20

Coluabia Unirorlity. 6.5, . 5 8, 5 19,?’

cw’ Dl'., J. B.’ 1.3
Conditioning Process, 5.20



Contraotors, handling
Crude Ore, 3.6; Bleok oxide,
3.8; brown oxide, 3,7; greea
salt, 3.8 hexafluoride, 3.8‘
Uran iwm motal, 3.9; Motal
Shaping & Bugineering, 3.113
Pluorine, 5.13; Fluorooarbons,
3.17

Cooper, Dr. Raymond, 3,27

Copper Weld Steel Co., 3.l1

Costallo, Dr. Martin, 3.28

- Costs of Medioal Progranms:

Carbide & Gl.rbanﬁul. cﬂ? -y
3.50

Clinton Laberatories, 3.57,
S.568

Fercleve Corp., 5.50

Ford, Baocon &Davis Co., $.30
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