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FOREWORD

This wlume presents a non-technical record of the mistory of
the Medical Prcgram of the Manhattan District. The history covers
the period from the inception of the lanhattan District to 1 July
1946. The data was obtained from the files of the Medical Section,
and from those individuals who were asscciated with the kedical Pro-

gram during its organization and development.
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!

Included in the volume is a resume of all activities of the ked- g
ical Section except those which concern Area Y. The Medical Frogram
at Area Y, although under the supervision of Colonel Stafford L.
Warren, Chief of the Medical Section, is described in Book VIII1

of the Manhattan District History.

11 March 1947
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( SUMMARY

l. Introduction. - It was the purpose of the Manhattan District
Medical Section to‘supervise and advise on the numerous unique problems
arising from the processes used in the District and to facilitate pro—

. gress of the Projéct by safeguarding the health of the employees. The
Medical Program covered: research on the effect of absorbed uranium,
plutonium, fission products, efc., on the human arganism; industrial
hygiene, with appropriate programs instituted in the various plants

and laboratories; and cliniéal 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 kanhabttan 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
AR 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 Bxecutive Order No. 9001, and in a memorandum dated 23 September

*%‘2’ \ ’ 1942 signed by’the General Policy Group designated by the Presidmt of
the United States, ‘The problems facing the Medical Section were in-
tensified by the urgency of the need for their sqlution gince many of the
materials to be studied were already in use at least on a laboratory
scale, and in some instances con a plant scale. The necessity of main-
taining security was also a major factor affecting the District's

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




duplication of effort, since i erchange of information between related

‘projects was restricted to the minimum required for intelligent conduct

of the individual operations. To insure cooperation and to maintain se-

curity regulations, special arrangements had to be made with other ag'engies,
such as the local Medical and Dental societies, the Procurement and

Ass:’.ghmant Service, State Boards of Dental Examiners, and State Boards of
Medical Examiners. S ;
2. Bazards of Operations. ~ Normal industrial hazards such

as are noted in large construction programs and in chemical plants ’ ;

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

of the major problems was the hazards of radiocactivity, which were knowa
in a general manner by the results published on the radium dial painting

industry. The radioactive emanations which were encountered were:

(- alpha particles s or electrically charged nuclei of helium atoms; beta

. particles, which are f;;ee ‘electrons; gamma rays and x-rays, which are
not particulate but are slectramagnetic waves; aud neutrons, or particles
which have no electric cfxarge.. Radicactive substances from which any or
!ﬁ | all of these émanations might be expected are: radiuﬁ, on which consider-

able data has been accumnlated; radon, a gas produced when the radium

atom disintegrates; polonium, a decay product of radiuni; plutonium,

a préduct of neutron bombardment of uranium which is the.basic material
on which the District operates; and fiss'ic.m products, which consist of a
series of radioactive substances produced in the "pilé"proceaa. A second

major problem was the chemical hazards, some of which were due to entirely

S2
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new substances while others were well known industrially. Of the gases
used or produced, considerable care was exercised with fluorine and
hydrogenfluoride, two very corrosive materials; and with phosgene, a
by-product in the production of uramium tetrachloride. The liquids
which were produced or used were the fluorocarbons, which are entirely
new campounds, ind:_.xst:riall‘y, and are moderately taxic; and such solvent
materials as irichlorethylene. Metals other than the radioactive tyre,
which were emp.'!.oyed in sufficient qxantj:ties to warrant notice as
hazards, were: beryllium, cadmiﬁm, and nickel. Because of the number
and varied types of materials and the great quantities involved, it was

necessary to set tolerance values fcr the various hazards. Definite

values for the maximum allowable exposures to the various materialis, both

radioactive and chemical, had to be 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,

sﬁaﬁed i+erma of total body radiation, and alpha radiation tolerance
levels, based upon the amount in the body tissue, m.are established by the
District Medical Sec.t.ion. Tolerance concemtrations for radioactive
substances in air, such as radon, polonium, plutonium, fission products
and uranium and its compounds were studied and established with

fe;ctors of safety as high as practicable., Since practically all of the
'materia.ls used could be absorbed into the body, tolerance levels of
radioactive material in body tissues were established for radium,
polonium, plutonium and fission products. It was impossible to anély_ze.

human tissues for radioactive materials, so an indirect method was
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emplcyed which consisted o analyzing the urine for such materials.
This indirect method neccssitated the establishing cf tolerance levels
of-raiioactive substances in urine. In the case of the non-radicactive
meyvzrials 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
estivating hazards and, as a result of intensive r§search, such methods
and instruments were developed and constructed, For the measurement

of radioactive emanations, counter instruments, electrostatic indicat-
ors and the vacuum tube electrometer were adapted or developed.
Konitoring methods which were devel oped to maintain supervision over
the va;ibus hazards included the use of mechanical devices such zs:
film badges, pencil chambers, and finger rings containing x-ray film
inserts.: Physi o-biological methods for monitoring, such as finger‘
printing to note destructive cﬁanges in the print ridges, and blood
counts to note deletefious changes in the peripheral blood, were also
used rather extensively. In radioactive dust monitoring a device
designed by Mine Safety Appliance Company called an "electrostatic

dust precipitatof" was used to determine the.amount of radioactive

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

sary, the most 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 their hazards and medical

- control had to be considered. Protective measures included physical

examination of workers and the use of adequate ventilation &nd fire
protectién systems. Boron production, with its attending hazards and
medical control, was also one 6f the problems of the industrial Medical
Division. Since those processes normally were conducted in closed systems,
éxpogures were unusual. Protective measures consisted in control of

dust and fume concentrations, good housekeeping and physical examinations,

on the limited numbers of people employed. Process research was perfonmed’

by universities or industrial laboratories selected to do research on
various problems. Research on the diffusion process had a wide scope
covering all phases of the development of the process. Contractors on
the developmental research inclnded the Kellex Corporation, S. A. M.
Laboratories and the Linde Research Laboratory. The hazards encountered
were those agsociated with uranium hexafluoride and the fluorocarbons

but these hazards were cafefuily supervised by medical control. Develop-
mental research, on fluorocarbons, radium extraction, and methods of

manufacture of uranium campounds, was carried out in various universities

‘and these installations were inspected and supervised in respect to

medical hazards by the Industrial Medical Section. Analytical research

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

and Massachusetts Institute of Technology. The development and production
of process material in general preaentéd, with few exceptions, no

hazards requiring medical supervision. DBarrier production presented

rd



a hazard of nickel dermatitis, while the manufacture and testing of

pumps for the diffusion process produced the hazards of handling

uranium hexafluoride, fluorine and the fluorocarbons. These last

mentioned hazards were also noted in production of the unit assemblies

for the diffusion process.

The gas diffusion and thermal diffusion processes were
located in Oak Ridge, Tennessee. These processes and thei; 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 gemeral based on an.industrial hygiene
program developed around the Carbide and Carbon Chemicals Coﬁpany
medical organization. Two types of routine medical examinations were

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

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

nations~;o determine whether'any deleterious effects had been produced

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

the processes., About 15,000 patient visits peglmbnth was average 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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Medical Department followed the Safe Practice Recommendations of
the New York Safety Committee. Other Aac':tivities included: 1local
pﬁblic health work, and a catastrophe program to provide far the
protectfon and treatment of plant personnel in case of any major
emergency. The organization of the Carbide and Carbon Chemicals
Corporation medical staff was under the supervision of Dr. Adolph
Kammer. The Ford, Bacon and Davis Cbmpany oPe;ated.a separate
medical department until February 1945 at which time Dr. Kasmmer
assumed full responsibility.. The medical program of the‘ Fercleve .
Corporation was also 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 $660,845.58 as of 30 June 1946.
The electromagnetic process, like the gas and thermal

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

"pal hazards of this process were phosgene and dusts containing uranium,

but numerous other hazards were also p;ésent. The medical control of
the hazards in general was under the supervision of the industrial
hygiene service maintained by the Medical Division of Tennessee Bastman
Corporation.‘ Pre~-employment physical examinations, interiﬁ examinations,

and termination examinations were made as a raitine procedure to brotect

'both f.he employees' and company's interssts. A monitoring program was

established to maintain a close check ¢|:n: uranium-containing dust in
the plant air; phosgene, a poisanous by—product.; and radiation of all

types prodyced in the process. The problem of general

S8
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industrial hygiene was of definite importance, especially in
keeping the employees on their jobz. A gensral indication of the
amount of servioce offered is the fact 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 ococupational
injury or illness and an average of 400 oases of non-occupational
injury or disease were seen every 24 hours. The Teonnessee
Eastman Corporation Divlsion also luperviéed the local plant
sanitation and public health. The oiganuation of the Medical
Division was under the direction of Dr. Jamea:"sternor while the
Diatriot Medical Section liaison was carried out by officers from
the Distrioct Industrial Medioal Division. The total cost of this
medioal program was $994,000 as of 1 July 1946, not inoluding the
cost of certain facilities in EKmoxville.

The pile process was developed for the prodwtion of plutonium
from ursnium. The process oconsists in general of the neutron bombard-
ment of canned slugs of uranium placed in the pile in a pre-arranged
manner, Metal processing and s}%ing in preparation for coating and
canning the wanium slugs is done ;t Eanford, Experimental work on
all phases of plutonium .produotion was oonducted at both Clinton Labora-
tories and the Mestallurgical Laberatory. The hatards of metal shaping-
and proceasing were primarily due to the possibility of breathing
uraniwm-oontaining dust whils the hazards noted in the operation of

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

the intense radioactivity of the activated uranium slugs, the radio-
activity of the gases liberated in dissolving the metal and the
to:ci.city of plutonium‘and the fission products were of prima.rz interest
as major hazards, The hazards of 'the experimental work were- raughly
the same as those of the plant processes, wity some additional hazards.
Hazard control was in general divided :;.nto two problems: monitoring
and protective procedures. Mom.tor:mg of personnel necessitated the
careful check of all employees, who were required to wear two pocket
ionization meters and a film badge. PFPlant areas, atmospheré sur-
rounding the plant, and the large quantities ‘o'f water used in the
process were also very carefully monitored. kaintenance.work in any

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

were made periédically in the cafeterias, laundry, office tuildings, etc.

" Protective procedures consisted of: use of floor and tahble covering to

guard against contemination of work benches, etc.; protective clothing,
apparatus and equipment, which included coveralls, gloves, hats, shoes,
elc.; and the rotation of employees from places of high radiation in-

to
of places of low radiation intensities at frequent intervals.

iensities
Medical examinations, consisting of .pre-employment physical examinations,.
interval examinations and terminatior examinations, were performed on

all enployees. In an evaluation of bazard comtrol it can be stated

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

510
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industrial hygiene work at the Hanford Engineer Works the ma jor
objective was the prﬁtection o: the employees and the puhlic from
over—exposure to radiation. The Industrial Medical Section was
responsible for all occupational and non-occupational medical csare at
Hanford. Statistics showing the extent of activities are presented in the
body of this feport.‘ A Spgcial‘Hﬁzard Committee coordinated the
acﬁivities of the industrial medical division with opérations.
A catastrophe program for area evacuation was devised and revised
periodically to meet changing conditions. The industrial medical
organization was under the supervision of Dr. W. D, Norwood. Space
and facilities ?or the principal heagqua;ters of the Industrial Med-
ical Division were in Kadlec Hospital. Reccrds of the Industrial
¥edical Division were kept separate from all éther hospital and clin~
jcal charts. The cost of tre Industrial Medical Division, exclusive
of facilities, was $2,581,158.85 to 30 June 1946.

At Clinton Laboratories all occupational and non-occupational

care was conducted in the medical dispenéary on the Laboratory area.

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

tories was established through the Chief of the Medical Division who
was a member of the Central Safety Committee. A catastrophe prog}am
was organized in two phases, one to cofrelabe with £he'g§neral Oalc
Ridge Prograﬁ and one for Clinton Labpratories area aione and, in
addition, the medical division had other activities related to local
plant publio health problems. The organization and facilities of the

Clinton Laboratories medical division were under the supervision of




\ " Dr. H. S, Stone and Dr. S, Cantril. The cost of hroviding the industrial
medical service at Clinton Laboratories; was estimated at $368,000 from
the time of its inception until 1 July 1946. At the Met.allufgical
Laboratory in Chicago all of the occupational and non-occupational
medical care 1.qas handled by project physicians., As at Hanford and
Clinton Laboratories there was a direct relationship to ﬁhe Safety
Department of Metallurgical Laboratory. A catastrophe program was never
organized, as the University of Chicago considered it unnecessary be-

. cause of the many safety features incorporated in the‘ operatibns. A

l‘i‘%‘é | number of Aphyaicia.ns ‘at the Metallurgical laboratory had other activities,

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

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

activities, was under the suypervision of Dr. R. S. Stone. At first

( the dispensary facilities of Billings Hospital wére used but after
i Jﬁly 1944 Drexel House was used for this purpose. No breakdown of the
cost of opei-at.ing this service is avaijlable.
Polonium was produced at the Monsanto Chemical Company's
o 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 handled are radioéctive. The medical control of
hazards was handled in general thraigh the Industrial He@ical Division
of the Manhattan District Medical Section. The three routine types of
medical examinations performed at Daytbn were: pre-anployment, interval

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




( | practice. Monitoring of the atmosphere in the working areas for radio-
activity was performed daily. To facilitate job procedures and prevent
excesgive radiation hazards to employees, detailed monitoring of routine
operations was done at frequent intervals. Personnel were Also care-
fully checked at frequent intervals by means of urine, blood, and feces
analysis, as well as by the‘use of film badges, pencil éh&mbers and wrist
films, The general industrial hygiene problems ﬁere handléd in the
small dispénsary by a registered nurse. HPre 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. Clinical Medicine and Dentistry. — The provision of m@dical

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

Engineer Works presented numerous difficult and unusual problems.

>y -

Clinical medicine and dentistry at Oak Ridge consisted of a medical
program attuned to the community needs. Service was planned at first

fqr an estimated population of 8-10,000; but, as the projéct grew

it was necessary to adjust the planned services for estimated popu-
lations of'15,000 to 50,000 and finally Io; estimated populafion of
72,000. The policy concerning fee;, personnel ana service necessarily
had to be revised from time to time with the increasing demand. The
type of medical service rendered was limited at first to first-aid

and emergency medical care but was finally expanded into a full

P »

hospital and clinic service with the associated medical specialties.
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A pre~payment plan for medical care under the name of the Oak
Ridge Health Association was inst.itutéd since it was felt t.ha;t. such
a 'plag would insure better medical care, reduce absenteeism, decrease
bookkeeping and be an“inducemnt._ in recruiting workmen. The plan oper-
ated under a contract between the Association and the hospital. The
object.ives .o.f the plan were to give hospita.liza.;ion and medical cover-
age in as broad a sense as was economically feasible. embership
was limit.ec"l to gov;rnment employees and the personnel of the oper-
ating companies, the charge for a family membership being 31;;00 per
month. The services covered were: 'hospit;al service, diagnostic

service and physicia.ns’ services. There were certain services not

- covered, such as: &lcoholism, self-inflicted injuries, special

.marsing 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 ev.aluation of the Cak Ridge Hospital Association it can be
said that this plan offers more benefits to the subscriber than any
existing plan. The financial status is be#t 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
pa.rticipation: The organization of the clinical medical program at
Oak Ridge was first undertaken by the University o..f Rochester under

authorization by the kanhattan District. Later the organization
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was taken over by the Roane~Anderscn Company. Statistics on oper-
ations show an increase from & doctors and 1,890 patients in July -
1943 to 52 dqctors and over 20,000.patients in July 1945. Following
V-J Day the total population of the area g;adnally decteased ﬁo ‘
approxisately 42,000 in July 1946; during this period Amy Medical
Corps Physicians were gradually replaced by 8ivilian physicians
accﬁrding to the needs of the community. A dental program was in-
stituted ih conjuhction with the medical program and was continually
adjusted to the community demtal needs. The policy was to us;

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 placéd under the direction bf Dr. William
Squires. The statistics on operations show an increase from 28 patients
in July 1943, to 4233 patients in March 1945 and 3609 in July 1945.

On 1 February 1946 the dental ciiﬁic ceased to be operated by Roane-
Anderson Co,; thereafter deantist care was provided on 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 arganized under the.direction of Captain Lloyd Jameson in August 1943.
On 18 December 1945 Captain Blum terminated his Army Service and was
succeeded by kr. Leon S. Blankenship ss public Health offizer; Captain
‘Lloyd Jameson was sécceeded 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
period and the other during the operations period. The constx"uct.ion
phase medical program was instituted to meet 'the community needs bf
a temporary commnity of construction workers /, the policy concerning
personnel, ‘fac_jliltiesi and charges being directed by the contractor ,‘
E. I. du Pont de Nemmrs and Campany, Inc. The type of medigal
se;.'vice rendered beéa_n as fi_rst-aid and emergency medical‘work but
rather duickly developed into full hospital and clinic service; including
an indnstrial medical relations section as a part of the Kedical

Division. An interesting feature of the program was a plan adopted 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 turn was résponaible to the cantractor.

The operating statistics show a maximum in persannel and also in

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

apd-July of 1944. A dental program and a public health service were

also in operation during the comstruction phase. A breakdown of

the cost of oberat.ions during the constmuction phase shows a deficit

of ¥1,724,000. The 0peratioﬁa phase medical program, in contradistinction
to the construction phase, was instituted to meet the commnity needs

of a permanent type of community of a higher type of worker. The

i)olicy, as in the case of 'the construction phase, was \mde;r the

direction of the contractor, E, I. du Pont de Memours and Co. Tl;e

-

t.ypAe of medical service rendered was that of a regunlar hospital




with attached clinics having all specialties available. The orgaui-‘
zation of the medical service at Richland was under the airection
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 pOpulat,ion.r 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 entailed a transfer of the Public Health :Section from Han-
ford to Richland. An emergency disaster program was establ ished
:.i.n conjunction with the industrial medical group for operation in
case of a major disaster. A breakdown of the cost of operations

during the operations phase shows a total net medical cost of

¥2,581,158 to July 1 1946.

5. Biologic amd Health Fhysics Research. - The research

section cane as a natural devel opment of the rapid iarogresé of
physical research. The purpose of the research program was to in~
vestigate the pof.mtiai damaging effects of uranium and other radio-
active campounds used, as well as cerfan special mterials which had
bad no previous industrial use. Radiation research was first realized
to be necessary by the Univers;i.ty of Chicago group because of their
work on the pile process. X-ray amd gamma radiation as well as neutran
radiation, beta’ radiation, alpha radiation and mixed radistions were
studied thoroughly in both acute and chronic doses. Projects’ cover—
ing instrument research were in general interested in the development
of new instmmt.ent;s in order to ‘cope successfully with the radiation

probleas. Institutions chosen to work on the instrument problem
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as well as on radiation research were: the University of Chicago,
Clinton Laboratories and the University of Rochester. Hazard re-
search on'radioact.ive substances was a problem of major importance.
In general this work was concerned with.t.he possibie damaging effects
of radioactive substances when inhaled, ingested or place;i in coz;ta.ct
;vit.h the skin; and the substances studied were: radium, polonium,
plutonium, fission products and uranium. Substances of potential
chemical toxicity such as the fluoracarbons, elemental fluorine,
etc., were also studied to prevent possible hazards. Industrial
research concerned itself in general with thes new medical aspects,
such as: monitaring, protective measures and statistical studies.
This type of work was performed at the University of Chicago, Clinton
Labaratories and the University of Rochester. ‘Recards of research
activities in tle variousr laboratories and univérsitiés were? main-
tained through the medium of progress reports, copies of which are
on file in the office of the District Medical Section. The organmization
of the Biologic and Health Physics Research Division is divided
into various ‘subgroullas responsible to the Manhattan Distﬁ. ct. The
subgroups are the Univeréity of Chicago, Clinton Laboratories, the
University of Rochester, the University of 'Ca.lifornia, the National
Cancer Institute, Columbia University, the Biochemical Research Fauind-
'

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 e;sentia.l that a well qualified physician

be procured to act in a staff capacit.'y to the District Engineer.
pr. Stafford L. Warren was appointed in the capacity in March |
1943. The oriéinal table of organization for officer personnel

| for the Kedical Section of the Manhattan District, with subsequent
semi-anmial revisions, is presented in this report. Qualifications
c;f all officers appointed to the Medical Section were carefplly‘
considered in every case. In order to commission certain civilian
medical personnel a.nd to ‘make‘ available material procurement
facilities, assistance fr;‘Jm t;he S;ﬁrgeon General's Office was neces-
sary ana arrangements for such assistance were completed in September

1943. These have functioned.remarkably and appreciation for this

service is extended to that office.
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MANHATTAN DISTRICT HISTORY
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BOOK I =~ GENERAL
VOLUME 7 - MEDICAL PROGRAM
 SECTION 1 - INTRODUCTION
1-1, Gensral., - The primary o;:joctiva of the Manhattan !.Jittrict ‘

was to develop. end operate processes which would make possible the utili-
zation of the tremendous energy available from the splitting of uraniym,
N\purouu unusual msdical problems were encountered I:l a result of the
.un:lquo nature of these op_erations. These diffioculties developed, primari-
ly, as a result of the fact that the basio materials nro. radioaotive

and little or no toxicity data oénoorn:lng them were available,
1-2, The Objectives, - The objectives of the Manhattan District Med-

ical Program were to fuoilitate the progress of the Project by safeguard-
ing the health of the employees, not only from the hazards inherent in

the peculiar nature of the Distriot's operations, but alagi from the usual

A i
industrial medical hazards, amd to provide the usual clinical and public
health services required for the commmities established at the plant

it sites (See App. A1),

1-3,  Soopes
a. Research, - Investigation was required to detérmine what

effect absorbed uranium and plutonium compounds woald have cn the human
body; what effect a.bsor?bd pmc'h{g‘“t.s of uranjum (fission produots from the
pile proocess) and radiocactive p‘x‘éﬁota produced in the actual explosion
of the uranium and plutonium bombs would have; and what hazards might be

- encountered from absorption of other materials dewveloped for use by the o

Distriot, In addition, although the dangers of work with radivm were

PR I
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fairly well known, it was discovered that the knowledge concerning the
naximum safe e:poani-os to wmriocus radiations was not well-founded, and
that considerable resoarﬁh would be required to establish safe levels with
cortainty, A natural corollery to these igvestiga.tiona, was research
designed to establish early signs of toxioc éfrootﬁ from these materials
or from radiation, and to dovuiop specific measurss which would be use-

ful for treating over-exposures,
bs Industrial Hygpiene, - Appropriate programs of industrial

hygiene had to be instituted in the plants and laboratories working with
these unusual materials, Plant medical staffs had to be provided with
th§ information necessary to the intelligent performance of their dutieé,
without compromising the security of the project. Research was required
to devise nio_aizs of ostimating the degree of hazard and exposure to which

the employees were subjeoted,
¢e Cliniocal and Publis Health Progrems., - In addition, at

Osk Ridge end Hanford, the locaticns selected for the major operatioms,
medical and dental. facilities were either unavailable or already overload-
ed with pa.tien‘l:‘s.- In comsequencs, it was necessary to provide the facil-
ities and staff required to render adequate war-time medical and dental
care, to fulfill essential public health functions and the minimum vet-

erinary service needed in the area,
1-4, Authorizations, - Authority to construct and operate the Med-

. ical facilities of the Manhattan District is provided by the following:

ae General, -
(1). Public Law No. 708, = 76th Congress, Srd Session,

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

1.2
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for the nooossary oonstruotion, rehabtilitation, conversion, installation
and operatim of plant and buildings for development, manufacture, and

storage of military equipment and supplies, and for shelter,
(2). Public Law No. 354..- ("First War Powers Aot") 77th

Congress, 1st Session, approved 18 December 1941, which empowered the
President with certain broad wartime authorities (See Book I, Vol. 1),
(3)e Public Law No, 580, = T7th Congress, 2nd Session,

approved 5 June 1942 which provided smendments to Publioc Law No. 703

‘above (See Book I, Vol, 1).

(4). Exscutive Order No, 9001. - dated 27 December 1941,

which deslegated to the War Department authority to enter imto comtrects

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

b. Smciﬁo.

(1)e Report of 17 June 1942 to the President of the United
States by Dr. V, Bush, Director of the Office of Soientific Research and
Dovelopment and Dr. J. B, Conant, Chairman of the National Defense Hs— .
search Com.i.ttoo This report presemts the raaxlts of a study made to
determine the adﬂsability ‘of oarrying on what later became the knh&tta.n
Distriot Projeot, the connqmnooa involved, and tho results a.thingd
(See Book I, Vol. 1),

(2). Delegation of Authority under Executive Order No. 5001.

A memorandum dated 30 December 1941 from the Seoretary of War to the Under
Seoretary of War, whereby the Under Seom'l:.o.ry is delegated the powers pre-
viously delegated to the War Department by Exsoutive Order No. 9001 (See
Book I, Vol. 1). ‘

(3)e Delegation of Luthority by the Undar Soordh.ry of War to

‘Major Gemersl L, R. Groves, - N memorendum dated 17 April 1944, signed
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by the Under Secretary of War, ompoworéd Major General L, R, Groves to
exercise contractual powers under Executive Order No, 9001, effective :

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

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

(6)e Memorandum Dated 23 September 1942, - The General Policy

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

eral policies of the project, in a conference on 23 September 1942 o.ppointed

" a Military Polioy Committee to consider and plan n:ll:lta.rj po’li.cy re'lating .

to the project and named Major Genmeral (then Brig. Gen.) L. Rs Groves to
sit with the Committee as Executive Officer to oa;-rj out the pol:lcioi that
may be determined (See Book I, Vol, 1),

1-5, Urgency. = The problems facing the Medical Seotion were in-
tensified by the immediate need for their solutim. When the medical re-
search programs were started, the materials to be studied were already in
use at least on a la.bo.ratory scale, a.nﬁ,:ln some instances, .on a plant
scale, Similarly, throughout the course of Menhattan District operations,
the Medical research programs were pressed to keep up with operations,
Likewise, the Industrial Medical Division at its inception/ was oconfronted .
with plants and laboratories in operation om unfemiliar materials, and
data co.nceming their toxicity were almost non-existent, Fin'an:y, in the
sites at which it was necessary to provide medical and dental care, staffs
had to bo. procured and services 1n;tihxtod on very short notice. There

wag not tims to erpori.mont or shift persomnsl. ‘Medioal servioes had to

-~
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be inauguratsd with the kmowledge that the quality of professional care
was oxoellent and that its availability was adequate,

1-8. Effacts of Securitye = The necsssity of maintaining the se.

curity of the Projept/ was a mjor factor affeoting the Distriot's medical
program. Inborohn:ng; of information between related projects was re-
stricted to the minimm required for intelligent conduct of the individe
ual operatiomns, This fact alone was responsible for great difficulty in
preventing duplication of effort, Likewise, in the dissemination of data
from inadiul research to contractors, great care was required to de=
termine that the information reached only those individualn ontitled to

receive it, The physicians procured for medical aorrloo at Oak Ridge

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

since it was plamed origimlly for them to serve the plants as well as
the rest of the community, Amy medical offiocers were selected also to

insure that cepable individuals were procured and kept on ths jobe

1-7. Special Arrangemsnts with Other Agencies. - Certain special

arrahgenents had to be made to insure the coopsratiom of other agencies

‘and to maintain security,

a, Looal Medical and &nbal Societies, - The local medical and

dental sooletiss at both Hanford and Osk Ridge were consulted and their
approvel obtained on the types of medical and dental service being offered.
In addition, fee schedilea were drawn up ;n conformity with the prevail-
ing rates of the commmities, '

be Proourement and Aseigmment Service, - Numerous megotiations

wore oonducted with the Procuremext and Assigiment Service for Physicians,
Dentists and Veterinarians. It was mcessary that the national office and

18
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( ;, cortain local offices of this organization be advised of the importance |
and urgency of the Manhattan Distriot operatiomns in order that procure-
ment of physicians and dentists from oivilian practice could be facili-
tated, and that retention of men in essential ocivilian activities of the
District could be insured, The Procurement amd Assignment Service was

. found to be most cooperative and helpful in the problems with which it

was oonoerned (See App. B7).
0. State Boards o_f Dental Examiners, - It was fiml.:ouiblo to

procure a sufficient mmber of demtists 1lcensed in Temne ssee and Wash-

ington to fulfill the needs of the cammmities. In addition, licenses

to pro.otieo dentistry in both Tennessee and Washington are granted only

by examination and there is no provision in the lew for temporary licensure.
Therefore, arrangements were made with the State Boards of Dental Exsminers
in these states to pemit demtists to work on the project until such time

as they oould be spared to taks the examimation for licensure,.

L ) " d, State Boards of Medioal Examiners, - The arrangement made
with the State Boards of Medical Emin;rl in Termessee and Washington ro-

’ quired that oiﬂlhﬁ physicians obtain licenses by examination or reci-
”‘ procity with the least possible delay after reporting for work,

o. Universities, Mediocal Schools, Biologic Institutes. -

Negotiations were contimally carried on with these organisations to aid -

in procurement of personnel and to meke available special services and

equipment.

1.6
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SECTION 2 - HAZARDS OF OPERATION

2-1, Normal Industrial Hazards., - Medical hazards identical with

those in large constmotioz:n programs, with those incurred 1n chemical
plants, and with those inwolved in the use of high voltage electrical
equipment, were present in the operstions of the Manhattan Distrist,
Sinoce these activities veroixo,oed.ingly varied and were carried on in

& large numbér of different plants, the degree amd type of hazard varie;l '
greatly from place to place, and from time to time. These risks did not
ca.uio any sp'eda.l conoern,. \The contractors' medical staffs were well qual-
ified and equipped to deal with problems of the toxiocity of well known
chemicals, and to handle industrial accidents, The Safety Section of

the Manhattan Distrioct aided materially the contractors! s@fety groups in
acoident pmwntion; and in establishing safe-handling praeti.oeé (See

Book I, Vol. 11 - "Safety Program"),

2-2, Hazards of Radioactivity,.
a, General, -~ The chief problem confronting the Medical Section
ns;t}a proper evaluation of the radiocactivity of the basic materials as

industrial hazards, The importance of proper eva.luition of these hazards

‘was given impetus by the memory of the dire consequences of improper pre-

cautions in the radium dial painting irdustry as evidenced by the cases of
radivm poisoning uhioh ocourred after the last war., The mano\ry‘ of this
tragedy was very vivid in the minds of people, and 'l.:ho thoughts of p,otonp
tial dangers of working in areas where radiation hazards existed were
intensified Becanse the deleterious effects of radiation oould mot be

seen or felt and the results of ovor-ozgosﬁre might not becqmo apparent

for long periods after such exposure, It was necessary, therefore, to

N —



¢ obtain accurate positive informetion for the use of confraotors' medioal

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

mend prophylactic measures against over-exposure,

be Radiocactivity. - First, let us consider the radicactive

elements which are encountered in the operations of the Manhattan Dis-
"triot, These elements emit alphs and beta particles and gamma rays

' Neutrons should also be oonsidered but they are produced anly under special

conditions,

(1)e Alpha particles are electrically charged muolei

'of helium atoms, They are projected from certain radicactive substances
. t * '
with great energy buf travel only a relatively short distance in air and

are stopped by erb:imely thin layers of solids, When alpha particles

¢ o strike human skin they are stopped in the outer ‘dead layer of cells, and
. therefore are 1x;oﬁpablo of oaﬁui.ng dmge; ‘ ,
(2)e Beta particles are electrons which are projected
by certain radicactive substances with greater velooity than alpha part-
,m ioles, and these particles axw; more p__onatntingl than alpha partiocles,

They are capable of injuring human skin becanse they penetrate to the
vital growing layers. levor, the skin has marked recuperative power
and a certain amount of beta radistion may be received daily, year after ‘
. year, without damage oooﬁrring. Since beta partioles are stopped in the
skin, they are 1nca.pa.bio of diraotly producing aysto;lio effeots so long
as the particles urisé'; from an external source (outside the body)e
| (3). .:G‘"_:‘.;‘.M may arise from radivm and other radio-

aotive substances and are electro-magnetic waves which have great PoN~

ey
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etrating power, Gamma rays can pass completely through a human body. '
They can be stopped by lead and other elemntﬁ of high atomlc number,
Since gamma rays and x-rays can pass oomﬁletely through, the body, over- |
exposures affeot primarily the most sensitive tissues, Coﬁtinued over-
exposure results in damage to the blood forming organs (pi-lnoipally)the
bone marrow) and the roproduotiﬁ cells (testes and ovaries). In the
case of gamma and x-rays, as with beta partielo;, a certain amount of expo-
sure may be inourred day after day and year after year without harmful
ef'fec;t. ' )

(4)« Boutrons ai'o_pa.rtib.lel' which have no electrio charge.
They arise »from the nuolei of atoms under proper oconditions. The in-
strument most commonly used hesretofore to produce neutrons is the cyclotron.
Neutrons like gamma rays ocan penetrate the entire body, and the effects
of over-exposure are identical with those of gamma rays, However, the
biologioal effeots resulting from ionisation by fast m}:bruna are ap-
proximately three ti.mu as gre.a.t'n.a those produced by the same amount of
gamma rays. ’

ce BRBadioactive SBubstanoes, - Secondly, work wi'l:h radio-~

active substances presents certain problems in addition to the external
radiation which was discussed above. These radicactive substances may

be inadvertently introduced into the body by inhalation and ingestion

an;d skin absorption and thus deposited in the body tissups. Once de-
posited, alpha, beta, or gamma radiation l;ay produo:e' untoward effects

on the tissues. Also, concentrations of some of these substances whioh
have a relatively low radioactivity may prodice toxio offects an the body

from a chemical standpoint. The important toxic radicactive elements are:
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(1)e Radium, - The toxic effects of absorbed radium were
well knomn, Only & fraction (perhaps 10 per oent) of the absorbed mater-:
ial i ;lepositod, but the bulk of that fraction enters the bone, When an ‘
excessive smount is deposited, the‘ unfortunate individual, after a number
of years, may cease to produce blood ocells (a.lpast‘io anemia) and suocumb, |
In some instances, neorosis (rotting of the bone) also has ocourred. In
a few cases bone oancers and a condition imown as leukemia (an over-
produotion of white blood cells), also a fatal process, have ooscurred.

Portunately, suffiolent date have been acommulsted on radim to os-
tablish the maximm allo;laplo dosage which produces no significant bio-
logioil effec't. "In addition, relatively easy, accurate methods are aﬁil—
able for determining the amount of radi.um in the body, providing a posi-
tive control for workmen exposed to the substance, (One method measures the
radon gas fo@d from mdiuﬁ, which is exoreted in the breath; the other
method depends upon the radioactivity in an individual's body as a result
of the redium deposited,) |

" The faot that these data were available on radium was sxceedingly
useful to the Medical Seotion, for by oanparing‘thp relative energies of
other substances with radium, it was possible to estimate "maximm
allowable storage™ which could be permitted without danger to the in-
dividual, ‘

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

e
itting alpha partioles, The daughter products of radon emit beta particles

Radon, like its parent element radiu, is radicactive and is capable of em-

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

2e4
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there are usually daughter elements in equilibrium with redon. If this
gas is inhaled in a sufficient concentration and for a suffiociently long
period,: the lungs may be damaged by the alpha rediatiom,

(3). Poloniup, = It is known that radium spontameously
disintegfp.teu and new:substahces are formed which in turn decay umtil the

final stable residue of lead is reached. Polonium is & decay product of

. radium and 18 ane of the substances which smit alpha particles and yet

have no radicactive decay products. It has been shown that when polonium

’

is injected into rl.ts, it is d;podtod in the greatest quantity in the

kidnays and in ln.nor quantities in the spleen, in the teatos (reproduotivo

orga.ns) and in tha bones, If enough polonium is 1njoo'l;od death will en-
sue due to toxic damage of these vital tissuss,

(4). Plutonium, - The "Pile Process" transforms Ursnium 238
into plutonium, which has an atomio igight of 239 and an atomic number of
94, This transformation is accomplished by bombarding U-238 'ith newtrons
in e mamnner desoribed later in this report (See Par, 3-12, b), The
potential hazard involved in the handling of i;lutoniun is probably quite
similar ‘to mdium., This substance, 1ike radimm, shows a pndiloofian for
deposition in the bony tissues with the attendant effects outlino@undor
radimm, There are, however, eome important differences, Plutonium is
approximately one-tenth as toxic as radium when it is permanently stored
in the bone, .Tho rate of elimination of absorbed plutonium is less rapid

than that of radium, and, therefore, a larger proportion of absorbed

plutoniun tends to beooms pemanently stored than in the case of‘r;;dium. .

(5). Fiu:lorn Produots, - In the i.ndnstrial prodnotion of

plutonium and in the atomioc disintegration of plutonium or U’235 many.

TS S
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( radiosotive substances are produced., These substances are known as
fission i)mduota and intensive research work on animals has rowa.l;d
that these fission prodnofs are potentially toxic agents because of their
radioactivity. |
(8). Uranium, - In addition to its rediocsctive properties,
uranium has been known for many years to be-a miw‘b.nop ‘capable of pro.
duoing demage to the kidneys, and has been used frequently to produoce a
type of exporim:ﬂ:l.l nephritis in animls similar to that produced by
meroury. Studiu on such un.n:lm nophrltis in dogs have proved invaluable
ﬁﬁf 1n tho‘ ?ontrol and treatment of the ;ator stages of hw nephritis in
T which large amounts of protein are lost in the urine, Industrially, uranium
compounds have been produced on a limited m;alo a.a‘ooloring matter for the
ceramics industry; and also have besn encountered as a by-product in the '
refining of pitoh-blends ore to produce radium, G;n;'emnus with physicians
- who had medieal supervision over persons working with uranium, indicated
o that toxio effeats had not been observed by them (See App. B2)e However,
the Manhattan District operations involving urenium were on a far larger
| ‘ ~ scale than any pravioucly carried an, and water soluble compounds (wiich
i _might be absorbed much more readily) were uaod. Consequently, it was con-
sidered possible for workmen to develop irritation of the kidneys if ex-
cessive erboauroa to uranium were emaountered, and also, although consider-

ably more remots, to store suffioisnmt urenium to have toxio effects from the

radiocactivity of the material,

2=3, Chemical Hazards, = There were a mmber of chemical substances o :
used in the industrial operations of the mtta.n DPistriot ﬂﬂ.ch wore not o
of a radicactive mature, Some of these substances were well imown industrial-

— \ ly; others were entirely new, Same of the well known chemicale, however,
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were used on a much larger socale than ever before, Somg of the more im-

portant substances will be commented upon briefly.
a, Gases,

(1)e Fluorine and ;I_zdrog_e_r_:t_‘ Fluoride,. Hydrogen fluoride

or hydrofluoric aold has been widely used industrially., Fluorine, on

the other hand, was a laboratory curliosity.. Both were used by the Man~
hattan Distriot on a large scale in the preparation of ipoéhl campounds
of uranium and in the preparation of a series of spochl lubricant oo~
pounds, lmown as tb fluorooarbons, whioch will be discussed later (See
Par 2-3, b (1))e The hazard from fluorine is primarily that of a Ghemioal
burn, whioh oan produce death with sufficient exposure. The hazard from
hydrogen fluoride is the marked corrosive effect the aoid has on body
tissues, This is partiocularly insidious because there is a late:}t period
before there is peroeption of pain. It is stated that 50 parts of hﬁm

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

haled for an extsnled period of time,

(2)s Phosgene, - This is a well known poison gas which was
used during World War I, and in the Manhattan Distrioct 1ndustrlal opor-
tions oocurs as a side-product in the preparu.tion of speocial -uranium
tetrachloride. Phosgens produces a -donrha.tlng effect on lung tissue
if inhaled in toxioc concentrations, It is ectinaﬁd that if a person
should be p'.!.é?od in an atmosphere which contains ons part of phosgene in
10,000 parts of air for two minutes, death would ensue,

(3). Carbon Mémoxide, - This indnstrial haszard ocours to a

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

toxio elemsnts by ventilation aoccomplishes econtrol of this gas as wll,
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Hence as a speocial speoiﬂc hazard no oontrol measures are direoted toward

(Par, 2-3)

it,

b, Liquids,
(1) Fluorooo.rbons. = These oompounds are oomposed of

_fluorine and carbon and are primarily used as lubrioants and coolants by

the Maphattan Distriot, .These‘oompoungia (C.,FIG’ GBFIG, Cay F“) ‘were
found to be moderately toxic to animsls upon inhalation, but scme of the
intermediate products formed in the piodustion of thess compounds were
found to be toxio to ‘anigm.ls in concentrations wvarying from 70-500 parts
per million parts of air, The animals exposed to toxic concentrations of

these intermediate products of the fluorocarbons died apparently as a

A}

’rosult of respifa.tory failure,

(2). Trichlorethylens, - This substance is primarily used

as a grease solvent in the Manhattan D:lsérlot. Trichlorethylene is classi-
fied as a narcotioc poison and chronic intoxication suppesedly produces .
damaging effect upon the central nervous system. '

Ce Soli.ds.:
(1)« Metallio Beryllium. - This substance has been used in

industry and is capable of producing marked demage to lung tissue if inhaled
as a dust. Enough information about the causes and prevenmtion of'boi'yl-
1lium poisoning was available so that no research work was carried out with

this substance,
(2). Metallioc Cadmium. - This substance is used by the Man~

hattan Distﬂ.dt because of ~i..ts"e'fﬂoi'enoy‘a.n e neutron absorber. A few

fatalities as & result of over-exposure to cddmium, in industrial opératichs .

other than Manhattan District, have been reported previously. ‘Safety pro-

»
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csdures were set by the Manhattan Distrioct so that the hazard from cad-

mium wvas only of & very minor mature,

(3) Metallic Nickel., - This substance is known as & hazard

in Industry primarily because of its potentiality as a skin 1rrita.nt.

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

hattan District that the hazard from nickel wes only of a very minor mature.
2.4, Tolerance Lovo}s for Various Hasardous Materials. |

a. General. - The materimls discussed above were used on &
vast industrial scale by tHe llunhnthaq&ntricb and many people wers en-
gaged in this work., It va.8 obviously hn"poru.tiw . .thsrq;'ore s to learn about
the degree and nainl:o of the toxiocity of these substances so that a de-
finite industrial ha‘zard polioy'could be established which would ﬁsura s
maximm factor of safety to the people working with these substances. De-
finite values for the ma:d.mm allowable gxposums or tolerance to thaso
materials had to be esta.bllshod to hoilltlto efficient over-all opera.tion.
(The terms "maximum allowable oxposun or comoentration® or "tolerance"
will be used interchangeably 1n this disoussion and the term "“tolerance”
in this ocase will not refer to 'Eno doﬁnit;lon proposed- in pl;axﬁ.oqlog‘.l@. i
texts,) The radicactivity of these potenti-ally toxic substances was
therefore thoroughly investigated, their chemiocal properties were studied
and the effocts of these various toxic agents were evaluated in oa.r;cﬂxlly
controlled anmimal experiments, It was as a result of this o;'ientation

progrem that the degree of toxioity of these substances for the warious

LA

animal spsoies was arrived at, Toxicity in man was estimated from suoh
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data and from previously established toxieclogical 1nfb:§na.jtiqn, and arbi-

trary tolerance values were fntroduced which would offer a maximm ﬁctor .
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of safety to the employees of tiu Manhattean Distriot engaged in industrial
operation and research work. | |

The following is & brief outline of the arbitrery tolerance values
which wfo' established. These values, especially those pertaining to the
radicactive mterials for which meagre background data were available,
wore subject to constaxnt checks and revisions as more information was

gathered threugh research and experience,
be Tolersnoe Levels for Various Types of Radiationm.

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

exposure to radiation for a person amplo:}ad over an mdaﬁnito period was
set at 0,1 roentgen units of gsmma or beta partiole radiation in any twenty-
four hour period. This wvelue was established by the U, S, Bureau of Stand-
ards in 1937 and was adopted by the ll’a.nhatto.n District (See App. Bl).

(The roentgen is used as a measure of radiation and is defined as a

quantity of x-ray or gamma radiation such that the asscoiated oorpuscui.ar

emission, for ome cubic centimeter (0,001293 grams) of air, produces in

that air ions carrying ome electrostatic unit of electriocity of either sign.)

(2). Alpha Radiation. - The tolersance value for alpha part-

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

. od in body tissue was established as 0,025 roentgens (physiocal oqﬁinlm‘b)

per "I:wonty-four hour day.
(3), Beta Radiation, - The safe limit of beta radiatiom

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

day, and the figure set for beta radiation on the hands only has been

R,

established at 0,6 roentgen units per twenty-four hour day,
(4)e Neutron Radiation.  The biological effects resulting
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from fast neutrons has been shown by experiments to be from two or tem .

‘ times as great as that of the ssme a.mount of radiation produced by x-ray.
For ionization in body tissue, a factor of 3‘;:; is probably ample as meas-
ured in roentgen equivalent physical, and 0.025 1"oe-ntgens (physical
equivalent) per twenty-four hours might be taken as a tolerance dose,

(5)e X-rays or Gemma Rays. - The Fational Bureau of |
st;.;darda, acting upon the advice of the Advisory Committes on X-ray and
Radium Protection, has established the tolerance dose for x or gamma rays
of 0,1 roentgens per twenty-four hours, The cormittee recommended the

’ tolerance dose of 0.1 roentgen per day as provisional, and it is advisable

to apply generous aa.fetj fectors to prevent exposure even at this level,
For this reasmm, it has been deemed advisable tc build in protective
measures in fixed installations ‘so as to have the intensity such that the

‘ ,opera.ting pérsonnel working on 8 hour day get no more than 0,1 roentgen

(‘ in any twenty-four hour da.y, giving a safety faotor of 5 in this case.

o c. Tolerance Concentrations for Radiocactive Substances in Air, .

(1). Radon, - The toleranoce level of radon in air has

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

been established as 10~
TR redium emanation from, or the amount of radon equiﬁlont to, one grem of
radium.) This value was based on the New York State Code for Radium Dial
Painters established in 1939, This limit represemts one-tenth of the ex-
posure that was thought to have produced harmful effects on people working
in the mines of Csechoslovalkia (See App. Bl),
(2), Polonium, = The maximum allowable concentration of
. this material has not been doﬁni‘b;ly oatablj.ahed but a provisional 10701
of 5 x 107t microgrems per oubio meter in air has onn set. This figure

! was arrived at after extensive animal experimentation,

1
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(5)e Plutonium. - A tolerance limit of 3.5x10"° curles of
Plutonium per liter of air was used for the Manhattan District. This figure
was based on extensive computation and ocomparison with radium and other
substances which emit alpha particles. The maximm allowable air concen—

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

tolerence values for these subatances, but an arbitrary valus for the
mixed fissiom produots ‘hu been set at one to ten migrocuries per cubls
meter of air, (One microcurie is eq.unJ.Ato one millionth of a ourle,.)

(6)e Uranium, - The tolerance vn.luo‘gbr urenjum 1h3.ch was
asccepted for the Manhattan District industrial opor;{:i.ons' h;s "been set Qt
160 micrograms per cubic meter of air, This is also the tolerance value
arbitrarily established for lead by the Unii;od States Public Health Service.
Fo oconclusive data was available on the toxioity of uranium prior to the
start of the Manhattan District, and the above mentioned tolerance level
was, on the best sathorlty, applied to urenium pending the prosursmert of
further data through research and experience, o

d, Toleranocs levels of Radiocactive Material in Body Tissues, -

It is obvious that people working with these radiocactive
substances would inadvertently ingest and inhale these substanoes to some
degree., It "!.l necessary, therefore, as an additional precautionary
measure, to monitor the personnel to ma.ke csrtain that they had not accum~
lated more than the mxim:m allowable oconoentration of these aﬁbshnoel in
their body tissues, Tolerance levels for absorbed quantities-of these radio- |

active materials were therefore derived from animal experimentation and ex~

ER TN

trapolation from these values to man and also from previously reported .

5
]
k3
L3
K




Lo

(Par. 2-411)

experimental work found in the litersture. The tolerancs levels establish-
ed for these substances are:

(1), Badium, = A tolerance limit of 0.1 microgram of
radium stored in the body as established by the U, S. Public Health
Service 1n 1941 was adopted by the Manhattan District (See App. B 1).

. (2). Polonium, ~ A tolerance 1limit of .15 micrograms
of polonium stored in ths body was established as a result of animal ex-
perimenptation and a canparisom of the radicaotive emsrgy of this compound
with radiuwm, '

(3). Plutonim. - Tho tolerance value for plutonivm (1.0
micmgrams stored) was derived in a mamner similar to that of polonium.

It is established that plutonium is about 1/10 as toxioc as radium when de-

posited in the body.
(4). Fission Products. - Tolersnce lewvels for fission

produats deposited in 'I;ismo have not been esteblished experimentally,
but 1t is possible to caloulate the maximum allowable concentration by
converting awailable dah on x-reys, gemma rays, and alpha radiation from
radium into comparable energy limits ta.ld.‘ng ki.nto consideration the dis-
tribution of the individual fission products after ubqorgtion-

e. Tolerance levels of Radiocactive Substances in Ur.lno; -

Since it i1s obviously impossible to amalyze human tissues for the amount
of radioactive substances present, indirect methods had to be employed to
ostimate the prol:m'blo‘ amounts of these substances which were present in
body tissus, It is known that redicactive materials are exoreted in the
urine, A tolerance value for urimary exoretiou has been ostablil.hed only
in the oase of polonium. The urimry oxcmtion tolerance vs.luo for the

other radioactive materials are still under investigation, and no definite
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figures have been established. The tolerance value for urinary exoretion
of polonium has beg;: set at 5,000 disintegrations per minute in the total
urine exoreted per day. {The use of disintegrations per unit of time is a
method for determining very mmall amounts of radicsotive substances. Eaoh -
disintegration is due to the radicaotive disruption of an atom and the
number of disintegrations per unit of time is a relative measure of the

emount of total radiomotive material present.)
fo Tolerance Levels in Air for Chemiocal Hatards, - There are

a number of substances which are hpor(mxb as industrial hazards in the
oporatiocn of the Manhattan Distriot, but their potentieal danger 15 in the
form of ohemical toxricity. The toleranoce values for these substanoces will

be mentionsd briefly.

(1), Gases: Maximm Allowable Conoentration
Te)< Fikufine 1 part per million parts of eir,

as ostablished by application of
data gained on exposure of animals
to controlled atmosphores of this

gas.

3 parts-perimillion parts of air,
the level set by the American
Standards Association and- adopted
by the Manhattan District.

(b). Hydrogen Fluoride

(o). Phosgene
1l part per million perts of alr,
the level set by the Chemiiocal
Warfare Service as a safe conosne
tration for troops.

(2), Liquids: :
h?. Fluorocarbons: The tolerunce levels for these sub-

stances (071-‘16. 08F16, Cp1F44) were established after a series of animal

eiperiments. The term foreshot is used to desighate the frectiom of a
substance on which fractional distillation passes through the column first

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

refors to the material after chemical preparation but befors distillaticn
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has taken place., Some of the available tolerance values established are

1isted below: _
CoFy6-1 250 parts per million parts of air

CgFyg-2 Foreshot 70 parts per million parts of air
n n " " L] L]
CyFyg=2 300
n " ] " ” L]
BFIS"' Crude 50
C,F,g Foreshot 100 " . " L

(b)s Trichlorethylens. - The maximum allowable concentration

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

the Manhattan Distrioct,
(o)e Chloroform and Carbon Tetrachloride, -~ The m.ximum

have

allowable concentrations of these substances has boen set at 300 parts

por\million parts of air, This figure has been adopted by the Manhattan
District. '
(). Mstals,
(a), Be_::x. 1lium, - ¥o tolerance value has been set for this

substance, but the é:dsting information on the causes and prevention of

.
4

polsoning in the manufacture of beryllium is quite a.doqua.'ﬁo from a prac-

tical ste.ndpoi.'nt. Beryllium is ocontrolled by the promention of inhale-

tion exposure to fumes during processing. Should exposure ocour with the

appearance of an initial shortmess of breath, removal of the individual for

a poriod of several months will erfeot complete cure. . L
(b). Cadmium, - The tolerance level for this material

has been sot as 1 mgm, of cadmium per.ten cubic meters of air. This ia the




concentration on cadmium as set by the American Standards Assooiation and

adopted by the Distriot,
2-6. Methods and Instruments for Estimating Hazards, -

“a. . Gemerml. - it was obviocusly imperative to have methods
and proper instruments to ewvaluate the degree of hazard involved in 'Ol;k-
ing with these potentially toxioc materials. As a result of intensive |
researoh, such methods end instruments were dovnioped and construoted,

b, Radioactivity. - First, the methods and instruments

developed for the evaluatiom of radioactivity such as alpha, beta, gemms,
or x-ray, and neutron radiation will be oonsidered, Three general types

?&‘“ ' of instruments are used in survey and monitoring work with radiocactive

omna.tion‘s. These are:

(1). Counter Instruments, Thess instruments count indi-

vidual pq.rtiol_es aemitted by a mdioaotivu elemant (Ses App. C 1),
( . | (2)s Electrostatio Indioators. = This type of Matnmnt

v does not respond to the individual n.dioaotivu partioleu but o.vnrageu or
mtegrateu the effeots of the total number of pa.rl;iolou by the anrge pro-
duced by ionizing a fixed volume of air (Sese App. c 2), “

(3)s Vaouum Tube Eleotromtor. -~ This type of 1nstr\mnt

is similar to the Eleotrostatic Indicators but the currenmt produced by
ionization in a fixed volums of air is amplified and indicated on a mester,

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

moa.aura the degree of radiation received by each 1nd5.v1d1n1 dhould be

mentioned, The first three methods are mechanical devioeu which noo.mru

the total 'degree of radiation to which a person 1is exposed, '.I!hou are:
( (1)s Film Badges. - .For determining the smount of radie-
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pooket meters in the form of a pencil or pen and are worn in a pockst and

finger-print ridges, In order to take advantage of this early sign of redie-
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tion received by a person in a given period of time, a speolal badge "
containing x-ray film is worn. These films are developed, and by measure-
ment of calibration ourves the total radiation received over a given period

is determined (See App. € 4).
| (2)e. Penocil Chambers, - These instruments are small

-

measure the degree of 'radiaﬁon received by a person over a given perio&

of time (See App. C 5), Prior to use, the quartz fibre emclosed in the
chamber is given a oalibrated electrical charge which it retains in-

defini tely, However, on exposure to gamma and x-;-"o,yc the fonization so
induoted causes a discharge of this charge on the fibre direotly propor-
tional to the amount of radiation received, and oan be measured in a wariety

of teohnioal manners,

(3). Finger Rings, - To deternine the smount of radia~

tion received by the hands of the o;nployael in specifio operations involv-
ing possible exposure to beta rays, finger rings with x-ray film ;Inservtl
are uged, Those films are developed and calibrated to indicate radiation
received in a given period of time (See App. G 6).

' The other two methods utilize early changes in the human
body when ther; has been exposure to radiocactive materials, These are:

(4)e ﬁqgomﬂnts. - Through research aotivity, it was

determined that one of the earliest indications of damsge to the hands of

-~

persons handling radicactive materials was a noticeable change in the

<UL e v g

tion damage, & program of securing perfodie wax impressions éf._‘,?oﬁ’fioqed '

;

employees' fingers was established (See App. C 7).
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(5)¢ Blood Counts, - It hds been definitely established

that blood-forming organs (bone marrow) are sensitive to radiation, and
their funotion is easily deranged by ovur-oxpos#re to radioactive mater-
ial, This is reflsoted when the blood cells in the peripheral blood are
counted.and examined, Frequent porlod:'lo blood counts were thorefém 'ba.l:en’
on all cmpioyoos engaged in work with radiocactive materials, ‘- This pro- -
cedure served as a valuable early means of warning when any person might
be getting more than the maximum allowsble exposure to radiocactive
materials. | | |

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

establish monitoring methods for radioactive dust measurements on uranium, .
plu:bonim, and polonium, The amount of radicactive ;:I.ust' in the air is
determined by a Mine Safety Appliance Company Sfe.ndard Elootmgjatio
P@oi_pitator or a.‘ devios of simlilar design. A volume of air is drewn
through the precipitator and the dust ;.l electriocally precipitated on a
metal foil. The activity of the precipitate is then determined by a Der-
schen elo&romotor or other radiation mea.suring device (App. € 8).

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

the people engaged in work with the radioactive materials will imadvertent-
ly ingest and inhale these substances in spite of all careful precautions,
It was therefore essential to keep careful surveillance at periodioc inter-

“vals of the psople engaged in this work, This was accomplished in the

following mammer:; . .
(1)e Urine. - It is woll known that the radicactive mater-

ials such as uranium, plutonium, and polonium, are excreted in the ur.i.ne;

e

end by measuring the radicactivity of the uiﬁ and by special caloula-
T Sip—
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tions, a rough approximation of the emount of radicactive material ab-
sorbed and stored in the body tissues oan be derived, It should also

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

by periodio examinations of the urine, As was shown previously, uranium

and its compounds are a potential nephrotoxio ’(ld.dnay damaging) agent,

and the dm;mgo dons to the kidneys will be reflected in the urine exoreted.
Likewise fluorine is exoreted in excessive amounts after exposure to the gas or
to t:luorino oompounds, The periodic urine examinations of all persons

ozpol;d to uranium end its compounds as well as fluorine and its compounds

was therefore inoorporated as part of the lﬁmhsttan District safety pm;

grame .
(2)s Breath Samples, = The exhaled air of workmen en-

gaged in work with radium will contain a portfion of this radicactive
material as the gﬁs, radon, Samples of this exhaled air are ;sollaoted in
(~ encud;od containsrs, By measu::ing the radioaotivity of thaao' air samples
e . the approximate amount of radium deposited in the body may be e&loulafod.
2-6, Instruments and Methods for Chemical Hazard Monitoring, -

Lastly, the methods and instruments used for estimating the hazards due to
substances which are dangerous because of their potential chemical

O
g
oot
Py
o

toxioity should be mentioned,
a., Fluorine Detection. - To ascertain ths presenss of fluo-

rine and hydrogen fluoride in air which is breathed, a "Fluoride Destector"
1s used (App. C 9). This instrument con;ists of a vacuum pump equipped

with dye-impregmated filtsr paper. As air is pulled through the filter, &
qua;;tlty.tivo indication of fluorine content is given by change in oolor '

of the filter paper,

{ - be |, Phosgens Detsction. - The human sense of smell is the best
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method for phosgene detection but the M-9, the Stamdard Chemical Warfare
Kit for Detection of Toxio Cases, is employed in all operations where
there is a possibility of hazardous phosgens ocancentrations (App. ¢ 10).
The principle of the kit is .similar to that method for fluorine deteotion
dogcrl;bod above, - In ’plaoo of filter paper used above, a colloidal gel
is employed whioi: ochanges color if phosgens is present in the air,

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

deteotion of 'haurdoua concentrations of such agents as trichlorethylens
and such materials as fluorine, ohlorine, and bromine (App. C 11).

2-7, Conolusion, - It was through a thorough and complete under-
standirg of the hazards of opsratians with the ma.terlal; discuseed, ths
possession of proper instruments, and estimation of the degree of hazerd
that the Manhattan Distriot was able to provide a maximm faotor of

safety to its employees,
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- 3-1. General. - The Division of Industrizl Kedicine of the
Medical Section was formed to zid kanhattan District contractofs in
establishing programs of industrial hygiene appropriate for the !
peculiar hazards encountered. This Division, acting in a staff
capacity through the Area Engineers, recommended schedules cf phys-
ical andAlaboratory‘exgminations of employees, recommended messures
to determine the amount of taxic substances and rgdiation present in
plant operations, and reviewed the results of these procedures to-as-—
certain vhether or not changes in the process er work routine would
be recguirea to prcte;t the vor.men. In adiiticn, the Divisicn wes re-
spensilble for trensmitting useful infonmeticen frei the edicil re-
sezrch rro;rens to the sentractors, znd for making the nzeds of the
industrial cencerns known to the research groups,

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

were varied in scope depending upcn the type~of hazard present. E%-
tent of supervision varied from occasional cursory inspection, ta‘.
full—time assignment of a medical officer to the operatior.. In gen-
eral, close supervision was extended to those projects in which the
Governrent was financizlly responsible for all costs of the cperation.
Those contractors who were performing‘their.usual werk received regu-
larly ahly casual supervisior, but the corplete facilities of the
Division were avallable on re'uest.

3-3. Indgstrial ng;ene laboratory. = 4 laboratory, equipped

to perform the special and unusual anal yses necessary to control tha
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occupationzl hazards of District operations, was instituted at the
University of Rochester and supervised by the Division of Industrial
Eedicine (See Par, 5-8 d). Included in its activities were dust
counts for radioactive material, air qnalyses for radon, film moni-
toring (use of x-ray film to measure radiation), analyses of urine
for uranium and fluorine, and radiation'measurements by instruments.

3-4.  Relationship to Other Health-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. Howeﬁer, all of the concerns listed telow were under the
inmediate supervision of Dr. Robert S. Stone anc his associates in
the health program of the Letallurgical Lsboratory. The Chief of

the iiedical Section perscnally determined that the activities of

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

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

d. Other subcontractors of the University of Chicago and

-

of du Pont doing work related to Hanford Engineer Works.
3-5. New York Safety Committee. - A committee was formed by

engineers of the Kellex Ccrporation, assisted by a medical officer

frou the Industrial Division, to write a seriés of bulletins con-
taining approved safe-handling methods and first-aid proceduress for
work with fluofiné; uranium hexafluoride, hydroflucric acid, tri-
chlorethylené, and other agenﬁs used in cleaning procedures (See

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

)



employees of Kellex and its subcontrictors, but in time became

stzndard ‘reference works for District operations using these sub-

stances.

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

originally carried on by Lt. Cbl. H. L. Friedell. The responsi-
bilities were delegated to lMajor John L. Ferry during May 1943.
Kajor Fefry was assisted By It. R. A. Tybout, who supervised the
industrial hygiene iaboratory; by Captain Jue N. Howland, who super-
vised the céntracts of the Kadison Square and New York Areas, from
1 July 1944 to 15 Karch 1945, and was replaced 15 March 1945 by

Captain Burtis J. Kears; by Captain Fred Bryah who became Assistant

Division Head 15 lMarch 1945; by Captain B. S. .J#olf, liaison officer

and roentgenologist for the electromagnetic process (1 August 1944
to 1 April 1945), %ho later was 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 It. E. T. Frank, liaison officer and roentgenologist
respectively at the electromagnetic process plant, following reas-
signment of Captain #olf (ipp. C 12). . During the first six months
of 1946, there were maﬁy changes in personnel of the Iﬁdustrial

liedical Section. This resulted frog both army diséharges and Operation

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

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

William R. Clarkson, reassigned from the Cak Ridge~Hbspital Staff, to

supervise industrial Medicine in Cak Ridge.

3-7. Uranium Processing and Special Chemicals.
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a. General. — As physical research on the tvaricus methods

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

the program of procurement of ore and processing materials at an

axceedingly, rapid rate. No longer could the small, limited subply'
organizations engage;i in manufacture of the various salts and oxides
produce adequate amounts of material to meeﬁ even the most limited
scientific needs. Hence the establishment of a procurement facility
was imperative, to coordinate and anticipaté the needs of the experi-
mental iéborat;ories; to extend various types of ;;r,pcess;ng reséé.rch; .
and to construct improved proceasing and pilot plants of various ‘types
for specific phases of the m;-k, in addition ¢ supplying standard
mat.ex:iala; for use of the District. The Kadison Square Area was esté.b—
lished to serve such a purpose. Its operations are described in
Book VII - Feed Materials.

Medical work carried out in this phase of the program con-
cerned itself only with tile hazards which might be iﬁcurfed bééé.us‘e
of exposure to uranium and its various compounds, from crude ore to
the finished product, plus the new special materials such as fluorine
and the fluorocarbons which were to be used in various steps of the . .
processes. Medical programs were initiated in all areas, the scope
and extent of such programs depending on the t_ype‘ of haaa.rd present.
In many piants wﬁere the operations involved constituted those with
which the management was familiar from long expér;mce, only cursory
supervision wasr extended. The Medical Section did nqt interfere \;ith |
the normal industrial hygiene programs of such installations but

served in an advisor}; ‘capacity only. Because of the need.for security
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in &1l opereticns the ledicel anc Sefet, Jepartients of the vzrious

rlants could not be sufficiently well informeu -n the speciel hazards

dué to these coupounds. Hence ccnstant lizison between lMedical and

Safety Sections was encoufaged. Their coordinated efforts resuited

in efficient protection of the workers with the lezst possible inter-

ference with the plant productdcn.

b; Uranium Processing and its Hazards.
(1) The Crude Ore.

[}

(a) Process. - Uranium exists in its netural
stzte in the chemical form of the black oxide (0303), corbined with

a variety of other substances such as silicon and the like. The con-
centration of this cxide varies fro:‘fifty to eighty per cent in the
very rich ores (for example, African pitckblende) to only trace amounts
found in earths almost 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 always

accompanied by its daughter in the radiocactive 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 handled in
tne following installations in the United States: (ict included was

the El1 Dorado site in Canada)

(ll U. S. Vanadiuz, Vanadium Corporation

of america, Uravan, Durango, Naturita and Grand Junction, Colorado.
N . :
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(2) Middlesex :arehcuse, liddlesex, HNew

b
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Jersey.

(3) vitro Eénufacturing Co., Canonsburg,
Pennsylvania. | |
(4) Linde Ceramics Plant, Tonawanda, New Ybrk.
(¢) H#zards. - The hazards related to uranium
énd its daughter, radium,are of two general types; those caused by
radiation of various types from these metals, and those related to
L direct toxic or poisoncus actioﬁ of a chemical nature con cer£ain organs
m or tissues of the body. 'For a more deteiled survey of these hagards
reference'shogid be made to Secﬁion 2 dealing with physiolo;;ical effects,
(2) Preperation of Black Cxide. (U30g)
| (a) Procesa. - After sclution of ore in sulfuric
(j - acid anﬁ diffe}ential precipitation of the radium, lead, vanadium and
W~ ' other impdrities, the uranium.is'precipigated asltﬁe sodium salt,
reconverted to the amﬁonium sait in an acid solution and finally cal-

cined (or burned) to pure black oxide U30g in a hot furnace which

drives off the previously combined ammonia. This process is essenti-
aliy gimilar in all of the three contracting companies using it{_wiyh
the exception that fhe source material may be ore, uranium carbcnate
and wcste liqguers or sludges containing amounts of uranium feasible

for recovery purroses.

(b) Contractors. - This process was carried

A

out &t ‘the Linde. Air Froducts Company and the Vitro Manufacturing Co.,

-

SN SO

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

de Nemours and Company, Inc.i at wilmington, Delaware, carried out a |
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 sigilar recovery process on sluages and low’grade materials in their
"recovery" plant. Black Oxide refining contractors mentioned in
Book VII ;re Vitro EanufactdringFCo., and Linde Air Produéts Co.
Kallinckrodt Chemical Co. processed Brown bxide UC2.

(¢) Hazards. - Hazards in this process are
related to the possible absorption and the breathing‘of radium and
radon of the soluble sodium and ammonium uranium sélﬁs:

(3) Preparation of'BrOWn'OxiQe.

(a) ‘Process. - In several installations the
black oxide is dissolved in nitric acid and washed several times with
differential ethef and water washes to remove the imjurities. The
nitrous oxide of the formed uranium nitrate is driven off by heating
and the resultant orznge oxide (UC3) converted into brown oxdde (UC2)
by heating in a hydroggn furnace.

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

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

Products Plant.

o (e¢) Hazards. - Hazards in this process arise
(from possible exposure to the soluble uranium hitrﬁtq whichAhas been
shown by laboratory experiment to be one of the mosi 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.

g
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b ‘ (4) Preperstion of Green Salt (UFy).

(2) Process. -~ The process of conversion of the
brown oxide (Uc2) to the green salt (UF,) is by reaction, in inclosed
chanbers, of the brown oxide with anhydrous hydrofluoric acid, at
a high temperature. After passage of the anhydrous hyd;ofluoric
acid over the cxide for a specified number of hours, it is removed .
ih the dry state by haqd and routed to plants fo; the production of

either the hexafluoride (UF6) or the pure metal (v).

(b) Contractors. - This prccess for the pre-

paration of the tetraflﬁoride was carried cut in the Linde air

Products Co: o2 eny, the :'allinckrodt Ch&ulCdl Corpany ard the Hg rshaw

-

Chemicel Coupany of C;eveland, Chic. The green salt rreperel in the

first two install:ticns nemed was used for re< cilcn to setal; that

(— in the last, fcr thre production of the hexafluori’e.
e (c) Hazerds. - Hazards in this operation are

fer the most part due to expesure to anhydrous hydrofluoric acid and
the tetrafluoride and its smsll content of the cxyfluoride (UOFZ)

This latter is scluble end roderately taxdc.
(5) Ereparetion of Hexafluoride. (UBg)

(2) Frocess. - The hexzfluoride is prepared by

the direction of a stream of pure. elemental fluorine (Fé) over in-

closed trays of the green salt UF4. The hexafluoride so formed is
volatile at the temperature encountered and passes off through ducts

and 1s collected in cooled tanks. It is then purified by d;iving '

off excess impurities by redistillaﬁion, collected in nickel containers -

(. and shipped to the main-processing plant, where it is used as the.base

B NI
e e e s g
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material for the diffusicn purification'process.fpr the separztion of
uranium 235, | |

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

(¢) Hazards. - Hazards encountered in this

process are related to inhalation and ebsorption of the soluble hexa-
fluoride, the possible exposure and hazard due to burning or corrosive-

ness of elemental fluorine, and the danger related to the possible

absbrption of uranium oxyfluoride remaining in the reactor 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
(’ . X5, the natural daughters of radioactive decay of uranium, account
K - for most of .the radioactivity possessed by uranium.. When UX; and
UX, are concentfated, as in this pfocess, they form a botent source
of beta radiation. Suitable protective measures are -required, such
i as glovés, shields, and radiation exposure monitoring.
(6) Freparation of Uranium Metal. .
(a) FProcess. -~ In the breparation of uranium
metal the green salt (UF4) is thoroughly mixed with magnesium powder,
placed in a dolomite-lined steel container, and heatéd until.the '

' reaction starts. The reaction maintains itself without further

g 0 T

heat, mich in the manner of thermite. This reaction reduces the

ERR

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 ve;cté'x:'n fu;'—
nace, chipped, lezbelled, :nd shijped to the nltimale destinaticn,
where it is revorked intc ingots for use in the pile ‘process.

. (b) Contractors. - This process was eé.rried
out at the lallinckrodt Chemical Company, the Electro ketallurgical
Company at Niagara Falls, and at the Iowa -'_Sﬁate College, Department
of Chemistry, at Ames. Related procedures were done by Metal Hydrides,
Bev_erly, Kassachusetts, Brush Laboratories;, Cleveland, and wWesting-
house Hanufac.i;uz:ing Corpany, Bloomi'ieid, Néw Jersey.

R (¢) Hazards. - Hazards are the minimal one of
exposure to black oxide formed by oxidative reacticns on the surface
of the metal, and radiation from the surface of the netal.,

(7) ledical Contrbl of Hazards of Uraﬁm Processing. -

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

- cessing were inst.i’puted in the following fashion. FPeriodic inspec~

‘t.ions of eaéh facility were made to see that hazard control measures
were followed and to examine for possiblé new sources of trouble.
workers were given comélete physical examinaticns, plus ;exan:lnatv,ions ‘

.§f the blood a.nd urine, for abncrmalities. Chest x-rays were' taken;
Blo§d serbl‘ogy rec‘orded.‘ Exarinetions of the urir;e at gmonthly inter-
vals and of the blooed at tri-ionthly iht.ervala; were made. Any abnor-
malities were a cause for compiete review of the case and correciion '
if possible. 'Repeat examinations (physical) were made at annual or

' semi-annual intervals depending cn the individﬁal.circum.sta.nc_es. |

Protective devices such as special clothing, dust masks, gloves and'

ok T y  em s o b ke e s

teg -
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the like were recommended where necessary, and if no suitable iethods.
of vrotection were available, develormental procedures were instituted.

General overall aonitoring of the hazards existing in the individual

plant was’ carried out. Individuals exposed to possible excesses of

radiztion were required to wear film bzdges, which determined‘thé total
anount of exposure received during the day or week. Dost‘samp;es were
collected and analyzed so that plant conditions could be conti-alled
by suitable feducﬁion in exposure. If necessersy, it was‘reconmwnded
that‘ventilation be imcrezsed, housekesping of the plant be icproved,
or chemical or engineering proéeoure te altered, to reduce exposure.
Analysis of plapt atmosphere for reden centent was iseue whenever
exposures to high radiunrcontéining cres were'encountered.

‘Such careful~inspection and.analysis of plant

conditions enabled the Kedical Section to enforce tolerance con—

‘ 'centratlons of hazardous materials in the ind;vidual plant, and’

- thus protect the workers from possible radlation or chemical injury.

(8) Metal Shaping and Engineering.

(a) Process. — The processing of the metal

consisted of ‘the forming, coatirg, and carning of vranium rods in

suitable form for use in the pile process.

(b) Contractors. - Following are listed the
indusﬁrial concerns which set up expsricentation on, and development
of processing methods, and performed various phases of the program

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

Ohio.

'T-v','.,;_.'aﬁ:h;t'ti‘?"n “
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( (2) Baker Brothers, Inc., Toledo, Chio.

(3) Herring, Hall, Lisrvin Safe Company,
Hamilton, Chio. .
(4) B&T Mat:sils Company, Columbus, Ohic.

- (5) Revere Copper & Brass Company, Detroit,

‘ " );fichigan.

: . (6) Joslyn Manufacturing & Supply Company,

; V , | Ft. wWayne, Indiana. |

E - o ‘ ' (7) Battelle Memorial Institute, Columbus, Chio.

(§) Carborundun Company, Niagara Falls, New York.

(9) Andrew C. Campbell Divisicn of American

Chain and Cable Co., Bridgeport, Connecticut

‘ and #ilkes Barrej;-Fenna. e
( o . (10) #illiam E. Fratt 1;.’anuf$ct.uring Coripany.
o : - : (11) C. H. Schuman & Co., Sprugste,. Penna.
, ) (2) MicKinney Tool kenufacturing Company, .
F - | Cle\;eland, Ohio.
m (13) ‘Quality Hardware & lda'chine Corp‘o’ration,'

' Cricago, Illinois.

(14) Grasselli Chenical Ccapany, Cl;eveland,
Chio.

(15) Alurinue Company of imerics, Lew !fénsin.gton,
Pennsylvania. |

(¢) Hazards. - These procecures subjected workmen

t,“,«

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

k ) In rost instznces the experimental prcduction was centinued for only a

I
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few months, and the hazaru te workmen wzs considered negligible.,

(d) kedicsl Control. - The program of medical

éupefvision was less elaborate for these'cgntra:tors than thet listed
above (paragraph 3-7 b(7)). Occa;ional zir analyses for uranium -
content were made, and the employees underwent periodic routine ex-
sminations. | |

~c. Fluorine and Fluorocarbcrs. - .

(1) General. - Prior to the existence of the District,

elemental fluorine was a laboratory curiosity. However, quahtity
production of this element was requiréd for use in tresting metal
éurfaces to make them less reactive with uraniun hexafluoride; and
for the production of uraniun hexafluoride and varicus fluorocarbons
(the‘fluorocarbons were selected for their>properties as coolants,

lubricants and plastics which would not react with uranium hexa-

fluorides).

A

" (2) Fluorine. |
(a) Process. - This element was produced by

electrolysis of anhydrous hydrofluoric acid in the presence of

potassium and flucride.

- " (b) <Contractors. — Fluorine was produeced at

Johns Hopkins University, Baltimore, lkiryland; by Z. I. du Font de
Wemours, Jilmington, Delawére} by Hooker Electrocherical Company at

Niagara Falls, New York,.and CUak Ridze, Tennessee; and by the Harshaw

Chemical Company, Cleveland, Chio.

(e) Hazérdﬁ. - Fluorine is an exceedingly

(Par, 3-7b(8))
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irritating sulitinee, end, depenuing up&n its concentraiion, can
ceuse skin rashes anl burns aind irritaticn of tle resriratery
passages snd lungss

(4) ledical Control: - torkuen had periodic

physical examinstions and examinations of the urine and blood:

. Since the hzzard of chronic effects was negligible, examinations

were made annuelly or semi-annually, and the rescits wers used as con-
trols for persons exposed to uranium. Spot-checks were made on

the urinary fluoride excretion to guzrd against excessive fluoride

"~ absorption: Inspections were made, and adequate ventilation and fire

protection required. Sﬁitable zasks and pretective clothing were
recourended after thorough teéting. ’ |
(3) Fluorecarbons:

(a)j Process. - The lubricant and coolamt
fluorocarbons aré produced.by reacting hexafluoraxylene or special
oils with cobalt and silver fluoridé catalysts. The catdlysts are .
renewed.by reaction with fluorine. A plastic fluorocerbon is pro-

duced by polymerization of monochlorotrifluorcethane in chloroform,

and treatment with cobalt trifluorides

(b) Contractorss — Chemical proce§$es in the

' prbduction of lubricants and ccolents were perrormed Ly Jchns

Hovkins Uhivcrsity, Hooker Electrocheniéal Conpany, &nd =. 1. du
Pont de Nemcurs and Company. The plastic was produced by l@pde Alr
Froducts Company,'Tonﬁwanda; New York.

(c) Hazards: - Severe pulmonary and skin irri-

tation may be encountered from fluorine and the catalysts used in

L
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the process. Intermediate products in the process cayse ncderate
irrit.atidn, and the end-products are slightly irritating. In addi-
tion, the well-known hazards of work wi_t.l\x chleroform and carbon
tetrachloride are present. Ihese; consist primarily in anegthetic
.effects with possible brain and nerve damage, liver éamage_ and

kidney damage.
(d) Kedical Control. - Physicai and labora-

tory examinations similar to those used in fluorine contrcl were

instituted for these workers as well. Suitable protective equip-
ment was recommended, and engineerihg procedures were instituted
which minizized contact with toxic materials.

d. Boron Production.

’ (1) Process. - Boron irifluoride vias reacied with
dimethyl ethefand distilled. This .substance was converted to boron
trichloride, which was passed in an atmosphere of .hydrogen ;lgro'ss
a hot tantalum wire, with the collection of metallic boron on the wire.

(2) Contrac";.ors. - The following contractars were
conesrned with the various stgps in the boron troduction process:
(a) Hershaw Chemical Co., Cleveland, Ohio
(b) Standerd Cil of Indiana, shitin:, Indiana.
{c aperican Cyanamid Co., Stosicru, Connecticut.
(3) Hazzrds. - Borcn trifluoride, boron tricnloride,
dimethyl ether, and boron trifluoride dimethyl ether complex are all
low-gr‘;ade pulmonary irritants., Dimethyl ether also has. anesihetic
properties, and is highly inflammable. The metal dep{ositi‘adﬁgrfogqais;vv .

is hazardous only from the possibility of explosion of rycrogen.
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(4) Medicel Control. — Euployees on these projects

received the Foutine exziiinations ordinarily made in the plants
listed. The.chémicals wefe handled in closed systems and exposures
wefevunusual. A few spot-checks of fluoride excretions were made

on Harshaw employees. These indicated that the workmen were absorbing

fluoride in greater than normal, but not dangerous, amounts.

3-8. FProcess Research.

a. General. -.A number of universities were given comtracts
to do research on various problems in‘chemistry and physics’reiated
to District operations., These projects varied in size from a few

to wore than a thousand perscris. Likewise the huzard and medical

.supervision required varied ccnsiderebly in the Jdifferent operaticns.

b. Research on the Diffusion Frocess.

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

*

phases of the development of the diffusion process, including the -
puzps, barriers, cooling devices, seals and inatruments'réqpired for
the wechanical separation of Up3s. Equipment desigg and pilot plant
operation were part of the research.

- {(2) ‘bontractors. - The fundscental research in the
program listed above was performed by the S.A.k.;Laboratories
of Columbia ﬁniversity. The iellex Corporation, a subsidiary of
Y. ¥Wi. Kellogg Coiwpany, did the en;ineering desig: and operated a
suall pilot plant. The Linde Research Laborztory, Tonawanda, New
York,tested mbtors, operation dréves and sezls. The Bell Teléphoqe
Laboratories of Suamit, New Jersey,and Princeton University, Princeton,

vev Tersey,did certain resezrch on the corrcsion and the effect on

LATN
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porosity of uetels produced by fluorine and vrarium hexafluoride.

(3) Hagzards. - These activities were accompahied
by the hazards zssocieted with the use of urznium hexallucride,
fluorine end the fluorccarters, and, ir addition, those cheuiéals
usvally encountered_in‘chemigal rescerch. In general, the vork was
not considered to be ezpeci'ally ha:s.ﬁrdcus.

(4) Ledicel Coatrol. - Zmpleyees engoged irn these
acti?itieé received careful periodic physical and laborztory exand-
nations accordiry to the schedule cutlined 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-sxposed.
groups. Checks zlsc were made of the atmospheric content of noxious
substances, and periodic spot-checwus were sade of urinary excretion
of utanium and fluoride.

c. Developmental Research.

(1) Fluorocarbohs. - Chemical research on methods
of -rodacing fluorocerbons wes done at Johns Hopkins University.
Hazards were those listed in paragraph 3~7 ¢, but né fofmal medical
program was instituted other then specific instructions in treat-

ment of acute exposures to the raterials.

(2) Rsdium Extrcction. - Research was performed at

Yale University to develop a sizple method of extracting both uranium

and radium from ore. Hazards involvad were sr:all because thne ‘work

was done entirely on a laboratory scale. Radiation measurement s

were made by both instruments and film badges. Air samples for

radon content of rooar air were .ade and found to be well Lelow
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{ tolercnce lirit:. Giorkmen were checked by breath scmrles to deter-
mine the amcunt cf :bsorbed redium. These tests likewise indicc.ted

no excessive exposure,

(3) Nethods of Manufacture of Uranium Compounds.

-

' Fundamental research on methods of rmanufacture o:t‘ uranium compounds
was d‘one at Purdue University, 4. Lafeyette, Indianaj the National
Bureau of Standards, Washington, D. C.; and at Brown University,
Providence, Rhode Isila.nd. All of these p«ro;ject.sa were inspected -
and foun.d to have negligible hazards. Consequently, no formal

medical program was instituted.

d. -Analytical Reaearch. - Research on analytical methods

end analyses of ore, and varicus uranium copounds was carried out
at the National Bureau of Standards, Washingtan, D. C.; Princeton
( ' Universify, Princeton, New Jersey; and at liassachusstts Institute

[~ of Technology. Inspections were made of these projects; dust counts

and radiation meaéurements were taken but, beczuse of the negligible
hazard, no formal medicel program was instituted. S

,,,,,,,,,

s , » - 3-9. Process ipment.
. a. General. - In t.he majority of instances the contractors
supplying process equipment were performing their usual operations,
and no special medical supervision was re unired. The few exceptions

‘are noted below.

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

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

L Froducts Corpany, Tonawande, lew York. The only ha.ards viere those




" of nickel dermetitis in suscepiitle mersons znd from vse of iri-

i
chlorethylenc. Froper en.ineering reduced contact with these sub-

stances, and persons sensitive to nickel were rzdually eliminated
from employment: The schedule and extent of exaxinations were those
usual with the individual companies for their employees.

c. Pumps for Diffusicn Frocess. - In the manufacture

and testing of pumps, a limited‘amOunt of urcniur. hexafluoride
was used by the Allis-Chalmers Company of Milwaukes, Wisconsin.
The operation wes inspected. Instructions were given for acute

exposures, and employees were examined re;ulzrl; as outlined in

peragraph 3-7 b(7).

d. Unit assemblies for Diffusion Irocess. — These units

were manufactured ‘i the Chrysler Corporation, Detroit, ldchigan.
The orly special hazard involved was that of the use of elecental
fluorine for prelimirary conditicning of the egquiyaent. Inspectiuns

vere riede, and anrropricte cdirectiocns for trezting acute exposures

were provided. The program cf physical exeminations was that used for

other Chrysler employees in similar jobs.

2-10. Gas Diffusion and Thermal Ciffusion Frocesses. '

a. Frocesses and Hazards.

(1) Gas Diffusion Process. - The gas aiffusion
process separates the rare uranium 235 from the tiore abundant
urznium 238. This éeparation process consists of rassing uranium
hexafluoride, vhich exists at temperatures above 130 degrees F., in
the zaseous state, through long porous tubes or barriers loéated in

an 3znclosed systec. The‘process, which is coupletely described in

‘ 3.19 —_ ||| B
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| Book II of this history, effects the diffusicn of tie lighter wraniuc

. 235 throuph the fine pores of the tubes or barriers, leavirg the
heavier uranivm 238 atows still in the central systew. This uranium
235 is passed through numeroué stages of conceﬁtration up to approx-—
irately 30 per cent in the final stgge, instead of the 0.7 per cent
contained in the original metal or its heXafluéridé. In the product
rooms, by means of a cooling system, the enriched ﬁranium hexa-
fluoride (containing higher pefcentagp of U235) is removed for ship-
ment to another'inStall§tidn at which further concentration is .iade.

The "depleted" uranium hexafluoride which still contains consider-

able amounté of 235, is then piped to a taills accumlator building

for storage.untii.it cén be either re-introduced into the cascede

or disposed of in some other wzy. Before any uranium hexafluoride
( can bé processed, it'is necessary that all metzl parts of systems be

made inactive to this substance to prevent reaction and treakdown

to a non-gaseous form. A "conditioning process" is used for this

purpose, consisting of treatment with fluorine, forming on all

metal.surfaces a film of metal fluoride which does not react with

the hexafluoride. Prior to this treatment with fluorine the rmetals

are washed with trichiorethylene, sulfuric acid, sodiuﬁ hydroxide

and thoroughly dried with hot air.

(2) Hazards of Gas Diffusion Frocess. - The hazards

in various steps of this process are those frox exposure tc fluorine
in the gaseous state in the'?cbnditioéing process® and exposure to

uranium hexafluoride and its breakdown products in the remainder
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3~7 c(2)) may cause painful burns. In acdition, in high con-
centrztions it.ééa extrenely irritating to the upper respiratory
tract, trachea and lungs. No severe systamic toxicit; from it has
been noted. Uranium hexaflucride in the gaseous form is also quite
irritating and is easily absofbed from the lungs. apparently, however
it is possible to absorb appréciable quantitiés.in gny acute exposure
without severe or prolonged damage fesulting. The breskdown proqucfs
of uranium hexafluoride zre chiefly uranium oxyflucride in the form of -
a soluble dust produced when uranium hexafluoride reacts with moist
air and hydrofluoric acid. Uranium oxyfluoride in noderate concsntration
is zlsc todc znd cepable of crusisg didney injury. To date,‘;xposures
to uraniun hexafluoride have been well ccntrolled and‘no sericus effects
have been encountered. There zre other haszras presént, but these are
identical with those'usually found in chewmical plants and ihcludé‘tri—
chlorethylene and cther solvents. The potentiaJ: hazards frox raadiation
are spall because of the extrqmély long half-life of the uranium metal
and lack of concentration of the uraniua Xj and X2 breakdown products.
Again, inasmich as the system is entirely closed, the alpha and beta
raaiation present will nct peretrete the ucetcl wvalls to & hazardous
extent. The fluorinated hydro;;rbons used in cooling and lubricating
the above machinery sre alsc in an enclosed system, and human exposure
to them in high concentration occurs orly in case of & breakdown. In
such instances adequate protection 'was provicded by the use cf army
assault masks to avoid lung irritation, the major damage. .

" (3) Thermal Diffusion Process; - This process-

separates uranium 235 from the :rore abundant uranium 238 by a process

P
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[ of therral girfusion. (& canplete description of thié process is
given in Book VI of the histcry). The uramiun hexafluorice feed
material is rirst placec in the trensfer roaon, weighed, and then
piped'tq the columns where the éhermal diffusion action takes. place.
The "enrd ched" UFg is removed from the top of the column and the
"depleted" materiél is either drawn cff the bottcm or,recirculate&
from the bottom to the trensfcr room and returned tc the column.

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

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

she; outside the main building for transfer intc lerger containers.
sbout 1 June 1945 &n eoditicncl eprerztus wes corstructea for the
trensfer fre. these larger o:orntainers to large shipping tanks. For

cpzrational reascns, the treriwal diffusion protess was sbandoned in .

( auzust 1945 and placed in a standby conditior.

e (4) Hazasrcs of the Thermal Diffusion~Proces$. ~ The
transfer procedures for uranium hexafluoride constitute the cajor

hazard in this process (excluding rupture of a high presaurektank

or steam line). Before a contalner is attached, the line contain-
ing UFg is frozen off vith ary ice. Then the contalcer is connected
and the line is opened by thawing the solid uranium hexafluoride
il Teet fro o Lunsen hwrner flare., The process is repeated to
reiscve the container. The danger of breathing UFg and cf being
burnec¢ by it in this operation i? considerable. In this process,

as in the gas diffusion method, metal parts coming in’gontact with

uranium hexsfluoride must be pre-conditioned with trichlorethylene -- - wwj@§;~§

{ and fluorine. This procedure is dane in a conditioning shop ocutside

" }“ . i 3-22 ) »




(P;r. 3-10)

the process building. fhe rajor hazards in fhis area are those’of
burns cf the hands frem fluorine and to a lesser extent from uranium
hexafluoride. Lusts and fumes from hydrclysis of UFg &are occasionally.
present although exposure is variable. Burns arising from the high
pressure steam in the lines (900 to 1200 pcunds per square inch)

are also found.

'

b. Medical Control of Hazards.

- (1) General. - The industrial Lygiene program for
control of occupational hazards of both the thermal and gas difé |
fusion processes was deveiOped around the Carbide & Carbon Chemicals
Company medlcal 'crganization. The physicians and nurses and dis-
pensary facilities were used for both opcrasticns. Specicl services
viere provided by the chemistry and physics laborztcries of C&CCQ N
on the request cf the ledical Department of this installation. |

(2) Xedical Examinations.

(&) Pre-Employment. - Pre-employﬁent physical

examinations were instituted for all emplcyees to insure maximum use
of aveilable ranpower in job situetions most favorable to their |
health. The physiéal examrinetions included a brief nedical history,
a physical examination by a competent physipiah, laborztory examina~

ticns of the blcod and urine, x-ray cf the chest and tloo: serology

for syphilis. Examinations of this t;pe zre corsidered more. than

adequate zccording to the general standarcs of :ost éompanies em-
ploying large groups of reople. The average rste of examinations in
July 1944 was 10-15 per day; in Larch of 1945 a pesk of 110-120 ex-

ariraticns deily wes reached; in Jul: of 1945 the number had decreased
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( to &C~€5 per diy. In august
sharp drop occurred. In June 1946 the number hid croppei to 8-9/day.

(b) Intervzl :znd Terminsticn. - Intervel exam—

iretions at both installations were brief and consisted 6f cursory
.physicel examinati.on, blood count and urinalysis, x~ray of the chest
and special exsminations as indicctec. If there was a history of
exposure to ha:c.rdoﬁs raterials, special attention was directed
towerd the deter:ination of sizns of bodily demzge. There was no

specific intervzal for these exzrinaticns., Termiraticn physical

exeminations included & ccaplete physical examination, blood count

and rrirelysis and x-re; cf the chest. . Se_inring in AJanuar:.' 1945
. urinclyses Tcr vranium centent tere sU ' ed on persons .ex;ros;-ﬂ‘_ Lo
urea_uc hexalluorie, Tests were rade on all -erscns exposeld to
( ' hizh concentrations cf uraniun compounds, and a2lsc in the reriodic
health examiwniations. These tests were rzde a part of the routine
" industrial health exardnzations, starting earl; in 1945. The program

vas lesizned to provide, at intervals of six to seven weeks, a check

of the generzl health of all -erscns enployed and to evaluate abiﬁbe

teccuse of illness, weight loss, chenges in tlood pressure, and cther
ebncrnelities.  These tects were instituted to detect early signs
of toxic effects from viorx with uranium ccm cunds, and cerrecl the

coniition before injury is incurred.

(3) Lenitoring. | .

(a) Air Contemination. - Beginning in December of ° . {

1944, the chemical lsboratory wcade air analyses for fluorine and - L *

( grarimn hexafluorice ccrtect. These analyses were .zde at weekly ( o

-
{
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intervels at variouvs point he gas diffusion anc thermal
procesges aﬁd reported to the lledical Depart.ent for interpretation.
(b) Radiation. - Because of the possibllity of
exposure to radiation, rgutiné surveys'wére beguh by the physics
laboratory personnei in March of 1945. Ccrporal Wendell Uiller
and assistante were assigned to carry out agasurements of alpﬁa;
betz and gamma radiation. Selected areas in boﬁh gas diffusion
and thermal process plants were surveyed at weekly intervals with
special recording apparatus. Data from these surveys were feported
weekl; to the Medical Department for interpretation and recammendations.
¢. General Industrial Hygiene.
(1) General. - an indication of the amount of s:r—
vice which was provided by the Ledical Depértment #ay be dezon-

strated by the increasz in patient visits per month from the start

of operaticns.

July 1944 ° - 1000 patient visits

Septenter 1544 2,550 patient visits
January 1945 6,300 patient visits
karch 1945 11,050 patient visits
June l§h5 ) 15,500 patient vigits
august 1945 . 20,400 patient visits
, Cectober 1945 11,7CC patient visits
Fabrusry 1946 9,600 patient visits
June 1946 ” i0,000 patient visits ‘

(These figures include all occupational dis-

ease and accident cases, initial visits for non-occupational
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iilness cr aisease, special examimutions for roups in potentielly

i

hazardous areas, and pre-employment examinations.)

(2) Occupational and Non-Cccupational ledical

Qgig. - An average of 170 occupational cases were seen daily in the

dispensary (approximately 35% of total work-load of the treatment

section). These included injuries from special hazardous materials

as well as the type af cccupaticnal injury occurring in any manu-

factiuring plaht. The remaining,65% consisted of the treatment of

non-occupational illnesses which interfered with the efficiency

of the worker. Treatmsnt of non-occupational illness or injury

was limited to cne or two visits. The K-25 Lispensary, a branch

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

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

azung~;mployees or residents of K;25 area. In Septerber 1945, follow-

ing a reduction in population of the K-25 srez, the dispensary was

closed. Cooperstion was maintained between the medical depzrtizent

and the worker's personal physician to insure efficient medical service.
(3) Ralationsﬁig to_the Safety Degartmantﬁ. - The

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

sporsible for the prevention of accidents and injuries not due to
hazardous special aaterial, followed.the Safe Practices Hecommenda-
tions of the Nev York Safety Committee (See par. 3-5). The supervisor
of the lLiedical Department was a member of the Special Hazards Committ-
ea, which met at monthly intervals to study hazards arising from
speciglnmateriala'and to make suitable recommendeations for their

coritrol. All minor injuries were investigated by the Safety Depart-
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ments, Submajor accidents involving removal frow vork znd iajor acci-
deﬂts involving hospitzlization, iequired a corbined investigation of

both the hedical and Safety Departments. ALL injuries involving uran-
ium compounds vere especizlly inveétig&ted.

(4) Catastrophe Progrem. — A couplete program was

organized to provide for the protection and treatment of plant per-
soniel in case of any major emergency. This program was divided
into two parts, one established for the Medical and affiliated de-
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: Ridge Hospitel, Cozuitments were made ﬁnder both
rlans for the evacuation of the plants and arees. and for the treat-

mermt of injured personnel.

(5) Other activities. - The iedical Department

" also supervised general sanitation, waste, and garbage removal and

related activities. It also mcintained a visiting nurse servicé

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

require hospitalization.

d. Organization.

(1) Carbide £ Carbon Chemicals Cornoration.

(s) Steff. - The organization of the .nedi-

cal department of the Jarbide and Carborn Chendicals Corporation was
started in April of 1944, vwhen the services cf Dr. adclph Kemmer,

fornerly Mediczl Director of Inland Steel Company, were securé& on

a full time basis. Dr. Dernard Zussman and Dr. Raymond Cooper Were o =i+

hired in February of 1944 but nc departmental operations were started

Cy e
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witil Dr. Kemmer's arrivel. Prior to april of 1944, pre-employment
excminations }or this organizetion -nd its subsidicries vere carried )
out at the Medicsl Service Building by the Cak Ridge Hoséital medical
staff. From April 194l to July 1944 the pre—emplpymenffexaminations
were carried out in one office and three examining rooms in the Carbide
and Carbon Corporation Administration Buiilding, Actual operation of
the main disrensary of the medical department began in July of 1944.
The dispensary was designed to handle 5000 Oporating‘eqblﬁybea'g,

The prime functions of the Medical bqpartment}were: the éélééﬁiom

of adequate personnel through pre-employment exammations,the
treatment of occupaticnel injuries and disease, the preliminary
treatment of non-occupational, or welfare, injuries anc diseases,

and the industrial hygiene control of occupational dised3s hazanis.
The staff at the time of cpening of the Dispensary consisted of

three doctors and six nurséa.>'Dr.{Martin.Costellpfwaifaddéd to

the staff in August of 1944 and in the follouing January he was

made assistant supervi sor of the Medical Department, thus freeing

Dr. Kammer for executive duties. In September of 1944 the étaff'

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

clerks., By 1 July 1945 the staff had increased to a total of 14
physicians, 28 nurses, l4 technicians, and 23 clerks apnd stenographers.
In December 1945, the staff had decreased in the numbef of physiclans
to a total of 10 physicians, 30 nurses, 14 technicians, and 28 clerks
and stenographers. In June 1946, the staff had decreased to 8 phy-
sicians, 24 nurses, 12 technicians, éﬁdﬁl9 élerks'andiéieﬁbgraég;rs.

(b) Facilities. - The Dispensary (See App. C 13)

e e 6
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consisted pf & freme U-shaped buiyafhg cf a>seni-pefnmnent type ;
containing two six-bed wards, four fc.r-bed wards, two tresatment
rooms with cubiiles, doctors' offices, x~ray room and darkroon,
laboratory, and an emergency room. Since the original estimate of
the number of employees was too low, it Became necessary to acquire
additional facilities. Because the employees of the Ford, Bacon and
Davis Co., a contractor, and those of thg;gérguson Compeny (Fercleve)

were also to be handled by the single uedicel department, additional

' /. . P 3 5
first-aid stations or infirmsries were opened cr takan over in their

plant areas. Because of the increasing demsnd for x-ray exeam—
insgtions for diesgnosiic purpcses, it wazs considerecd necessary to in-

clude xray equipment in the Carbide uispeusar; building. Dis;incst-

~ie X~rdy " Service was provided in Cctcter of 1944 avd a photo-roent,genw

unit was added in April of 1945.
'(2) Ford, Bacon and Davis Cempany. - In Larch of

194#, the Ford, Bépon'énd Davis Compeny began cperating a field
hospital, under the directicn of Dr; 3. B. Rogers, for construction
workers. Later an infirmary was opensd and oparated in the present
conditioning building,‘under the supervision of Ur. Harris Sklsaire,
from September 1944 to Februcry of 19.5. At this tine the responsi-
bility wes shifted to Dr. Karmer and nis associates. Fcrd, Bacon
end Devis ccitinued to employ thelr own rurses. In lay of 1945

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

department.

(3) Fercleve Corporation. - The Fercleve Corporation

(Pa.r. 3-10d)
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(H. K. Ferguson Company of Cleveland) began its mediocal program
in Ootober of 1944 with pre-employment and termination examinations,
which were 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 semi-permanent building (See App. Cl4) was opened,
The new first-aid unit contained two treatment oubioles, an eye treat-
ment roomn, n.n office and space for the Safety Department. For oﬁora-
tional reasons, the Feroleve Corporation's unit was olosed and held
in standby condition in August 1945,

e. The Coit.

(1) Carbide & Carbon Chemicals Corporation. - The

cost of constructing the dispensary exclusive of equipment was
$181,823,75. The approximate cost of operating the facility from its

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

were chargeable to other contraotors.

(a) Feroleve Corp. $53,299,77
(b) EKellex 1,645.22 -
(¢) Hooker J 16,68
(d) U.S.E.D, 108,56
(e) F.B.&D, (Oper.) 5,183,.28

(2) Feroleve Corporation. -~ The first-aid

station built for Fercleve cost $16,411,53. Total cost of medical
service inoluding the facility amounted to $62,095.72,

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

‘of equipping the Ford, Bacon & Davis first-aid unit was $3,878,50,

The additional cost of operating the mediocal service prior to trans-




fer tc CiCll amcunted to +26,127.05,

3-11. Electrumagnetic Frocess.

. Process znu Hazards.

(1) The Process. - The electromagnetiC’p;chad
accoirplishes separstion of the rare uranium 235 from the more
abundant uranium 236 by rassing uranium tetrachloride im a gaseous,
ionized state through & megnetic field which tends to deflect the

lighter atoms (ﬁ235) fram 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 uranium trioxide with carbon tetra-

chlcrice under pressure. This operation produced large amounts of

ohosgene as a by-product. after 25 Lay-1945, a vapor phase method

of chlorinaticﬁ was used, which cperated at much lawer pressures

and ;roduced less phosgene. The uranium tricxide (U03) *as obtained
frcm other Manhettan District contractors at the start of'operatiﬁns.
This was supplemented by material returned from the separation operation
for reprccessing. Earl; in 1945, an increasing amount of "enriched"
uraniun hexafluoride (material in which the U235 content had been in—
creased) wzs received from the gas end thernmal diffusion proceéses fqr_
cenversion to uraniws tetrachloride. Following ;urification, the
uranium tetrachlcfide is bottled'and,p;ocessed in the &lectromagnetic
plant (See Book V, Vol. 6). Part of the uranium tetrachloride in-
troduced into the bottle remains unprocessed. This material i% re-
turned to a recovery rlant and is reconverted to uranium tétrachléridef  o

E

and the seqguence of operations is repsatad.
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( (2) Hazards. - Fhesgene and dusts conteining uraniwn

are the principal hazsras of the electroma_netic jrocess tut there
are nuirerous other hazgrdé present in some degree. These include
alpha, beta, and gamma radiations; carbon dust; trichlorethylene;
carbon tetrachloride, ordinary chemicazls such as nitric acid,
hyrcchloric acid, etc.; and the dangers attending the use of
high voltaze sources of electricity.

' t. Mediczl Control of Hazards.

(1) General. - For the control of cccupatioral

hazards, a_completé industrial hygiene service w:s maintained by

the lediczl Jivisicn ¢f Temessee Zastzan Corroreticn. TFarscnnel
tnl facilities'were rrovided for eveluating the notentielly hermful
environcent factors, such as the concentraziion of te:ic dusts, gases,
(r' and vapors, and physical conditions such as lightirgs, humidity,

temperature, etc. A clinical section performed a variety of labora-

tory tests for the detection of possible injury from zaterials
encountered in the oreration of the electromagnetic process. For

the control of radiation hazards, a Special Instruments Laboratory

was maintained in conjunction with the Frocess Improvement Division. .

(2) Ire—employuent Physical Exerinations. - Ia order

to insure-the paximam utilizaticn of aviilatle renrpewer and that
persms euployed would te ylaced in jobs epprepriate for their physi-
cal status, a system of pre-emnloyment physical exarinations was start-
ed, on Tennessee Rastman Corporation‘applicants for eaployment, on

1 July 1943. The pre—employmeht physic31 examination incloded a’

C brief mecical history, a physical examination by a ccagetent chysician,
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leborztory examination of the urine, a lassernan Test on the blood,
end an x-ray of the chest. This type of examination is consicered V
adequate by the general standards of most large industrisl concerns
engaging in work on a similar scale.

(3) 1Interim Examinaticns. - Shortly after the cpening

of the new medicel disrenszry in Juﬂg' 1944, the staff of doctors was
large enough to allow one physician to werk part tioe on spscial
examinations of employees in&potentially hazardous areas. Those
workers‘ employed in the Iiquid Phase process, where phosgené was a
major pctential hazard, znd these handling ureniur: ccurounds (fer
exa.nple: the cheniczl recever; annloyess znc bulk traztoent amrle; ees)
wera _iven Irecuent rhysiczl checl—ups, ircludipn; vlcod eccuni:, urin-
alysis and, in scime cases, bi'é'c&i“hon-prctein nitrc.en indicating kidney
damage end icteric index ileterrd..ations for liver dirz:e. The employ=-
ees having the greatest potential Lazard were examined three times

a year,’ while those where the haw.rd was least were examined at least

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

tions, the employee was refeired to the Ledical Liaiscn Officer for

further study as to the cause of the abnerrality.

(4) Teriinstion Yxaminations. - Cn termiration of

~emplcyment the employee was referreu tc the ieaiczl division for a

short interview to determine i:hether or not he felt he had been
injured in any way by his work. If any complaint was made amd con-
sidered worthy of investigation, the employee received a complete

physical examination to.evaluzte the validity of his claim.

(5) Monitoring,

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

preliminary surveys, a routine of dust monitoring was set up. In

- locations with the highest potential dust hazard, dust measurements

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 two months.

(b) Phosgene. - The monitaring of phosgene,

~the other priricipal hazard, was psrticularly difficult because there

were no efficient and sufficientl; accurate methods of néasuring
this gas at low concentrations. The human sense of smell is pro-
bably the most accurate detector cf the gas at'concentrations of
about one part per million., 3Seccuse of this fzct, it was felt-
that ;‘f.he workmen themselves, when tralned to recognize the odor
of phcsgene rather than rely on the use of guestionably acéur;te
chemipal detectors, could x;mre effectively apply the necessary
safety precantions. Consultation with the Division oi‘ Chemical
Warfare revealed that this principle of depending on the sense |
of smell Las been used bj t.he:n‘in the manufac’ture Qf rhosgene at
Edgewood Arsenal. Since the vapor phase method of making uranium.
tetrachloride has been in use, the rotential phosgene hazard las
practicall; disappeared.

(c) Radiation. - Beczuse of the possibility
of exposures to radiation, the Special Instruments Laboratory began
to survey .the electromagnetic process from beginning to end in the
fall of 1943. Surveys on alpha, beta, and gamwna radié.tion were

carried out., Dr. #illiam Bale, a physicist attached to the Diatrict
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( l.ediczl Section in the Rochester arez, was calleu in us consultant
and visited the Tennessee Eastmin Corperation plent in Februcry 16u4, J
erd agaln in July 1944. During his visits he rmade therough surveys
with portable testing meters amd found that there were no areas
which had harmful amounts of rzdiztion (See App. B 9). Dr. Bale
suggested, however, that the "cubicles" which contain the large
kernotron rectifying tubes, the tybe testing rooms and the cable
. testing rooms, be surveyed periodically. after a thcrough pre-
liminary survey to determine the most probable sources of radiation
g@%@g in these areas, a systes of routine monitoring was instituted in
February 1945. The selected areas were nonitored by placing x~-ray
£ile in light-tizht containers at fixed peints in tre rooms to be
checked. The degree of ﬁlackening of this film gives a ﬁeasure-
(‘ rent of the amount of radiation. This type of monitoring was car-
Mo ried oﬁt twice weekly until the first of July 1945, and the radiation

was found to be far below the tolerance level. "~

c. General Industrial Hygiene.

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

in the followihg table.

ton Patient Visits
September 1943 ' €l
 January 1944 L4365
July 1944 17,459

( January 1945 '22,386
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h-
Junz 1925 ) . A
Scertomber 1945 19,740
"Cebober 19i5 12,940
Yerch 1946 £,339 .
June 191;.{3 : 2,29¢

These {i ures include occupziicrul ise:se eni zccident cases,
nct=cccurational disease cases, special examinctions c¢n groups
erz.loyed in rotentially hazardous - recs, ard rre-zuploynent

examinations. In additicn, cdvice-cn hezlih rcbless was given

by individual consultation, b; articles in the Tenneasee Ezstman
Gcr oreticn Bullatii, :nl 25 72 -eart of the m.per' cr; Trelidng

4

- e, T
2

ent Insuctlion Trairing Tre_ra.s.

(2) Cecu eticnal Injuriss end Illnesss., — The

. P N . ¢ .
reiicsl division at Lhe Tennessee Zestmen Corrcration zlant wes

resgonsible for the nedicel (rocedures recessgry to treat cccu-
reticnal accidents and diseases. an average of 150 occupational
czses, varying greatly irn severity, vere seen every twenty-four
hours in the dispensary. All cases of phosgene exposure, nc mztter
how sdinor, were seen &énd trecroughly checied a‘t, the iisper;_sa:.r},f‘

for treztisent

Cx7ren oreathln equinineri wus rezay anc cvadlatle [
JE J

-9 .

cf &1l rhos .ene czses. il cases cf sevzre injery recuiri:; pro

[N

PR

lor;eli treatnent and cesss reculiris; o'erctive ircceavrres or the
o Py & i H

serviczes of & speciclist wmere referreu tc the Cak Iddie Hospital

for care. The compensation fcris reguireq by Tennessee state law, .
such as the Employer's First Report and the Physician's First

Jercrt, vere filled cut ty the disgensary staff and lorwarded, through
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the Jistrict, tc the iisurance corrier,

(3) Loen=Cccunciionzi In‘uries il Lisesses. - a

liixited mecical service for non-occupaticual illness or injury

was availsble for employees while at work. This service was de-
signed to keep the employee on the Jjob bxr avolding loss of tiie

for care of minor illness. Ferscns recuiring more then simrle
dizznostic and therspeutic procedures were referred to their family
physicians fcr treatmert. Approximately 400 of such ceses were seen
in the dispensary every twenty~four hours.

(4) Sapitation and Public Heslth. - To insure

adecuste senitetion in the hendling ard su £l;ing of fvod in the

rlent site cafeteries, a frequent insnecticn and bactericlogical

testing progrem was carried on by the keciezl Livisicn, which also
(4 supervised mosquito and veriin control.

d. Crganigation.

SN

(1) iedical Division, Tennessee Justman Corcoration. -

The orgenization of the i‘edical Division of Tennessee Zastman Corpor-

atidh/ was started in Fetruary 1943 when the services of Dr. James

d. Sterner, of Zastman Kodak Company, viere secured on a part-time
consrltant basis. He was joined, on 1 July, b; Lr. a. k. Streeter,
]

wic wes appointed tempcrar; llecical Director =zunid becer to assemble

- the dispensary staff. The actual operation of the l'euical Division

begar in Septeuber 194>, in a dispenszr) designed to i:andle approxi-

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

\ S
’ w i .
- of 1 doctor and 2 nurses. The dispensar; wcs a hollow-tile, permsnent

.

- e of building, containing & six-bed ward, trestient cuticles and
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1 end io.ustrisl

doctors! offices, s ws
hygiere laboratories. .8 plunt ¢j.erstions & rocched full capecity,

it wes found thet the original estimate. of the number of eavicyees

was too low, and it beca.e necessary to enlarge the iedical facilities,
In the early rert of 1944, consideration wzs given te an expansion of
the existing dispensary, bdt, becsuse of its off-center locaticn and

tie necessity for the coirlete remouaeling of the building, it wes de-

cidec to construct a new dispensary (See App. C 15) centrally located

viithin the operations area. The new disjensary was designed to handle

13,500 employees. Provided in the building were disgens:ries for
e.er_e:c; aubulatory care, six aocters! ofiices, x-r:, rco.s, trsetueat
cubicizs, spuce ior twent) Wads, ca eauer_ency receivi.:s roc., an

o house totl zhe clinical

t

euscr; &nc, operating roci, & large laborator, t©

ard irdusirial ny.lene sections, w«nd & special instru-ent letcratery.

[P -
Tie nuier of Leus was increased frow six to twenty in the new build-
ing, since it had been determined that even minor cases of :hosgene

exposurz should be observed ior at least tienty~four hcurs, utilizing

rore beds than were ori:inall; thought riecessar;. Eecause of the in-

N .

crzasing desend for x-ray examinations fcor alagrestic ;urposes, par-
aenent x-ray equiiient wzs irstalled in this rew disperser;, to avoid

trznszerting ezl .es to (alr Rildge Hosrital. The uisjgensar, was

- P

2C.3il%Ed sha otcuried aurisg Juﬂ? 194, Tre criinel

£

(22

s;.ensary

builcing ves corveried to an oilice unit for the Cheuistry Lerarwent,
Cn 1 Noverber 1947, or. James Sterner was Iree Lo asswze
the cuties of director of the Yedicczl Division; on a part-ii..e Lzsis,

ure a. I, Strecter acti g wus wssistant Director. at this tice,

I
AV A
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the staf!l consistei of v.¢ ucclers and six nurses. ‘o 1 ) corch,
1945, Jr. Christoriicr Te go ves oblained fre: the Ultel Stives

- ~ . . .
: £y a
-

ioklic Tec il Cor lel, Lo hecosie Dituctor oF Lle

PR L 2.
S _VLEZg,

fde

viti: Dr. Juaes Sterner ccting as rert-ti e consvltant in Industrial
Hygiene Ceatrcl. The staff, on 1 Jul; 1945, consisted ¢i seven doctors,
thirty nurses, nineteen technicians, and twenty-seven clerks and
stenograrhers. By 30 June 1946, the staff had snder oice & .woierzte

decrease to six physicians, 25 nurses, 21 clerks and secreteries and

8 technicians. The Industrial Hy iene Laicretcry was loczted in the

original medical dispensary building from January 1944 ustil July

1944, =t which tise the laborator, was tra-_ferred tc the allcitel
spece in the new uis :ns ;. This <b... o Lo Do 2r perlirs was
necessitated bty the incdrecse iii Igborctor, |er.o:danel. fhis contrcl
section was uncer the su-ervisiin of Dr. James l. Sterner Iroci its

inception early in the summer of 1943.

(2) rCistrict ledical Ssction licison. - On 3 august

1944, It. Bernard 'lolf vwes clecred to work in the restricted areas
of the electromsgnetic rrocess, és liaison officer for the lznhattan
District lediczl Section cnd as radiolcgist. Frior to lt. .joif's
érrival, all x-rzys tiken at the Bispensaﬁj were trensportec tc the

L

(ek Ridze Fospitel for final reading. (n 20 ayril 1945, 1t. .clf

[ ==49
was rerlaced by Captein L, Jafie as Lieison officer, tie letter re-

maining in this post until his erny discherge in larch i1%9:6. The roent-
genolc.ist at Cak Rid_ e Hcapitzl reassuwed, tempcrerily, the resjyon~
sibility cof interpreting the Dispensary'!'s x-rays. On 1l: June 1945,

<y

It. Zdwerd D. Frunk wes clecre. te worlt at the ulsizasir], zad as-
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{ sumed the duties oﬂ i ain Edward Frank's re-

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

6. The Cost, ~ An estimate of the cost of the medical
service, from its inception to 1 July 1946, is given in the following
figures, These figures do not include the first small dispensary used
nor do they include the rental cost of the space used in Knoxville as
a pre-employment examining center, since these costs are inoluded with

the personnel and safety budget and are not available as separate items,

Cost of Construotion of Dispensary $268,632

Equipment 46,073

Operating Costa

(a) Supplies, Maintenance and Miscellaneous

( 8246, 950
(b) Salaries 433,345 680,295

- e
i Total Cost $994,000

3=12, The Pile Proocess.

a, General, -~ The plle process was developed for plutonium
production from urenium (See Book IV of this history). The funda-
mental physical and chemical research on this process was dons at
the Metallurgical Laboratory of the University of Chicago, and small
experimental piles were built and opsrated by the University at the
Metallurgical Laboratory and at Argonne, Two installations were
designed and constructed, One of these was a pilot plant, called
Clinton Laboratories, at Oak Ridge, Tennessee, built for the study
of production methods, and the other was the final production plant

B at Hanford, Washington., The general principles, on which these

o 5.40

A e "
i &y
" -
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riints ere vesed, were Jdeveloped at the Universit; of Chiceic.

The engineering desijn was made by E. I. du Tont de Lumours and

Ccupany, of wWilmington, Delaware, submitled to the scientists of the
University of Chicagc for spproval or revision, and then constructed

by the Du fFort Coumpany. The Clinton laborztcries were opefated by

the Univeréity of Chicagoguntil July 1945, at wﬁich time the ikonsanto
Chemical Ccipany of St. Louis asswned responsibiiity for its operations.
The Fanford Flant was, operatad by the du Font Company with the advice
of tre University of Chicago. The three installations were closely .

interrelzted. Key mediczl and operating rersonnel for both Clinton

Tavori:tcries énd Henfera Zngineer .coriss were, in & lorse reart, either

iAo

recruited froo or trained at the letallur icel léboraﬁor;. Beceuse
exzeri. entation had indiccted that an opcration of this type udght

be heuirdous, elaberste precautionary medicel rreorams were instituted
tc determinelthe source and type of hazards which might be incurred,
to protect operatiné personnel ageinst these hazards, to recommend

the :.ecasures necessary in design for safe o;ération,_and,'in adaition,

to rrovide routine occupational care.

.

b. The Frocess.
(1) General. - Cinned slugs of uranium cre placed
in tte ile in & pre-arringed uan:er, which sulbjects tnen to neutron
voutesd.iente The neutrens ere produced coutinucusl; by uranium
{issior, which occurs &t a controlled rate in the pile. The effect
cf the borbardment is to convert uranium 23€ into plutonium, and
to rroduce certain other breakdown products of uranium known as

"fission procucts." «fter a nre-deterrined perioa of time, the
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activated urandur. slugs zre removeu ) reucte cuibtrel fro. the :ile
tc tenporar, storaze under weter. iz ere loaded under wuter into
leed containers ena transrorted e & sepiriie water storege area.
After a period of storsge sufficient to rcduce the rzdioactivity

of the material (by decay of the fission rrocucts heving relabively
short half-lives), the slugs are rercved in lezd containers end
transported to other :creas in which extricticen and corcentration

cf rlutoniw: is mzde. In these areas the uranium slugs are dissclved
and the plutonium is rurified and concent;ated, in cherdcel rrocedures
carried on by remote control behind ccrncrete shielding. The final
sclution fro.. thids rrocess is re:.ovec tc srecizl isclestion units

in vhick the finel extr.ction is .zle. .zsze2 cresiuvn end by-products

of the extreaction rocess ire Storel for he :cst Cert in under-
cround tanke., Bully, less active wzstes cre .elivered to settlin
ronds. Plutoniwn isolated at Hanford is stored in srecial under-
¢rouad storcze vaults.

(2} ietel Frocessin _&nd Sherirg. - at Kanford

billets of urznium metal are receivzd Irc¢o cicr District con-
trsctors and are extruded irtc rcak. The rc.ls cre sirad hbened,

c.nned

P
JE A

cut~goissen, cut inte suitecle Ze.itirs, ichinsl, contal bl

in ¢ menner z-propriste Yo use in tre | e rccess. rior to the

he T

2¢: letion of these fecilities .U Herlcre, 73 let:lluwyiiccl Lo ove-

tery machined slucs of ureciuvn aetcl cnd (L. experiicnts in costiing

tnd canning of sluzs, =nd oxn:riienial rorring of uriaduv. setid.
(3) Drreriment:l .ori. - Chericcl wind physies
reszoie’ o &ll rheses of - lubtoniin | lvinetiin wore couductew at
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both Cliut.n Leboritories ww ilie iwetuilurgicau laboratory. New
methods of opuratiof were iirst investigatec on isborutory scale
prior to inauguration of regnlar groauction procedures. In addition,
particularly ot .Ulintém Laborctories, ccnsiderazble effort was ex-
perded in study of methods of isolztiovn and on the physical ana
chenmical properties of the radicactive fission produc.ts frem the
pile reaction. As in plutoriuw production, "hot" uranium slugs
were passed through the water canal, and taxen in shielded con~
tainers to special "not" laboratories in which separztion and re-
search on fission procducts were conducted. This work was confined
to laboxfator;,t scale. .

¢c. Hazerds.

(1) General. - Trne principal hazerd of the pile
process results from the enoriaus anount of radicactivity produced
in the operation. In addition, the plutonium and the fission products,
are radioactive meterials capable c¢f causing serious deamage if ab-
sorbed in sufficient quantities (See par. 2-2 c(4) and 2~2 c¢(5)).
Consequently, the most jixportant facter in safe operation of the
plant was engineering desi’gn, whnich protected against radiation and
minirized contact with the .aterials.

(2) Letal Sheping znd iTocessiig. - The primary

hazard o’f the varicus preperatcry .rocedures is tuat ¢f breathing
uranium dust. However, as indicated previously (See par. 3-7 b
(6)(c)) the dust is the black oaxide (U30g) and is essentially
non-toxic. In aadition, there is exposure of the hands to the re-

latively weak radiation frae uranium metal. Under ordinary con-
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ditions of handling, tids constitutes a negli_ ible hazara. Finaily,
in clezning the uranium slugs, ecids and de.reasing agents
(tricihlorethiylene ard carbcn'tetrachloride‘) were used. 1t seems
likely that the use of carbon tetrachloride constitutes the greatest
danger in this operaticn.

\ (3) ‘Operation of the File. - The hazardous caupon-
ents of the radiation produced in the pile are neutrons and gama.a
rays and, to a lesser extent, beta rays (See Sect. Z-é b}). A tre-
mendous amount of ccoling water is required by the process, and in
passing through the pile this water and the air it contains become
raaioéctive ‘end require special ha.ndling._ The uranium slugs, and
even the caterials of construction of the pile, Ltecome intcnsely
redioective. Consequently, removal of the slugs and any repair WOTK
done on the pile reguire intricate protective procedures.

(4) Plutoniuw fxtraction and Concentration. - The

principal hazards cf these precedures result frcm the intense radio-
activity of the activated uranium slugs, from the rauioactive gases
liversted in dissolving the zetal, and from the toxicity of plu-
tc.Cum anc the fission products (See par. 2-2 c(4) anc 2-2 c(5)).
Tre toxicit, of these r;;a‘terials tecumnes imgortent only in the f{inal
sezuraticn of plutcniwzb cr -n case of accident. Sapling vrocedures
trroocghout the process introduce the udditional danger of Spiils

of active .aterial. rinally, waste solutions froz the process,
containing uranium and fission prcduct.g , are hazarcdous because of

tre radicactivity present and the toxicity of the materials contained.

(5) Experimerntal work. - The ressarch work on plu-
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ﬁonium producticn snd on iscluticn and purificsiicn of varicus otner
radioactive isotopes was cccompanied by zli the hizerds encounterea
in the pile process production plent. In su.e instances the hazards
were greater in the laboratory than in the plant beczuse of make-
shift shielding and equipment. Tnen, too, sefe practices for ex-
perimental worx could be developed in a general way only. Final
formulatipn of specific rules had to await inforciztion oltained
from the research work. In certain instances, also, familiarity of
the scientists with radiocactive materials made tliem less cautious
than they might have been.
d. Eazard Control.
(1) General. — Hazzrd conircl was dividec into
the following parts: monitoring, wnich includea iethous c¢i check-
ing personnel, plant ereas, atmos here, and wastes; and protective
procedureé which concerned floor :nd table coveri:gs, protective
clothing ard equipment, and methods cf rotating emplojyees in hazard-
ous areas. 4automatic cocntrols were installed to stop the apparatus
wnen over-tolerance levels of radiastion were reached.
(2) Monitoring. .

(a) Personﬁel. - #11 individuels werk.ng on
the pile process, at all three iocztions, were cerefuil; ciecked
to insure trat naradul wnounts of reciation were not received.
A1l persons admitted to areas at Clinton and sanford which could
possibly have significant amounts of radiation were required to
wear two pocket ionization meters and a film badge (See par. 2-5 c).

This rout.ne was the usuzl practice 2t Chicago, but was nouv campul-




scry. The jeciiet weburs verc read woi.y cnu the fiim badges at

interv: ls of cne or twe weeiis. If the ;cchet weters indicuted tihst
expcsures ubove the toleruice leves of u.i roenctgen of veta or gauma
ragciation vere 'receiveu, &n iuﬁe.;iate crheck of tne type of exposure
WaS iave, oo corrective secsurzs were _..stituteu tc .revent re-
surresnce. AnGivicueds vic ra@civau cre bhue tolerwrce amOuﬁts (a

rave océurrence) were obscrved closely ifor a perica of tire Lo iiisure
that no bodily damage wes incurred. hadiaticn of the hands was

chechted by the use of Mg film meters or wrist -badges (Sée par. 2-5 ¢c).
In adaiticn, finger }idge impressics were tzken at‘3 month interviis
of ail empioyees nandling rudéicactive :aterizls (See pars 2-5 cid))e
Chanig=f i.. the fingerprints of any indivisuas wes suificient excuse

to erfect an immeéiate'investigaticx. nt Chicago, as a further

check, stuaies of tae cepiilaries cf ine hands were also made, and

at the ;nd of every shift the gloves, nuats, shoes, respirators and
protective clothing of empioyees woridng in reauiczctively cortasinated

f

-reas were tesicu. Clothing containctea witi: rediosctive material

was sent to a special laundry for decuntcmivatics. 11 evidence of
over-tolerance activity still existeu in this clothing after laundry
procedures ﬁere carried out, it w:s eitler iisceruec or stored until
such excsss activity dirdrished by natursl rudioactive decay. Hand
counters wers used to deterrine excessive hana centamination, and,

if contaminated, the hands were cleanea by scrubting or chemdcal

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

coztinyously recording instru-

in the :lunts were nonitored, L,




N

me:its, equipjea with e;utu.mt;ic akarn aevices, uhich were sel off

as scon as the toierance level of raalcactivity was reached (See
app. C 23). Bioiogical monitoring wus also carried out &t Clinton
Laboratories, by placing rabbits and rats in strategic iocations,

to determine whether long continued exposure wouid have any signifi-
cant effect on them. A specially trained staff of workers examined
all vork urezs, a;;paratus, equipment, tables and hoods at regular
frecuent intervuls to determine the gresence of harmful levels of
radioactive substinces. Analyses were ma.dé of the air to determine
the ccncentration of radioactive dusts or gases.

(e) Atmosphe:e. - gases and funes exittea
by tre _iie enrc vy the cheidcal separstion process exneust stacks
Wers exa.dned cerefuily in_order vc .revent any hazord to the .lint
arzes wna to the surroundin, regicrn.. Coutinuous cnecks were made

’

for tie presemce and wacunt of radioactive -gases by tne use oi

»aw

recording anclysers wa film packs. This eguiument was in struvegic

locations in the iucediate vicirdty of the three installations, with

otrer ucits at aistznces up to several miles from the stacks. kLo

hazardous concentrations were found at sny time. JSame biclogical

monitoring was carried out at Clinton Laboratories b, introducing
anii.als directl; iitc stack gases anu examining theam ot intervals

to ceturiine whetner injury nad occurrea. To Zate no injury has

been uenorstrated (See App. B 4).

(d) #ater. - Large quantities of water are
used in the sepurstion and decontamination procedures. Continuous

.c:itoring of tnis waste for rauiozctivity was carried out, in order

SER
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( to prevent ruadicvective -proauwcts irow being aisciargeu fato the

strezms in the vicinity.‘ all the water after use wus wreirea iato
nciding ponds where it was a.u.lm#e; to remain until its zctivity was
reauced by .recipitaticn and radioa.ctiv'e disintegretion. iIn addi+
tion vo the check cn the water, additional studies havé-been carried
out on the mud of the atream ued, Lie plant iife end algae znd the
tish population at optimus Locations (See agz. B 5).

(e) Maintenance Work. - Lainteu;nce viork in

any of the hazaraous areas Wwis precedéo by :‘_oniioring surveys and

a job analysis. After careful evaluation, special :rotective eguip-

sent such as clothing, respirstors, gogzles, ana glcves nirht be
reguired. The wonitoring was continued duriig Zue eatire period
of work. Upon cuapletic., special examinaticis were ..aae of iustru- |
( zzrts, tools and clothing to detect any wnusual amount of rausio-
activity. Pocket meters and filr badges vere rexzd cni every por-
sible precaution was taken to prevent over<ex;csure.
(f) HKisceilaneous. - Special surveys for radio-.

4 4

active contamination were nmade poriodically in the c:zfeterias,

laundry, office buildings, ami otier locations witiin the plant areas,
tc cetect the uepositicn of minute quantities ol raciceetive icterisel.

vhec<s were .ade on the stmos.neric content of .eaa .n the lead siop

-vhere the lezd siields for protective w.its were fair:cateu.

¢

(3) i—'rotect;v;'Proced\Ees. - Spécial rrotective

apparatus and procedures were found nécessary to eiicinate chose
nazards which could not be conirclled by engicesri:ng -esi;r and pro-

' CcS58ing »etnoas. As previously stated, these liciuce ife ude of floor
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' ana tacle coverings, ; rotective a,.clavus aru equipicent, and repular
rotation of emplcyees away frois nigh exposure areas.

(a) Floor und Tsble Ccverings. - To guard
against high radioactivity in the concentraticn and isolation pro-
cesses where the concentrations of plutonium and other substances
of this type were comparatively high, worik btenclies, tables and
i‘ioors were coverea with paper which in turn was destroyed and re-
placed at regular ix.t.efvals. In some léborat.ories glass tops were

found to be preferable.

#}Q , (b) Protective Clothing, Apparatus and Equip-

ment. - Periodic change,‘ of protective wora clothing for all em,loy-
ees working in plant areas was required. Tris iucluded coveralls,

oves, hats and shoes. ihe periocas of tire bet.ecn changes were
2 5

: ( determined by the type of work perlcrued, ;cssicliity; of exposure,
Kol end actual cortaminaticn as deteriiied vy tre wonitering for radio-
h act.:ive materials. In certuin E:az;.rdou;s arees ciean clotning was

regularly issued daily. Spsciai gloves were worn in carrylag out
,;G“F,‘ those ogerations which .necessi't.at.ed exposure of the nands to radia-

tion or contaminstion. Kespiraters, previcusl; tested for efficiency,
were vworn in &all maintenance work involving exnosures to tne radio-
active dusts of 1ission . fouucts and ,-l'utonium. Gogglies were issued
to all employees‘engaged in operztions in which a ;cssibiliity of the
c.ont.am'.nat.ion of Lhie eyes existed,

(c) Rotstion of Emuioyees. - If it became nec-

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

erance for & linited reriod of time, trose w.orkers were tien re.oved
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froi. the l:azardous work ana reassigned to cther rauiation-iree srecs
for the tiie reguired to astermine that no aamsge ned been incurrec.
There were very few cf these cases, the actual number not being avai.able.

(4) Medical Examinetions. - The medieal controi

- d

of the nealtrn status of plant employees was exsrcised by the
following exa:instiors. 4ill employees received a pre—em:loymert
examin&tion before being hired to work in the plant‘ai'ea. hteﬁai
examinaticns wex;e carried out at sp’ecified times, for general
health cantrol and tc dstermine whether any dama,ge, due to expos-

ure tc radicactive wmaterials, had been incurred. A termination ex-

.

amination wes carried out at the tiwe of discharge, to determine
whether. any ci‘.a_nées nzd occurred which mg,ht be related to exposures
to ruuicactive hacaraes in tre plants. The pre-eaployuent e.xa{nina—
tion ix.clu:e.i‘a cazpiete p‘n,ysié'a.l exauination, cnest x-ray, coplete
blood count, urinaliysis, and a serological test for syphilis,
Physicz.l: examinaticns were repeiteu st intervsls of & to 12 months.
Laborztory examinaticns varied in frequency, &epem;ing on the degree
of hazard, and usually consisted of bluod counts}] and urirslyses, re-
pested et interveis of no mere tian one month icr persons in hazard-
cus wreas. Tercd.ction exauinations were similar to the pre-
CLplOYyieli. 3X&LSnatious. ‘Speciul attention wes uir.cted toward
tre uetectiun of changes cue to reciation. ‘The traisfer exauinaticr
on eujioyees woving to other aress was identicai wit: the teruination
examination. alli plant perzonnel working elsewhere in the arezs re-

ceived these exumirstions ot intervals of three to six montns. OUc=-

caSichal £1COd afn. urinzr, examinations for leau vwere carried out
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( v indvicuels vio had exgosure to lesd.

%, Evaluation of Hazarc Contrel. - fhe .ctliods

incicuted abOVE  roviue. cuiLlete _rovectiun of uhe inulviduwls
working cu Lhe verious phuses of the _Ile :roczas. To .aintain
such high steiderus of vrrotection necessitated a very co.sideretle
expenuiture of ener.), anu the ﬁu.-::ber of ;crsons reyisreu siceeded
by fur tie number usually assignec tc this t), e ¢f weri. 48 an
auditional protective ceasure in these o eratiocns, a vsry conser—

vative view was taken of the dosages of rudiation and cf racio-

active substances considered szfe for long-continued ex;osure,

end additicnzl foctors of safet; were iiwvroducew in .03t instances.
Tne fect that nc evidence nus dewvelcred to .ndic te that auy
indiviauzl kes been injured in any way bj tne speciar nazzrus of
( this ;rocess, is cansidered to be wiple justificaticn for the
m ' efforts expended. .
¢.= @ General Industrial Hygiene.
(1) Hanford Engineer works.

(a) (bjective, - The Industrial Section of

the Meuical Departient at Hanford was réSponsible ifor: determining
the physicsal status ¢f aprlicants for work in the pilec process
plant, in crder to utilize most effectiveiy the maLpower uvailable;
' tie protection of tihe empioyees cnd tie ,uwic frum over-exposure
to rauiation una radiocactive substances, by a.jpropriate exanina=-
tions of the plent environment ana of the plant persornel; the care

of occupational illnesses snd injuries; and the minor mecical care

( necessar; to reduce absenteeism.
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(b) Cecusetionar ene Non—Geou stivcal bewical

Care. - The Inuustrial Secticn was respursitle for tie treatment

of all occupationai illnesscs and injuries. l.nor czcses “'.-:ere curea
for at the first-aid staticns. Patients requiring hospitalization

were treated in Kedlec Hospital at lticihland, nasnington. Close

" liaison was maintained betvecn the ihysiciuns of the Industrial

Section and the staff of the hospital. AS & zatter of -olicy,
treatment was provided by the Industrial Section alsc for winor non-
c.'ccupational illnesses and irjuries, in crder that workien could
receive treatment with the least possible loss of time frou work.

(c) Iié;.::‘t.ion of Industrizl ieaicul Livision to
Cperstiouns. — a Speciel Ha;z:—.rd Cawiitree wee sstablishea in dovenber
1944, 58 « subcouc’ttce of the CentrzrSafely Coumdttee, to act as
Lhe lizison group cetween tl..e industrial lecvical Secticn of the ked-
ical Depertment and the Cperations Supervisors. The Coianttee re-
viewed various radiatioﬁ hezards and isgsued special bulletins out—
liping the controul procedures to be used-cy plunt persounel. Respon-
sibility for radiation safery was priusrily bcharged to the départment
concei-ned with any particuizr opérat.icn. Tr.e Hezlin Uepartment In-
struwsent Group of the lndusirial lLecicel iiv.sion were reyuirea to
Keep tiie aepartments informea of tne exisivence of unsufe working

conditions or operating practices. The LKezith instrw.ent Group
z13¢ provided an eaucustionali jrogruem for-sy ervisors on radiation
hazards and jrotectior.,

(d) Catastrophe Frogram. ~ An area evacuation

plan was devised, and revisea periouically witn changing ccnaitions.
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orderea, to anéwer emergar.cy culls, anu, aiter corpieticn of these
duties, to pick u; their personnel and establisn field headguarters
in a location uesignated by the Health Instrurent Section.

(e) Crganization. - E. I. du Font de Nemours
and Company, the prime contractor, accepted the responsibility for
all meaical care reqﬁired in the operations phase, both the industrial
and cosemnity wedical care. Ur. W. D. Norwood was chosen in Feb-
ruery l9¢3 to be Director of the iedical Depertment. He was es-
peciaily qualified for tnis position as hclder of a degree of kaster
of Science ir: klectrical ing.neering, in aauition to long exg.er-
ience as an ircustrial physician. Doctor liorwoud received indoctrina-
ticn in the special hazards of the Froject &t the hetallurgical Lab-
cratory of the University of Chicugo and began fuli-time work in Rich-
land, .{ashington, during karca of 1944. He was joinea in Septeauber
14k by L. S. T. Contzil, a speciclist ir. radicicgy from Seatile, and
by Dr. E. L. Parker, & specialist in raaium dosimetry. Doctor Cantril
and Lr. Parker had both had considerable previous trairing at the
xetallurgical Tuboratory, ana had been active in the directvion cf
ti.e i.edical Leparu.ent of Clintcon lezvoratories. They tecune the
nesus ¢f Incustriul Leaicine and Healtd: Fhysica respeciively. addi-
tional physicians, nurses, technicians, and otiner heljers were auued
&s tte needs of the Sectiun increcsed, until & total of 8l persous

were directly employed by the Industrial Medical Division and there
were 145 in the Health Fhysics Croup. )

TR |
(f) Facilities. - Tie principal headquerters
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of tie Inustria. ledicul Livision wes-in Kaaiec Hospital (See app.
C 16). Space umi fecilities were availsble for pre—az.plé:,‘ment chy-
sical and laboratory examinations, and for the administrctive of-
fices of the HealthL Fhysics Group. In addition, first-aid stations
were estatlished ‘ixa each |lant area (seven in all), to ccre for
cinor ilinesses and injuries and to conduct periodic physical ana
laboratory exuzirations. All of these stations were open on & 24—
hour basis except the one in the X0 area. The work schedule in

this areu was only one shift per day and the first-aid stu.tion was

‘cjiruted zccordingly. The first—aid station in Kadlec Heospital was

useu for atients requiring specializei. cure not avaiiatie in the
ereas. aftcr 1 Februzry 1945 this station alsc served ss the Village
euergency nedicsal center fram 4:00 pow. to 5:00 &...

| (¢) Records. - lThe records of vhe lauustrial
Yedical Uepsrtrent are kept separste from all other hospital and
clinical charts since they comprise pert of the amplcyeels suploy-
ment record. These nseuic:l records are wade in duplicste, the orig-
inal being kepf. in the central record room of Kadlec Hospital and the
dupiicate poing to the area first-aid staticn. If an empioyee is
irensferred fre:. Hanford to another kenhattean vistrict  reject, a -
g;hc:.c’st.ur,ic' cop, of the reccra is forwarded. The surerviscr of
iaustriss secical records is ziso in chzrge cf congw:; accideat
ant newatn insurance cluiis, tie clerical vork reiative tec Lecical

leaves wnd cbsences, .nd the necessury contacts with tne ecplioyment

end securit, werortoents to insurs that rrior medical &oprroval is

receiveu beture emglcyees ara visitors are periittsc in restricted
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areasS.

(h; The Cost. - The net exjerse of tie Indus-
trial kKeaieal ~ivisius irc. its lacepiion tirwagh 30 June 1340,
exclusive of facilities, wus #2,581,156.£5.

(2) Clinton Laborutoriss.

(a) Cccupationsl und Nom—occurational Care. -

The care of all injuries received wnile working at Clinton Laboratories
was conducted in the mediczl dispensary. This type of service formed
approximately 25 per cent of the activity of the firat-aid and treazt-
ment section. The remaining 75 per cent of the work consisted of care
Close iisison was maiitained
between the dispensary physicians anu the worker's person.l phjysicicn.
Any patient req'uirin;__‘ nics;ital care far either cccupational or non-
occul . ticnal illness was closcly followeu.

(L; Belaiionsiip to the Safety Department of

the Clinton Laboratories. - The Ciief uf the iZedical Division was a

melmber of the Centrul Safety Coumittee cf the Clinton Laboratories,
which met at monthly intervals, to set down measures for the control
of t.hé hazerds occurring at this inatzllaticn. For the contrel of
special medicai hazards, a Subcommittee én activity Hazards was
formeu. This group, whicn .®¢ usuelly at montiiy intervais, formlated
an exte:sive zznual on the detection and cont:ol of hazards from
radiation, 1n this .ullication measures were establishea for ef-
fective contrcl of the raiiation hazards of 'each area. ill sub-

major and majer sccldents required a corbined investigation of both

the Satety wnd toe iecical Wepartments. linor injuries were iavesti-
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gutea b, the oalet;, wercrtuent o.1;. all injuries vere iiwestipated
vith perticulsar cure if there was & chance of contaminstion by radio-
active sateriai. uneports wei‘e wzde Lc tne Safety Section of such find-
ings , and contrcl ressures were set up by the caubined effort of both
the Sufet; and the lLedical drganizations.

(c¢) Catastrophe Frogram. - Two catastrophe pro-

prums were organizea tc srovi.e for tle jyrotection and trect..ent of

plant persauiel in tie case of a najor energency. Une program Was

estublisned for tie vilnton Liberatories alicte, ana the otier was

a grou. enterprise under the coitrol of the

Co.. ILGEE LS, 1T+ «DOVISL1GS Were nacs uiiLer Cobh Jlsns for tie

evacuution of tre piont L eres, ead Lihe trectment of all injured

perscigiel.

(d; C(ther activities. = The medical division

also supervised genersl ;v.ar.it.at.ion, water turification, waste and
garbage renoval, «nd tne lisce. A visiting nurée' service was ziso
uaintained for tie home visits and care of certain patients not
sufficiently ili .o rezuire hospitalization.

(e; Clrganization and Facilities. - Since the
mejer Gazarcs ¢. tne (lie opercticn vere well defiyed before con-
structican w8 steite. zv Lidnioa ieworitories, it wes possible to
rrocure the ..ecical .Lc;rsu.‘;‘el ce.ore Lihe facilities were campleted.
Ti.e sslection of indiiicuals faciiiar «ith hazerds which would be
encountered wes made ¢y Jr. R. S. Stone., Under his direction the
general polieies oI hawuard contrcl for th.e pile process were deve-

loped., A&xperience was gained al Lne argonne experimental pile and
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(f ‘ the University of Clice.c ietallur icel laboraicry. In Serterker
of 1943 Jr. S. T. Ciuitril was trunsferre. fro.. the ;.etailm'g,ical
Leborztory tc Clirto: Lsloratcries ana placed in charge of tue Ledi-
cal Divisien. In July 1944 Dr. John E. Wirth was appointec to t.heT
medical staff, ana in September of that year he succeeded Dr. Cantril,

_who was transferred to the Hanford Engineer .iorks. A nedical dis-

pensary waa planned anc constructed to rroviue for routine exami-
nations and necessery f{irst-ald and amerzency trectment of zn esti-
mated 1200 employses. It provided a first-aid and emergency treat-

ment room, a four-bed ward for cere of casualties, a .dncr surzery

rooi., a clinicai lecborstor;, @ni six co.birzticn cflices and irezt-

nent rooms. Construction c¢f this builadin, was startea in april of
1945, _gnd in August of 1943 the first pre-employuent physical sxami-

’ naticns were carried out. acditicnal space was later provideu for
the healt.h-physics (moritcring) end instruwent labar at.o;-iea in the

% | :

.  new Health—P-}:y.sics buiicding. The medicel facility at present is

staffed by the chief medicel officer, ur. .irth, and three assistant

physiciaﬁs. "Six to seven rurses have been .ufficie.t to permit the

dispensary to be open for the com:lete 24 hwur shift. aprroxdrately

six preé:nployment and ive to six terrinztion (r tracsfer exal-~

ect stertea., Jhe

&ae

nations have beell carried wit aell singe the :ro

working ,ornuletion has re.aiies within the extre.es of 1100 vo 2&0C

at all times. Approxi.astel; SU to 130 patients are seen dsily ior
iirst=¢id and e.ergenc; treatment. Routine and sgecial examinaticns
for perscns in hazsrdous zrez: ar: alsc carried aut.

(f) T.e Cost. -~ The experse entailed irn _roviding
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incustrial .ediced service at Clintow Le.crctordies froo the sturt of

cgeraticns until 1 July 1946 is estdiatea at 368,000, This aucent

. . . $128,000 #24.0,000
includes arn c..penciture of &GS;-&GG-:’O:- facilities, and »3+Sly000

for operations,
(3) Letallur.icsl Laborator;.

(a). Cecuraticn:l cad Non-occu . ational iedical

Cere. - All out-;atient occupaticnal ard non-cceu: aticnal pedical
care of eipleyec.’ of the letallurglcal Laborator; was i srforred by
proe ect physicluns. ©Dispensar, facilities for this service vere

ma.intained in Billings Hos_ itsl cf .as Un.;veréit.;, of Chicagq fros

June 1942 until 1 July 1944, zn. =ziice that tie ser-ices ies Leen

rencered-at orexel ouse, the icelilh cziter of this Univer:it,. Fer-

o S > a o 3wt .
fer cecupatic:l illress or iulury

sons requiring hos: ltalization
vere niaced in Sillir s ‘lespitel under the cure of o re ber o the

reculer attending steff. Eiiloywes were furnishel cut-patient czre,

vithout chexre, for son-occupaticazl i1llnmesses o o ceecidents. This

service 1¢5 ~rovided to winimize the tize Zust b, recson ¢f niner
illsess, wi:a wlsc to escertezil. thet the 1llnesses were non-cecupu~
tional. rHespitilization wnd- chysiclans fecs icr non—oceunational
illanesses .4 injuries wiers ...t rcvide.. However, .rcject _hyszicians
awdntoine cleswy licdison uith the rhysiziuns curing for hosgit.lised
L
Billlois Yespitol rsrevided conisvit-

wersviaial . dtudl hysicicns froes Eil

ing service when consultaticn iics necessar;.

() Lelaticns i: to the -Safety Depertment cf

setellur;icsl leborator:. = The 3zfety Derirt.ent accepted the respon-
. revention., The ZSection of

sicvility for ordirary s:.fety an.-fire
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Ciirical Zeuicine ves respcnsible for all rauiatior hazerds, for safe-
hardling of radicactive materials a.d cie.iecals. .ren & situatiun
involveul toth depart..ents, cauferences werz held znd the lines of
responsibility werc ceterainea,

(c) Catastrophe Program. - Because cf the imany

safety features incorjorated in the operasticns at i.etallurgical
Laborat.pry » no catast-orhe pro, ran wes cinsidered ..ecessar, by the
University of Chicago, and none was organized. :

(d) Gther Activities. - A number of the phy-

siciens erployed by the letallurgical laboratory for this Section
devcted their time te clinical resezrck. I“is vork was dirzcted
nricaril; toward tests which would indiccte sarl; dzmace fro:., or
provide smeans of ieesurin_, absorption ana excretion of the raterials
in use.

(e) Crgenigation. - or. Robert 5. Stone, ssso-
ciate Director for Health of the lLstallurgical Project Joined' the
project in July 1942. He wes assisted by Or. Leon Jaccbson, who
was consuitant. to the project beginning in January 19h2; he started -
giving half-time in Noverber 1942, and becane a full-tiue staff
meaber in July 1943. Dr. S. T. Cantril was added to the staff in
august 19..2., (e became virectcr of the ieaical Department of
Clintcs iaboratories in Sept.mber 1943, zna in Septerber 1944 he

wes transferred to Hanfora Lbngineer .orks tc hezu the Incustrial

"Leuical Frogrenm under ir. ). D. Norwoed.) bir. J. J. lickson and

Ur. lzrpgaret Nickson were employed in September 1942 and May 1943

respcctively. The folluviny doctors were addeu on the date 1ndi-
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cated; Dr, S. Schwartz, November 1943; Dr. E. S. G. Barron, Novem-
ber 1943; Dr. C, J, Watson, November 1943; Dr, E, Clay, 15 March
1944; and Dr. J. G, Allen, July 1944,
' Dr. Robert S, Stone has been direotor sinoce

coming on the project, His first assistant, from August 1942 to
Aupgust 1943, was Dr, S, T, Cantril, and, since May 1944, has been
Dr. leon Jacobson, Dr, Jacobson has been in charge of the blood
hbomtorjr since coming om the project, and since July 1943, he has
been in charge of clinical medicine (medical care of ocoupational
and non-ooccupational illnssses and injuries) and of olinical investi-
gation (special laboratory procedures to detect injury by, or msasure
excretion of, chemicals)s In this work he has been aided by Dr. S.
Sohwarts, in charge of biochemistry, Dr. E. S. G. Barron, in charge
of Enzyms studies, and Dr, Margaret Nickson, in charge of skin
studies, The clinical medicine at the start was dome by Drs., Cantril,
Jacobson, M. Nioksén, and J. J. Niockson. Tt was delegated 15 March 1944
to Dr. E. Clay who oontinued until 21 July 1944, Since that time the
clinical woric has been done by Dr. J. G. Allen; Dr. C. J. Watson has
aocted as consultant to this Section and also the Biological Research
Seotion, Dr. M., Nickson has acted as a c.onsulta'nt/ onlv,since MNovember
1944,

When Dr, Jacobson was made Associate ﬁivlsion
Director in May 1944, the Industrial Aazards Division, previously
included in his Section, was removed, and Dr, J. J. Nickson was

made Section Chief,’
Approximately 19 persons worked in the clinical




(Par. 3-12e(3))

medical section, about 50 in clinical imvesti:w.icn, ciu an average

of 32 in the Industrial Bazards Sectiou. a} roxinetel; 90 rerscis

were attached to the iledical Division at the peak of emgloyment

(2500). At this level, there was a turuover of about 20C persons

per mgnth, and the number of examinations, incluaing pre—eaﬁlcymant,
interval termination, occu;fational and non-occupaticnal types, totalled
ap:;roximately 1,000 per munth. The rather large nediczl staff was
necessitatéd by the hazardous, laboratory-scale experiments, and

the considerable turncver of versonnel.

(£f) Facilities. - From the start of operations

itil July 1544, cispénsarg tacilities of Billings cs)pitzl were .

used by the physicians of the .letallurgical ircject. Since that
dezte facilities in Crexel Eovse have been usea for & isyensery.
This instellaticsn .roviues out-patient feciliiies, sipmilar to the
average physician's office, sultable for ireating udicr illnesses
e inJuriés and for rmaking physical exeninaticiis. In additicn,
a s.all laborator; was providea for making emergenc; laboratcry
examinztions. Rcutine urine and blood c¢xaiinations were dcne in a
laboratory logatei in EBilliings Hospital.

(g). The Cost. - i'c trez.cown of the :osh °f
coaicting this zervice 1s cviilable., Jt is i:cluce. in the sconss

¢ the Hezlt™ l:¢_re.a of the ietadlur ical Iuveriter; et Chici o

2-13. Folcoiua Freducticn.
The reed for polenium (cr :adium P) zs a nzutron
source for use elsewhere in tne Distirict was foreseen in early 19.4,

er.a eccoraiigly a :.rocessing .rogram was instituteud at the lcusanto
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Cheiiicel Compwn s

a. Frocess. - Units /3 ard 7L of the lcnsanto Cherdcal
Cc.peny at Leyton, Chio, vere sct up for the exiraction zna purifi-
caticn of solonium. From November 1944 to Jznucry 1945 & small amount
cf ;olcniun wes extracted froi. rodiocactive lead ores, but during

January 1945 tiis ' rccess wes cbanicred. Concurrently with the ex-

traction fra. r:iiocactive lead ares and continuing up to the present,

a secand rethod for preparation of oloniwa has been in use, vhich

‘produces a ruclk larger amount of elonium than can be extracted from

lead are. The polonium is artificially uroduced in a pile by the

neutron bombardment of bisrmth. T-e polcniuu is then chemiceily

*

~

extractea, frc.: the uinchanged nismuth renzinic:, and further rurified

Lty ;:h:,-sico-t:he._:_.;ical rrocedures. . detailed explenetion c¢f the pro-

cess ceain

1.

be found in the voluue cancerning the los slarios Prcject.

b. Mazards of Foloniwa F’rodﬁ;:tion. - In aa.dtion to the

hazards of chewiczls in genersl use suchk as acids, alkalis, etc.,
there were two special chemical hazards noted only in the process

using the radioactive lead ares. Thesc Lazards were ex:osure to

lead and tellurium. The najor hazcris were Zue tc &l-ha radiation

from roloniuy; bete wnd jawvi. radietion fro. the ;r?curscr cf rolen-

s RS | bl Lo N C e P R N P - LR TP
PR s (;.h;llﬁi:'. &)y LN czta wod Cleli TIAAGLICN LI L2 tivibed 1.are-

Lies seen os siiver :ad iren (leo Cire 3=2 0N
fre.. the texdeis: f colosdn ner sz (cee rav. 2-2 ¢(3;).
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¢, .eaicel Contrei cf Hazaris.

(1) General., - The industrial hy,iene program for

ccrnbrol of cccupetional hazaris at Daytoii was under the direction of
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,
the Tndustriel .e.icel Livisicn of the Lanhette.. vistifet [ edizel

Section.

2) Ledical :xami:ztions.

~

(a) Pre-gggloiggnt. - Fre-smployment physicel
examinaticns were .andator, cn &ll inca.ing empicyees. These exani-
nations servea as a vise line for sut.sequent examinations an. zlsc
insurec the :axirum ﬁse of avzilatle mannower in job situatioiis
suitable to the employee's best interests. Tle éiamination ircluded
a brief medical history, a physical exaxzination and aﬁﬁrra; of the

chest. laboratory exaudnations of the blood and urine were performed

znd blood serolo;y was ccne as & check for syphilis,

(b) Interval Zxaminaticns. — Feriodic physical

examinations were performed on the expcsed enplcyees every six months

( while the unexposed perscnnel vere exanined once a year. Routine
S complete blood counts were done on the exposed group monthly while
the unexposed group were checked every three months. Urine analyses
were done on the exposed gradp weekly and on ths unexposed group
;¥§$3< monthly. These examinaticns were designed to ‘detect early signs of

toxic effects frew work with polonium.

(¢) Termination Examitztions. - “/hen an em-
:zloyes wes terainsted, he was given an examination much iike the
pre—-emiloyient exarinatics, tc deteriine .het'ier he had receivad any
deleterious effects from his emplcyzent. This rroceaure was of |
benefit to toth the terminated employce and tne emplojer.
(3) konitoring. .

(a) atzosvhere. - ~ll recirculated air was

— *
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conitcred daily for racicactivit: win the circulating cucts a.a
preci:itron were clewned «nd deco..ta:inated on the bLzsis of the
readings obtained. The atuosphere of all "hot" laborztories was

also monitored daily.
(b) Radiation. - Because of the large amounts

of radioactive material present it was necessary to make daily

- counts of all working surfzces, including the hoods in all labora-

tories handling active material. To facilitate job procedures and

prevent excessive radiation c¢f employees, detailed monitoring of

- routine operations was done on freguent occasioras. Specialyor oc-

cegional operaticns were carcfully ronitored to wrevent accidents
and to supply cat: for future reierence. xll coriiiners of active
material were zonitored before snir:ping.

(c) Fersonnel. -~ Ev;loyees exi:csed to jclonium
had urinalyses for‘this element weekly while the unexposed employees
wefe checi:ed monthly. Analyses cf “lood and feces for radiocactivity
were :iade when indiccted. Routine Leta and gamma radiation monitor-
ing was done on all personnel by the use of wrist films and pencil
chambers. Twice a day routire hand counts were ddne 6n»ai1 personnel,
and s8ll clothing entering the leundry wes monitored before and after
lzundering. 4ll exrosed persorncl were fingerprinted (See par. 2-5 c
(4) every three months as an added precaution.

~ d. Generel Industrial Hygicne. - The core of occupational

and non-occupational illnesses’ end accidents offered at this instal-

lation was limited to that which-could be handled by the registered

nurse in attendznce at the disp.nsar;. Illi.esses and accidents of

3.64
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more theén mincr nature were referred to Dr. Lynn Baker, who vas a
rhysicien in the rart-tise employ of the coxpany.

e. Crrzanization. ~ Frou the tiwe of its inception uatil

April 1945 the Health and Safet, Secticn wes under the direction of
L. L. E. Silverman. In April 1945 Captain (ther lLieutenant) 5. S.
Wolf was assigned by the Uistrict lecical Section to take charge of
the Healtl. Progran. i€ J. T. Faust was assigned by the Districﬁ
Safety Section to take over the Safety Frogram. ifter Lt. Wolf's
arrival, new personnel v.ere rapidly acded, in order t.o keep t.he Healt.h
Program abreast of the new problems created by expa.nding production.
By 3C June 1945, the organization consisted of 27 people, most of
vhom vere assigned tc the Yealth Physics Departrent. Cartain 3. S,
:olf was reassigned to Lew York City in Lay 1945 and was not replaced.
f. The Cost. - Tha estimated cost of the Health Frcgram
fro. Cctober 1943 to 30 June 1946 was ¢243,000. The tulk of the cost
ﬁas for salaries. The cost of special moritoring equipment is not
included in this figure, as it was oLtained from the lLatallurgical

Froject and trhe Clinton Labcratories and is included in their pro-—

grac.
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SECTICK 4 — CLINICAL . JEDICIIE AND DX "ISTRY

L~1. General .
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a.nd,v the Medical Séﬁtibq




ordinarily provided by ‘e‘mp.'_l.oyers in large industrial, operations. It
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was planned that persons for‘whom hospital ‘care was ,required‘would- S

and-the physicians and dentists’ in Xnox-

unable to' accept the added respon-

and e}ssentialv-’:j?fﬁbl:‘lc healthfgnctions
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¥ “leave'the dormitory for foed. In sddition, the dargs todstruction -
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r ) Consequently, construction of a domitory large emough to aécomdgf;

140 persons was begun in April and finished in June 1944 (See Bk I
. Vol 12 App. C6).

dorn ot tho hoapital. Conaoqnently, beginning,.inqlhrc 1

incidence of severe upper-resplratory infections. No fu.rthér additioﬂha

aand

‘*'xr

1945‘ the peak of the area: popu}ation raagmhed ;

crowded condition of the hospital a.ndjih yg.n}lgry 946,
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medical service was rendered by Army officers and two civilian psy-

chiatrists. The schedule of fees was based on the fee schedule of the
Knox County Medical Society. The fees went to the University of Rochester

and, later, to Roane-~Anderson Co&pa.ny (and, in turn, to the Government ).

The hospital was operated with a "closed staff¥ (only those dectors

regularly assigned to the hospital were permitted to care for patients
in the hospital). The indn;trial physicians who referred cases to the
hospital were extended "courtesy privileges”, and acied as consulting
physiciam; in the case of their patients. A prepayment plan (See Par.
4;23(4)), the Oak Ridge Health Association, was offered to employees
of the Govérnment and the operating contractors. Medical and dental
service was furnished to military personnel in‘accorda.nce with Aray

regulations.
(b) Policy After V-J Day - Following the reduction

in area population, plan® were formulated to convert the medical staff
of the Oak Ridge Hospital to a civilian status. These plans were
carried out during the ensuing six months period. ‘

Civilian physicians were selected and admitted to practice
according to their qualifications and medical necessities rof the community.
Where possible, specialists, so designated by Medical Specialty Boards,
were selected to i:nsure a high grade of medical care. Army Medical Corps
physicians were released according to policies of the Surgeon General's
Office. During the transition period, civilian physicians were retained
on salary by the Roane-Anderson Company; 60 per cent of the tees recoived

P

for their professional services :I.n prav:lding omergency Jnedica.l care
were credited to the physicians. On 1 March 191;6, the hospital terminated
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its contract arrangements with the civilian physicians, coincident with
the appointment of Dx:. Lucius A. Salisbury as director of the Oak Ridge
Hospital, the Oak Ridge Dental Clinic, the Oak Ridge Medical Service

Center and the Veterinary Facilities.

(3) Type of Medical Service Bendered. - Limited first-

aid and emergency medical care (other than that provided by construction
‘contractora for occupational injuries) were first available to area
employees and -residents 1 July 1943. Although eenstruction—of the
: ~ was not yet {ully in operation

Medical Service Building Ahad-not-—been—completed at that time, pre-
employment physical examinations were performed, inoculations against
typhoid fevéf and smallpox were given, and the emergency room was
operated on a 24-hour basis. During this period ﬂ.so, necessary house
calls were made, and sanitary inspections of the c;.feterias and dormi-
tories were initiated. Since the Oak Ridge Hospital had not been com;
piet’od, ci'itica,].ly ill patients ’were referred to tﬁe care of physicians
who were staff members of the hospitala nearby. After the hospital
was completed in Novanb;r 1943, complete medical service was offered
to employees and residm;s of the area. Tho 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: Sgréery;’ Medicine} Obstetrics a.nd Gynecology;
Eye, Ear, Nose and Throat; Pediatrics; Psychiatry; 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;partmnt mexbers also had special

training 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) Prepayment Plan for Medical Care. (The Oak Ridge

Health Association) (See App. 4 2),
(a) General. - It was considered desirable to

inltituté a prepayment plan to cover medical and hospital expenses 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 inducement in recruiting workmen, would insure better medical care,

and, consequently, reduce absenteeism; and, finally, would sppreciably

. decrease the bookkeeping and collection problems of the hospital. How-.

ever, the security requirements of the project made it impossible to
utilize the services of existing insurance programs, because it was not
permi;sible to disclose the. number of patients, the job ¢las'sificationa
of subscribers, etc. Therefore, it was decided that an are.a pPrepayment
insurance plan should be devised and instituted, controlled by staff

physicians and members of the different operating companies, under

~ the direction of the District Eagineer. To that end, the services of

a consultant, Dr. Nathan 8inai, were obtained. Dr. Sirlai was asgsoci-

ated with the School of Fublic Health at the University of Michigan

and is one of the country's outst;anding authorities on prepé.yment in-

surance plans. The proposed plan was presented to officers of the Knox

County Medical Society and no objection was raised to its inaugnfation.
(b) Objectives. - The Oak Bidge Health Associa-

tion started operating.in l&veﬁber 19&3, und'er,a.' gx:aht of v..a'nthority from . - -

the District Engineer. Its objectives were the following:

s vt ottt R L 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 feasible.

(2) The association should be self-
supporting. ' |
(3) The doctors should have a 50% voting
power on the Board of Directors and on the Exncutlve Comittee.
 (e) 'Membership and Fees. - Membership in the
aasqciation was offered to Goverament employeéa and the persannel of
all contractors with the exception of construction companies. The

turnover of workers in the construction companies was considered to be

too great for the financial safety of the organization. Seventy-five

per cent of the personnel of a company had to subscribe .for membership
before the group was accepted. The charge was $4.00 for a family mem—
bership, which allowed the subscriber and his family to have hospital
care, but restricted office visits to the subscriber. For individual
subscribers, the membership fee iaa $2.00 per month and eantitled the
subscriber to both in-patient and out-patient care. Most of the com;

panies had payroll deductions for the monthly dues.
(d) Services Covered. - The following was

offered to the employee subscriber:
(1) Hospital Services.

(8) Up to 30 days of hosbital care
each year at the Oak Ridge Hospital on authorization of a staff physician,

plus & 50% discount of hospital costs for an additional 90 days. Hospital

care included:
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Bed and Board ’ Casts and Splints
Oberating Room Transfusions

" General Nursing Oxygen
Anesthetic Serums
Laboratory Service Drugs

Ambulance within the Area
(b)- 1f, in case of emergency, the nem-
ber had to enter ‘ancther hospital, the association would pay to that
hospital up to $5.00 per day forvthe first 30 days and up to $2,50
per day for the next 90 days, and in addition, would pay the attend-
ing .physician the maximum fee allowed by the Oak Ridge fee schedule

for similar service.
(2) Diagnostic Services. - All medical,

surgical, and other services, including diagnostic x-rays, electrocard-

iograms, and basal metabolism tests, rendered to a member who was a
bed patient in the Oa:k Ridge Hospital.
(3) Physicians' Services. - All services
(exclusive of medications) rendered by physicians. in their offices in
the Oa.k Ridge Hospital, including laboratory and x-ray examinations.
(e) Services Not Coﬁre;d. -~ The folJ.owing' ser-

vices were not covered by this plan: home calls, ‘obstetrical care
during the first ten months of enrollment, dental care, nervous, men-

tal, and tuberculosis cases after diagnosis, drug addiction and alco-

holism, plastic operations for beautifying or cosmetic pdrposes, inten-

tional self-inflicted injuries, special nursing, appliances other than - ~

casts and spints, radiation therapy, physical therapy, workmen's

preareey
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compensation cases, of#ice calls except for subscriber.

(f) Comtract of the Associstion With the
Hospital. - The Oak Ridge Health Association made a contract with the
Osk Ridge Hospital (See App. B8) by which the hospital received $5.10
per day for each ~il.n—pai:il.eni: eligible for hami;tim benefits. This
sum covered all services to which in-patients were entitled under the
subscriber's contract except x-ray services and other professidna.l

services, -The association paid the hospital for x-ray services on in-

patients at‘the' rate charged privat.é patients. In addition, the hos-

‘pital received $3.00 per day per in-patient as the professional fee .

for the care of medical patients. The hospital re;:eived -the minimum
fee of the Oak Ridge Hospital schedule of fees Tor each surgical in-
patient. Tﬁe hosPifal received a. $2.00 fee fér each out-patieat visit
of é.aaociation. subscribers, which included all servicés 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 fllr.LJ'.vE.HV. Stallings.
~(n) Evaluation of the Qak Ridge Hospital Associ-

ation.
(1) Benmefits. - This plan was eminently

satisfactory to the subscriber. The rates iex_-o moderate and the bene-

fits received were. generous. The medical care was rendered primarily

by specialists, was readily available and excellent in quality.

(2) Financial’Status. - The:associstion was ..

able to discharge the obligations of its contracts with the subscribers

4410
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( and the hospital, and a.ccuml ‘ a aupla bout $80,000 in almost
two years. This was appreciably less than the reserve of #$10 per sub~
acriber which had been recomnended as necessary as insurance against
an epidemic ‘or' other unforeseen catastrophe. The rates to t>hev Oak
Ridge Health As’sociai:._ion were set somewhat lower than the cost of simi-
lar soﬁices for private patiezit;. 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
: mterialiy the difference between the amount paid by the association
f}tﬁi , and the cash value of the aorvic;e rendered. .
(2) Modifications in Plan

2. Diagnostic and Professional Services - On 1
March 1946, an agreement was made with the Oak Ridge HOSpitél for the.

Oak Ridge Health Association to pay $1.25 for each cut-patient attended

VI

by a civilian physician; this sum was paid for all laboratory and x-ray
services provided by the Oak Ridge Hospital. A fee of $2.00 was paid
v - to the civilian phjsician for each out-patient visit., For each out-

patient treated by & military physician, the Oak Ridge ﬁealth Association

continued to pay the Oak Ridge Hospital §2.00; this fee provided for
the physician's services and all x-ray and laboratory chargés.
b. Hospital and Out-Patient Benefits - On 1 May

1946, the agreement between the Gak Ridge Health Associa.ﬁion and the
Oak Ridge Hospital .was terminated, and the following changes occurred:

| (1) The Oak Ridge Health Association paid to the
subscriber $5.00 for each hospital day. - Fofm:l.sc.:ella.neoﬁn hospital . .

services, including operating room, anaesthesia, delivery room, lab-

Yy e st et oy vttt
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oratory tests, ordinary drugs and medicines, casts, splints, x-ray
photographs and fluoroscopy, except for teeth, and oxygem therapy if
not used during an operation, the tot:zl amount payable for all such
aervices was not to expeed $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
responsibie to their physician for their own medﬁ.cal 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 Association.

(3) The subscriber became entitled to re-
imbursement of expenses in an amount not exceeding three-fourths (3/4)
of the sums allowé.ble to the subscriber for services rendered to members

of the subscribers family as bed patients.
(4) Reimbursement for out-patient x-ray and

laboratory charges as well as all 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 1 July 1946, from
the previous total of 22,000 members in July 1945 and a reduction in

the reserve fund to $12,000. as of 1 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 Chattanooga, Tennessee.
The Osk Ridge Health Association will continue to operate

as a non-profit organization, acting as agent for the Provident Life




(Par., 4=2a(4))

Insurance Co. The present reserve fund will be used to cover current
and future élaims, and will be disposed of in accordance with the grant
of authority from the District Engineer. (See App. A 2)

(5) Emergency Disaster vfro‘g:am. - A medical emer-
gency disaster program was established by the medical staff, for use in
case of a major disaster which required medical participation. Field
units were established, consisting of two doctors and one nurse, and
were completely equipped with first-aid supplies, emergency medical
equipment, and"t.rmport.ation. Definite emsrgency ass‘ignments were

established in the hospitals and first-ald stations, operated by the

medical organizationa of the operating contractors, which were to assist
in their respective areas.
(6) Organization. - In April 1943, the University of
( ' Rochester was authorized by the llanhatﬁa.n District to procure the medi-
A ' cal and dental personnel necessary to render the medical service planned
' (\ater Lt.Col) '
for Oak Ridge. In May 1943, Dr.AC. E. Rea was chosen to head the staff

and agreed to procure 10 additional physicians and 2 dentists as members

i of the staff. The late Dr. William B. Holt of Chicago, Illinois, was
. hired as Hospital Director and was authorized to procurev't.he necegsary
.nurses, technicians, and administrative staff. The original medical
staff members were chosen for their specialized professional abilities,
and separate departments of surgery, medicine, pediatrics, obstetrics
and gynecology, eye, ear, nose and throat, roent.genolé:gy, laboratory,
and public health were planned. By 1 September 1943, 1l doctors and 7-
nurses had reported for work. Sui:sequent additions‘ to t.hq staff were.

L made according to the demand for the services of the various special-

e
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ties, The ratio of physicians to populatiop was maintained at approxi-
mately 1 to 1,500 (the average throughout:thé éoﬁntry during the war).
The contract for administration of the medical and dental facilities
wasftrapaferréd, 23 September 1944, from the University of Rochester to
the Roane-Anderson Company, but the policiés regarding medicél care re-
mained under tﬁe general supervision of the Manhéttgn District Medical
Section. Aleo, in accordance with arrangemeﬁts previoﬁslyzmade, the en-
tire medical starf, with the exception of*Dr. Holt, was commissioned in
the Army Medical Corps anring November and December 1943, in order to
safeguard the security)of the project a.nd’ to insure the retention of
men with outstanding professional abilities. After Decembsr 1943,
additions to the staff were procured through the Surgeon General's

Office. The number of physicians increased to a total of 52 in July

1946, stabdliging et this level during the months of July, August and

September. Medical Corps officers were separated from the Manhattan
District as they became el;gible for diecharge from Army service and

were replaced by civilian phyaicians.‘JOn 1 ngch.l94§, the by-laws

of the medical staff of the Oak Ridge Hospitél 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
Period Doctors Nurses Attendants Orderlies Ireatments Pat. Days

July 8 4 0 2 1,890 -

August 8 L 0 2 3,653 - -

- Gt et
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Period

1943

September
October
November

December
1944

Jamary

February

March
April
May

June
July
August
September
October
November

December

1945

January
February
March
April
May

June.

Doctors Nurses Attendants Orderlies

10

L7

25
28

A5
45
51

72
72
85
91

131
136

137
136

EEEE

10

47
54
51
50
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16
17
16

20

20

(Par. 4-2a(7))

Qut-Pat.

6,235
7,263
6,705
L,T72

7,801

7,833,

9,581
"10,643
12,768
12,934
10,403
12,186
11,861
12,915
12,985
13,042

16,719
15,605
18,715

16,873

- 18,507
18,337

Hospital
Treatments Pat. Days

55
1,017

1,705

1,928

2,137
2,472
2,293
3,024
L, OL6
hy433
Ly 837
5,910
6,397
7,783

7,262
8,195
8,843
8,025
8,713
8,616
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Out.~Pat. Hospital

( Period Doctors Nurses Attendants Orderlies ITreatments Pat. Days
945 K. C. THF o
July 50 2 52 1k L9 20 19,599 9,050
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 Uy 54 25 18,275 8,730
November 40 6 46 139 L7 25 16,893 8,849
December 42 7 49 146 46 2 13,335 8,694
January 36 16 52 133 L 22 15,816 6,885
February 28 16 44 130 38 - 23 13,803 6;605
March 2619 45 125 36 18 7,061% ’7,11‘7
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 attended by Army kedical Corps
physiclans. |

## M — Military
C — Civilian
T « Total

b. The Dental Program.
(1) Commnitx Dental Needs. - As indicated in Par.
4=-2a(1)(a), 1t was planned criginally to provide only emergency dental

care at Oak Ridge. However, with the rapid increase in population it

became evident that the dentists of surrounding commnities, already
overloaded with patients, could not provide adequate care for tixe resi-

den';.s of Oak Bidgé. Accordingly, the dental service assumed- the respon- H,

C eibility of providing adequate wartime deatal care for all reaidents'
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of the area.

(2) Policy. - It was considered preferable to have
dehtal 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
selary, in order to insure high professional standards and to keep fees

at a moderate level. The fee schedule was derived fram that in use in

‘Knoxville and the surrounding communities. Fees were collected by the

University of Rochester, and later Roane-Anderson Company, and, in turn,
reverted to f.he Government . Each demtist originally was permitted to
conduct his practice according to his training, ability, and judgmént.
As the clinic grew in size, specialists were procured and new patients
wére, after diagnosis, assigned to the dentist best fitted to' do the

work reguired. ‘
(3) Facilities, - Accommodations for 2 dentists were

included in the Medical Service Building when it was designed. By

September 1943, th; space devoted to dentistry was increased to allow

4 dental operatars to work d.mnltaneouﬁy. In the spring of 1944, the
Dental Clinic was again enlarged and a total of 8 dental chairs was in—
s:talled. One of these was equipped with an x-ray unit and was used both
for ordinary operative dentistry and for dental radiogaphy. By May

1944, it was necessary to start a night schedule of appointments, ln order
to provide essential service with the facilities availablc.‘ To keep .
pace with the growing dental requirements of the rapidly increasing

population, a soparatewbuilding, t}}é Dental Health Center, was designed




and construction wzs c.cmplet.ed July 1944 (See App. C19). The new
clinic was used exclusively for adult patients and the old was remodel-
“eod éo care for children.

(4) Organigation, - The first dentist, Dr. Harold .
Nelson, started wark 15 Jﬁly.l943.1 ﬁe 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 Meharry Dental School, ﬁaahville, Tennessee. = It became
necessary for him to return to Meharry on 1 f%bruary 1945 and he was
succeeded by Dr. William Squires, a retired Colonel of the Army Dental
Corps, who continued in the capacity until 1 August 1945. Colonel
'quifes was succeeded by Dr. Ewell Neil, who acted as Director until
l‘Bebruary }9&6, at which time the Dental Clinic ceased to bevoperated
by Roane-Andersan Cqmpapy; thereafter, dental care was provided on a'
private practice basis. On 1 February 1946, there ;erei9 full time
and 2 part time dentists., Two additional full time dentists were
a%‘;itted to practice during the ensuing 3 months. The growth of
the organization in personnel and the services ;endered are iqdicﬁted

in the statistical section (Par, h-ZkkS)).
(5) Statistics. - Following is a table which illus-

trates the growth of the Dental Clinic in technical personnel and vol-

ume of work performed, from July 1943:

Hygienists
o X-ray Techn. Patients
Period Dent ists Dental Assts., Anesthetists Treated
" . . o
July 2 1 - 1 28
August 2 1l 1 a0
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e Hygienists
( A X‘Er‘etg; Techn. Patients

Period Dentists Dental Assts. Anesthetists Treated
September 2 1 1 200
October 2 | 1l 2 300
November A 2 2. 315
December 3 B 2 o1 400
%%%m&ary 3 2 2 650
February 3 2 2 930
March 5 2 2 1,090
April 5 A 1 1,265
May 5 5 1 1,195
June 7 5 1 1,027
July 9 3 6 1,436
( : August 15 5 6 1,79

el September 16 3 9 2,303
Oct ober 25 17 " 10 ‘3;.003

e November -2 2 9 3,298
' December 25 25 9 3,200
%%n;ary 26 28 11 4,096
February .27 24 10 4,408
March" 29 23 13 4,233
April 25 2 10 3,898

May 25 . 22 9 . 4,207 ‘
June 25 - 25 B 3,533 g

L Juy 25 | 27 9 3,609
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" Hygienists

‘ ray Techn. Patients
Pariod Dentists Dept.al Assts. Anesthetists Treated
1945
August 26 18 2 3,671
Septenber 2 21 Ly 3,883
October 24 22 15 3,535
November 24 2a 15 2,992
December 25 23 1, 2,005
January 2 18 13 1,916

' c. -Public Health Program. - A formal public 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 eaﬁing places and dormi-

tories had been instituted. Captain Blum was charged with the r~espon-

sibility of procuring personnel and organizing a public health program,

' adequate to protect the health of area reéidents, employees, and visi-

tors. A milk control program was established, and, in coybperation with
Knoxville Health Department, farms and processing plan£s supplying milk
to Oak Ridge were | ﬁer:i:odically‘ inspected. The U. S. Public Health Ser-
vice Milk Ordinance and Code were adopted 7 September 1945, and unpa.s—-
teurized milk was barred from the area. The effectiveness of these

measures was demonstrated by a progressive decrease in the bacteria

count of the milk, and in the number of properly pasteurized specimens
received by the Milk Control Laboratory. Area water suppiié;i were in-

spected and samples were agalysed at regular intervals. A venereal

"disease control program was organized and included a treatmeut clinic,
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First Out-Pat. Hospital

Period Doctors Nurses Employment  Aid Treatments Pat. Days

LILds

December pal 101 84,8 9,896 1,909 4,184
1045 |
Jamuary 19 Th 420 8,811 1,646 3,734
February 11 2 - 2,593 . 183 973

(2) The Dental Program. - A dental clinic was estab
lished in connection with the hospital. Two dentists were available
throughout the construction phase. This limited number ;vas considered
sufficient, as only emergency work was performed. The clinic operated
in a mahner similar to the Medical Clinic.

(3) Public Health Service. — As the physical well-
being of each individual on the reservation was of vital importance to
the éucceséful completion of the construction project, public health
and sanitary inspection units were established. On 31 Harch 1944, a
public health physician was empl&yed and was then appointed, by the
State of Washington Depsrtment of Health, as Deputy State Health Offi-
cer for the Hanford Engineer Works. This arrangement gavef legal sanc-
tion to the Hanford Public Health Program and tied the program into that
of the state, but permitted security restrictions to be maintained, by
special arrangements with the State Health Department. Mess halls and-
cafeterias were inspected daily, and milk, water, and food inspec;tions
were made periodically.. Trailer camps were iaspecf.ed weekly, and period-
ic inspections were made of ba.rracks,. dormitories, schools, and stores
in both H;nford and Richland. In order that the load on the medical
atﬁf could be decreased, by reiieving them of unnecessary house calls

and clinic visits, the Public Health Service instituted a home nursaing

A S IR
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(t educational activities, and investigation of venercai disease contacts.
A public health nursing service was esteblished, which included: immuniza-
tion and communicable 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 prevehtion by films displayed
in local theaters, by articles in the Oak Ridge Journal, and by means

of a poster contest on respiratory diseases. The program of general

sanitation ihwolved inspections of sewagé treatment plants, the swim-
ming pool, trailer éamps, grocery stores, drug stores, barber shops,
and eating houses. An active rodent and insect control program was
followéd. The handling of food was supervised and food handlers were
(' , ‘ required to receive periodic phyaical'examinations. Outbreaks of gastro-
e ‘ ~ enteritis were investigated, as well as complaints relating to general
sanitation; The Public Health Department was first located in the
.y Medical Service Building but in time outgrew its quarters. Conse—
iiﬁﬁﬁ éﬁently, the Stone and Webster Field Hospitél on Scarboro Road was
remodeled and the department was transferred there 13 May 1945 (§ee App.
C 20). Captain Blum, oﬁ 18 December 1945, terminated his Army service

and was succeeded by Mr. Lean S. Blankenship,who is the present Public

Health Officer.
d. Veterinary Service. - In August 1943, veterinary ser-

vice, under the direction of an Army Veterinary Officer,'Captain’lloyd"

1
Jameson, was established, primarily to care for Government-owned live-

L; ’ stock and to assist the Public Health Department in milk and meat in-
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. " spections. Compulsory rabies inoculations for all dogs brought into
the reservation was required. A dog pound and small animal hospital
were constructed and operated by Roane-Anderson Company. Dr. James
Kile succeeded Capt. Lloyd Jameson in the capacity of area veterinarian
on 1 January 1946. A small animal hospital, which in September 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 Julj

1946 is indicated below:

Medicine:
Cost of construction cf hospital . $ 984,56,
Cost of construction of out-patient 184,111
Additional construction costs 126,701
Total construction costs 1,295,376
Operating expenses 3,929,014
(V Operating reveme 2 0
Operati ng deficit 974,084
g )
= Total expense for medicine $2,269,460
Dentistry ¢
. Cost of construction of dental clinic 94,656
s |
Operating expenses 554,726
Operating revenue
Operating deficit . 182,727
Total expense for dentistry 277,383
Public Health .
Cost of construction of quarters 50,545
Operating<expen§es 190,311
} '3 s 2 21.0, 8 5 6
t
Total expense for Public Health o 240,856 -

A




Veterinary Service

Cost of construction 16,111

Operating expenses : 31,130

Operating revenues 1
Operating deficit 25,539

Total expense for veterinary service 41,650

Total net cost of Clinical Medicine, Demtistry, . .

Public Health and Veterinary Service at Oak y
Ridge 7 621 829,349

~4=3. Clinical Medicine and Dentistry at Hanford Engineer Works.

a. Construction Phase.

(1) The Medical Program
(a)' Community Needs. — In March 1943 construc-

tion was begun on the Hanford plaat for plutoniuh preduction, and in

May 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 earliest possible date. #Morkmen could be attracted to the iso-
lated aite only with special inducem;nta. One of these inducements
was ?hs provision of facilities for laborers tc¢ live with thelr fami-
lie; in privately-owned trailers. Another ,was the provision of com=-
plete, high-quality medical care for workmen and their families. On
ocrdinary construciion’projects, medical facilities are provided only
for industrial medical care of employees during working hours. At
Hanford, however, the provision of these unusual faciiities, among a
number of others, increased thg.m;rale of wqfkera and lowered the labor

turnover. There were other reasons for providing complete medical fa-

.
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cilities at Hanf‘ord. 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 wauld be respohsible 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 #jailable 'q.hfough noriga.l channels. The medical facili-
ties of Pasco, Washington, already had been overtaxed by the 600 to

700 people who were ;\dded 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
of war industries located in their areas. The facilities became com—
pletely inadequate when the popﬁl_a.t.ion was increased by the families

of Hanford workers who lived in these areas and chos.e to commute to the -
job rather th'a.n live in Hanford. At one time, St. Elizabeth's Hospital
in Yakima was so crowded that Government funds were being seught from
Hanford Engineer Works to build additional wings to supply the need for
hospital beds. The origina.l plans, on which the medical program ,wa.s
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 a labor force
of that zize was far too small. The g.ddition 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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L)

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. The expansion of medical facili-
ties, to care for this ‘c’onst.a‘ntly and unpredictably growing population,

was the greatest problem faced by the medical administrator during

construction days.

(b) Policy. — The medical program was startéd by
the const.'mction contractor, E. I. du Pant 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-
tials necessary to enable them to secure temporary license to practice
in the state of Washington. Permanent license to practice in the
state of Washington was contingent upon the passing of basic aciehce
Wationa and, in some cases , reciprocit.jr examinations. The Wakh-
“ington State License Burean offered cooperat.ioia in mald ng prbper ex—
ceptions to the Medical Practice Act during the emergency. KNurses
were required to be registered graduates of a school for nurses and to
be licensed in the state of Washington. The operation of the Hanford
Hospital followed closely that of a municipel hospital in a normal city
of comparable size. Admission to the hospital, in accordance with
usual hospital practices, was by order of the attending physician, and
the case remained in the assigned physician's eare during the patient's
stay in the hospital. Rooms were assigned on the basis of availability

and the physical condition of the patient. Fees for hospital care,:
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doctors'! services, drugs and mediéation were based on t.h.e‘ lowest pre-
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‘faci'litat.e the payment of medical fees by the c‘ontrac'-‘
tor's employees, a wage deduction plan was adopted whereby any employee

could have proportionate amounts deducted from his wage check each pay
/

" period until the fee was discharged.

" (¢) Iype of Medical Service Rendered. — In
April 1943, a first-aid Vatat.'ion was esiab].i.shed at the site of construc-
tion, and by June facilities and staff were available for first aid
and 10 bed cases. Regular hospital facilities were first‘a;ailahle to
employees and their families in Juiy 1943. At this time the capacity
of the hospital was 38 adult beds, 4 pediatric beds, and 8 cribs. By
June 194, the capacity of the hospital had been increased to 116 beds.
In September. 1943, an out-patient clinic was opened' in conjunction with
the hosgpital for treatment of patients not requiring hospitalization.
Patients visited the clinic voluntarily and selected their favorite
doctors within the limits of their availabllity. In November 1943, a
temporary sick bay was established in three barracks, as hospital fagili-
ties v’vere inadeguate to care for the large numbers of cases which re-
quired lconfinemant.. Becanse 61‘ an increase in the number of contagious
and infectious diseases, a special isolation unit was established in

a barracks building in December 1943: In January 1944, an additional

barracks was added to the isolation unit. As the population continued
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to increase, it became apparent that the tempofary bé.rracks facilities
for sick bay and isolation were inzdequate, and the construction of an
infirgary and publ’ic health building was begun. This building, provid-
ing space for 22} beds and quarters for the Public Health Service,

was occupied in June 1944, As these isolationy aic.k bay and p;ychiatric
units were eétablished, the temporary barracks which had been used

for these services were returned to housing. Since the medical

service was maintained by the contractor, all pre-—emplojment and
termination physical 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-

N trial medical relations section was established as part of the Medical

( : Divisjon. Thiq section performed the necessary functions in handling
] accident and health #nsurance, disability iragq payments, and wage com-
pensation. Medical reports, concerning t.he. eligibility of applicants

for the above benefits, were submitted from this section. One senio;-

g I . clerk, one assistant, three stenographers and one messenger wére as-.

signed to duty in this section.
* (e) Use of Handicapped Workmen, - As & means of

utilizing all available manpower, a plan was adopted whereby persons
with major physical defects could be hired, wif.h the understanding that
job placement would be made in accordance with the nature of the de-
fect. These defectas were those ﬂﬁch were existent at the time of ap~
plication for employment. If, however, an ;mployae sustained an occu-

¢ pational injury by which/ he was incapacitated to some degree but retained
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a high percentage of his working ability, the Medical Division recom

mended that he be placed on "guided work". Any employee who was given

guided work was allowed to work nine hours a day for five days a week,

with Saturday and Sunday as specified rest periods. The work given

the employee was dependent upon the severity of the injury. The

guided work policy was another means of caonserving 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
organizod‘oh 21 March 1943, under the direction and contfol of the prime
contractor, E. I. du Pont d Nemours & Company, Inc. Under th§ super-—
vision of Dr. J. M. Wetherhold, an office was 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 Hospltal in Pasco., With the shift of the medical iacilities
to the canstruction site at Hanford, the medical staff e#panded'to keep
pace with the inéreasing demand, until, in June 1944,-the-staff-hed—de—"""
veloped into a force of 372 people (29 supervisors and assistant super-
visors, 31 physicians, 165 nurses, 10 technicians, & 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 Richland, Cn 10 February 1945 the Out-patient
Clinic was closed, snd, on 15 February 1945, the last patiepta‘inwphg

hospital were transferred to Richland.
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(g) Statistics. — From March 1943 until the

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

Doctors

N-BEX IRV R R W

13

Nurses

10
15

22

47
53
79

. 95
105

117
130
150
160
157
159

Pre- First
Employment . Aid
108 -

1,070 560
1,661 2,983
1,961 4,329
3,124 6,933
3,303 7,147
2,720 6,812
3,5% 7,916
5,585 12,465
6,732 15,145
5,591 19,869
5,247 18,775
7,280 22,688
6,706 22,017
9,489 27,759
8,182 31,224
6,189 30,753
4,536 30,621
3,938 25,685
2,319 21,707
855 14,320

Qut-Pat.
Treatments

Hospital
Pat. Days

7,113
6,078
5,591
7,309
7,178
5,875
6,057
5,128
5,017

i3 5,637 .

4,736
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service, This unit handled requests for medical service at barracks

or trailers. Upon receipt of such requests a nurse was dispatched to

the patient. It was the duty of this nurse to determine whether the

patient requiréd hospitalization, the services of a physician , or

first-aid treatment by the rmrse.

(4) The Cost. — The expense entailed in constructing

and operating medical facilities at Hanford during the construction

phase is indicated below.
(a)

(b)
(c)

Cost of Hospital Buildings
l. Hospital . $ 434,000

2. Convalescent &
Isolation Ward

& Public Health 512,700 § 946,700
Cost of Hospital Equipment. ' 237,000

Cperating Cost ~ Medical Facilities

1. Labor . §2,734,000
2. Material 310,000 2,044,000

Total $3,227,700

Operating Deficit

Operating Cost $2,04 ,000
Less revenue 258,000
lLess expendable

supplies trans-
ferred out 62,000 $1,724,000

b. Operations FPhase.
(1) . The Medical Program.

(a), Commmnity Needs. - In the establishment of = = =

the medical program for the village of Richland, it was determined
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that it would be neceséary to provide facilities for complete medical
care of all residents of Richland who were dependent onm the Hanford
Engineex; Works either directiy or indirectly, for both occupational

and non-occupational illnesses and injuries, The isolation of the pro-
Jéct,'frqn centers of population Iith‘éstablished medical facilities of
sufficient capacity to render the required medical service, was the de-
termining factor 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
thi; oonstruction‘village'should be complgtely evacuated. To provide
the required medical facilities for an estimated popuiation 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 percentage.of 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 becaume evident that éven'thqugp the capacity
was adequate for general needs, the estimate was léw for obstetrical
cases and also for out-patient chilities. To provide addition;l-fa-
cilities, a wing was added to the Obstetrical Section and a separate
builﬁing was constructed to house the Dental Section and the Cut-
patient Department. Two housing units were provided to be used as ~

isolation 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, poée and throat, should be maintained as such and that special-
ists in these fields should be procured to head each specialty. 1In
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 staff. All employees of the Medical
Department, including physicians, were remunerated for their services
entirely by salary. The policy of free choice of physician by the patienﬁ
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 commnities also
were considered in reaching an approved fee schedule for Richland. Fees
charged for medical care were somewhat lower than those usually
charged for the specialized services offered, because it was agreed
that good medical care at low expense was an inducement in Erocuring
personq?l and in reducing labor turnover. 4 medical prepayment plan
was given éonsideration but discarded in favor of a wage deduction
postpayment system for contractor's employees. Military personnel

were furnished medical and dental care in accordance with Army regu-

lations.

(c) Type of Medical Service Rendered. = For a = &

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 fees 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 pa.tients) and because of the dissatisfac-
tion arising,from the reimbursement of physicians on a part salary and
part fee-for-service basis, it was decided to take over 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 load. Because of the excessive
work load at this time, practically all medical care was on an emer—
gency basis. 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 patient came to the clinic
only with a prior appointment, except in case of emergency. In Ndve..mber
1944 the out-patient facilities became over—-crowded and a separate
building was constructed. This building housed the Medical and Dental
Out-patient Departments and was ready for use in January 1945. Afteér
full operation of the wvillage hospital was realized, specialty services

such &s surgery, pediatrics, obstetrics, internal medicine, eye, eary

nose and throat were a regular part of the medical service offered.to.. - s .w.x

patients both in the hospital and in the out-patient clinics.
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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 Superintendent, Dr. W. D. Norwood,
who in turn was responsible to the Asaisiant Plent Manager. The
staff, on the opening of the village medical service in late May 1944,
» consisted 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 some 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-

6@?& | cal service had developed into a staff of 366 employees, consisting of
14 physicians, 7€ nurses, and 274 other employzes such as orderlies,

aides, janitors, etc.
(e) _Statistics. - From June 1944 until June
1946, the —edical operating statistics were as follows: V

Orderlies, Qut-Fat. Hospital Total
Period Doctors Nurses Aides, etc. Treatment Pat. Days Population

1984 | |
June 2 W 3 1,000 79 bybb2 o
C July 7 24 A 1,516 W9 . 5,692
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cut
( Period Doctors Nurses m . ('I)‘ur:;:;:r.it g::;.)igzlys ;_g_;:.]l- ation
1944
August 8 34 - 1,623 686 7,050
September 9 50 - 2,170 1,267 9,096
October 10 69 218 2,597 1,434 10,360
Nove:,irber 11 68 226 3,057 1,655 © 11,270
December 12 61 226 3,282 1,731 11,760
1945
| Jamuary 12 75 272 3,470 2,185 —
$§§§§ February 15 83 272 3,525 2,215 15,147
| March 15 81 276 3,373 2,270 15,401
April 14 78 278 3,363 2,595 15,355
May 14 77 280 3,304 1,948 15,266
, June 14 78 274 3,004 1,761 14,403
. ( #* July 12 51 3 3,746 1,996 14,167
s * duguet 12 47 29 3,712 2,169 13,616
# September 11 51 33 3,596 2,119 13,218
October 11 47 36 2,815 1,871 13,098
November 11 49 37 3,439 1,863 13,113
December 11 51 LO 3,278 1,546 13,126
%zﬁéary 1 53 37 3,852 2,038 13,178
February 11 ' 53 36 3,882 2,301 13,234
March 11 54 3% 3,675 1,641 13,194
April 1 57 33 4,095 1,918 13,113
C * g:l:§c:ngs°£fmz;;21ght 25th of month
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Orderiies Out-Pat. Hospital Total
Period Doctors Nurses Aides etc. Treatment Patieot Days Population
1946
May 11 54 35 3,895 1,917 13,021

(2) Dental 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 esmergency dental
care were instituted. During June and July, emergency treatment was
provided for approximately 250 persons. Regular dental service was
first available in August 1944, with the arrival of additional person-
nel, Dental patients were free to choose their favorite dentists
within the limits of their availability. The fees charged were com-
parable to those of the surrounding area. 4 daily record of work
completed and income earned was maintained by each dentist for .
administrative purposes. However, no percentage or bonus was given
for income earned in excess of his normal yearly salary. Operations
of general practice were not standardized, each dentist being allowed
to canduct h;ia practice according to his ability, training, and judg-

ment. The following table indicates the dental work load from June

1944, to June 1946.

Period Dentists Number of Dental Patients

1944

June 1 (Approx. 250 cases

July - 1 seen in this period)

August 2 384

September 2 525 7
October 3 844,




e

Period

1944
November

December

January

February
March
April
Maj

June
July
August
September
October
November

December

1946

Jamary
February
March
April
Kay

June

As of end of month
Balance as of midnight 25th of month

Dentists

3

Fouoo N 9 9w wm v v w w

~ ® O ® =2 o

(Pac. 4 -3 (32))

Number of Dental Fatieats

1,038
3,072

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 Medical 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 nurs-
ing supervisor, seven public health nurses, one health educator, three
sanitarians, and two clerical assistants. The functions of this unit
were comparable to Lhose of the Public Health Department of a city of
similar size. Tuberculosis, venereal disease, and maternity clinics
were maintained for the protection of the project personnel. Feriodic
sanitary inspections were rade of all cafeterias, canteens, cafes,
dormitories, barracks, and food stores. A public health nursing service,
including infant and pre~-school, school, adult, and industrial hygiene,
and morbidity and crippled childrens' serwices, was established. Milk,
water, and food inspections were made periodically. The Samitary Sec~
tion maintained supervision of sewage disposal, malaria and pest con-
trol and water analysis. No charges were made for services reandered
by the Public 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 congunction with the industrial medical

groups, for operation in cases of a major disaster which required pedi-
cal participation. The overall direction of this program was assumed
by Mr. Newton Stapleton. However, definite emergency assignmeats were

glven all medical personnel and emergency field units were organized.

N TaE T
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( Special provisions were made to evacuste 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 Kedical 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) Revenue 813,599
Total Net Medical Cost 3,306,159
¢ (d) Breakdown of Operating Medical Costs and
Vel Reveme. ' |
Non Industrial
Gross Expense Revenue Net Expense
. Dental Dept. $ 137,478.90 3130;147&.94 -§ 7,003.96
x Pharmacy 64,648.22 62,529.85 2,118.37
Utilities ‘ |
(water, fire, elect, etc) 84,186.43 L 84,186.43
Public Health 1,857,362.93 1,857,362.93
Industrial
Me&ical and Hospital Expense 1,251,081,47 620,594.31" l‘ 630,487.16

TOTAL $3,394,757.95 $813,599.10 $2,581,158.85

v
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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 progress of physical research,
Before the responaibilities of the project were assumed by the Office of
Scientific Besearch and Development, research carried out in isolated
physical experiments concerning isolation and utilization of uranium 235
was on a very small scale and, in reality, constituted no medical hazard.
However, as the physical phases developed, it becams apparent that hazards
due to radiation, from the parent substance, uranium, and its nmatural and
artificial disintegration prodnets, including radium and the fiesion pro—
ducts, could be extremely injurious to the human body. Experience had
previously accumulated to show that long-lasting detrimental effects, end
occasional fatalities, could occur, following indiscreet use of radium or
x-rays, through either ignorance or neglect. 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 f.o allocate a
portion of the funds of the Chicago project to biological research, and
development of methods of protection for both research and production em—
ployees. The cooperation betwsen the medical and physical research sectioms,
even at this early date, resulted in the accumulation of much valuable datt;.
With the continuing success of. physical and chemical research, the geneéal
scope of the project expanded rapidly. The responsibility for overall super-
vision of the project was assumed by the Manhattan District in 1942. With
this consolidation of all facilities, it became necessary to organize a |

medical 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 ermterprise, have been reviewed in Section 2 of this
Volume. The primary concern of the research section was to investigate
the potential damaging effects of the uranium an;l. other radioactive com-
pourids used, from radiation or chemical taxieity or both, and to
establish firmly the maxinum doses of the various radiations which could
be received safely by project employees. In add;tion, the toxicity of
_certain special materials, which had had no previous industrial use, had
to be determined., This knowledge was aéught 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.

a. Generai. -~ The need for medical research on the hazards
of the Manhattan District program was first realiged by the University of
Chicago group, whose research was on the pile process, for the trans-
formation and isolation of the transuranic element, plutonium (239).
(See Par. 3-12). The\’pile reaction produces a tremendous discharge of
particles or energies of all types of radiation (alpha, beta particles
and gamma rays, and fast and slow neutron radiation). All of these rad: -

iations cause reaction on entering living tissue. Connquantly, it was

ok OISR

important to study bioclogical effects of vall types of radiation to de-

termine the allowable exposures to radiation arising both from an exbernal?‘”t”'f

source and from material taken into the body.
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b. X-ray amd Gasma Radiaticn.

(1) Kncwledge Available. - There were considerable data on

the bibloéical effects of x-ray and gazra rays existing prior to the kan-
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

a program should be instituted to estavblisn firuly the "tolerance" or
"maximal allowable dose" for chronie exposures. Ih additiocn, it was consid-
ered advisable to establish beycnd question the comparstive effectiveness
of zarna rays.and x-rays (known to be quite si.ilar) and of x-ra/s of
different voltages. |

(3) Research Program Instituted. - The research instituted

tc investigate these points consisted primarily of daily exposure of grougs
of animals of various species to gamwma rays ana to x-riys of differsat volt-
ages, each group of animals receiving a different lievel c¢f 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 experiments
were carefully and regularly examined, using their growth and general appear—
ance as a guiue to the stete of health. Special tests wers also performed,
including clood counts, uriralyses, cheidcal examinations of the blood and
certain other tests in selected cases. All experiments were carefully con- ’

trolled. At death or at the end of the experiment post-mortem examinations

were made. To determine the effect of these radiations on genetics, special
expericents were initiated to study the occurrence of mutations in fruit

flys, and the effects of radiation on the breeding of mice. Other experi-
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ments were carried out to deterrine the biological effect of certain doses
of x-ray on fish of various sizes from the egg stage through the various
developmental 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) ’Institutiona. - The Mstallurgical Laboratory of the
University of Chicago performed some of the acute radiation exposure
and delegated to the National Cancer Institute at Bethesda, Md., a
comparative study of exposures of animals to x-rays and gamma rays
from radium, at different dosage levels, given daily over anfhour
period and continuing for specified periods of time. Another progran,
designed to study the effects of exposure to x-rays frow 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 Univgr-
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 daxzage a?d treatment methods have been investigated at both the
University of Rochester and the Univegrsity of Chicago.

July
(5) Results. - During the year,1945 tc June 1946 enough

{o confiem
data L.as been accumlated whécnhggain ewinfirmed the advisability
of the tolerance level selected. The various institutions are in

the process of preparing monograms dealing with their experimental

work.

¢c. Neutron Radiation. -

(1) Knowledge Available. - Before the Manhattan District
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project was initiated, sketchy information had been accumulated on the
biological effect of fast neutrons, largely frox the treatment of a few
cancer patients with this type of radiaticn.

(2) Research Required. - However, very little data was avail-

able concerning the effect of neutrons on the health of individuals or

concerning the comparative effectiveness of neutrons and x-ray or gamma

radiaticn.

(3) Research Program Instituted. - Programs which paral-

lelled the x-ray and gamma radiation research were set up also for

neutron expcsures. These investigations were planned and conducted

in such a way that caaparison could be made with the x-ray and gamma rad-
iation research. Careful studies of the anirals were carried on as in the
X-ray and gamra ray experiments.

(4) Institutions. - The Cancer Reseafch Laboratory of Columbia
University did a series of experiments in which groups of mice were
exposed to & daily dose of fzst neutrons, each group receiving a different
dosage level. A similar set of.experiments, using dogs instead of
mice, was carried on at the Biological Foundation of the Franklin Insti-
tute, Newark, Delaware. Additional experiments on the metabolic
effects of neutron exposures were carried out at Clinton Laboratories,

Oak Ridge, Tenn.
(5) Results. - Although all of these experiments are continuing,

it has been established that neutron radiation produces essentially the saue

etfect as x-ray and gamma radiation (See App. BS). Further, it has been

demonstrated that when neutrons are measured by instruments used for measur—

ing x-rays and gamma rays, a Si"f.?} t.u}:.t. of neutron radiation is about 7-8
¢ 85y
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as as
timegheffective biologicallyﬁthe 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 eifective
as gamma or x-ray radiation. During the year 1945-46 data lLas been
accumlsated by the various research institutiors which confirm# the
above statements.

d. Beta Radiation.

(1) Knowledge Available. - A limited amount of data was

available prior to Vanhattan District operations on the biologicul effects
of beta radiation. Most of this information was based on the treatment
of various skin conditions. However, this «nowlecge was incozplete and
additional data was required to clarify some of the existing uncertain-

ties.

(2) Research Required. - Since beta particles have little

penetrating power, information was desired primarily on the effect of acute

and chronic exposures of the skin to various amounts of beta radiation, and,

in addition, the possibility of the occurrence of systemic effects was

to be explored.

(3) Research Frograms Instituted. - To provide answers to

these questions, animals were exposed acutely and chronically to various
levels of beta radiation and carefull; studied for skin and systemic
effects. Comparison was made also of the effectiveness of beta radiations

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 small corroborative program on this
/

5.6
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subject was performed at the University of Rochester.

(5) ZHesults. - This research is continuing, but has de-
monstrated already that the msxdimum allowable tolerance figures for
beta radiation to the skin are conservative and unquestionably safe
(See App. B4 & B6). It has been proved also that the lethal dose of
beta radiation delivered externally is far greater than the lethal dose
of x-ray or gamma radiation (See App. 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 individuais being exposed to more than one type
of radiation. Experimenﬁs were instituted at Clinton Laboratories whereby
animals were kept in various parts of the operating areas in which they
would be exposed primarily to neutron and beta radiation. These animals
were carefully observed to detect harmful effects. None was found in spite
of the fact that the animals lived 24 hours per day, for as long as more
than a year, in the more hazardous locations of the plant, areas in which
workmen did not spend more than a few minutes per day (See App. B4 & B6).

g. Instrument Research.

(1) General. - New instruments had to be developed in order to

cope successfully with the radiation problems that arose in the course of

idanhattan 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 meodifications which adapted the instruments

to the specific needs of the operations. In addition, special instruments
were developed for measuring the content of various radioactive substances

in air.
(2) Institutions.

(a) University of Chicago. - The Instrument Section of

the University of Chicago group designed delicate electronic indicators for
various types of radiation, and adapted such apraratus 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

constructed instruments for determining the content of radioactive sub-

»

stances in air (See App. B4).

(p) Clinton Laboratories. - The Clinton Laboratories

organized a separate instrument section for the construction of instruments

especially designed to meet the needs of the Clinton installation.

(¢) Universit: of Rochester. — The Rochester University

group also assigned a group of men who devoted their time to instrument
research and development. Standard alpha meters and all pur:iose meters for
measuring alpha and beta 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-

sity and HanfordvEngineer Wcrks had Instrument Development Groupa at

i s




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’using dosages expressed
as micro curies per Kg., the short term lethal dose studies indicate
that poloniﬁm is three times as toxic as plutonium and that plutonium
is at least thiirty times as toxic as radium. On the basis of relative
energies of the alpha particles of these three substances, it is apparent
that for radium and its daughters and plutonium, the energies per micro-
curie are approximately equal. The reason for this is that the amount
of radium lost from excretion is 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. Biological explana-
tion for these differences may be explaigzg:;#'the distribution of these
elements, the radium burying'itself deep in the bone, the plutonium in
the endosteal layers near the marrow and the poloniwa in the hematopoietic
and lymphatic tissues themselves., The 6-8 months studies of the compara-
tive lethal dose tend to corroborate the above findings. Pathologiégl
findings indicate that radfium showa an affinity for the hemzatopoietic
system, vascular system, liver, kidney, bowei, bone, and testes with
dasage proportional to dose and tiie. Folonium shows an affinity far
the hematopoietic s:stew, bowel, and testes only with damage again probably

proportional. FPlutonium shows its alfinity for the hematopoietic system,
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liver, iidney, bowel, bone anu testes. The changes dbserved with radiun,
althou;r. ..ore vwicely distributed, are nothgg severe as those noted with
polonium. An usual finding viti, radium is the development of far
advanced arteriosclerosis of the aorta and larger arteries including
the coronaries., OStudies are being conducted on the injection of non-
toxic amounts of plutonium, polonium, radium, uranium and possibly lead
into human subjects in order to determine the excretion rates in the
urine and feces of these substances. These studies are not ready to
report at the present time. 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 tiie.
b. Radium. - Although processing of this material was not

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-
parison with the other comparatively new radioactive substances. The
experimental work was undertaken at both the University of Rochester and
the University of Chicago (See Par. 5-7).

‘ c. Polonium. - Polonium (Radium F) was being produced in
relatively large amounts (See Par 3-13) for the kanhattan District. A
careful survey of the medical literature revealed that the information on

its taxicity was very sketchy and of doubtful accuracy. Accordingly, a

program was established at the University of Rochester to provide the in-

formation required. These experimeunts followed the plan indicated in Par.

S5=4, a., and from them it was possible to arrive at a "tolerance value"

ST W P
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{ for both depcsition and urinary excretion (See Par. 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. Investigations are continuing
and have served to corroborate the preliminary estimates of "tolerance" 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 toxic
effects on the animal o:.geznism. It was suspected that this material

might behave in some fashion similar to radium and, therefore, parallel

( studies were made on radium for purposes of comparisoa. The Crocker
ey Radiation Laboratory of the University of California was enlisted to
carry out part of the experimental work on plutonium. Flutonium (239)
was made in the cyclotron at the University of California in trace
fgﬁﬁﬁ amounts and used in metabolic experiments (See App. B4). The relative

effects of plutonium alone or in comzination with other substances were

compared. The results of these experiments with tracer amounts of plutonium
were used as pilot experiments, for estahlishing the type of experimental
work to be done by the Biological Section of the Chicago group, when larger

awounts of plutonium became available. The work at the Crocker Radiation
Laboratory also included work carried out on soils of various geaologic

types which were artifically contaminated with plutonium (239) (See App.

( 'B4). Tests were made to determine the effect of the contamination on grow-
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ing plants and to estimate the efficacy of various methods of decontaminea-
tion in removing such materials from the soil. Another phase included work
on methods of removal of absorbed 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 thét plutonium after absorption way be one
tenth or one fiftieth as dangerous as radium. "Tolerance" figures for bod}
deposition, air content, etc. have been developed by taking the moép con-
servative assumptions, with the result that in this work great effort was
expended to keep contact down to extremely small amounts. Recent work on
a method of measuring urinary excretion is promising and it appears likely
that it soon may have practical application.

e. Fission Products. - The experimental work on these radio-

active products was carried out by the University of Chicago group of

- _investigators and by the Crocker Radiation Laboratory of the University

of California. In the pile process, a number of rzdioactive breakdown

products of uranium are formed, and in the chemical separation of

plutonium these substances could be hazardous. These fission products

are formed by actual splitting of uranium or plutonium atoms into two
portions of uneqnal sige. Since they are radioactive, there is the double
problem of acute toxicity and the chronic effect of the radiation pro-
duced by mmterial deposited in the bod;. These problems also required
investigation, and experiments were planned to carry them out. &t first,
none of the calculated fission products was available and they were made
for the project by the group working with the 60-inch cyclotron at the

Crocker Radiation Laboratory. The scope of the work on fission products
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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 introducticn of the substance me—
chanically into the blood stream or tissue spaces of the body; the effects
on the various organs of the body after each type of exposure; and the
ratea 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 fission yroducts (See App. B 4). The metabolism

of the fission products in animals was studied, and the effect of arti-
ficial contamination of soils of various geologic types with fission
products was in;estigated. Tests were made on plants grown on such soils,
and methods of decontamination to remove such materials from the soil were
studied. Another phase of the problem dealt with methods of increasirg
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 various concentrations of the

effluent frum the piles (which contained minute amounts of fission
products) and observations were made. Insufficient time has elapsed to
form any conclusions from this study. Dunring the period of 1945-1946 the
fish program has continued and the results are being co.ipiled for a |
camprehensive report. The plan of work is #e: 1.) §ollow-up of the
present experiments extending thru 1948; 2.) continuation of the exposures

to chemical materials and also observations of possible effect in the

Columbia River; 3.) completion of the histological studies already in

g ** 7
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progress on fishes damaged by the vardiety 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
compounds, UF6, U0z, UCL,, UF, and UC2(NO3)2. These compounds were
selected because the greatest number of employees were exposed to these
sfbstances. U02(NO3)2 was included in the above list because of the
necessity of a base line .of comp'arison with data available in the
sefentific literature. (Most of the animal experimental work done prior
to the Manhattan Project was done with U02(NO3)2.) Two concentrations ;
of dusts were used in the experimental chambers. One dust level was
selected because it was thcught that it would produce no tbxic effects,
and the other level (approximately ten times:gsi-g::‘;) was chosen because
it would probably cause minimal toxic effects. In this manner, the
probable meximum 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 péople who work with these
compounds. Additional 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
chanbers, 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 compounds into lots of uniform size
have been developed. In this way exposure of experimental animals to
particles of known size can be determined. Preliminary data indicates

that the small particles are most toxic.
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5-5. Substsnces of Potential Chemical Toxdicity. - The special

materials which were developed for use in the processing of uranium com-
pounds constituted potential medical hazards, since, like uranium, very
little was known concerning their toxicity for the human body. The most
important of these substances were elemermtal fluorine and various.com-
pounds mamifactured by reacting fluorine with hydrocarbons (fluoracarbons
- CoFy¢, CgFi6, C21F4L). The toxicity of these substances was tested by
an experimental program similar to that used by the Toxicology Division
of the U. S. Public Health Laboretories. Protective devices were tested
and recommended for installations requiring their use (See App. B 6). The
work on these special substances was carried out by the Pharmacology Div-
ision of the University of Rochester. No additional substances in this
category were tested in the year 1945-46.

5-6. ladustrial Research.
a. Gemeral, - 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 activitiés it

was necessary to do certain non-medical research primarily concerned with

hazard control.
(1) University of Chicago., ~ The Chicago grour studied
methods of monitoring and developed methods of using x-ray film and

ionization chambers to determine the amount of radiation existing arvund

working areas., Ventilation systems were studied and working areas were

designed to offer the maximum protection. By use of the data developed
by the workers in this research group and the animal research group,

measures were instituted to cover all likely possibilities of exposure and

f
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to safeguard the workers in all cases.

(2) Clinton Laborstories. - The Clinton group had an in-

dustrial research section similar to the one at Chicago. This group as-
sumed responsibility for the medical supervision and protection of all
workers at Clinton Laboratories, both by monitoring the plant and making
physical and laboratory studies of the workers at frequent regular intervals.
(3) The University of Rochester. - The University of
Rochester also had an industrial research section. Fiim and instrument
monitoring methods and protective devices were developed, for the. pro-
tection of the workers exposed to uranium and other special materials
(See App. B 6). Actual monitoring of the plant areas,uncer th; supervision
of the Distriect iLedical Section, was done to detect dangerous amounts of
radioactive substances. Consultant service was provided, for the determir-

ation of the extent of the radioactive hazard in the individukl industry.

5-7. Reports on Resesarch Activities. - The various research sec-

tions Lept in close contact with tne Cffice of the Medical Section through
the medium of progress reports. The Chiczgo, Clinton Laboratories, Uni- |
versity of California, and Natlonal Cancer Institute reports are filed
vith the District and are designated as tre CE and CK reports. The Uni-
versity of Rochester and Biological Foundetion reports are aiso filed in
the Office of the lkedical Section znd are designated as M reports. The

~ reports from the University of Wasnington sre filec in the same office

and dre designated as Fish Frogram Keports and Charts.

5-8. QOrganization.

e -

- . a. Manhattan District Personnei. — The District Engineer was

required to approve all contracts of the Lanhattan District, including
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those for medicai 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 biological research
and to report the progress of the program. Colonel Warren organized,
supervised, and integrated the medical research program. In this

task he was aided by Lt. Col. H. L., Friedell. In March 1945, Lt. Col.
Friedell was appointed Head of the Division of Biological and Health
Physics Research of the Medical Section. Capt. J. W. Howland was
selected as Assistant Division Head, and, with Capt. David Goldring,
acted aé liaison officer to the rese;rch organizationa; The relationship
of the Division of Biological and Health Physics Research to the civilian
research agencies is illustrated in the attached chart (See App. C 22).

b. University of Chicago. - The Health Program of the Met-

allurgical Laboratory of the University of Chicago was directed by Dr.
Robert S. Stone, formerly professor of radiology at the Medical School of
the University of California. Dr. Stone joined the Metallurgical Project

as. Associate Project Director for Health, in June 1942. He was charged with

| the responsibility of protecting the health of all of the individuals en-

gaged in the pile process. To discharge this obligation he was required
to procure the necessary personnel, to set up safety standards and 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. Leon Jacobson,a member of the staff of the Uni-
versity of Chicago Clinics, had been assigned previously the taak of
clinical care of project enpioyees, first as a consultant in January

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 hazards section,
charged specifically with the responsibility of instituting 5a.fe-opersbing
practices for radiation and radioactive substances (Both Dr. Cantril and
Dr. Parker were transferred to Clinton Laboratories in August 1943, to head
the Health Program and Instrument Section respectively). Dr. E. W. mm,
Assistaht Professor of Physics, University of Chicago, aided in the de?elop-j
ment of monitoring instruments and in the déaign of the shielding required
by operation of the pile. After Dr. Cantril left the staff, Dr. L. O,
Jacobson became assistant to Dr. Stone. The activities of the brgmﬁzat.ion
were divided into the fonming groups, headed by the persons listed:

1) Clinical Kedicine - Dr. L. 0. Jacobson

2) Biological Research - Dr. K. S. Cole

3) I.ndusvtrial Hazards - Dr. J. J. Nickson

Dr. Cole had been Associate Professor of Physiology, College of
Physicians and Surgeons, Columbia University, and performed experiments on
toxicology of radioactive substances. He was assisted in this work by
Dr. R. E. Zirkle, Professor of Botany, University of Indiana, Dr. C. L.
Prosser, Assistant Professor of Zoology, University of Illinois, and Dr.
A. M. Brues, hAssociate ianysiciah,uum.ingt.m Memorial Hospital, Boston, Kass.
Dr. Albert Tannenbaum, of the research staff of Michael Reese Hospital,
Chicago, Illinois, performed the feeciing experiments to determine the tox-
icity of uranium compounds for mice. The Industrial Hazards Section, after

Dr. Cantril's departure, was headed by Dr. J. J. Nickson( serving directly

el
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under Dr. Jsce)bsm);who was assisted by Lr. John E. Rose. Assisting in

the Section on Cliz;ton Kedicine were Dr. Samuel Schwartz, who was in charge
of biocpe'nﬁ.stry, and Dr. E. S. G. Barron, Associate Professor of Medicine,
University of Chicago, who directed studies of enzyme Chemistry. The
Pathology Section was headed by Dr, W#illiam Bloom, Professor and chairman
of.the Department of Anatomy, at the University of Chicago. Dr, Bloom was
assisted by Dr. Herman Lesco. Dl;. G. Failla, Professor of Radiology and
Director of the Badiological Rese#rch Laborator}:, College of Physicians
and Surgeons, Columbia University, Dr. W. H. Talliaferro, Dean, Division of
Biclogical Sciences, University of Chicago, and Dr. J. Watson, Frofessor
and Head of the Department of iledicine, University of Minnesota, acted as
consultants to the project. The organization grew in size as the research
program expanded, until approximately 215 persons were employed at the period
ol gfeat.est ‘activity. This does not include the 90 people employed in the

clinical group. Not included in this total are persons in the Instrument

‘Section who worked full or part time on the development and maintenance of

instruments required by the Health Program.
¢, Clinton Laboratories. - The health program at Clinton

Laboratories, under the supervision of Lr. R.S. Stone, was directed by

Dr. Simeon Cantril, fram its inception in July 1943 to September 1944.

He was replaced at this time bytz.;c.ahn Wirth, who had been previously at

the ikational Cancer Institute. ODr. vWirth, in addition to his duties as
director, supervised the clinical medipine section of Clinton Laboratories.
Cr. H. J. Curtis, formerly Asaistant Professor of Physiology, éollege
Physicians and Surgeons, of Columbia University, was in charge of

biological research. [r. K. Z. Morgan, previously a research physicist




at the University of Chicago, was in charge of the instrument section.
At the pesk of employment, a total of approximately 100 persons were em-
ployed by the Clinton Laboratories Health program.
d. Ibe University of Rochester. - 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 Department of
R&dic;logy, in charge. He organized and supervised the project, which was
divigled into the following major sections, headed by the individuals
listed:
’ i) Radiology - Dr. Andrew H. Dowdy.

2) _Fharmacology - Dr. Harold Hodge.

3) Instruments and Special Problems - Dr. #illiam F. Bale.
All of these men were members of the staff of the Univeraity of Rochester
at the start of the project. Dr. Dowdy was associate professor of radio-
logy, Dr. Hodge was associate professor of biochemistry and pharmacology,
and Dr. Bale was_associate in radiology. As Dr. Viarren became more and
more concerned with activities of the Manhattan District, Dr. Dowdy
became assistant director and, in November 1943, was appointed director.
He continued to supervise the radiology section, until Dr. Robert Boche
(Research Fellow University of Pennsylvania 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. laury Wwantman, who

also was in cherge of the statistics section. Other individuals whg

supervised research groups lncluded:
(a) Pr. George Boyd - - Head of Cyclotron and Nuclear Research

Departmant, Biochemical Research Foundation, Newark, Del., in charge of
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special studies of the toxdeity of certain radiocactive substances.

(b) Capt. Fred Bryan - - Formerly instructor in the School of
Medicine and Dentistry, University of Rochester, in cﬁarge of hematology
(subsequently replaced by Dr. George Suter, also instructor in Medicine,
at the University of Rochester).

(¢) Dr. Alexander Dounce - - Instructor in Biochemistry at the
ilniveraity of Rochester, who was responsible for enzyme chemistry. '

(d) Dr. Francis Haven - - Associate in Biochemistry at the
University of Rochester, who was in charge of the mechanism group.

(e) Capt. Roger Metcalf - - itho was responsible far the pathology

of the experimental work.

(f) Dr. L. T. Steadman - - Associate in Radiology 2t the Uni-

versity of Rochester, in charge of spectrochemistry.
(g) Dr. Herbert E. Stokinger - = Immupochemist, University of
Rochester, who was responsible for supervision of inhalation experiments.
(h) Mr. David Tiedemann - - 'tho replaced Mr. Wantmen as head of the

statistical section.
(1) Capt. Paul Rekers - - Conducted special hematological research

in radistion exposures.

(j) Capt. William Valentine - - Conducted similsr hematological

research in radiation 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.

Cther part-time con@tanta to this section included:
(1) Dr. H. H. Schrenk - - Associate Toxicologist of the Bureau

......
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(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 380 persnons was reached.

e. University of California. - The medical research program

at Berkeley was under the direction of Dr. Jeseph G. Hamilton, Assistant
Professor of Medicine and Radiology, Radiation Laboratory, University
of California. Dr. Hamilton was assisted by Dr. Louis Jacobson, Dr.
Ray Overstreet and Dr. Kenneth S. Scott. The program was closely
correlated with that of the University of Chicago. Appraximately 16
persons were employed 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 National Cancer Institute of the U. S. Public Health Service. He

was asdisted by Drs. E. lorenz, A. B. Eschenbrenner, M. Deringer,

W. E. Heston, ead approximately 6 others.

g Columbia University. — The research performed at
Columbia University was integrated with bhé radiation program of the
Uﬁiveraity 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. Evans. Approximately 6 additional persons were employed

on this project.

h. Biochemical Research Fou__g_c_iatioh. - The program o re-
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Del,, was directed by Dr. Ellice dMcDonald, Director of the Foundation. He
was asaisted in this work by Dr. Harold il. Terrell. Approimately 14
other persons were émployed in the progranm.

i. University of Washington. - The fish program conducted
by the University of Washington was headed by Dr. Lauren Donaldson,
assisted by Mr. Richard Foster. Approximately 4 other individuals were
employed in the performance of this experimental work. Mr. Henford Thayer
acted as GSRD cansultant to rthe project.

J. The Cost. — In most cases the research projects in the
foregoing paragraphs were carried out in areas where types of research

other than medical were being performed. Because of this fact, costs

for the medical research alone are not available, since all costs have

been lumped into one sum for each project.
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6-1. General. - On 1 Mgy 1943, a¥l OSRD contracts pertaining

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 duplication,
éll research programs were 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. A
survey of the leading medical authorities familiar with the special
medical problems encountered in project operations revealed that Dr.
Stafford L., darren, Professor of the Department of Radiology, Univer-
sity of Rochester, Rochester, New York, was the best qualified physician
available for thLe positicn. asccordingly, in Karch 19/3, Lr. 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 gédical Section of the Kanhattan

District. - The first.medical offiqer-attached to the District was Lt.
Colonel, (then Captain)Hymer L. Friedell who was assigned as 1iaison
officer to the Yetailurgical Laboratory of the University of Chicago in
August 1942, 7Vidth the appointment of Dr. Warren as Consultant to the
District Engineer, Lt. Colonel Friedell becaue his executive officer.

In May 1943, Kajor (then Captain) John L. Ferry was added to the staff

and was given the responsibility of supervising the industrial medical

“programs of District contractors and of acting as liaison officer to the

research program at the University of Rochester. During the summer of




1943, Charles E. Rea, ¥. D. (now Lt, Col.), Harry Fitluck, D. D. S., and
the late william B, Holt, M. D,, were procured from civil life to provide
care for the commnity of Oak Ridge. Dr. Rea was appointed Chief of
Clinical Services for the Area, Dr. Pitluck, Director of Dental Service,
and Dr. Holty Director of Medical Service. On 5 Nbvenbervl9h3, Dr. Warren
was commissioned a Colonel in the Army Medical Corps, A, U. S., and desig-
nated Chief of the lMedical 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 veteninary, 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 Sectiocn were
divided largely into three groups coordinated by the Section Chief’ and his
Executive Officer:

a. Biologic and Health Fhysics Research.

b. Clinical Medicine and Dentistry.

c. Industrial Medicine.

6-3. Qualifications. - The qualifications of officers assigned to
the District are indicated on “personal history statements" (See App. BlO).

6-4. Contractors' Medical Organizations. - The Section Heads of the

major contractors medical organizations are indicated in Section 3 of this

volume which describesthe activities of those organizations.

6-5. Assistance fram the Surgeon General's Office. - Arrangements
were made, in September 1943, with the Surgeon General's Office (App. A4),
to commission certain civilian medical personnel employed by the District,

to obtain the additional medical departmebt personnel required by the

.....
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District, to make avzilable the uzterial procurement facilities of the
Surgeon General's Office, and to use funds aveilable 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 requests from the Manhattan District. Further,

the District Engineer and the medical officers under his control were not |
required to suhmi.t to the Surgeon General 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 personnel
assigned, attached, or allott;ed to the Manhattan District would not be trans-
ferred to or fram the control of the District Engineer without his prior
appi'oval. This measure was considered necessary to control the security of
classified information and to maintain especially qualified personnel at
thej..r assigned tasks. The relationship with the Surgeon General functioned

effzcientILy from its inception, and is continuing at the time this history

is 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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Essponsibilities of the Medical Se¢tion. A letter
from Colonel K. D. Michols to Colonel 8. L. Warren

dated 10 August 1943.
Grant of Author!.ty for the Osk Ridgo Hulth
Association. : .

Hospital and Medical Fagilities for Oak Ridge.
A lstter Lfrom Colonel S. L. 'lrl‘.n to Colonel K.D.
Niochols dated 15 February 1944,

Medical Fagilities, Manhattan District. A letter

froa Major Gen, L. R, Groves to The
General, Army Service Forces dated 21 Septesber 1943.

By-Laws of the Oak Ridge Hospital
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WAR DEPARTMENT: Nﬂﬂm‘l -of 13 e09108. Series A.
UNITED STATES ENGINERR OrrFICE ™ -
MANMATTAN DISTRICT LI n

P O BOX 42
STATION F D=-22-h

Naw Yomrx, N. Y. - .
, 10 August 1943

Subject: Responsibilities of the Uedical 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 is deemed
necessary for carryine out the functions of the Medical
Section. In this regcard, however, all existing research
agencies working on the hrealt» nrzbleuns of the nroject should
be utilized to their canacity a2nd every effort should be made
to have them do additional research work when recuired and to

avoid duplication of effort.

2. To determine what health hazards are oresent in any
of the operations of the lManhsttan District.

3. To determine what orotective measures should be
taken to sliminate or protect against any smecific health
hazard of a serious nature.

L. To ksep the various contractore and Area Fngineers
informed in regard to approved measures to be taken for the

safeguarding of health.

5. To organise and operate a hospital, medical service,
- and dental service at the Clinton Engineer Works.

6. To confer with and to advise the Ares Engineer and

cetractor at the Hanford Engineer Warks and to determine
that propoz' Hospital and Medical Services are established there.

: It will be the responsidbility of the Area Engineers involved to
see that the approved or recommended protective health measures are put
into effect by thie contractors although the Medical Section will be ex-
pected to give assistance and coopentiou in this matter by making per:lo-

v +die inspections to.check on the working 'out in actaal practice of the"

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-

© e signment. s are noted. The Section itself will be administered by:

Dr. Stafford L. Warren, Chief, Medical Section
Dr. H. L. Friedell, Executive Officer, Medical Section

The assignmert of Captain John Ferry to the Medical Section, Special
Products, has been approved in a commnication dated 8 August 1943.

The assignments of Dr. Charles Rea as Clinical Supervisor,
Clinton Engineer Works, and Dr. William B. Holt as Chief, Hospital
Service, Clinton Fngineer Works, are hereby approved.

For the District Engineer:

K. 3vdk
K. D. NICHOLS

Colonel, Corps of Fnrineers
De~uty District Encineer

b cc: Area Engr., Hanford Engr. Wks., Pasco, VWr-~h,
B Dep. Distr. Engr., Knoxville, Tenn.

Area Engr., Chicago Area
y Area Engr., Wilminvton Area

Area Engr., California Area

Area Engr., Columbhia Area

Area Engr., Murray Hill Area

Area Engr., New York Area
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4 So representatives ui.'u'h
. presentative. The.
by the subscriber groups:

i aspec e
4¢P il Serveldndesinitoly at the -
vacancies on the board of ‘Rtogory b. peibers will be filled
e on the recocmendation of the pnyaidru' 5roup
_‘gg-du be filled by the District Engir :re s
8

. The Board of Direc b2 'shall select from its mnmp

'"13‘"% vice—president, ucut , and treasurer of the’ Asaocuum

d it may employ a business manager ’snd such other ecployaes as ﬁ?z
necessary for the®bxocution of the Association's work. The board

all make all decisions aind do all things necessary to carry out. t.hiiy
sociation's objectives, It shall adopt a set of by-laws stating the
des of its officers and key employees and prescribing its rules of
cedure and operation, A certified copy of the by-laws and of all

Y

ndosnts thereto shall be promptly furnished the District Engineer g AP

shall hlvq the power of veto in whole or in part thereof,

b, The treasurer or his successpr shall be the cuatodian of

the issociation's funds and shall be solely responsible to the
tiation and to the District Englneer for their collection, safe-
ng, disbursesent and accountability, The treasurer shall proampt y
it or cause to have depoaited all issociation funds in a selected B b
i\icblh&ll be a member of the Federal leserve System to the credit
» Oak Ridge Health Associution, The depositary of the funds, -in

or in part, shall not be recoved to any other bank or place.

(1) All disbursewents made from the funds of the Association
hall be by check aigned, "The Oak .tidge Health association, by T
» Treasurer," provided that the treasurer or his R
1008880 RAY, ‘on his own regponsibility, set up with adequate "
feguards and accountability such petty cash sccount as my be
cessary but not to exceed fifty dollars (U50.00) total, and
psyment, therefroa shall omoed t.wontr-uve dollars (.,25.00)
anount .
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(2) The treasurer il“lut.hori;ﬂ during periods of his ab-
e in excess of two days froam Quk .Udge, Tennesses, to appoint
;put.y Tnuunr t-o perfom his dut.hl. In the event Absenca

-
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Subject: Grent of Authority fur the Onk .tidge Heallh association

of the treasurer fron Ork .ddce shall exceed thirty (ﬁ) congecu~
tive days, the Board of Directors shall appoint a new treasurer,

c. The secretary of the board shall keep accurste alnutes of
all meetings of the Board of Directors and Exacutive Comsdttee, as
uwell as perform other duties as may be assirned by the board. A copy
of all minutes shall be promptly furnished to the District Engineer.

de The Boerd of Directors shall meet as often as necessary to
properly supervise the activities of the Association, .sgular ssetir s

shall be held at least quarterly,

e+« The president shall presice over all meetings of the Assocla-
tion and of the Board of Directors.

{. The Board of Directors shall elect {roa its membership an
Executive Committee composed of six members, three of whoas shall be
physicians, headed by a chairman who will be the same individual as
tho president of the Board of Directors. The board will also elect
from its membership a Budget Comnittee and an Audit Comnittee of
three members each, and such other coamittoes as shall be considered’
nacessary by the board. The pnimary function of the Bxmcutive Com-
mittee shall be to supervise the operation of the associ:‘.ion as
directed by the Board of Directors. The Budget Committer shall keep
itoelf fully informed as to the financial status of the Association
and shall study all budget mattsrs submitted by the business

. and make recommendations to the board as to the course to follow in

the matter of budgeting funds. The primary function of the Budget
Cormittee shall be to keep the board informed of the financial status
of the Association and nake recozmendations for corrective setion when
necessary to insure chat the financial status of the Association is
sound at all times. The Audit Committee's primary responsibility
shall be to insure that an adequate bookkeeping snd acoounting systea
is maintained at all times; that all disbursessnts are for authoriged
purposes and within budgetary liaite; and that all property and funds
are properly acoounted for, ,

Lo Officers of the Association and mexbers of the Board of Directors
shall serve without compensation. Employees shall be cospenssted at retes
not in excess of those paid locally for similar services and as agp
by a majority of the Board of Directors. Officers or employess of the
Association charged with the handling of its funds shall be adequately

’-

bonded,




Sabjects Omt of Authority for the Osk didse Health Association,

Se Booﬂul services at the Oak .ddge Hospital will be procured by
contrect with the Roane-Anderson Coupany or its successor at charges which
my be subject to pcrlodlc adjustaent on the basis of hospital costs or

as may be spproved by the District Engineer. Ledical fees will be
wt?mwum-mm;cmury.

... 6s Office space and equipment will be mads available by the District
Engineer with or without reatal for the Association's use. A such facili-
ties will remain the property of the Government and shall be .::ld account—
able as such., Adequats measures will be adopted for their cure and main-

tenanoce, enain G

‘ R ST )
7. A financial and mesbership statement shall be prepared monthly

lnd coples thereof. shall be fumnished each meaber of the Board of Directors.

A copy aigned by the president and the troasurer shall be promptly
delivered to the-District Enginocer. Adequate records shall be maintained
of the Association's activities and competent safeguards, bookkeeping, and
accounting procedures equal to All 210-50 and . YL Form 15 shall be in-
aungureted and maintained for the protection and accountability of all

y and funds for which the issociation is custodian, The District-

Engineer shall have the privilege of auditing or inspecting the accounts,
books, and affairs of the Association at any time or to require additional
reports rchtin bo tho haochuau'a operstions,

P 8,.. umhtioa may be dissolved at.the d:lsmuon of the Distri.t
e Engineer with im,-atuuc the recoasendation of the Board of Directors, In
the event thereof, the. Board of Directors will procesd to liguidate all out-
standing obligations within a year imnediately following the receipt of notice
mdamlnmmlmnmmpou of all assets and surplus funds and all

- property in its mtody " The disposal of assets and surplus funds of the
umm ‘-lg.h the concurrence of or at the direction of the Dis-

' u}tqno-s (1) By donation to the American asd Cross, the
latloall hr P Wogm Salvation Arsy; (2) by transfer to a successor
organisation; -or (3) hy ‘such other donations or transfers as desired except
Mmmwmmmmmwam assets or sur-
.. plus‘funds be W ted to any officer or member of the Association. Dis-

i padt.tou of Go .property in the custody of the Associst’on will be witi
: "b ‘ 'doratmmumoftmm-trictm'-

?

10, mi ¢ f.;u;tmruy shall be retrosctive in effect as of the
first day of mm 963,20:4 shall ressin continuously in effect until
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Subject: Hospital and !edicnl Facilities for Oak ridge

VEWORANDUK IO Listrict Zagineer, 'anhattan District
\Atte=-tion Lt. Col. T. T. Crenshaw)

l. Reference is made to xero =1DI'}-1l1l, 29 January 1944, {n-
dicating that a minimum of 45,000 "permanent” residents will be
housed at lak Ridge with a possible peak of 53,000 by July 1944.
Other information indicates that between July and December, an addi-
tional 25,000 construction workers will aleso be housed on this area.

2. Adequate minimum requi rements should be made available for
both constant bed occupancy for expected illnesses in this area,
end & certain amount of excess capacity, usually 20, for sudden
epidemics. There are no data from wiich t> determine directly the
requirements of the sowewhat sbnormal commun:ty st Oak ~idge. ~owe
ever, there are certain assumptions which muy bte made from current
experience.

3. The ratio of teds to population im the U. 5. for 1933 was
3.4/1)00. with 60! oczupancy. For 1943, the ratio is not available,
but the occupancy was nearly 95., which is dangerously high. This
sudden increase in bed occupancy may be directly the result of
several factors:

s. The smaller number of physicians available, which makes
it 1mpossible for sick patients to be cared for in their homes,
as was the custom previ.usly.

b. Vore members of the fanily working, with noone at home
to care for the patient.

: tn influx of ainzle "war” workers into communities

e

where ~hey have to de hospitalized when {l1l.

4. " atierts sarning more money demand the batter care and
iower risx wiicr, os;ital fazilities provide.

111 of these Tactors are present at ak nidze. Approximately
T/t sf e populati-n are single workers. he majority of the operat-
i . .eraonnel btelongs to the white-collar class who are a:customed
"~ - ~mt 28l zare.

6. Irnotom ity o ochester, ‘ew York, from ahich come many
¥ - r sermr... -ersonzel, (he ratio is 3.1 beds /1300, and the
sal.w ol Aot ra ot Lopuietion nae changed from 1/750 to 1/12)0,

within © = past vear., Jirre the ruri1o of phvsiclians tc population

A3




(’ utjeet:  oapical c.g vedic:l -acilities for ax Ldage

15 rabrusry 1244

in [ak zidze has been [ixed at 1/2000, iacause :f the difficulty of
obtainin- chysicians, it is imperative that the proposed beds ¢t .-p-
ulation rasio be maintsined at a high leval.

5. .fter studyin; the advice >f consultants ani surveying the
lecal situatiom, it is recormmanded that hos ‘tal facilities, in-lud- )
in; .ut-patient s~rvi~e, e tased on the ratio of I Teds /100, or N

25, baus,

6. .t .5 recomrended that these facilities be cinstructed
immediately s~ that the entire hospital :nit is availabls for use

by 1 July, 1944.
WW

STAFFORD L. 9ARRT!
Colonel, edical vorpl
Shief of Vedioal lection

- | ;}”"L*ﬂ;
| e |
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WasuinGTon, 0.C. CFFICE OF THE CHIEF OF ENGINEERS

WASHINGTON

RUCR IO FULE NO. .. . e e

Subjects lMedical Facilities, Manhattam District U&/
Tos The co-unding Oeneral, Army Servioe roren, P'e

Washingten, D. C,

1. Due to the wmique ocooupational hazards 'hion o=
countered in the operation of the prajects unuer the control of the
Manhattan Distriot of the Corps of ungineers, it has been necessary
to provide on-site hospital and medical facilities for the personnel
employed thereon and such of their families as are required to live
on the projects. It has also been found necessary to oontract with
certain institutions for the furnishing of medical facilities and
espeoially qualified personnel,

2. At one project, hospital facilities are¢ ncaring oompletion,
The medical staff, provided by the contractor in charge of a part of
the medical research pertaining to the project, has necessarily come
into possession of consiuerable secret information. For this reason
and primarily in order to insure the retention n the prujeot of their
outstandiag professional qualifications, and to insure cuntloulty of
research and medioal treatmant, it nas been deteramined to be essential
that a certain portion of this mediocal stult be in the military estab-
’ lilh'lﬂnt-

3. It is therefore recommended.
cerhin of

.. That, tho mediocal personuel be comnissioned in the
Medical Dopu'taant and that a proourement objective and al-
lotment of personnel be made avu.lable to the Surgeon Geaeral
for that specifio purpose in the numbers and grades inuicated
on the inclosure, and that the District Engineer, Maniattan
District, be authorited to correspond direvctly with the Sug-
goon Oenersl in order to =xpedite the militarisation of this
mediocal stuff.

b, That the Surgeon General be asked to give the fullest
consideration to recomsendations of the Jistrict Engineer as to
the grades in which the members of tast staff are to be appointea,

A%



Subjeot: Mudical Facilities, Manhattan Distriot 21 Sept, 43

and to requests for any necessary waivers of physioal disa-
bilities of those persons, provided that such disabilities
will not prevent them from perforuing their assigned oon-
templated duties.

So That existing Medical Department persomnel and
matorlel procurement facilities be made available to the
Manhattan Distriot, where it is advantageous to the Goverunmeat.

d. That those persons named in paragraph 2, AR 40-6065,
and stationed at those Manhattan District projects at which
there are located mediocal facilities, be authorized to reoceive
medical care at those facilities, and the expenses iacurred
thereby be reimdursed to the Manhattan District by the Surgeon
General from funds available to him, the aanner of reimburse-
meat to be mutually agreed upon between the Surgeon General

and the Distrioct Engineer. ‘

e, That, for security reasons, a lialscn officer be
appointed by the Surgeon Genwrsl «ith station at the Office
of the Surgeon General, with full euthority und freedom of
action to approve, in the name of the Surgeon General,
requisitions accomplished by the District kngineer, Manhattan
District, for such Medical Department personnel and materilel
as are neocessary, and to sxpedite the filling of such requisi-
tions, This officer will be provided by the Manhattan District
with the inforeation (for bhis peresomal use) necessary fur him

to act intelligeatly.

£. That the District Lngineer and the medical offliocers
under his ecutrol be mot required to submit to the Surgeon
Goneral or his representatives any reports which in the opinion
of the District bugineer will reveal the nature, scope, or
military importance of the work being performed by the Manhattan

Distrioct.

. That the Mediocal Department personnel assigned, attached,
or allotted to the Manhattan District be not transferred to or
from the comntrol of the District Engineer without his prior ap-
provel, This msasure is necessary inm order to ocontrol the
seourity of elassified information and im order to insure that
the especially sclected medical persommel will be retained on

their presently assigned tasks.

Por the Chief of Engineers:




T BY-LA.S OF THE OAX RIDGE HOS.'TTAL
PREAKBLE

D Recegnising thet the best interests of the patiant are protected by
concerted effort, the physicians practicing in the Osk Hidge Hospital here-
by organige thenselves in conformity vith the by-laws, rules, ard rcpulations
hereinafter stuted.

For the nurpose of these by~laws the vord medical staff shall be inter-
proted to include all physicians who are privilezed to attend patients in
the Oak Ridge Hospitel,

Thenever the term governing board appears, it shall be interproted to
refer to the controlling group.

ARTICLE I. NAXE

The name of this orgunisation snall be the "ledicsl Stuff of Oak
Ridge Hospital."

ARTICLE IXI. PUIDPOSE
The purpose of the organization shzll bat

le 7To ingure tnat all patients sdmitted to the hospital ar treated
in the out-patient department receive the best -.ouszible cura,

2, To provide a means whereby problers of a nmedico-administrative
nature may be discussed by the t:edical staff with the governing board and

the administration,

Nk
3. To initiate and maintain self-governmont.
L. To provide education and to maintain educational standards.

Seotion 1, Qualifications

Tae upplicunt for :embership on the rmedical steff shzll be a gratuate
of an epproved pedical school, le;ally licrnsed to practice in the state of
rennessee, qualified for membership in the local redicul soclety, and yrac-
ticing the community or within reasonablc cistance of the hospital,

Section 2, Lthics und Ethical Relationshirs

The code of ethics as udoptod by the .urorican iwedical Associution und

the "Principles of Financial ilalations in the Professional Care of the

Pationt® of the American College of Surgcons shall govern inhe professional

conduct of the members of the medical stuff. Spacificully, all members of

the medical steff shall pledge themselves thati ‘thoy will not recoive from

or pay to ancthor pnysioiun, eillicr direccily or indirectly, any part of a

fee received for professional survices. On the contrery it shull be agreed
- that &1l foes shall be collectcd end rctained by the indivicéual nhysiciun in

L L accordance vith ilie vulue of servicas rordered,



Section 3. Apvlication for l.embership

Application for nemberahip on the nedicul staff ghall be prescnted in
writing on the prescribed form, which shall state tho qualifications and

rofercnces of the ax.licant, end shull also 3ipnify his agreemont to cbice
by the by=laws, rules, and regulations of the meodicul staff,

Scction 4. Torns of appointment

a. Appointuments to the modical staff shall be msde by the governing
board of the hospital and shell be for the period of one calendar year,
+t the end of the your itze governing board of the hospital ey reampoint
all members of the nedical steff far a further period of one year, pro-
vided the nmedical steff has not recommended that any specific uprointment
shall not bs r:newed. In such case all other reapuvointrents may be Lade.

b. Should the governing board wish to take the initiative in re-
fusing to rake rcappointment of any momber, it shall so advige the medical
ataff, stating rcasons =nd usking for recommendstions es to furtaer uction,

ce In no casc snell the overning board tike action on an applicctiion,
refuse to renswy an apyointment, or cuncel en uprointment previovsly made
without conforonce with the rmediezl staff, but rozurdless of tie recomrenda-
tions of the wmodicel stuff, finul rcaponaibilicy Zor aupointment or cencel-
lation of an appointment rust rest with the zoverning bourd,

d. 4ap-.cintment to tne medical stafl shull confor on the appointee
only such privilcpes as may be rercinafier nroviced,

hY

Section 5. Procedure for apzciatment

2« - The apuiication for merbership on the modical staff shcll ve
presonted to the director of the uospitel ant by :in referred to tae
secretcry of thq mecicel stuaff,

) b, 4t the first reguler meoting théreafter, the secretary shell
preaent the azpplication to ihe medical steff, at nich tize it shall be
either recomeended for rojection or referred to ihe crecentials committoe.

c. The credentials cormittoe shell investigate the churacicr, quali-
fications, and standing of the apulicant end shall submit a report of find-
ings at lie noxt regpular =meetins of Lhe .sdiecol staif, or ss soon there-
after as poasible, rocom onding that the ap.licution bc accepted, deferred,
or rejectede In no cmac 3ngpll this report be delayed for -oro t:an {urce
nonths,

de inen deternining oualifications, ine credentisls comr-ittoe shall
also assipgn privileges x3 jrovided in irtiele VI, icctions 1 and 2 of thase

- by-laus.

e, On receipt of tho renori of tio credentials co:mittee, the
nodical staff shali irzediaitoly recorizend to tho governinyr boure thet bue
ap;:lication be accented, deferrcd, or rcjected,

f. Tho rccom:endstion of tiie redicual stuff srell Le trunsudited to tine
governing board tirouga the dircctor of the oz itul,

-2.



g The governing board shall elther acccvt tho recormendation of the
redical staff o shall rofcer it back for further considerstion. In the
latter case the governing Loarcd shall instruct its secretary to atute to
the rmedical staff the reusons for such action,

h, %“hen final sction has boen tuken by the governing toard, tho
director of the hoapitzl ghall bc suthorized to transmit this decisicn to
the candidate for ucmberaship, and if ne is accepted to secure uis signature
to these by-laws, rulos, and regulations, Suca signature snzll conastitute
his agreemont to be governed by the said by-laus, rules, and reguletions.

Section 6, Emergency end Temporary privilegus

a. In case of emergency the vhysiclan attending the ;:atient shall be
expscted to do g1l in hig pover to save tiwo life of the nstient, including
the calling of such consultation &9 ay bes quickly available, For the
purpose of this section, an emorgency is defined as a condition in vhich tha
1lifg of tie patient is in imsedinte denger snc in vhick any doley in ad=
rinistering troatment would sdd to thet danper.

b. The director of the hospit:l shall heve the authority to zrant
temporary privileges to a vhysieian vho 19 a memer of tae local medical
society and doairea to attend an occusionel vstient in the :cspital but
who 1o not a recuber of the modiocal stafi, Such tcmporary privileges shull
be pranted after conference with tie chicf of staff or the redical director
to deteririne an autharitstive oninion as to t-e competence ond ethical
standing of tho physician who desires such tcczarary jrivileces, and in
the excrcise of such privilcges he shall be under direct su crvision of the
chief of staff., Temporary rrivileges nay not Se granted to zttend more
than four patients in cny one yoar, after which tae physicisn to whom the
tenporary privileges have been granted shall be required to tecome a rerber
of the medicul staff bofore beinz czllowed to attend additional patients.

ARTICLE IV, DIVISIUw: Gf Tu& : eDil. L STnF?F
Section 1. The wcdicrl 3taff

Tre medical staff shall be diviced into ‘onmorary, corsulting, active,
agssoclate, arnd courtesy :roups,

Seetion 2, The sionorary icdiczl Staflf

Tro nonorary —edical stiff shall consist of physiciins fio are not
active in the hospitel und who are :.onore¢ by ereritus nositionc. These
may bc vhysiciens who heve retired from active rosj:iincl service or phy~
sicians who are of outstanding roputation, not necessarily rcaicdont in the
cornuni ty,

Tho honorsry riedicel staff sl:ell Yo apncizted by tie governing bhoard on
reccornordation of the active medicel stuff and snaull .nuve no ussigned dutles
or r:aspaacibilitiesy Their nrivileges shel)l ™ deteriined by ine cre-
decr:itipls comudttea us providod in article VI of these by-lais,
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Section 3. The Consulting kedical Stuff

a. The consulting medical steff shall consist of recognizod special-
iats who are active in tne hospital or vwho have signified :rillingness to
accept such appointment. These mey be Fellows of the American Colle-c of
Surgeons or tho .nerican College of Fhysicians, diplomatos of one of the
national boards of nedicul spocialties, members of the rnutional society
reprcsenting tke specialty, or otaors whom the crodentials comnittee L:ay
consider to be worthy of teing appointed us nembcrs of the cbnsulting
medical staff, i.cmixrship on tie corsulting medical staff shall not render
the menber ineligible for rombership on the active mediczl ateff,

be Appointnent shall be made by the governing board on recomremiction
of the active medicel staff. Crecentiuls shall not ba required for such
appointments and the proposed member nay be invited to sccept ajointinent,

ce. The duties of the memiers of the comovlting medical staff shall
be to zive their uervices without canrge in the care of froe petients on
roequest of uny member of the active :wedical staff, and also in any casc in
which consultation is ruquired by the rules of %the hoapital.

d. In so fer as their spocialty is concerned, cembars of the cone
sulting nedical staff shall have unrestricted privilegcs, but in cases not
falling within their srecialty tiey shall riave such privilezoes us ray be
detcrmined by the credentisls com.ittoce 28 provided in Article VI of these

by-lewse.
Section 4. The ..ctive ifedical Staff

a, Tha active nedical stcff shull consist of physiciasns who iave beon
gelected to attend free vatients in the rospital and to vhom all such patients
shell be assigned. liembors of the active medical staff shall not be re-
quired to be exclusive specialists, but it is to e expected that they will
be well-skilled in the perticulur branch of medicine to wvhich they ure as-~
signed, and that the mujor purt of their mrivate -ractice will fall within

that specialty.

be. Appointrenta ghall bo made annuslly by the coveraing board on recor-
mendation of the active .iediczl ataff from the formor :eirbora of the active
medical ptaff, u«nd, in so fer as it is nosaible, vecancies shell be filled
by promotion of members of cne associate wodical stufl who have signified a
desire to become nure sctive in ine work of the hosplitul.

c. Tho duties of the active riedical ztaff siall be to attond zll free
patients and, in so far us free work is concerned, tuey shall atiend only
auch patients as are ac:dtted to their services, All busiacss of {410 medi-
cal staff shall ba trunsncted by ihe active rwedicel stuff 2o only moxbers
of the active recdicul stuff saull Ye oligible to vote and nold offico.

d. In so far es freoc cuses nre concerned, mexbers of the activa medical
steff shull trecat vutients in both the in-patient ani out-pctient depart-
ments as ussizned to the gervice snd in the treatiwnt of these thoy shall
have unreatricted rrivileges end shall trest the raticnt to a conclusion,
whether such treatrment is given in the in- or the cut-peticnt department
or both. In 5o far as privete patientas ere concerned, they shall have un-
restricted nrivileges in the troatment of nutients C:zlling within the
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specialty to which they are ap:.ointed, but in the othrcrs they shall have
only such privileges as may be determined by the credentiunls coimittee in
conformity with irticle VI of thesc by-laws,

Section 5, The Associate isdic:l Staff

ae The asgsociyte nedicel staff shall consist of junior and loss cx-
perienced members or of physicians who have not been actively interested in
the work of the hospital but have but have oxpressed a wish to become active
a8 vacancies occur,

b, They shsll be apwointed and essigned to services in the saome nannor
as provicded for the active medicel ataff end euch sholl be assoclated es
junior with a menmbor. of the active modicel staff,

¢e The dutiea of the members of the associcte redicul staff shall be
to attend free patients in accordunce with assignment by the sanior with whom
they ere zasocluted, They may ve required glso to act on cll committoes ex-
cept the executive comrittee smi the credenticla cori:ittee,

d. In so far as freo cagses sre concerned, ine morbers of i»e assoclate
rnedical ataff shecll 2e limited to %re treztmont of cuses falling within the
service to which they are anpointed =nd in accordance with assiznment Ly the
nember of tne active medical stafi uith whon they are sssociated, In 3o far
as private patients ure concerned, thoy shsll :i:ave such privileices c©s pro=-
vided by the credentirls comiitce in Articlae VI of tacse by-laws,

Section 6, The Courtesy _ecicul Staff

The courtesy medical staff shull oonsist of t:o05e members of the mediccl
profession, eligible as herein provided Ior recdicul staff membershiy, who
wish to attend private -:atients in che hosvital, but who co not wish to be-
come mehbera of the active nedical staff or who, by reason of residence, are
not eligible for such anpointment., They shall be aprointed in the sume
manner as other nembera of the rmedicel steff and thoy shall have such privie
loges as may be determined by the credentials comnittee in conformity with
Article VI of these by=-laws, but they ahull not be ali;ible to vote or hold

office.
ARTICLE V. CLIHICAL DEPARTILNTS

Section 1, Services

Divisions or services of the medical staff snall be us follows: iiedicine
to include cerdiclogy, comrunicehle diacases, cermatolory and syphilologzy,
diseases of tne lungs, ciscasos of ietabolism, endoerinoloyy, gustrointes-
tinal diseaseos, neuropsychistry, reciatries; surygery to include malignant
tumor surgery, neurclogical surgory, orthonedics, plustic surgery, proctology,
thoracic surgery, trsumatic surgery, urolopr; and other services releted to
the specialties of radiology; patholofy; anestresia.

Section 2, Sveclalization

“hile the members of the amctive unc associ:zte services snall not bo re=-
quired to be exclusive spocialists, it is to he oxpected trat they will be
well skilled in the specialty to wi:lch they :re rssicned and thut not leus
than fifty ner cent of thoir private worx in the nospital shall be in thnt
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specialty., The chief of each service shzll be a recognized specialist,
Section 3., Assignment to 3ervices

«gsignment to the service shuall be mrée at the firat necting of the
active medical staff cfter its meubers have been aprointed by the governe
ing board, and members so assigned shall rerain on service for one your or
until a successor hus -besn anpointed. Appointmenta shell be ::ade zfter a
carcful analysis of the efficiency of the candideto us shown by a record of
his work in the hospital.

Section 4. Organization of Services

a. it the annusl meeting there shull be elected ¢ crief of the medical
ataff who gkall be 2 member of the activo medical staff, .ie shall be rese
ponsible for the functioning of the clinical organization of the hospital and
shall keep or cuuse to be kept a careful supervision over the clinical wvork
in all divisions und aervidess UO “uy, if acsired, elao be elected as presi-
dent of the mediczl staff.

b, Lach service skall be orgonizsed =8 a division of the ~edical ataff
and shall have es its heed a chief of service, who shall be respunsible to
the chief of the medicszl staff for the functioning of -is scrvice und shall
have ge:ieral supervision over the clinical work falling within his service

whether it be free or mrivate,

c. Immediately after appointment, the members of the active medicual
staff in each service shall meet and each shall cesignate the membor or
members of the assoclate nedical staff whom they wish to have as their essise

tants,

de The members of each service division shall icet during the first tuo

weoks after they are appointed for the purposes of electing a chief of sere
vice and a secretary, and of perfecting such orzanization and arranging such

a schedule of duties for their term of office as may seem advisable to pro-
mote the best interests of the patients.

e, In the nmedical and surgical services there shall be elccted also an
assistant chief for each service who shall perform such duties s8 muy be as-
signed by the chief of service. The members of the services shall be res-
ponsible to the chiefs of services snd through them to the chief of the

rediccl staff,

f. Each service :ay 1mset separately, but such meetinss sinall not release
the members from their obliration to attend the general mectinzs of ihe medi-

call staff,

€¢ In so far as free cases arc concerned, ienbers of the active medicel
staff snoll treat patients in Loth the in-and oute-patient depurtments as
assigned to the service and in the trcatment of these, they shall 'ave un-
restricted privileges cad shall trcat the patient to a conclusion, whether
such trcutment is given in tho in-or out-patient depurtmcnt or both, In so
far as private patients are concerned tney shall have unrcstricted privileges
in the treatment of nctients felling within the specialty to vwhich they are
ap:-ointed, but in cthers thcy shall nave only such 1rivileges us ray te pro-
vided by the crecentials committce in irticle VI,

-be
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ARTICLE VI. DETERISATION OF
QUALIFICATIONS AND FRIVILAGLES

Section 1. Classificution of Frivileges

Privileges extended to physicians wno have been appointed to the :edi-
cal staff shall be divided into rajor, intermediuste, and minor, amd shall be
deterimined by the orcdentials committce, The following shell serve es a
guide in differentiating tho three types of privilegos:

a, dajor wrivileges in any sorvice will ellow the physician to treat
patients when, for any ceuse, such trectment involves a serious hazord to

the life of the paticnt,

b. Intermediate urivileges in any service wil: zllow the physiciun
to treut paticnts when, for any csuso, such treatmont does not involve
a serious hazard to the life of the natient but docs involve a danger of

disabili ty.

¢, idnor privilegos in any service 7ill allow the physiciun to troeat
patients vhen, for any cause, the tircatrent does not involve either a sorious
hazard to the lif'e of the patient or s danzer of disgbility.

Section 2, Newly Appointed kedical Staff Members

All members of the gtaff when newly auppointed siiall be granted only
minor privileges until such time ns the credenilals comuittec iay deter-
mine vhat further privilegws muy be granted with safcty to tho patient, such
extension of privileges being based, us fer as possible, on records of por-
formance as provided in Sections 3 and 4 of this article., The cormittee may
grant major privilcges to a newly appointed membar, (Arendment h.ay 6y 1946)

Soction 3. Direct Observetion

Every member of the consulting or active vedicel staff, at the con-
clusion of any case in wiiich ne has becen anasociated with a membor of the
associate or courtesy medical staff, shall transuit to the medical records
livrarian a memorandum stating whether, from his observuation of corpetonco
in so far as the particular case is concerned, tho member of the associate
or courtesy medical staff may be grented furtlior priviloges as specified in
Soc fon 1 of this article, Such expression of opinion shall be kopt us
absclutbly confidential by the medical records librerian and shull be ac-
cessible only to the credentials cormittee whon wsking recommendations for
promotion, arpointment to service, or granting of increnscd priviloges

Section 4, locommendations for Promotion or
Appointmont to Services

ihen roking rcecommandutions for promotion, ar: eintment to services, or
the granting of privileges, the credentiuls committce shall base its judg-
ment on the concensus as detcrrinod uncer Section 4 of this article, to=
gother with the opinion of tha chief of service concerned, on the record of
perfornance as provided in Section 3 of this article, and on tho further
qualifications of the rnember of the staff as shoun in his filed credentials.
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ARTICLE VII, OFFICERS ARD COiL IVTEES
Section 1, Officers

The officers of the modic:l staff shall be the president, the vice
president, and the seorctary. These shall be elected at the ammal ieet=
ing of the medicel staff, and snall hold office until the next annual
meeting or until a successor is elected.

The President shall call aond preside at all coetings and he shall be
e monber EX OFFICIO of all coirdttees. He muy if it is so dosired, also
be elected as chief of the redicsl staff,

The Vics Fresident in the absence of the president shell assume all his
duties ard nave all his authority. he shall also be expooded to perform such
duties of supervision as may be assigned to hin by the jresident,

The Secretary shall keep accura‘e and coxplote inutea of cll rmectings,
n=l) reetings on nrdar Of the presidont, attend to all correspondence, and
perform such othor dvtics za ordinarily pertein to his offico. If there aro
funds to be accounted for, he ghall also act us Urrasurer,

’ Section 2. Corerittees

Committeos shcll be standing and special. 411 comnittzes other than
the executive shall be arpointed by the president.

‘The Executive Com-ittee shall consist of the prouaident and secrotury
of the medical staff and of three other mcmbers of the active medical staff
to be elected at the time of the cnimal rmeetins. The duties of the execu~
tive comiittee shall be to consider carefully and ect on all matters which are
not of a clinical nature and it Is to be expectod that gll such busincss of
tho medical stalf shull be transscted by the cxcecutive cormiiice in order thet
the time of the repgulur rcetings of tre mcdical 3tufl msy oc cevoted to mutiers
pertaining to the orofcssionul care of taticnts, The executive committco
shull present, ut euch meeting of tho nradicsl stoff, a report of =ny uction
that it .iay nuve taken sirca tae lust mecting. The exccutive conittee gnell
act us a liaison group tween the modicel ataff and ihe airninistration of tue
hoapital. At tho diascrction of ithc vresident of the stuff, tke executive com-
ritloo will function as tho crecentirls camiiitee. (imend=ent ray 6, 1946)

The .edical RHecords Comittec shull consist of t'ree members ol tro
modicul staff and saall xeet weeXly for the wr-ose of revic:ing the rediczl
rcecords of 21l patients discharpged curing skc urek, The committece shall re-
rort to the mecdicel stalf the nums of any ucr~bers who are rersistently de-
linquent in the cormpletion of their rccords. This committ:c shall be held
regponaible for notifying tho prosram cowrittae of any ecscs that ghould be
proscnted before the mediecl staff.

Tho Progran Cormitteo shall consist of tirco rembers of the rodical
ataff and shall be resporsible for the prcperaiion end prescristion of tac

prograns of all neotings.

Tue Credentinls Com-1ttco shall corasist of soven meubers of the con-
sulting or active staff, so sclected as to insurc represcntation of the
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of the major spceiultics, Ita cduties shall He to investiccte the cre-
dentials of all eprlicants for wembership wrd to 1:':¢ reocomendations in

/ conforuity uith Article I1l, Section 5S¢, of these by-laws, to investigato
cny btreach of ethnics that may be reportod; to review any records thet may
be referred by the medical director and to arrive at e declsion reysurding
the performance of the staff member, or to rofor tho cuse to the full uce~
tive medical staff if this is considered dcsirable; to reviow all infor-
nation availeble rog:rding the uonpotcace of sieff rembers and a3 a rasult
of such reviocns to make recommendations for tne grenting of privile;vs end
the uppointment of membora to thne various services und dopar-wents as pro=-

viced in irticlo VI of theso by-luris,

Tho Iptern Com:ittoe sksll consist of t'reooe mombers of the :odical
staff. Its dutics shell be to act cs an advisary co:azittce in the sclac-
tion of interns, to outline courses of instructicn for the resident uodical
staff unc to gseo that tucy wre cerried ocut, and to acaist the administretion
in rmatters of governrent and discirline of the resicent rodicel staff, The
Therapeutic and Zharmacy Committee sunll conaist of § merbors, Its duticas
shall be io docice uhon érys and prcpurations to be stocxed by the prere
racy; end to roport to the medical ataff on new drugs. (Azendment iuy 6, 1946)

Special comrittces shall be ahuointed frorm time to tirme us mey be ree
quired to carry out nroperly tho cutlios of tne icdical steff. Such come
nittees onall confino their work to the purrcses for wiiich thoy wera ap-
pointed and snull repcrt to the full nodical staff. 4vhey shsall rot have
poaer of action unless such is specificelly grented by tho rotior vhich
crentad the comittea, _

o T XN

HLIRTICLE VIII. MeETINGS
'W Soction 1. Tho armuul _ecting

Tre snnual pecting of 4nc redicel staff shall be tne last mueting
before the end of tre [iscul year of tne :ospital. At tris meeting tho
retiring officors and cors:ittces shall make such reperts es isay be de-

afly sirable, officors for tho ensulng ycar sinell be electco‘, #rt recoarcnda=
S ‘ tions for sprointmont to the active -edical stuff thzll be reda.

Scction 2, Hogular ecetings

Keguler meutings of the iwcéieal ataff shull be leld at least ronthly
st a timo una pluce to be nrovided iz tihe rules ond regulaiions for the

government of the medical stafl,
Scction 3. Specipgl icztings

Special meetings of the ~eaicul sizff ray be called at any tire by
the prosident and shall be cellec nt the recucat cf we governing boerd,
the executive cormitteo, or rny five uenbers of the wcetive medicel steff,
at any spociual mocting no busincss shull be trznsacted excapt thut astoted
in tho notice calling thu nccting. Sufficient rotice of uny woting shall
be pcatcd on the bulletiin bo:xrd in the atalf roor at least AL hours beforo

thc time set for itho meoting,



becticn 4, stitondurnce wt hectings

de .ll reabers of the uctive redicual stalf shzll be required to attond
all rectinga., abscnce from threc consecutive ncetings or from oncethird of
the recpular iee tings for the year, without acceptable cxcuse, shull bLe cotle
sidered as resignation from the zctive mccdical steff, onc shull autonati-
cally ;luce tiac absentce on the associute or courtesy necicel staff of tae

nognitel,

be All mewbers of tho associate .wdical asteff snull be exypected to
attend meetings with tho same ro: ulurity ss merbers of the active medieasl
steff, ubsence from threc consccutive :cetings or [rom onc-third of tho
reetings for the ear, without accontable oxcuse, siaall bc considered as
rcsignation from the essoeiate mediczl stuff end shall avternticully nluce
the abscntue cn the courtcsy necicel staff,

¢e Relingtutsnent of rexbers of trnc active zrd asscelate recdical stuffs

-to positions rendercd vucant because of czbsence from rcetings :ray be rade on

aepplicatlon, the procecure being the sure as in the casc of criginel apnoint-
nent,

de &embers of the hororary, cornsultiry, ené courtcsy civisions of tic
medical steff shall rot be roguired o attend mootings, but it is expected
that they will attend and partieipate in thesc mectings unless thoy are
unuveidably prevented from doing so.

e¢. Any mermbor of uny division of the staff ho has atwnded a case
that is to be nrescnted for discussion at any neecting shall Se notiled :nd
sliall be required to be present. railure to ettend on reccini of such notice
shcll involve the penaliy, in Jhe cese of « iemoer of the censuliing or
sctive modical staff, of reverting io the asscciszte nedicel steff unc, in
tne cusc of a menber of the courtesy riedicul stuff, of forleitiny tis :cdical

steff membersaip,

f. Should a rember of the steff be sgitsont from any msoting at wiich
a cuse thet ho has attended is to be cincussca, 1t ni:all roverthelce:s be
¢iscusseé unless the member is unaveldably ahaent and cas roquested tiat
discussion be poatponed. In no case 3hall postponuvrent be ;runted for a
period longer then izt which will ola:se until the wext re ular steff
mecting. ’

Section 5, {aorum

Fifty per cent of he totsl mcuborshiip of the wetive ediesl stzff
shall congtitute a quorun,

Section 6, azenda

The rgenda ot 2ny regular necting shall bes
A, Business
1. Czll to ordur.
2. heading of i winetes of ohe lust rooilor and of all
specizl woevinzsa,
3, Urfinished busincss,
4. UCorrunicnticns,
5. ileports of stunding :amd of speciszl businecs co.rittees.
6. 1w busineas,.
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B, wmedical

7. Review of naticnts in the zospitel writh special roefercnce to
diagnoses, treatment, ond delayeé rcecovery; gelected cascs cise
charged sinco the last confurcnce with sneciul consicderution
of sclected dugths, uninproved cuses, infecticns, corplic: tior:,
errors in diugnoges, und rcsults of trcatment; wnd anslysis of
clinical reports from the various departients,

8. licports of gtoading end of soeciel iecéical comnittecs,

9. Ciscuassion and rccomrcerdztions Jor ingrove:ent of the proe
fcasional rork of ihe hospital,

10, idjournment,

The sgenda at special rootings shsll bes
l. sexading of trc nctice calling the recting.
2, Ligcuasion of tue busincss for which tue noceting s called,
3. adjournicnt,

ARTICLE IX, RULGS 4D ReGULATICHS

The medical staff shall udept such rules and regpv:lutiorns 23 ray be
neccssery for tae prowcr coaduet of its verk, Suckh rules and rogulstions
shall be a pert cof wicse by-luws, oxcest that they ray oo arendod at any
regular necting without rovicus notice by « twoetiiinig votc of tne total
nembership of the active nedicel astuff, OSuch amendients shall beocore cof-
fective vhen approveé by the yowriing bourd,

alTICLE Xo AVRHEDLLLTS

These by-lews nay be arernded after noiice given at any rozular mecting of
the mediczl staff., Such rotice shzll be refcrred to a 3vecial comiitice
which shall report &t tie next regulur tecting anc shnll require a twoe
thirds majority of tnose prescnt for udoztion, i-wixircnis 80 ~zde al.ll be
eflective when approved by the governing bourd,

+HTICLE XI, 5CPLICH

These b:-lawis together with tio srpended rules and rogulztions sihall
be edoptcd =t any rezuler mecting of tre uctive nedical stulf, sihnll rc-
plzce cny provious by-lnus, rules, cnd rcgulstions, =nd shizll hecome cof'-
fective ~hen up;yroved by the coverning bioira of 4he counvitsl, They sholl,

mhon adonted and eproved, be zqually “inding on tae governing Lowrd and
the nediccl staff,

adopted by thoe zctive mccicul staff of Cek itidr-e llosgwital

Uresident of ediczl Suaff

Jecrcuary of coaieal Sualf
Duf.o...-.........--.u.

Avproved by thoe coverning boird of the Ok Jddre Voyrital,

Sceretary of tie Goweralng Zcaxd

Dntc................u 1] -



RULES ARD REGULATICHS

l, The monthly .accting of the redicul staff snull be held the first
loncey of cach month ut 7300 P

2, Except in crergency, no peiient shell be adrmdlted to the heszit:l
until ufter a vrovisionul diuznosis uus bren stated znd tho consont of ithe
director secured. In cnse of smergency the provisioncl dinpnosis aizll be
stuted -3 soon efter ndiiission us jpossiovle,

3. Physiciuns adnitting privszte paticnts shill bo held reswonsitlo
for giving such inform:tion as ray ve nceessary to ussure tne vratection of
othor nuticnts from trosc vho tre a sourco of duner Trom any cuusc white
cver,

4e +11 free -ctients anull be attended by rerbsrs of the getive

medicel stu:ff, and shpll be nsaigned to the scrvice concorncd in the trout-
rent of the disevusc whbich necoasitnted wdmisaion, The romcera of the cetive
medical staff must z=ssign a rcasonahlc of cuscas to the juniors who :re ssco-
clated with thew nnd iro member of tihe associute redicul gtaff to whom the
cusa is mssignod shull csrry on the trcetiment under supervisicn of the senior,
Ko physician shall rcceive coupensciion for ztiencance in the cuse of any
patient who is admittcd free by the "osuital, i in the case of patients
from whon the hoswitzl is receiving nartial comprnsation tre attending phye
sician may charge a fee proportionute to thut received by the houpitzl.
Fuy patients shall ix :tiended by thcir own private rhysiciecns. In the
cese of & wey patient apulying for admission who hus no mtiending phy-
gsiciun, he shzll be assigned to tno :cmbers of the activo mediczl staff on

duty in the service to wrich the illness of the sutient lixiicmtes assisn-
mont,

1

5. Laboratories shull be provideﬂ in the : OJgiuul so that sll Ltypas
of laboratory exumminations mzy be done.

6, Standing orders shall M formmilated by conference hetwcen che
pedicul stalf und the dircctor. They rny be chanfed o:ly by the cdirector
efter confercnce with tic rmedical steff, These orders shill %2 followed
in so fer as proper treztment of the patient will allow, and hen secific
orders uzre not written by ike uttending -hysiclan they shell constiinte
the orders for treetment. Stending crders ziisll not, however, rep:lsce or
cancel those writien for the sweecific maticni,

7. k1l orcers for trcetiment siiull be in oriting, Verbzl orders shill
not bc sceetcd or cerried out. An orcder s%i:ll bs consideresd to Le in
sriting if cictuted to a senior nurse or otier zuthorized xrzon and sicned
by the attending virysiciun, Orders dictsted over tne tolevhone s.nll be
signed by tne person to vhom aieteted with the neme of the physiciun per
ais or ner oun nace. .t i1y next visit the cttencing vhysician shall sizn
such ordors, and rerlect to do so zhall bo considered us ucl.novled:hent of

their corroctnoss.

8. ks fur as -os53ible toe n e of ;ruevrictary reaediscs shall be avoiceu,

“.nen such are orderad for private potients by the aviending -hysieian, ey

will be secured and a specisl chargze o to Lhe sotlert,



9. The a“tonding piysician shall be held responsible for the prepa-
ration of a complete mecicel record for eacn n»eticnt. This record shall
include identificaz%ion date; comilaint; personul history; fuwily kistory;
higtory of nrosent illmess; thiysical exarination; spoeial rencrts such ws
consultationa, clinioal lzborutory, A-ray, ant others; provisionsl diai=
nogis; redical or surgicel ureztment; nathological findings; mropreas
noies; iinal diggnosis; coadition on discharge; follow-upj und autopsy
report when available. Ko medical record shall bs filed until it i3 conm-
plete, excopt on ordor of thc redical records committco,

10, A complete history and whysical o:wiinstion ghall in all cagos
bo writton within.2Z houra after acwission to the hospitul,

11, hen guch history and pnysical e:zcminciion arc not recorded
before tnc timo stated for oporation, the operation sanll be cuncelled,
unless the ettonding surpoon stcotes in writing that such celay rould be

detrimental to the patient.

12, A1l recordas cre the property of the nosnitzl um! skall not be
taken away 'without poridgsion. In caso of rcedémission of a putient all
provious records :shall bu zvailable for the use of the usttending vhysiciun,
This shall apply hethor the ucotient be free or juy, cnd hether e bo
attonded by the gmae prhysicion cr by anotier,

13, Except in cases of cmergcnoy, paticnis for opcration shzll be ad-
miitted not later than four o'eclock the éuy previcus to oweratdon,

14i. £11 operations per{crrmed srall be fuily described oy Lo attonding
surgcon, All tissuos renmoved at opar-tion sholl wu sent to e nosuitul
pathologist who shall ake such cxarminstion as nc iy consider neceszury
to arrive at a patzolozlcal disgnosis,

15, In all cases vacre a nationt is admitted in i« coxdition of abor-
tion, she or her representative skall aign & stntement cortifying that
neither any cuployase of tae -oszitsl nor the attending vhysielon :as
directly or indircctly res-cnsibvle for its mroduction,

16, bLxcept in emerpgency, consultution wita a momber of &ic consulting
or of the uctivo nodical stuff sicll be reguirod in all mojor cuses in
uhich the patient is not a zood risk an in wll curestegcs or other
operations waich nuy interrunt a knovmn, suspectoc, or nossivle prc;nancy. |
The consultant shall ralle and sign a record of his findinrs ané reccmmen=
dations in overy such cescese In 21l cusea wiers a rule of the .oanital ree
quires consultation end in lhic case of free patlenta, the coisultunts shall
cive i'1s servieces without chwr;c,.

17. Lach momber of the courtesy riedical staff, not resident in the city,
or lr.wdisto vicinity, shull nane a monber of the nedieal 3¢:0F who is rosie |
dent in the city, tho mey bc c:lled to attend his natieats in ezcrrency. In
caseo of failure to numo gsuch asuociute, the dlroctor of the os 1%t4l ahsell
have authority to cull any :werber of t:e stuff shoulé he eonsirer it
neccssary.
18, Puatients siwull be cisciarged only on written cvder of tie aolending

chysicisn, &t the tire of discocrge tre nttending sdiysicilan 3hzll seo that
the rocord is complete, stete his fincl dlzgnosis, and sizn the record.
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19. 4t the r.cnthly metting of the medic:l staff the redical rocords
libruriun snall subiit a rercrt of tic professional vork of tie hospitel
for the vrevious ionta. This shell show :zticnts dischurged and Llu results,
deuths (the cause oeing stuted es piven by the atiending physician),
avtopsics, congultations, and infeciions of ull kirds., The discussion at
the woeting shall bc ased on this renort :nd at no necitins shall abscrazct
discusgion of scientific redicul subjects bo pernmitteds after cuch moeting
the secrctary of tne mudiccl staff shull transiit to the director of the
nospitsl such reseris am recowrwndations as %ho umediccl atuff may «dish to

“ make to him or through nin vo tho governing lLourd.

20, Every merber of the medical atuff siiull be cetively interusted in
socuring cutopsies wihenever possible. o autopsy snall ce perforned withe
out uritten consert of a responsiole relutive or friend . .11 wutousics
shall be perforewé by the nospitzl vethologist or by i physician to .'ion

he gy delescte tkc cuty,

21 The hogpitcl ghall ncémit petients auflering from: 1l tynes of
disorse. Tatients ey be trosted only by vhysiciens who zave sulr-ibtod
vroper crcoentials and fave tcen duly couvointod to nerbership on the redienl
stuff,

22, Surccons zust e in the oxratin: room znd recey to coniicnee oporu=-
tion at tiic timc schoduled, =nd in no cusc .1ill the opcrating room Le held
longer than fifteen minutcs ofter the tire scheduled,

Adovted at 2 regulcor nmecting of the aciive nedicnl sinlf

Proasident of Lediczl Siulf

Soerotury of iLodical Staff

DutoulQolloo.oooo-voo.o.ooo.-ool

Ap;roved by the governing board

Sceratery el Sie Governirg sosrd

Doteesssssssccenssessnscsccnnss
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iicaical Section
Files,

tledical Seciion
}i‘iles -

lledical Sectilcn
Files,
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ical Sectiosn
File
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Vedical Scetisn
vlles.
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VOLULE 7 = :is.Zlal PaOGCAT

APPLisin G = PECTOGAAPES

Counrter instrument for neasurin zlpiia radiation.

Electrostatic type of electracstsr for Lecsuring radiailon.
Vacuun tube tyne of electromeizr Sor measuris; radiation
(Rochester Ion lLieter)

Filn badge.
Pencil chambers,
Special Snger-ring.

Finzer print impressionc.

zlectrostatic precipitagtor for nzasurin: dust in the air.

.

Chrysler pump for measuriny cconczntreation of fluorine and

oy fdroi‘luo*uc acid in air,

-

tandard Chernical WJarfare kit.

lalide lompe.

Or::anization Charts - Lanhattan Zistrici liedical Secsi .
a. 1 iay 1943 %o 31 Octcszr 1943
be 1 llovemoer 1943 to 30 a-ril 9LbL
ce 1 Liav 194J %o 31 Octobur 19)414
de 1 ilovember 1744 to 30 A’:::. 1953
c¢e 1 iay 1915 to 31 July 13.35

f. Chart dated 31 July 1546
Jis_.nsary - Carolde o Cardon Cicrdezle Corsoration,

Oa.. Jidre, Tennegsece

o

Dispensary and First aid Statl:n, Fercleve Corporation,
Cak idpe, Tennessece, :

Dispensary - Tennessee Eastmarn .crporation, Oak lidge, Tennessee.




16, Kadlec llospital = 22ichland, Washin-ton.
17. itoane-anderson licdical Service GHulldin:, Oak idge, fenncssecs
13. Oak Ridge Hospital

a. Front antrance
be itear

19. Oak 2idge Dental Health Ccnter, ‘
20, Oak idge Departaent of Health Buildinfs.
21, Hospital and first=aid units at Janford Zngineer Vork
ae ospital Undd ilo. 1
he Hossital Unit No. 2
Ce Mirst medicsl building and first and second first-aid

buildings, .Imnlord, Jesiington
de Third first-zid bullding i

at mznford and first—ald
station at liichland, washington. -

22. Chart saowing relstion of Jizirict resezarch <ivision to civili
rescearcl agencies,
23. Auvtonatic recordin. and alarm systen Cor monlisrins, waniord

i1 ineer works,




Cl = A COUNTER TYPE INSTRUMENT FOR LE-SURING ALFHA R-DIATICN
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C2 - AN ELECTRO3T..TIC TYFE CF ELECTROMETER FOR KE.SURING RADIATICHM






C3 = A VACWM TUBE TYFE LF LLECTRCAETHR USED IN LE+SURING RADIATICN.
THIS INSTRUREKT 1S KhuWNN A3 THbh ROCHESTER IUN KETER.
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Cl4 = THE MANHA:IT:N DISTRICT FIIM BAUGL FCR MUCNITORING FEKSUANEL
EXPOSED TO RADIATICM. BCTH THr ASSEMEIED BADGE 4AND THE
COMPONENT PARTS ARE SH(WNK,
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C5 = TWO TYFPLS CF PENCIL CHAVBEES FCR ME~SURING RAUDIATICN, .IN
USE BY THZ MALYATTAN CISTRICT.
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€4 - A SPECIAL ALL-SILVER FINGXR RING USKD IN MOMITONING -
- PERSONNZL KXPOSED TO BADIATION, A SMALL DISK OF DENTAL
: ] XeRAY FIIN 18 PLACED IN THE CAP SHOWN OX THE RIGHT,
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AN INSTRUMENT FOR MEASURING THE CONCEN-
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C9 « THE CHRISLER PUND,
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SHIS KIT WAS USED PRIMARILY FOR THE DITICTION CF
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) Cll « AN RALIDE LANP USED FOR MEASURING THE CONCENTRATION OF ' ‘
~ VOLATILE CHLORIDES AND FLUCKIDES IE AIR.
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Cli = FRONT VIEN OF THE DISPENSARY AMD FIRST AID STATION LOCATED
2 " . AT THE FXACLXVE CORPORATION PLANT AT OAK RIDGE, TENNESSXE.
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« YRONY VIEN OF THE. MEDICAL OISPANSARY AT THE TEMMESSEE
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G17 - VIEW OF ROAME~ANDERSOM MEDIGAL SERVICEK BUILDING AT OAK
RIDCE, TEXNESSER. :
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€19 = FRONT VIEW OF THE CAKX RIDGK DEWPAL HEALTH CENTER, TME
ADULY POPULATION WAS TREATED IN YNIS BUILDDNG, THE
CHILDREN'S DENTAL CLINIC IS IN THE ROANE-ANDERSCN MEDICAL .
AZRVICE BUILOING PICTURKD IN G17,
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€20 - FRONT VIDN OF THS BUILOING ACUSING THR OAK XIDGE DEPARTUENT

OF HEALTH, OAX RIDOX,
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FIRST
MEDICAL BLDG.
in Hanford

Ossd during latter
part of april ond
dering Nay of 1943
conteined 30 oot
beds - staffed by
nurge ond orderly.
.Qq“ {. ~' ,Q-‘::‘:“!‘; p— S ’

s TN Ty, Y R

R "i‘!":"r"{ SRR .

ey T

(cerrer)

SECOND
FIRST AID BUILDING
in Hanford

Dsed from dpril 13, 1043
to Ama 1, 1543 - stoffed
by 5 nursas ond 2 doctors

.

(goven)

FIRST
FIRST AID BLDG.
in Hanford

1 removsted fore |
Aouse - ssed [rom

i a, 193, to.
:p':‘u :b. 1063 —

atafred by 8 mursea
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THIRD FIRST AID BUILDING IN HANFORD
TAis tyte of Plrst did Building wos used f‘row June I, 153
to July 23, 1843 --=- staffed by two doctors ond 5 nurses.

fhis duilding contained doctors’ affices ond 10 bads
addition to Pirst 4id. Sisllar Suildings were later used

as sick tays for uwales, females, and isolation cases.

in

FIRST AID STATI"N IN RICHLAND

fyetcal ea~ly Piest 4(d 5tattion in Rlchlang
Used prior to erection 2% fadle: Fosdita]
Nace were a- different tines, J Firge itd
Srations (n Fl{cAlgns.
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cza'-vvmormmmzc RECORDING AND ALARM SYSTEM FOR RADIATION
MONITORING IN USE AT BANPORD ENGINEER WORKS.
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(Abbreviation: Apl;. - Appo:ﬂix)

African Pitohblends, 3.5

All.l., Dr. J, Go. 3.80

Allis-Chalmers' Campeny, S.19

Alpha Partioles or Radjiation,
2. 2. z.‘. 2.10 Se 21. 5.9;

Research, 6.2

Argonne Laboratery

Authorisations, 1.2

s Baker, Dr. Lymn, 3.65
. m.. Dr. '.ro. 5.30

Barriers, 3.19
Berylliwm, 2.8, 2.15
3.65, 3.64, 6.9

Ingtitutions, 5.6

Instrument, 6.8
n..ult.. 5.1

"4 Researeh, 5.1
Blood Counts, 2.18

Alumimm Caspany of Ameries, 3.12
American Chain & Cable Co., S.12
American Cyansaid Caspany, 3.15

» 8.‘01 3.67

Army ‘Assaunlt Mask, 3.2l

Exeoutive Order No, 9001, 1,34
Publio law No, 554, 1.3
Publio Law No, 580,
Public Lew No, 708,

1.3
1.2

} B & T Metals Corpe, 5.12
: Baker Brothers Inocorp., S.12

Barrier Produotiomn, 5.18

Barrem, Dr. E.8.C., 3.60, 65.19
Battelle Memorial Institute, 3.12
Bell Tele phone Laboratories, 3.18

Beta Partioles ar Radiation, 2.2
Tk, 2.10 8.10 3.21, 3.44

'Beta Radiation Resesrch, 5.8,
Knowledge Available, 5.6
Research Required, 5.8

Programs Instituted, 5.6

Billings Hospital, 3.58, 3.61

31?51%1 Research Foundation,
6.21, 5.19
Q'Blologic Inetitutes, 1.6, 5.8

-Blelogioal Research Pmdatim.
~*  -Biologie and Health Physice

Blocm, Dr, William, 5.19
Blum, Capt, BOml'd. 4,21

App. Cc12
Boshe, Dr. BRcbert, §5.20
Bﬁ'm. 5.15 .

Boyd, Dr. George, 5.20

Breath Samples, 2.18, 8.18

Brown University, 3.18

Brues, Dr. A. M., 5.17

Bma.g.. c‘pto B, lo. Se3, APPO clz

Brush Laboratories, 35.10

Bry!.n, Capt., ro A.. 3.5, Appo c12,
6,21 ’

Bu!h. Dl'o v.. 1.8

Cadmium, 2.8, 2,15 -

clntrﬂ. Dr. so ro’ 5.53. 8057. 5.60
S.18

Carbide & Carbon Chemioals me o
3.23. 8027 3029 3.30

Carbon Tetrsohlaride, 2,15, 3.16,
S.31, .44 :

Carborundum Company, 3.12

Catastrophe Prograa (Blcrgamy
Disadter), 3.27.f
Carbide & Carbon Chem. Corp., S.27
Clinton Laboratories, 3.56 ¢ 52
Hanford Enginser Works, 4¢£8, 4.59
Metallurgioal Laboratory, 3.59

Osk Ridge, 4416 4.3

'Chrysler Carporation, 3.19

Clawson, Dr. Dom, 4.18

cl"k'on. Capt. '.Ro. 8.8

Cley, Dr, E., 3.80°

Clinioal Medioine & Dentistry, 4.1+F
Hanford Construction Phase, 4.23 #
Hanford Operations Fhase, 4.27
M Rid‘.. ‘01

Clinton Laboratories, ‘5.40, 3.65, 5.5,%
5.18, b5.19 ,

‘Cobalt Trifluoride, S.14

001.. Dl'o I. 8.. 5.10
Oolloidalgel, 2,20

Columbia Univer-ity. 5.5, . 5.8, 5.19 f

cm. Dr.. J. B., 1.3
Conditioning Process, 3.20



Contractors, handling
Crude Ore, 3.5; Blaok oxide,
S.8; brown oxide, 3.7; green
salt, 3.8; hexafluoride, 3.8;
Ursnium metal, 3.9; Metal
Shaping & Bugineering, 3.1l
Fluorine, 3.15; Fluorocoarboms,
3.17

Cooper, Dr. Raymond, 3,27

Copper Weld 3teel Co., 3.1l

Costallo, Dr. Martin, 3.28

- Costs of Medioal Programs:

Carbide & Carbon Chem. Corp.,

3.30

Clinton Laberatories, 3.57,

3.68

Feroleve Ocrp.. 3.80

Ford, Bacon &Davis Co., 5.30

Hanford Engineer Works, 3.58

Hanford Medical (Const. Phase)
4«80 437 -

Hanford lodioll (Operations
Ph....) ‘o‘o

Hooker, 3.30

xollox, 3.80

Motallurgioal Laboratories,
3461, 5463~

Monsanto Chemioal Co.,
(Dayten), 3.66

Ouk Ridge Dental & Medical,
4.22; Reszearch Seotiom, 5.23
Tennessee Eastman Corp., 3.40
Crocker Radiation Lab., U, of
California, 5.12. 5.13

Counter Instruments, 2,16, App. Cl

Curie, Definiticm of, 2.11
Mi.. Dl‘. H.& J.. 5.19

Dental Community Needs, Ol.k R:ld.go,
4.18

Dental Health Center, Oak Ridgo.
4.16, App. C19

Dental Policy, Oak Ridge, 4.17

Dental Progrsm, Hanford Const.
Phase, 4.50; Hanford Oper.
Ph“e. 4.37

) DOI‘iI‘.I‘. Dr. !.. 5.22

Dispensaries, Facilities
Carbide & Carbon Chem, Carp.
S5.28, App, C.13; Clintom
Laboratories, $.56; Ferocleve
Corp., 8.29. Appocl4‘ ru'd.
Bacon & Davis Co., 5.505 -
Metallurgical Labaratory, S.61
Tenns sses Eastman Corp., 3.37, 3.38,
. APP. C.1$
Division of Industrisl Medioins, 3.1
Donaldsor, Dr. Lauren, 5.28
Dounoce, Dr, Aloxl.ndor. 5.21
D“’d’ Dr. A, H .y 5020
Drexel House, 3.6l _
d‘ Pout de ‘Il.ﬂlrl cmo. B.Io. 3.5#
3.13,. 3.14. S.41, 3.53, 4.26

#

Bleotrm;netic Prooess, 3.3, 3. 31;
Hu.rd'. 3.51

Eleotro Metallurgiocal 00., s.10

Eleotrostatic Dust Precipitators,
2.13. Appo c8

Eleotrostatic Indicators, 2.16, App. C2

Emergency Disaster Program, (Sse
Catastrophe Programs) '

Eschenbrennsr, Dr. A, Bo. 5.22

Evaluation of Hasard Control in Pile
Process, 35.51

m’. D!'. T. CQ. 5'.22

Faust, Mr. J. T., 3.65°

hul.. Dr. 'Go. 45019. 5.22
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