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FOREWURD

This volume presgnts,a non-techniczl record of the nistory of
the liedical Frcgram of the kanhattan District. The history covers
the perlod frci the inception of the lianhattan District to 1 July
l9b6. The data was cbtained from the tilies of the iiedical Section,
and from those individuals who were asscciateu with the ledicel Pro-
gran during its orgenigzation and development.

Included in the volume is a resuwne of all activities of the ked-
ical Section except these which concern Area Y. The Medical Program
at Area Y, although under the supervision of Colonel Stafford L.
Werren, Chief of the Medical Section, is described in Zook VI1l

of the Yaphattan District History.

11 March 1947
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SURZWRY

1. Introduction. - It was the purpose of the}?anhattan District
liedical Section to supervise and advise on the nume;Ous ﬁnique problems
arising from the rrocesses used in the Distriqt and to facilitate pro-
gress of the Project by safeguarding the health of the employees. The
Medical Program covered: research on the effect of absorbed uranium,
plutonium, fissicn products, etc., on the human organism; industrizal
hygieue, with apprcpriate ﬁrograms instituted in the verious plants
and laboratories; and clinical ard public health programs, the pur-
pos; of which wéé to supply adequate facilities for the personal_
health of the comzunities. The authorizations for the constructicn and
operaticn of the liedical Facilities of the ianhadtan District were
provided in geaeral by Public Law No. 703, Fublic Law No. 354, Public
Law No. 580, and Executive Crder lic. 9U0L., Specific authorizations were
provided in & 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
un&er Executive Order No.’900l, and in a memorandum dated 23 September
1542 signed by the General FPolicy Group designated by the President of
the United States. The problems f.cing the biedicel Section were in-
tensified by the urgency of the need for their solution since many of the
materials to be studied were alrcady in use at least on a laboratory
scale, and in some instances c¢n a plent scale. The necessity of main-
taining security was also & wajor factor affecting the District's
As a result, there was some difficulty in preventing

e
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duplication of effort, since interchange of informstion between related
‘projects was restricted to the minimum required forlintelligent conduct
of the individual operatibns. To insure cooperatio; and to maintain se~
curity regulations, special arrangements had to be made with other agencies,
such as the local kedicil and Dental societies, the Procurement and
Assignment Se:vice, State Boards of Dental Examiners, and State Boards of
Medical Examiners.

2. Hazards of Operations. = Normal industrial hazarcis such

as are noted in large construction programs and in chemical plants

weré to be expecﬁed in the operations of the Hanhattan District. One

of the major problems was the hazards of radioactivity, which were known
in a general manner by the results published on the radium dial painting
industry. The radicactive ewmanations which were encounterea were:

alpha particles, or electrically charged nuclei of helium atoms; beta
particles, which are free electrons; gamma rays and x-rays, vwhich are
not particulate but are electromagnetic waves; amd neutrons, or particles .
which have no electric charge. Radioactive substances froz which any or
all of these emanations might be expected zre: radium, on which consider-
ab;e data has been accumulated; radon, a gas produced when the radium
atom disintegrates; polonium, a decay product of radiuﬁ; plutonium,

a product of neutron borbardment of uranium which is the'basic material
oh which the District operates; and fiséién products, which consist of a
series of radicactive substances produced in the "pilé"process. A second

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

S2
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new substances while others were well known industrially. Cf the gases
used or produced, considerable care was exercised with fluorine and
hydrogenfluoride, two very corrosive materials; and\with phosgene, a
by-proauct in the production of uranium tetrachloride. The liquids
which were produced or used were the fluorocarbons, which are entirely
new compounds, industrially, and are moderately taxic; and such solvent
materiais as trichlorethylene. 1ietals other than the radicactive tyre,
which were employed in sqfficient qpantities to warrant notice as
hazards, were: berylliwn, cedmium, and nickel. Because of the number
and ;éried 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 materials, both
radioactive and chemical, had to be established to facil%tate efficient
over-all operation. Beta radiation, neutron rediation, combined gamma
. and fast neutron radiation and x-ray or gamma radiation tolerance levels,
stated i%terms of total body radiation, and alpha radiation tolerance
levels, based upon the amount in the body tissue, wére established by tne
District Medical Seétion. Tolerance concentrations for radioactive
substances in air, such as radou, polonium, plutoniws, fissicn products
and urahium and its compounas vere studied and cstablished with
féctors of safety as high as practicable., Since practically all of the
'materials used could be absorbed into the body, tolerance levels of
radioactive material in body tissues viere established far radium,
polonium, plutonium and fission products. 1t was impossibie to analyze
human tissues for radioactive materials, so an indirect method was

' QMW
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employed which consisted ¢f analyzing the urine for such materiels.

This indirect method nec.csitated the establishing cf tolerance levels

of redioactive substances in urine. Ji: the case of\ the non-rediocactive
rmoozriels it was necessary to establish tclerwice levels in air for
chemical hazards, In order tlit the various tolerance levels would not bo
excecded 1t was necessary tc iistitute metiods and instruments for
estinating hazerds and, as a result of intensive research, such xetheds

and instruuents were aeveloped and ccnstructed. For the weasureanent

of radicactive emanations, counter instruments, electrostatic indicat-

ors and the vacuum tube electrometer were zdapted or ageveloped.
Lonitoring methods which were developed to waintai: supervision over
the various hazerds incluced the use of mechanical devices such &s: .
film badges, pencil chawbers, and finger rings coutaining x-ray film
inserts. FPhysio-biological methods for monitorii.g, such as finger
printing to note destructive changes in the print ridges, and blood
counts to note deletefious changes in the peripheral blood, were also
used’ rather extensively. In radiosctive dust wonitcring a device
designed by iline Safety Appliance Conpany called an "electrostatic
dust precipitator“ was used Lo determine the amount of redioactive
dust in.the air. Urine and breath samples vere used to menitor the
amount of exposure experienced by the various employees. Insiruments
and zethods for chemical hazard monitoring were developed where neces-

sary, the most important being those ‘for fluorine detection, phusgene
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detection, and solvent detection, -
3. Industrial Kedicine. — The Division of lnddstrial Medicine

of the District Ledical Section was formed to aid kanhattan District

centractors in establishing programs of industrial hygiene appropriate
for the peculiar hazards encountered. The scope of activities varied,
depending upon type of process used and types of hazards present. - An
industrial hygiene laboratory was instituted at the University cf
Rochester to perforuxspécial and unusual analys%s necsssary to coutrol
the varicus occupational hazards. Close liaison was maintained with
other health-physics groups such as Letallurgicai Laboratory:at the
University of Chicago, Clinton laboratories, etc.; and also with the
New York Safety Committee, a committée formed by engineers of the
Kellex Corporation assisted by a medical officer from the Industrial
Division. The Industrial kedical Division was originally under the

~ supervision of Lt. Col. H. L. Friedell but in May 1943 this responsi- -
bility was transferred to Major John L. Ferry.

Uranium processi.g and its hazards were concerns of the
Industrial ledical Division. Uranium was extracted from the crude
‘ore and worked into various coupounds such as black oxide, brown
oxide, green salt (UF,), hexafluoride (UFg), and uranium metal.
Process hazards, suﬁh as radiation exposure and chemical burns, were
nﬁhinﬂzed by normal industrial safe practices or, where necessary, by
special methods or protective devices, Inspections were wade as fre-

quently as necessary to insure the safety of the employees at the various

contractors! plants.
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Fluorine and the fluorocarbons in general were industrially new

products and processes, and studies of the&r hazards and medical

control had to be considered. Protective measures included physical
examination of workers and the use of adeguate ventilation and fire
protectién systems. Boron production, with its attending hazards and
medical control, was also one of the problems of the industrial Ledical
Division. Since those processes normally were conducted in closed systeus,
exposures were unusuale _betective reasures consisted in control of
dust.and fume concentrations, good housekeeping and physical examinations,
on ihe limited nﬁmbers-of people employed. Process research was performed
by universities or industrizl laboratories selected to do research on
various problems. HResearch on the diffusion process had a wide scope
covering all phases of the development of the process. Cohtractors on

the developmental researcih: included the Kellex Corporation, S. A. M.
Laboratories and the Linde Hesearch laboratory. The hazerds encountered
were those associated with uraniuwm hexafluoride and the fluorccarbons

but these hazards were carefuily supervised by medical control. Develop-
mental research, on fluorocarbais, radiuw extraction, and methods of
ﬁanufacture of uranium campounds, was carried out in various uni&ersities
"and these installations were inspected and supervised in respect to
medicel hazards by the iIndustrial liedical Section. =analytical research

on methods of ore analysis, -ané the analysis of various uranium compounds
were carried out at National Bureau of Standards, Frincetcn University

and kassachusetts lnstitute of Technoicgy. The development ana production
of process material in general presented, with few exceptions, no

hazards requiring medical supervision. Barrier production presented

’
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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 fluorocarbohé. These last
mentioned hazards were also noted in production of the unit asseuwblies
for the diffusion process,

The gas diffusion and thermal diffusicn processes were
located in Oak Ridge, Tenne;see. These processes and their hazards
were of prime importance to“the Industrial lMiedical Livision. The
hazards of the gas diffusion procéss ana the hazards of the thermal
diffﬁéion process were primarily due to uranium hexafluoride and its
hydrolysis product, uranium oxyfluoride, although numerous other
hazards were also present. Tne medical control of hazards for both gas
and thermal diffusion was in general based on an industrial hygiene
program developed around the Carbide and Carbon Chemicals Coﬁpany
medical organization. 1Iwo types of routine iwedical examinations were
performed: a pre-employnent examination to determine the physical con-
dition of the prospective employee, and interval and termination exami-
nations to delerwine whether any deleterious elfects had been produced
by the employee's type of work. In order that a close checi on hazands
could be kept, a program of monitoring was instituted, including air
contamination and radiation surveys, which were made at frequent intervals.
General industrial hygiene was alsc a problem of major importance in
the processes. About 15,000 patient visits pe;‘mbnth was average when
the processes were in full production: Cccupational and non-occupaticnal
medical care were divided in a ratic of 35% occupational 65% non-

occcupational. In its relationship to the Safety Depariments, the

| SITN }




’]REPR5oUch AT THE NATIONAL ARCHIVES |

I ——
Medical Department followed the Safe Practice Recommendations of
the New York Safety Cowmittee. Cther Activities included: local
public health work, and a catastrophe program to é;;vidé 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 vias under the supervision of Dr. 4dolph
Kammer. The Ford, Bacon and Davis Cémpany Operated‘a separate
medicel department until Fébruary 1945 at which time Dr. Kammer
assumed full responsibilit&ﬂ The medical rrogrem of thelFercleve
Corﬁﬁration was also under ithe supervision of Dr. Lammer. The
construction and operating costs for the various companies' medical
programs, covering all medical work for both gas and thermal diffusion
processes, totalled approximately 3660,845.58 as of 30 June 1946.

The electromagnetic process, like the gas and thermal
diffusion processes, was located in. Cak Ridge, Tennessee. The princi-
" pal hazards of this process were phosgene and dusts containing uranium,
but numerous other hazards were aiso present. The medical control of
the hazards in general was under the supervision of the industrial
hygiene service maintained by the kedical Division of Tennessee Eastman
Corporation.- Pre-employiuent physical exeminations, interim examinations,
and termination examinations were uade as a ra{tiue procedure to protect
‘both £he employees' and company's interests. A monitoring program was
established to maintain a close check on: uranium-containing dust in
the plant air; phosgene, a poisonous by-product; and radiation of all

types produced 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 jobs. A general ind%oatiqn of the
amount of service offered'is the faot 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 occupational
injury or illness and an average of 400 cases of non-occupational
injury or disease were seen every 24 hours. The Tennessee
Eastman Corporation Divisio£ also supervised the local plant
sanitation and pﬁblie health.. The organization of the Medical
Division was under the direction of Dre Jhme;:éterner vhile the
District Medical Section liaison was carried out by officers from
the District Industrial Medical Division. The total cost of this
medical program was $994,000 as of 1 July 1946, not including the
cost of certain facilities in Knoxville.

The pile process was developed for the production of plutonium
from uranium, The process consists in general of the neutron bombard-
menf of canned slugs of uwranium placed in the pile in a pre-arranged
manner, Metal processing and sqaﬂing in preparetion for coating and
oanning the uranium slugs is done ﬁt Hanford., Experimental work on
all pha;es of plutonium'production was conducted at both Clinton Labora-
tories and the Metellurgical Laboratory., The hazards of metal shaping’
and processing were primarily due to the possibility of breathing
uranium-containing dust while the hazards noted in the operation of

the pile were principally due to the enormous amount of radiation

S9
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produced. In the plutoniwm extraction and concentration processes

the intense radicactivity of the activated uranium s}ugs, the radio-
activity of ﬁhe gases libefated in dissolving the me£al and the

toxicity of plutonium and the fission products were of primary interest
as major hazards. The hazards oflthe experimental work were- roughly

the same as those of the plant processes, with some additional hazards.
Hazard control was in general divided into two problems: monitoring

and protective procedures. ﬁbnitofing of personnel necessitated the
careful check of all employees, who were reguired to wear two pocket
jonization meters and a film badge. Plant areas, atmospheré sur-
rounding the plant, and the large quantities bf water used in the
process were also very carefully monitored. kaintenance.work in any

of the hazardous areas was always preceded by monitoring surveys ard 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 tahle cévering'to
guard against contamination of work benches, etc.; protective clothing,
apparatus and equipment, which included coveralls, gloves, hats, shoes,

¥

etc.; and the rotation of employees from places of high radiation in-
iensitiés 22 places of low radiation intensities at frequent intervals,
Medical examinations, consisting of.pre—employment physical examinations,
interval examinations an¢ termination examinations, were performed on
all employees. In an evaluation of hazard comtrol it can be stated

that the fofegoing methods provided complete protection to the indivi-

duals working on various phases of the pile process. In the general
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industrial hygiene work at the Hanford Engineer Horks the major
objective was the prbtecticn cf the employees and th public frow
over-exposure to radiation. The Industrial Medical Section was
responsible for all occupational and non-occupational medical care at
Hanford. OStatistics showing the extent of activities are presented in the
body of this report.. A Special.ngard Committee coordinatgd the
activities of the industrial medical division with operations.

A catastrophe prograu for agea evecuation was devised and revised
periodically to meet changing conditious. The industrial medical
organization was'under the supervisioa of Ur. #. U, horwood. Space
and facilities for the principzl headquarters of tiie Indusirial ked-
ical.Division were in Kadlec Fospital. Heccrds of the Industrial
ledical Division were kept separate from all éther hospital &and clin-
ical éharts. The cost cf {he Industrial iedicel Division, exclusive
of facilities, was $2,581,158.85 tc 30 June 1546.

At Clinton Laboratories all occurational and ron-occupational
café was conducted in the redical dispensary on the Laboratory area.
4 definite relationship to the Safety Department of the Clinton Labora-
tories was establisheu through the Chief of Lhe Medical Division who
was a ﬁember of the Centrel Safety Couuittee. A catastrophe prog}aT
was organized in two phases, one to correlate with the general Cak
Ridge Program and one for Clinton laboratories area aione and, in
addition, the medical division had other activities related to local
plant public health problexs. The organization and facilities of the
Clinton Laboratories medical divisiou were under the supervision of

' : S11
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Dr, &, S. Stone and Dr. S. Cantril. The cost of providing the inaustrial

medical service at Clinton Laboratorie§ was estimgygd at ¥$368,000 from
the time of its inceptioﬁ until 1 July 1946. At tﬁ; keﬁallufgical
Laboratory in Chicago all of the occupational and non-occupational
medical care ﬁas handled by project physicians. As at Hanford and
Clinton Labofatories there was a direct relationship to the Safety
Department of'Metallurgical laboratory. A catastrophe program was never
org;nized, as the Universit} of Chicago considered it unnecessary be-
cause of the many safety features incorporated in the.operatibns. A
number of’physicians'at the Letallurgical laboratory had other activities,
mainly along the lines of clinical research. The organization of the
medical division, which employed scme 90 persons at the peak of its
activities, was under the supervision of Dr. R. S, Stcne. At first
the dispensary facilities of Billings Hospital wére used but after
July 1944 Drexel House was used for this purpose. No breaicdown of the
cost of operating this service is available. |

Polonium was produced at the lionsanto Chemical Company's
units 3 and 4, located at Dayton, Chio. The process used at this
installation is primarily physio-chermical in nature. The hazards of
polonium production are primarily those of radiation since practically
all of the materials handled are radioactive. The medical control of
hazards was handled in general thraigh the lndustrial iedical Division
of the Manhattan District leedical Section. The three routine types of
medical examinations performed at Dayton were: pre-employment, interval

and termination, all of which were in acccrdance with usual industrial
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practice, bMonitoring of the atmosphere in the working areas for radé&—
activity was performed daily. To facilitate job pypcedures and prevent
excessive radiation hazafds to employees, detailed Aoniﬁoring of routine
operations was done at frequent intervals. Fersonnel 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 éhanbers and wrist
films. The general industrial hygiene problems were handled in the
small dispénsary by a regis%ered nurse. Luore tran minor injuries and
illnesses were referred to a physician in part-time employment of the
coméany. The organization was under the direction of Captain B. S.

folf and consisted of 27 employees. The cost of this medical program
from October 1943 to 30 June 146 was approximately §243,000.

L. Clinical kedicine and Dentistry. - The provision of medical

and dental caré and felaﬁed services for both the Clintoh and Hanford
Angineer Works presented numerous difficult and unusual problems.
Clinical medicine and dentistry at Cak Eidge consisted of a iedical
program attuned to the community needs. Service was planned at first
for an estimated population of 8-10,000; but, as the projéct grew

it was necessary to adjust the planned service for estimated popu-
lations of'l5,000 to 50,CC0 and finally fo; estimated population of
72,000. The policy concerning fees, personnel and service necessarily
had to be revised from time tc time with the increasing demana. The
type oif medical service rendered was limited at first to first-aid

and emergency medical care but was finally expanded into a full

.

4

hospital and clinic service with the associated medical specialties.

S13
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A pre-paywent plan for medical care under the name of the Cak

Lt

Ridge Heaith Association was instiiuted since it was felt thét such

a plan would insure bettef medical ceare, reduce abs;nteeism, décrease
bookkeeping and be an inducement_in recruiting workmen. The plan oper-
ated under a contract between the Association and the hospital. The
objectivesvof the plan were to give hospitaiization and medical cover-
age in.as broad a sense as was economically feasible. Membership

was limited to gov;rnmenp e&ployees and the personnel of the oper-
ating companies, the charge for a family mewbership being 4.00 per
monih. The services covered were: hospiﬁal service, diagnostic
service and physicians’services. There were certain services-not

- covered, such as: alcoholism, self-inflicted injuries, special
mursing care, etc. which are not covered in the usual medical pre-
payment plans. The administration of the plan was first under the
direction of ir. Kenry Vaughn aund later under kr. J. H. Stallings.

In an e&aluation of the (ak fdage Hospital Association it can be

said that this plan offers more benefits to the subscriber than any
existing plen. The financial status is best shown by the fact that
in approximately two years of operation reserves amount to about
+80,000.00; but the probable future of the plan is unpredictable.

An emergency disaster program was established Ly the medical staff
for use in case of a mzjor disaster which wmight require iedical
participation. The organization of the clinical medical program at
Cak Ridge was first undertaken by the University 6f Rochester under

authorization by the Hanhattén District. Later the organization
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was taken over by the Roane-dAnderson Company. Statistics on oper-

ations show an increase from € doctors and 1,890 patients in July -
1943 to 52 doctors and over 20,00C patients in July 1945. Following
V~J Day the total population of the area g;adually decteased to
approxiuately 42,000 in July 1946; during this period Army Medical
Corps Physicians were gradually replaced by €ivilian physicians
acéording to the needs of the community. A dental program was in-
stituted ih canjunction With'the medical program and was continually
adjusted to the coauwmunity dental needs. Tiie policy was to usé

civiiian dentists‘sincc précurement of dentists was less critical and
dentists would have no contact with classified material. The dental
facilities werc increasea from accommodstions tor two dentists

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

bDr. Don Clawson but was later placéd under the direction df Dr. William
Squires. The statistics on operations show an increase frou 28 patients
in Jﬁly 1943, to 4233 patients in barch 1945 and 3609 in July 1945.

On 1 February 1946 the aental clinic ceased to be operated by Roane-
Anderson Co.; thereafter dentist care was provided on a private
practice.basis. A public hezlth 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 lir. Leon S. Blankenship as public Health officgr; Captain
‘Lloyd Jameson was sécceeded by Dr. James Kile as Area Veterinarian

on 1 January 1946. The net cost of all of these services to 1 July




!IREPRSDUCED AT THE NATIONAL Ancuuvsii

TP rep———— e . . L et LS S

o

1946 amounts to 42,629,349,

Clinical medicine'and dentistry et hHanford ;ngineer Works
was divided into two phases, one existing during the construction
period and the other during the operations period. The constfuction
phase wedical program was instituted to meet'the community needs of
a temporary community of construction workers/,the policy concerning
personnel, *facilities and charges veing directed by the contractor;
E. I. du Pont de Nenwurs.ané Caupany, Inc. The type of meuical
sefvice rendered beéan as first-aid and emergency medical.work but
ratggr quickly déveloped into full hospital and clinic service, including
an industrial medical relations section as a part cf the Kedical
Division. An intereéting feature of the program was a plan zdopted to
utilize all availéble manpower by the use of handicapped workmen.

The organization of-the.medical Division was undef the supgrvision
.of Dr, J, M, Wetherhold who in turn was responsible to the contractor.
The operating statistics show a maximum in persmnel and &lso in
~patients seen’during the montns of lay through September and-June
eRd—Jduly of 1944. A dental program and a public health service were
also in operation during the construction phase. A 'breakdown of
the coét of operatiouns during the construction phase shows a deficit
of §1,724,000. The operations phase medical program, in contradistinction
to the construction phase, was instituted to meet the community needs
of a permanent type of community of a higher type of workér. The
bolicy, as in the case of the construction phase, was under the

. .

direction of the contractor, k. I. du Font de Nemours and Co. Thre

type of medical service rendered was that of a regular hospital

N
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with attached clinics luving all specialties available. The organi-

zation of the medical service at Kichland was under the dairection

of Dr. W. D. Norwood, vho in turn was responsible to the .assistant .

Plant hanager. Operating statistics show an increase in doctors
in general relation to the total populaﬁion. A dental program was
estatlished in close association with the medical Irogran and was
available in August 19kk. In January of 1945, the public health
program entailed a transf_er’oi‘ the rublic Health :Sect‘ion from Han=-
ford to Richland. An emergency disaster program was establ ished
:"Ln c’onjuncti on with the industrial medical group for operation in ‘
cese of a major disaster. =« bLreakdovn of the cost cf operations
during the operations phase shows a total ‘net o2dical cost of
$2,581,158 to Jul; 1 1946.

5. Biologic amd Health I'hysics Leseurch. - The resesrch

section ceze s a natwral developuent of the rapid proress cf
prhysical research. The purpose of the research prcgram was to in-

vestigate the potential damaging effects of urauluw. end olner radio-

active compounds used, as well as certan special materials which had
had no previous industrial use. Regiation researcn was [irst realized
to be necessarj by the University of Chicago group tecause of their
work on the pile process. ZX-ray ard gamma radiation as well cs neutran
radiztion, beta radiation, alpha radiation and mixed radistions were
studied thoroughly in both acute and chronic doses. Frojects cover-
ing instrucent research were in general irnterested in the development
of new instruments in order to ‘cope successfully with the ra.o'.iaffidn

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

Clinton Laboratories and the University of Rochester. Hazard re-
search on-radioactive suﬁstances was a problem of :r;ajor -importanc e.
In general this work was concerned with tlie possivle damaging effects
of radiocactive substances wlen inhaled, ingested or placeé in coz:ztact
;vith the skin; and the substances studied were: racium, polonium,
plutonium, fission products and uraniua., Substances of potential
cherical taxicity such-as t..he fluoracarbons, elemental fluorine,
etc., were also studied to prevent possible hazards. Industrial
res;arch corxcerﬁed itself in general with the new wmedical aspectis,
such as: monitoring, prrotective measures and statistical studies.
This type of work was performsed at the University of Chicagc, Clinto.
Laboratories and the University of Rochester. iecards of research
activities in the verious laboratories and universities were main-
tained through the medium of progress reports, copies ¢f which are
on file in the office of the District liedical Section. The crganization
of.t,he Biologic and Health Physics liesearch Division is divided

into various subgroups responsible to the kanhattan District. The
subgroups are the University of Chicago, Clinton Laboratories, the
Unive:"sity of Kochester, the University of California, the National
Cancer Institute, Columbia University, the Biochemical Research Fa.}nd-
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 institutious.

6. Organization. - Vith the transfer of all OSRD contracts

pertaining to the development of atouic power to the Lanhattan

_ S1E  SORS————
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District it became essential that a well qualified physician

be procured to sct in a staff capacit& to the Distr%ct kngineer.
pr. Stafford L. Warren was appointed in the capacity in kiarch
.1943. The original tabtle of organization for officer personnel
for the Ledical Section of the klenhattan District, with subsecuent
semi-annual revisions, is presented in this report. wWualificatd ons
gf all officers appointed to the wmedical Section were carefully
considered in every case.. in order to caumission certain civilian
‘medical persomnel and to make available material procurement
faciiities, assiétance from ﬁhe Surgeon General's Oftfice was neces-
sary anﬁ arrengements 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

BOOK I - GENERAL
VOLUME 7 ~ MEDICAL PROGRAM
SECTION 1 - INTRODUCTION |
1-1, Gemeral, - The primary objective of the Manhattan District

was to develop and operate processes which would make possible the utili-
zation of the tremendous energy available from the splittiz;g of uranium,
Numerous unusual medical preblems were encountered as a result of fhe
unique nature of these oﬁ_era.tions. These difficulties developed, primari-
ly,-as a result of the fact that the basic materials were radioactive
and little or no toxicity data concerning them were awailable.

1-2, The Objectives, - The objectives of the Manhattan District Med-

ical Program were to facilitate the progress of the Projeoct by safeguard-

ing the health of the employses, not only from the hazards inherent in

the peculiar nature of the District's operations, but a.lsgv from the usual
industrial medical hazards, and to provide the usual clinical and bublic

health services required for the commmities established at the plant

sites (See App. Al).
1-3,  Soope.

e Research. - Investigation was required to determine what
effect absorbed uranium and plutonium compounds would have on the human
body; what effect absor;ed pm@u\gts of uranium (fission products from the
piéle prooess) and radioactive p‘r;giaots produced in the actual explosion
of the ura.niu!m and plutonium bombs would have; and what hazards might be
"~ encountered from absorption of other materials developed for use by the . e

District, In addition, although the dangers of work with radium were

’ 1.1

4
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fairly well known, it was discovered that the knéwledge concerning the -
maximum safe exposui-es to various radiations was not well-founded, and
that considerable nesearc‘h would be required to establish safe levels with
certainty, A natural corollary to these investigationms, was research
designed to establish early signs of toxic effects from these materials

or from radiation, and to develop specific measures which would be use-

ful for treating over-exposurese

bs  Industrial Hygiene., - Appropriate programs of industrial
hygiene had to be instituted in the plamts and laboratories working with
these unusual materials, Plant medical staffs had to be provided with
the information necessary to the intelligent performance of their dutieé,
without compromising the security of the project. Research was required
to devise means of estimating the degree of hazard and exposure to which |

the employees were subjected,
ce Clinical and Public Health Programs, - In additicn, at

Oak Ridge and Hanford, the locations selected for the major operatioms,
madiqal and dental facilities were either unawailable or already overload-
ed with patient‘s. In consequence, 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-

L}

erinary service needed in the area.

1-4, Authorizations, - Authority to construct and operate the Med-
.‘ica.l' facilities of the Manhattan District is provided by the following: |
e, General, -

(1). Public Law No, 703, - T6th Congress, 3rd Session,

approved 2 July 1940, which authorizes the Secretary of War to provide

1.2
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for the mces#ary constmotion’, re.habili'ba.tion, conversion, installation
and operation of plant and buildings for development, menufacture, end
storage of military equipment and supplies, and for:ishelter,

(2), Public law No. 354,.- ("First War Powers Act") 77th

Congress, lst Session, approved 18 December 1941, which empowered the
President with certain broad wartime authorities (See Book I, Vols 1)e

(3)e Public Law No. 580, = 77th Congress, 2nd Session,

approved § June 1942 which provided amendments to Public Law No. 703

above (See Book I, Vol, 1),
(4)s Executive Order No., 900l. - dated 27 December 1941,

which delegated to the War Department authority to enter into comtrects

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

be SEOOiﬁco
(1)e Report of 17 June 1942 to the President of the United

States by Dr. V, Bush, Director of the Office of Scientific Research and
Development and Dr. J., B. Conant, Chairman of the National Defense Re-
search Committee, This report presents the results of a study made to

determine the advisability of carrying on what later became the Manhattan

District Projeoct, the consequences involved, and the results attained

(See Book I, Vol, 1).
(2)s Delegation of Authority under Executive Order No. 9001,

A memorandum dated 30 December 1941 from the Secretary of War to the Under
Secretary of War, whereby the Under Secretary is delegated the powers pre-

viously delegated to the War Department by Exeoutive Order No. 9001 (See

N

Book I, Vol, 1).
(3)s Delegation of Authority by the Under Secretary of War to

Mejor General L. R, Groves, - A memorandum deated 17 April 1944, signed

e

e ARGE.
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by the Under Secretary of War, empoweréd Major General L. R. Groves to
exercise comtractual powers under Executive Order No. 9001, effective -

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

No. 9001, In a memorandum dated 10 June 1944, Major Gemeral L. R, Groves -
delegated to the District Engineer, Menhattan District, authority to enter
into contracts for the Manhattan District (See Book I, Vol. 1)

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

Group designated by the President of the United States to determine gen-
eral .policies of the project, in & conference on 23 September 1942 appointed
" a Military Policy Committee to coﬁsi der and plan militery po'licy relating -
to the project and named Major General (then Brig, Gen.) L. R, Groves to
sit with the Committee as Executive Officer to oarry out the policids that
may be determined (See Book I, Vol, 1),

1.5, Urgency. - The problems facing the Medical Seqtion were in-
tensified by the immediate need for their solution, When the medicael re-
search programs were started, the materials to be studied were already in
use at least on a la.bo.mtory scale, a.mi,in soms instances, on a plant
scale, Similarly, throughout the course of Manhattan District operatioms,
the l(edi_éal research programs were pressed to keep up with operations,
Likewise, the Industrial Medical Division at its .’mception/ was confronted
with plants and laboretories in operation on unfamiliar materials, and
da.ta cdnceming their toxiecity were almost non-existent. Hﬁaliy, in the
sites at which it was necessary to provide medical and dental care, staffs
had to be proaured and services 1n§tituted on very short notice. There

was not time to experiment or shift personnel. ‘Medical services had to

-

e

~

PECURTTI I NTONTE

4




M
;] REPR5ouceo AT THE NATIONAL ARcHlVEbi

e | e et e e - v S DT (Par. 1-5)
7 ,

be inaugurated with the kmowledge that the quality of professional care

was excellent and that its availability was adequate,

1-6, Effects of Security, = The necessity of ma:intaining the se-

curity of the Project/ was a major factor affecting the District's medical
program, Interchangé of information between related projects was re-
s:bric'bed to the minimm required for intelligent conduct of the individ-
ual operations. This fact alone was responsible for great difficulty in
preventing duplication of effort. Likewise, in the dissemination of data
from med::we.l research to c.ontractors, great care was required to de-
termine that the information reached only those individuals entitled to
receive it, The physicians procured for medicel service at Oak Ridge
were commissioned in the Amy primarily in the interests of security,
since it was planned origimlly for them to serve the plants as well as
the rest of the community. Amy medicel officers were selected also to

insure that capable individuals were procured and kept on the job,

1-7, Speoial Arrangemsnts with Other Agencies. - Certain special
arrangements had to be made to insure the cooperation of other agencies

‘and to maintein seocurity,
a, Looal Medical and Dgntal Societies, = The loocal medical and

dental societiss at both Henford and Osk Ridge were consulted and their
approval obtained on the types of medical and dental service being offered.
In addition, fee schediles were drawn up gdn conformity with the prevail-

ing rates of the commnities,

be Procuremsnt and Assigmment Service. - Numerous negotiations
were comucted with the Procurement and Assignment Service for Physicians,

Dertists and Veterinarians. It was necessary that the national office and

—

GRS

18




!,ae’b;iﬁoocsu AT THE NATIONAL ARCHIVES|
b Y S (P&I‘. 1-7)

aseweomm—
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and urgency of the Manhattan District operations in o‘rder that procure-
ment of physicians and dentists fram civilian praotic\e ooﬁl;i be facili-
tated, and that retention of men in essential civilien activities of the
District could be insured, The Proocurement and Assigmment Service was

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

was ooncerned (See App. B7).

c. State Boards of Dental Examiners. - It was impossible to
procure a sufficient number‘ of dentists licensed in Temme ssee and Wash-
ingtof ‘to fulfill the needs of the canmmities, In eddition, licenses
to practice dentistry in both Tennessee and Washington are granted only
by examination and there is no provision in the law for temporary licensure, .
Therefore, arrangements were made with the State Boards of Dental Examiners
‘in these stetes to pemit dentists to work on the project until such time

as they could be spared to take the examination for licensure,

d, State Boards of Medical Examiners. = The arrangement made

with the State Boards of Medical Examiners in Temessee and Washington re-

quired that civilian physicians obtain licenses by examination or reci-
procity with the least possible delay after reporting for worke

. ©¢ Universities, Medicael Schools, Biologic Institutes, -

Negotiations were continually carried on with these organizations to aid

in procurement of personnel and to meke available special services and

egquipment.

1.6
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SECTION 2 .~ HAZARDS QOF OPERATION

2-1, Nommal Industrial Hazards, - Medical hazards identical with

those in large constmctioi programs, with those iﬁc;:rred in chemical
plants, and with those involved in the use of high 701tagé electrical
equipment, were present in the operations of the Manhattan District,
Since these activities mre'excoedingly varied and were carried on in

a large number of different plants, the degree and type of hazard varied
greatly from place to place,.and from time to time. These risks did not
cause any s;;ecia.l conosrn. -The contractors! medical staffs were well qual-
ified and equipped to- deal with problems of the toxicity of well kmown
chemicals, and to handle industrial acoidents. The Safety Section of
the Manhattan District aided materially the contractors' safety groups in
accident pmvéntion; and in establishing safe-handling practices (See
Book I, Vol, 11 - "Safety Program"),

2-2, Hazards of Radioactivity.

a, General, - The chief problem confronting the Medical Section
was the proper evaluation of the radicactivity of the basic materials as
industrial hazards. The importance of proper evaluation of these hazards
was given impetus by the memory of the dire oconsequences of improper pre-
cautions-,in the radium dial painting industry as evidenced by the cases of
radium poisoning whioch o‘ccurred after the last war, The memo‘ry of this
tragedy vas very vivid in the minds of people, and 'I':he thoughts of poten-
tiai dangers of working in areé.s where radiation hazards existed were
intensified because the deleterious effects of radiation couid not be
seen or felt and the results of ovwan-exgosure might not become apparent

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

MR cninsions:
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obtain accurate positive information for the use of contractors! medical

staffs on the toxic effects of radiation and radioactive materials, to
provide methods for estimating hazards, and, whenever possible, to recom~
mend prophylactic measures against over-exposure,

b, Radioactivity., = First, let us consider the radioactive

elements which are encountered in the operations of the Manhettan Dis-
‘triot. These elements emit alpha and beta particles and gamma rays
Neutrons should also be considered but they are produced only under special

conditions,

- (1)e Alpha particles are electrically charged nuclei
[ ]

‘of helium atoms. They are projected from certain radicactive substances
with great ensrgy bu)‘ travel only a rela.tively short distance in air and
are stopped by extremely thin layers of solids, When alpha particles

strike human skin they are stopped in the outer dead layer of cells, and

therefore are incapable of causing damage. P

(2), Beta particles are electrons which are projected

by certain radioacfive substances with greater velocity than alpha part-
icles, and these particles aﬁ more penstra‘bing| than alpha particles,
They are capable of injuring hu‘ma.n skin because they penetrate to the
vital growing layers. .However, the skin has marked recuperative power'
and a certain amount of beta radiation may be received daily, year after
- year, without demage occurring. Since beta pa.rticles are stopped in the
skin, they are incapable of directly producing systemic effects so long
as the particles arise from an external source (outside the body).

| (3)s Gamma rays may arise from radium and other radio-

active substances and are electro-magnetic waves which have great pen-
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etrating power, Gamma rays can pass completely through a humen body. " (

They can be stopped by lead and other elementé of high atomic number,
Since gamma rays and x-rays can pass completely thré;gh/ the body, over-
exposures affect primarily the most sensitive tissues, Continued over-
exposure results in damage to the blood forming organs (principally the
bone marrow) and the reproductivé cells (testes and ovaries). In the
case of gamma and x-raﬁys, as with beta particle#, a certain amount of expo-
sure may be incurred day after day and year after year without harmful
effec‘b. |

- (4)e Neutrons are particles which have no eleotric charge.
They arise from the nuclei of atoms under proper conditions, The in-
strument most commonly used heretofore to produce neutrons is the cyclotron.
Neutrons like gamma rays can penetrate the entire body, and the effects
of over-exposure are identical with those of gemma rays. However, the
biological effects resulting from ionization by fast neutrons are ap=-
proximately three '!:i;mes as gre'at as those produced by the same amount of
garma rays,

¢e Radioactive Substances, - Secondly, work with radio-

active substances presents certain problems in addition to the extermal
radiation which was discussed above., These radioactive substances may
be inadvertently inmtroduced into the body by inhalation and ingestiom
ax;d_ skin absorption and thus deposited in the body tissuss., Onoe de-
posited, alpha, beta, or gamma radiation !;:ay produc? untoward effects

on the tissues, Also, concentrations of some of these substances which
have a rela.t‘ively low radioactivity may produce toxic effects on the body

from a chemical standpoint. The important toxic radioactive elements are:

h
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(1), Radium, = The toxic effects of absorbed radium were

well known, Only a fraction (perhaps 10 per cent) of the absorbed mater-:
ial is ;:leposited, but the bulk of that fraction enters the bone, When an
excessive amount is deposited, the. unfortunate individual, after a number
of years, may cease to produce blood cells (alpastic anemia) and succumb.
In some instances, necrosis (rotting of the bone) also has occurred. In
a few cases bone cancers and a condition kmown as leukemia (an over-
production of white blood oe’_lls), also a fatal process, have ocourred.
Fortunately, sgfi‘io‘iénb date have been a.c~omnuh'bed on radium to es-
tablish the maximum alloﬁable dosage, which produces no significant bio-
logiocal effec:b. "In addition, relatively easy, acourate methods are avail-
able for determining the amount of radium in the body, providing a posi-
tive control for workmen exposed to the substance, (One method measures the
radon gas foméd from radium, which is excreted in the breath; the other
method depends upon the radioaotivity in an individual's body aé a result
of the radium deposited.)

: The faoct that these data were available on radium was exceedingly
useful to the Medical Section, for by ccxnpari.ng'the relative energies of
other substances with radium, it was possible to estimate "maximum
allowable storage" which could be permitted without danger to the in-
dividual,

(2). Radon, -'Thi.s substance is a gas and is produced .
when & redium atom breaks up with the ejection of an alpha particle.
Ra.don like its parent element md:.uh, is radioactive and 'is capable of em-
itting alphg. particles, The daughter products of radon emit beta particles

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

2,4
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there are usually deughter elements in equilibrium with radon. If this
gas is inhaled in a sufficient concentration and for a sufficiently long
period, the lungs may be damaged by the alpha radiation,

(3). Polonium., = It is known that radium spontaneocusly
disintegrates and new substances are formed which in turn decay until 'Ehe
final stable residue of lead is reached. Polonium is a decay product of
. radium and is one of the substances which emit alpha particles and yet
have no radioactive decay products, It has been shown that when polonium
is injected into rats, it is deposited in the greatest quantity in the
kidngys and in smaller quaptities in the spleen, in the testes (reproductive
organs) and in the.'bones. If enough polonium is injected, death will en-
sue due to toxic damage of these vital tissues, l

(4). Plutonium, = The "Pile Process" transforms Uranium 238
into plutonium, which has an atomic weight of 239 and an atomic number of
94, This trensformation is accomplished by bambarding U-238 with neutrons
in a manner described later in ‘this report (See Par, 3-12, b)e The
potential hazard involved in the handling of élutoniwn is probably quite
similar to radium, This substance, like radium, shows a predilection for
deposition in the bony tissues with the attendant effects outlined under
radium.‘_ There are, hawevei', some important differences, Plutonium is
approximately one-tenth as toxic as radium when it is permanently stdx;ed
in the bone, 'The rate of elimination of absorbed plutoniuwm is less rapid
than that c;i‘ radium, and, therefore, a larger proportion of absorbed
plutonium tends to become permanently stored than in the case of radium,

(5)s Fission Produots. - In the industrial production of

plutonium and in the atomic disintegration of plutonium or U235 many

SISV
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radioactive substances are produced. These substances are known as
fission éroducts and intensive research work on animals has revee.léd
that these fission produot's are potentially toxic agénts because of their
radiocactivity,

(6)s Uranium, - In addition to its radioactive properties,
uranium has been known for many years to be a sui:stano_e ‘capable of pro-
ducing damage to the kidneys, and has been used frequently to produce a
type of experimental nephriti'.-s in animals similar to that produced by
meroury. étudies on such ura,nium nephritis in dogs have proved invaluable
in th?.mntml anc} treatment of the later stages of human nephritis in
which la;rge amounts of protein are lost in the urine. Industrially, uranium
ocompounds have been produced on a limited sc;a.le as coloring matter for the
oceramics indus!;ry; and also have been encountered as a by-product in the
refining of pitch-blende ore to produce radium, C;nferenoes with physicians
who had medieal supervision over persons working with uranium, indicated
that to:ﬁc effects had not been observed ‘by them (See Appe. B2)., However,
the Manhattan District operations involving uranium were on a far larger
scale than any previousiy carried on, and water soluble compounds (which
might be absorbed much more readily) were used. Comnsequently, it was cone
sidered possible for workmen to develop irritation of the kidneys if ex-
cessive ;xposures to uranium were emcountered, and also, although consider-
ably more remote, t§ store sufficient uranium to have toxic effects from the
radiocactivity of the meterial,

2«3, Chemical Hazards, « There were a mmber of chemical substances

used in the industrial operations of the Manhattan District which were not
of a radioactive mature., Some of these substances were well known industrial-

ly; others were entirely new, Some of the well known chemicals, however,

.
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were used on a much larger scale than ever before., Some of the more ime
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portant substances will be commented upon briefly.

e
.

a, Gasges,

(1) Fluorine and gydrogen.Fluoride.. Hydrogen fluoride
or hydrofluoric acid has been widely used industzﬁally. Fluorine, on
the other hand, was a laboratory curiosity. Both were used by the Man-
hattan Distriot on & large scale in the preparation of special compounds
of uranium and in the preparation of a series of special lubricant com-
pounds, known as the flu'ofocarbons, which will be dis.cussed later (See
Par 2=3, b (1)). . The hazard from fluorine is primarily that of a chemioal
burn, which can produce death with sufficient exposure, The hazard from
hydrogen fluoride. is the marked corrosive ;ffect the acid has on body
tissues, This is particularly insidious because there is a latent period
before there is perception of pain. It is stated that 50 parts of hs;dro-
gen fluoride per million parts of air will be extremsly dangerous if in-
haled for an extended period of time, ‘

(2)s Phosgene, - This is a well known poison gas whioh was
used during World War I, and in the Manhattan District industri.al opera~
tions ocou::s as a side-product in the preperation of special uranium
tetmch‘loride. Phosgene produces a déw‘rastating offect on lung tissue
if inhaled in toxic concentrations, It is estimated that if a person
should be p_l_a?ed in an atmosphere which contains one part of phosgene in
10;000 parts of air for two minutes, death would ensus, |

(3)s Carbon Monoxide, - This ind;;strigl hazard ocours to a

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

toxic elements by ventilation accomplishes control of this gas as well,
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Hence as & special specific hazard no control measures are directed toward

it.

b, Liquids.

(1)e Fluorocarbons., = These compounds are composed of

[y

fluorine a.nd‘ carbon and are primarily us'ed as lubricants and coolants by
the Manhattan District, .These compounds (C7F16, 08F16, Cyy F44) ‘were
found to be moderately toxic to animals upon inha.la.'l:ion,' but some of the
intermediate products formed in the production of these compounds were
found to be toxic to anima;la in concentrations varying from 70-500 parts
per fnillion parts of air, The animals exposed to toxic concentrations of
these intermediate products of the fluorocarbons died apparently as a

result of respifatory failure,

(2)e Trichlorethylene, - This substance is primarily used

as a grease solvent in the Manhattan District. Trichlorethylene is classi-
fied as a narcotic poison and chronic intoxication supposedly produces a
damaging effect upon the central nervous system.

Ce Solids,

(1), Metallic Beryllium. - This substance has been used in

industry and is capable of producing marked damage to lung tissue if inhaled
as & dust, Enough information about the causes and prevention of beryl-
lium poisoning was available so that no research work was carried out with

thj.s substance,
(2). Metallic Cadmium, - This substance is used by the Man-

hattan District because of i:ts efficiency as a neutron absorber., A few
fatalities as & result of over-exposure to cadmium, in industrial operatiohs

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

ChGRimea K
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cedures were set by the Manhattan District so that the hazard from cad-
mium was only of a very minor nature,

(3). Metellic Nickel, - This substanod is known as a hazard

in industry primarily because of its potentiality as a skin irritant,
With this substance also, safety procedures were so set up by the Man-
hettan District that the hazard from nickel was only of & Very minor nature.

2-4, Tolerance Levels for Various Hazardous Materials,

a. General., - The materials discussed above were used on a
vast industrial scale by‘ tdie Manhatten District and many people were en-
gaged in this work. It vas obviously imperative, therefore, to learn about
the degree and nature of the toxicity of these substances so that a de-
finite industrial hazard policy could be established which would insure a
maximum factor of safefy to the people working with these substa.noes. De-
finite values for the ma.ximm allowable exposures or tolerance to these
materials had to be esta.blished to facilitate efficient over-all operation.
(The terms ™maximum allowable exposure or concentration" or "tolerance"
will be used interchangeably in this discussion and the term "tolerance"
in this case will not refer to the definition proposed in phammacological
texts,) The redioactivity of these potmti-ally toxic substances was
therefox:e thoroughly investigated, their chemioal properties were studied
end the effects of these various toxic agents were evaluated in carefully
controlled animal experiments, It was as a result of this ofientation
pro.gram that the degree of toxicity of these substances for the warious
animal species was arrived at, Toxicity in man was estimated from such
data and from previously established toxicological information, and arbi-

trary tolerance values were introduced which would offer a maximum factor

M
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of safety to the employees he Manhatten Distrioct engaged in industrial

operation and research work,

The following is a brief outline of the arbitrb.i'y tolerance values
which were established. These values, especially those pertaining to the

readicactive materials for which meagre background date were available,

were subject to constant checks and revisions as more information was

gathered through research and experiences

b, Tolerance Lewwls for Various Types of Radiation.

(1), Total ﬁody Irradiation., - The probable sefe level for

expoa\ire to radiation for a person eunployed over an indefinite period wmas
set at 0,1 roentgen units of gamma or beta particle radiation in any twenty- k
four hour period., This walue was established by the U, S. Bureau of Stand- | |
ards in 1937 and was adopted by the m.nhattan District (See App. Bl),

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

quantity of x-ray or garme radiation such that the assoclated corpuscular
emission, for ome cubic centimeter (0,001293 grams) of air, produces in
that air ions carrying one electrostatic unit of electricity of either sign.)

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

icle radiation from an alpha emitting substance capable of being deposite

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

per twenty-four hour day.
(3)e Beta Radiation. - The safe limit of beta radiation

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

established at 0456 roentgen ﬁnits per twenty-four hour day.

(4)s Noutron 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 same a.;x_xount of radiation produced by x-ray.
For ionization in body tissue, a factor of 3‘;2 is probably ample as meas-
ured in roentgen equivalent physical, and 0,025 ;‘oéntgens (physioal
equivalent) per twenty-four hours might be taken as a tolerance dose.

(5)e X~rays or Gemma Rays., - The National Bureau of

Stalpdards, acting upon the advice of the Advisory Committee on X-ray and
Redium Protection, has est,abﬂlished the tolerance dose for x or gamma rays
of 0,1 roentgens per ‘tme‘n'by-four hours, The committee recommended the
tolera.nce dose of 0.l roentgen per day as provisional, and it is advisable
to apply generous safety ﬁotors to prevent exposure even at this level,
For this reason, it has been deemed advisable to build in protective
measures in fixed installa.tions.so as to have the intensity such that the
Aoperating personnel working on 8 hour day get no more than 0,1 roentgen
in any twenty-four hour day, giving a safety factor of & in this case.

Ce Tolerance Concentrations for Radioactive Substances :L_z_l_,Air.

(1)e Badon, - The tolerance level of radon in air hes
been established as 1070 curies per liter of air, (curie is a unit of
redium emanation from, or the amount of radon equivalent to, one gram of
radium.,) This value was based on the New York State Code for Redium Dial
Painter; established in 1939, This limit represents one-tenth of the ex-
posure that was thought to have produced harmful effects on people working
in the mines of Czechoslovakia (See App. Bl),

(2)s Polonium, « The maximum allowable concentration of
this material has not been definitely established but & provisional level
of 6§ x 10"4 microgrems per oubic meter in air has been set. This figure

was arrived at after extensive animal experimentation,

t
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(3), Plutonium, - A tolerance limit of 3.5x10 curies of

— — X
.

Plutonium per liter of air was used for the Manhattan Dis#rict. This figure
was based on extensive computation and comparison with radium and other
substances which einit alpha particles, The maximum allowable air concene
tration has not been clearly established | o
(4). Fission Products. - It is very difficult to establish

tolerance values for these substances, but an arbitrary value for the
mixed fission products has bgen set at one to ten microcuries per cubic
meter of air, (One micr;curie is equal to one millionth of a curie,)

’ (6)e Uraniun, - The tolerance value for uranium which was
accepted for the Manhattan District industrial operationé has been set at
150 micrograms per cubic meter of air. This is also the tolerance value
arbitrarily established for lead by the Unii;.ed States Public Health Service,
No conclusive data was available on the toxicity of uranium prior to the
start of the Manhattan District, and the above mentioned tolerance level
was, on the best authority, applied to uranium pending the procu-mment of
further data through research and experience,

ds Tolerance lLevels of Radioactive Material in Body Tissues, -

It is obvious that people working with thess radioactive

substances would inadvertently ingest and inhale these substances to some

degree. It was necessary, therefore, as an additional precautionary

measure, to monitor the personnel to make certain that they had not accum-
. ) )

lated more than the maximum . allowable concentration of these substances in

their body tissues, Tolerance levels for absorbed quantities of these radio-

active materials were therefore derived from animal experimentation and ex-

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

2,12 :
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experimental work found in the literature. The tolerance levels establish-

ed for these substances are:

(1)« Radium, - A tolerance limit of 01 microgram of
radium stored in the body as established by the U, S, Public Health
Service in 1941 was adopted by the Manhattan Distriot (See App. B 1),

. (2). Polonium, - A tolerance limit of .15 micrograms
of polonium stored in the body was established as a result of animal ex-
perimeptation and a canparis'on of the radiocactive emergy of this oampound

with radium,

. (3)e Plutonium. - The tolerance value for plutonium (1.0
micrograms stored) was deri_wred in a mamer similar to that of polonium,

It is established that plutonium is about 1/10 as toxic as radium when de-
posited in the body. |

(4). Fission Products. - Tolerance levels for fission

produocts deposited in t.issue have not been established experimentally,
but it is possible to calculate the maximum allowable concentration by
converting available data on x-rays, gamma rays, and alpha radiation from
radium into comparable energy limits taking iinto consideration the dis-
tribution of the individual fission products after absorption,

e, Tolerance lewvels _o_i_'_ Radioactive Substances in Urine, -

Since i'.bv is obviously impossible to amalyze human tissues for the amount
of radioactive substances present, indirect methods had to be employed to
estimate the prol;e.'ble amounts of these substances which were present in
eody tissue, It is known that radioactive materials are excreted in the
urine, A tolerance value for urinary excretion has been established only
in the case of polonium. The ur:me.ry excretion tolerance value for the

other radioactive materials are still under investigation, and no definite
. ,-..-g;.\"
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figures have been established. The tolerance wvalue for urinary excretion

of polonium has begn set at 5,000 disintegrations per minute in the total
urine excreted per day. (The use of disintogmtioﬁé per unit of time is a
method for detgmining very small amounts of radioactive substances, Each -
disintehration is due to the radioactive disruption of an atom and the
number of disintegrations per unit of time is a relative measure of the
amount of total radioactive material present.)

f. Tolerance lLevels in Air for Chemical Hazards., - There are

a number of substances which are important as industrial hazards in the
operation of the Manhattan Distriot, but their potential danger is in the
form of chemical toxicity. The tolerance wvalues for these substances will

be mentioned briefly,

(1) Gases: Maximum Allowable Concentration
Te). Fiurine T part per million parts of air,

as established by application of
data gained on exposure of animals
to ocontrolled atmospheres of this
ga.s.
(b). Hydrogen Fluoride
. S parts-per million parts of air,
the level set by the American
Standards Association and adopted
. : by the Manhattan District,
(¢). Phosgene
1 part per million parts of air,
the level set by the Chemical
Warfare Service as a safe concen~
¢ tration for troops.

(2), Liquids:
iai. Fluorocarbons: The tolerance levels for these sub=-

stances (°7F1s, c8F16, °21F44) wer; established after a series of animal
experiments. The term foreshot is use::l' +o designate the fraction of &
substance on whioh fractional distillation passes through the column first
(low boiling point) prior to the collection of the desired material, Crude
refers to the material after chemicé.l préﬁaration but before distillation

—_
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has taken place. Some of the available tolerance values established are
1isted below: , B
CoFyg-1 250 parts per million parts of air

CgFyg=2 Foreshot 70 parts per million parts o_f air

L1 ”n " 11 " ]
°8F16"2- _ 300

” ”" " " " "
_ c8F16_ Crude 50
CoFyg Fo’reshot lo0 " " P o n

(b)e Tric‘hloretlmlene. = The maximum allowable concentration

for this substanoel has been established by the State of Massachusetts as
200 parts per million parts of air, and this figure has been adopted by
the Manhattan District.,

(c)e Chlérofonn and Carbon Tetrachloride, - The maximum

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

per‘ million parts of air. This figure has been adopted by the Manhattan
District. |
(3)s Motals.

(a)e Beg- 1lium, = No tolerance value has been set for this
substa.n;se , but the existing information on the causes and prevention of
poisoning in the manufacture of beryllium is quite adequate from a prac- '
tical standpoint. Berylliun is combrolled by the prevention of imhala-
tion exposure to fumes during processing. Should exposure occur with the
appearance of an initial shortness of breath, removal of the individual for
a period of several months will effect complete cure.

(b). Cadmium, - The tolerance level for this material
has been set as 1 mgme of cadmium per ten cubic meters of air, This is the

o
N

<~
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concentration on cadmium as set by the American Standards Association and

adopted by the Distriect,
2-56., Methods and Instruments for Estimating »Hazo.rds.’ -

a. .  General, - it was obviously i.mpei-ative to have methods
and proper instruments to evaluate the degree of hazard involved in work-
ing with these potentially toxic materials. As a result of intensive
research, such methods and instruments were developed and oconstructed,

be Radioactivity. - First, the methods and instruments

~

developed for the evalwmtion of radioacfivity such as alpha, beta, gamma,

or x-ray, and neutron radiation will be considered. Three general types

of instruments are used in survey and monitoring work with radiocactive

emanations, These are:

(1) Counter Instruments. These instruments count indi-

vidual particles emitted by a radicactive element (See App. C 1).
(2)s Electrostatic Indicators, - This type of instrument

does not respond to the individual radioactive particles but averages or
integrates the effects of the total number of particles by the charge pro-

duoeé. by jonizing & fixed volume of air (See App. C 2).

(3)s Vacuum Tube Electrometer, - This type of instrument

is similar to the Electrostatic Indicators but the current produced by
ionization in & fixed volume of air is amplified and indicated on a meter,

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

measure the degree of radiation received by each individual should be

mentioned, The first three methods are mechanical devices which measure

the total 'deéree of radiation to which a person is exposed, These are:
[}

(1) Film Badges. - For determining the amount of radia-

R . .
.
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tion received by a person in & given period of time, a special 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. C 4). *

(2)e Pencil Chambers, - These instruments are small

pocket meters in the form of a pencil or pen and are worn in a pocket and
measure the degree of radiation received by a person over a given period -
of time (See App., C 5). Prior to use, the quartz fibre emclosed in the
chamber is given a calil;ra'.ted electrioal charge \which it retains in-
definitely, However, on exposure to garma and x-rays the ionization so
induoted causes a discharge of this charge on the fibre direotly propor-
tional to the amount of radiation reoﬁived, and can be measured in a variety

of technical manners, v ‘ ,

(3)e Finger Rings. - To determine the amount of radia-

tion received by the hands of the eﬁployees in specific operations involv-
ing possible exposure to bete rays, finger rings with x-ray film inserts
are used, These films are developed and calibrated to indicate radiation
received in a given period of time (See App. C 6).

' The other two methods utilize early changes in the human

body when there has been exposure to radioactive materials, These are:

(4)e Finperprints. - Through research activity, it was

- determined that one of tirxe earliest indications of damage to the hands of
pex;sons handling radioactive materials was a noticeable change in the ~
finger-print ridges. In order to take advantage of this early sign of radie-
tion damage, a program of securing periodic wax impressions of exposed °

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

that blood-forming organs (bone marrow) are sensitive to radiation, and

their function is easily deranged by over-exposure "éo radioactive mater-
ial, This is reflected when the blood cells in the peripheral blood are
counted.and examined, Frequent period'ic blood counts were therefore taken
on all empioyees engaged in work with radioactive materiaels, ' This pro- |
cedure served as & valuable early means of wg.rning when any person might
be getting more than the' maximum allowable exposure to radioactive
materials, |

- d, TRadioactive Dust Monitoring., - It was essential, also, to

establish monitoring methods for radioactive dust measurements on uranium,
plu:tonitm, and polonium. The amount of radicactive ;iust in the air is
determined by a Mine Sefety Appliance Company Sfa.nda.rd Eleotrostatic
Pﬁﬁoipit&tor or avdevioe of similar design. A volume of air is drawn
through the precipitator and the dust .is electrically precipitated on a
metal foil, The activity of the precipitate is then determined by a Der-
schen electrometer or other radiation measuring device (App. C 8).

e Urine and Breath Samples, - As was pointed out previously,

the people engaged in work with the redioactive materials will immdvertent-
ly ingest and inhale these substances in spite of all careful precautions,
It was therefore essential to keep careful surveillance at periodic inter-
“vals of the people engaged in this worke This was accomplished in the

following manner: , .

(1)s Urine, - It is well knmown that the radioactive mater-

ials such as uranium, pl:xtonium, and polonium, are excreted in the urine,

e

and by measuring the radiocactivity of the urine and by special calcula-
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tions, a rough approximation of the smount of radiocactive material ab.

sorbed and stored in the body tissues can be derived., It éhoizld also

be pointed out that early _chemica.l toxiocity of uraniwm cq.n'be detected

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

and its ocompounds are a potential nephrotoxic (kidney damaging) ag;nt,

and the dmﬁa.ge done to the kidneys will be reflected in the urine excreted.
Likewise fluorine is excreted in excessive amounts after exposure to the gas or -,
to i;luorine compounds, The periodic urine examinations of all persons

exposed to uranium and its campounds as well as fluorine and its campounds

was therefore incorporated as part of the Manhattan District safety pro;

gram,

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

gaged in work with radium will contain a port?ion of this radioa&iw
material as the gé.s, radon, Samples of this exhaled air are t.solleoted in
evacus:l';ed containers, By‘mea.su:;ing the radioactivity of thesé eir samples
the approximte amount of radium deposited in the body may be calculated,

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

toxicity should be mentioned,

a. Fluorine Detection, - To ascertain the presence of fluo-

rine and hydrogen fluoride in air which is breathed, a "Fluoride Deteotor"
is used (App. C 9). This instrument consists of a vacuum pump equipped

with dye-impregnated filter paper. As air is pulled through the filter, a

quantitative indication of fluorine content is given by change in color
of the filter paper,
b, , Phosgene Detection. - The human sense of smell is the best

‘.
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method for phosgene detection but the' M-9, the Standard Chemical Warfare
Kit for Detection of Toxic Cases, is employed in all operations where
there is a ppssibility of hazardous phosgene concentrations (Appe C 10),
The principle of the kit is similar to that method for flﬁorine detection
described above. - In place of filter paper used above, a colloidal gel

is employed whiciz changes color if phosgene is present in the air,

c. Solvent Deteotion. - The Halide Lamp is used for the s

deteotion of 'ha.za.rdous concentrations of such agents as trichlorethylene
and such materials as fluorine, chlorine, and bromine (App. C 11),

- 2-7, Conclusion, - It was through a thorough and complete under- ,
standing of the hazards of operations with the materlals' discussed, the
possession of proper instruments, and estimation of the degree of hazard
that the Manhattan District was able to provide a maximm factor of

safety to its employees,
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. J>=1. Generel. -~ The Divisiun of Industricl ledifcine -of the
Ledicel Section wes formed to «ii lenhettan District contractofs in
esteblishing programs of industrisl hygicne agpropriate for the
peculier hazards eicounterec. This Livision, acting in & staff
capacit; threu h the Jdree Engineers, recons.ended scheduies of phys-

ical end laborctory_exa;inagicns ol erxrleyees, reccorenied measures

to deteriine the auount of toxic substinces ent radiczticn prescnt in

pleld operaticns, onl reviencd the recults of these procedures bt as—

certein vhether or nct chen es 4 the rrocess cr wor¥ rouviine vould
be required to pretecst the toriiza. In al/iticn, the Diviside vwes re-
spensille for tremsedtting veelfvl infcera bict i he neaicil re=

secyceh rre rems to the coruvrreicre, ol foer bixliy Lhe uzeds ¢f Lhe

indusirial conc:irns lnc. Lo the resecrc’ grouvps.

3=2. Sceone of sctivities. - The mecdicel prograss recormended

were varied in scope depenaing upcn the type of hezard preseut. -

tent cf supervisicn veried frci occasicncl curser; inspecticr, to

full-tiie assignuent of a secvicel oificer to tihe orerstivr.. In gen=-

—

eral, close supervisicn wes extended Lo tircse prejects in which the
4
Gevernsent was ilnaincizll, restensible fer ell costs of the cueration.,

These contrectors wihic vere pericindng their usual work received repu-

larl; only cesuel supervasic:., out the conplete facilitiss cf the

Divisicn were avallable on re:uest.

3-3. lndustriel H-picne laborstory. - & laborctory, ecuinped

to perforn. the specicl and unusuel anel yses necessary to contrel the

Sel

m
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occupational hazards of District operations, wes instituted at the
University of Rochester erd supervised by the Divisien of industrial
kedicine (See Fer. 5-¢ u); Included in its activities were dust
counts for rediosctive rizterial, air analyses for radon, film moni-
toring (use of x-ray filw to weasure radieticn), analyses of urine

for uranium enc flucrine, and radiaticn measursients by instrusnents.

5-4L.  Releaticnehi=- to (ther Health-Thysics Grou:s. - The uivi-
. 3 - ” A . > 3

sion of Industrial lLedicine wes responsible ror medical sujervisicn
~¢f 2ll District centrectors operatiing cn cest=-plus-finei-Iee coi-

- ' ) .-
tracts. However, 21l of the ccncerns listed Lezlew were uider the
inmedicte supervision cf Dr. acbert 8. Slcne cow his eassecictes in
the health nrosre:x of the stcllurgical Leberoter.. The Chiefl of
the lledical Section rersonclly cGetermined thet the aclivities of

this group were auprorricte. The coscerns lisieu ar

W
.e

a. lctellurpicel Leboratery, University of Cldcago

b, Clinton Laboretories (University of Chicago)

¢c. Hanford Ingineer .ioris (dv Font)

d. Other subcontrictors of the University of Chicago cnd
of du Font doing vierk releted tc Henforu Lngineer lor:s.

-~ o N - \ ) . . c L - ‘ M
3-5. New Yori: Safet:. Coumittee. = a cciitictee was formed by

engineers of the Kellex Cerjcereticu, essistea by & redical oliicer
frou the Industrial Livision, tc write & scries of tulletins corn-
teining eprroved scfe-hendling melhods end first-aid preceaurcs for
work with fluorine, uranium hexefluoride, hydroilucric acid, tri-
chlorethylene, and other zgents used in cleening procedures (See

ip. D 3). Theése ..anuszls vere vritten oripirclly for the use of
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eriricyees of Kellex and its subcoulr.cters, but in tine became

stendord ‘reference woriss for District creraticns using these sub-

stances.

5-6." Crgenizatior.. — The functicns of this Divisicua were
orizinelly cerried on by 1t, Col. H. L. Frieiell. The responsi-
bilities were delegateu to Lajor John L. Ferry during iy 1943.
liajor Ferry wias assisteu by Lt., R. 4. Trbout, who supervised the
inaustrizl hygiene laboratgrf; by Captain Jce «. Howlend, who super-
vised the contracts of the iadiscn Scuare and Kew Yori wreas, from
1 JuI& 1944 to lS'Lhrch 1945, end was replocec 15 Larch 1945 by
Ceptain burtis J. leeres; by Ceaptein I'red Dryan who became sassistant -
lDivision Head 15 lLerch 1945; by Captain B. 3. aclf, lisison oflicer
and roentgenoloist for the electromecnsiic process (1 August 19u4
to 1 April 1945), who later w-s operations medical consultent to the
polonium production jlent; by Captair B. i.. Brundege, liaiscn of- ,

ficer for the gas cnc thernel diffusion processes; and by Captain

1

L. Jaffe and Lu. L. Ireni, liaiscy officer and roentgenclciist

L

respectively at the electromsinctic yrocess plant, feollowiig reas-
signuent of Ceptain .olf (app. C 12). During the first six ronths

of 19i6," there were izny changes in versonnel cf the Industrial
Ledical Section. This resulled fron bolh army cischerges end Cperation
Crossroeds. By June 30, 1946, Cept. B. S. l.iclf was in charge of
Industricl leuicine for the Dayton and ie. York sarcas and Capt.

Yilliem E. Clarkson, reessigned from the Cex Ridge Hospitel Stalf, to

supervise industrial iedicine in Cax Ridge.

-y . - N . . 3 . - .
3=7. Urenium Frocessing end Swecisl Chemicals.
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a. Genersl. - as physiceal reseerch on the verious nethods

of separaticn of urenium 225 progressed, it becane necessary tc expand

-,

‘the pro.ram cf procurenent of ore and processing wzterials at an

exceedingly, repdd rete. Do longer ceula Lhe srell, licited supplys
organizations enje ed in sonufzctire of the varicus sclts and cxides

produce edecucete amounts of ieterizl to neet even the wost liizited
scientific needs. Hence the estatlishwent of & rrocurement facility
was ingerative, to coorgincfe and anticipate the needs of the experi-
mental iéboratcries; to extend various tyres of rrocessing research;

and to construct improved processing enc pilot plants of various types

N 3

for specific phases of the werk, in addition & supplying stendard
net;fialé for use of the District. The lladison Scuare Area vées estab-
lished to serve such a iurpose. Its operstions are describeu in
Book VII - Feed iatericls.

ledicel work cerried cut in this phase of the wregram con-
cerned itself orly with the hezards vhich wnd:ht be IZ..curred Lecuuse
of exvosure tc uraniw: and its verious corpcunds, fromvcrude ore to
the firnished jroduct, plus the new special materials such as fluorine
'and the fluorocarto.s which were tc be used in various sters of the
processes, hedicel prograis were initiates in ¢ll areazs, ihe scope
end extent of suci proirams derencing on Lthe tyme of haza;d rresent,
In cany plenis where the opcrations involved constiluted those with
which the menegement vwes fexiliar from iqng experience, only cursory
supervision was extemded. The lledical Section did not interfere ﬁith
the normal industrizl hyzilene grogrims of such instellations but

acit; cnly. Because of the need for security

served 1n an auVlsory ce
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in ¢ll opereiicns the lewcicel end Sefet, Jeneriments of Lhe virious

rlants covld not be stiiicientl, well inforica :n the speciel hazerds
aue to these ccigycunus. llence cunstant Zicison Letveen lediceal and
Safety Seciions wes enccurcged. Their coordiiietes efforts resucted

in efficient protection ¢f the woriers with the leust possitle inter-

ference with the plent productdcn.

b. Uraniuvm Irecessing and its Hazuras.

(1) The Crude Cre.

(a) Irocess. - Urenium exists i Ilo Cturel

sto 30 the cﬁegic;l form of the black oxide (Us(g), corkined with

& voriety of other substences such as silicon end the like. The con-
centration of this cxide varies fron'flfty to eighty per cent in the
very rich ores (for exon,le, ifricen pitctblende) to only trace amcunts
found in ecrths al:.cst uiiversally. Hovever, the ores used by the
District in processir were cf the hirhest vraniun content eaveilable
and ranged from sbout tiio per cent to arrrexinately eighty per cent

in eontent. When uranium caists in its nztursl stete it is alvays
accorpanied by its deughter in the redicective series, radium. There-
fore, in additicn to the hazard present [ro. the urenivm, hendling of
cre sub&ects tﬁe vorker to rewium os vell,’

(b; Centracters. — Uranivm ore was hendled in

tié following instellations in the United States: (i.ct incluvded wes )
AY

the El Dorcdo site in Cencag,

)

(1) U. C. Venaaiur., Vencdivn Sorpereticr

of smerice, Uravin, vurinfc, Lzturite end Grent Junction, Cilorau

AY
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(2) ididclesex liarehcuse, Idddlesex, liew

Jersey. .

(3) Vitro Lenufecturing Co., Canonsburg,

Fennsylvania.
(4) Iinde Cerarics Flent, Tcrawande, kew York.
(c) Hozerds. - The huzerds relateu to urenium

end its daughter radivm arc of tuo generel types; those caused by
~

rodiation of vearious types from these metals, cnd those relcted to

direct toxic cr jeisoncus ection of & cherdcal neture ¢n certain orgens
L4 .
or tissues of the body. TFor a rore deteiled survey of Lhese hazards
~

reference should be mede to Section 2 deeling with physiological effects.

(2) Freperation of Dlack Cxide. (U3Ce)

(a) Trocess. = «.fter sclution of cre in sulfuric
acic and diffefenti:l preciritotion of the rasdium, lead, venadium and
other impurities, the uranium is preci;iﬁatcd as_tﬂe scdium selt,
reconverted te the amsonium selt in en ecid sclution aznd finally cal-
cinea (or burned) to rure tlsck cxide UsCg in a hot furnace vhich
Qrives off the previously cortined apmmeonda. This process is essenti-
aliy sirilar in &1l of the three conbtrecting coapanies using it, wiph
the excéption thet the scurce nicteriaol may Le cre, uranium carccoate
ona Leste licucrs or sluu;ec centeining crounte of ureniws fecsivls
fer reccver; nurroses.

(o) Contrectors. - This jrocess wes carried
out &t the Linde Air Froducts Corpeny and Lhe Vitro lanufecturing Co.;
Cancnsburg, Fennsylvaris, b;'almbst identical methods. E. I. uu Font

~

de lLemours andu Company, inc., ot .ilmington, Delevere, carried out a

. 3.6

-
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ateriels in their .

sicilar recovery process on sludges end low réd

"recovery" plant. Black (xide refi:ing contrzctors menticred in
Bock VII ére Vitro lenufacturing Co., and linde air Prodﬁﬁts Co.
L.allinckrodt Cheicel Cc. crocessed Lrovin Cxide ucCa.
(¢) Hozerds. - Hezerds in this process ere
releted to the possitle absorpiion and the uLreathing of rediuc and -
) N

radon of the soluble sodium and asssoniw. vrenium selts.

(3) Iresarltion cf Lrown Caide.

(=) -Process. - In several inst:llations the

bluCl oxide is disscived in nitric acid and veshed severzl times with
differential ether and wcter wushes to reicve the ligsurities., The
nitrous oxide of the formed vranium nitrate is driver cif by heating -
and the resultant crenge oxide (UC3) converted inte brown oxide (UCy)
by heating in a hydroger furnzce.

: (o) <Contrectcrs. - Tiils process was carried
out 2t the du Font de Kemours Coipen: in the above mentioned plont,
at the lallinckrodt Chewdicel Coipeny, and foraerly ct the Linde air
Products Flant.

iy

(¢) Hazsrds. ~ Hazeords in this process zrise
frou pdssible expesure te the scluble uraniwa nitrite ahlcn lias been
shown by laboratcr; experirent to be one of the .ost toxic of ihese
carpeunds. However, for the rost part, this sutstance is handled
as a vel soluticn cr yaste, cad cily in'the hezting ster (transfer

by hend te the ovens) does iuch ex;yosure occur.
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(4) Frep.reiion cof Green Selt (UFu>-

(a2} Prccoss. - The jrocess of cenversicn cf the

C/ i

S

vrown odde (UC2) tc the sreen selt (UF) iz b, reection, in inclosed
chimbere, of the Lrown cxdde vith enhjydrous IJuICfllOrlC ecid, &b

¢ high tempcreture. sfter passege of the eahydrous hydrelflucric

G}

ccil over the oxide for a specified nuiber cf heurs, it is removed

in the ary stete by hend and reeted to plants for the preoducticn of

A )

either the heseflucride (UF,) cr cre rure netal (U).

(b) Contriciors. - This ~rccess for the pre-
- -
of the tetraflucride vos corried cut in the Linde nir

o

rerctic
Trclusts So meny, the rallincircdt Chenicad Conyeny wd the Hershau

Cheniccl Cooperny cf Clevelat, (hic. The (reen selt vrererel in the

R I T TR PR AN P (. L. FRE T
) owes uses forornoLlen o olotuly thed

first twe instell. Licis noael

< e lest, v vhe rrcluction of the he.eflvovi e

o, = Monoris ip tlds o sritian wre

)]

cr the st rart Sve bo erssurs Lo en [ orivs hrdreflvoric weia end

£
4

L

the tetraflucrile end its siall comtsut of the cxilncvice (IC?;).
Tais letter is sclullc ¢l cederstel; terde.

* 2 fooTT . hY

(57 iresriticn of Fexellvoriue. (Uig)

PR

(o) Irocess. = Thu huiflvoride is prerared oy

the civection of o strew.. of rure. ele.ortel fluordne (Fz) over iu-

1.

closes treys of the green solt URj. Tre hexofluorioe so formed is

voletile at the tezperature encountered and jasses c[f through ducts

ond is collected in ccoled tepis. 1t is then surifiec by driviug

off e..cess iwmpurities by redistillaticn, ccllected ir nickel contairerc

end shipped to tle woin- vrocessing plernt, viere it is used as the base
.

"c ' (P_a.r, S—Tb)
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materiel for the diffusicn purification. srocess. [or the seperction of
uranium 235, _
(v) .Coutractors. - Tiis proce;s was carried
out vy the Hershav Chemical Coinpany c¢f Clevelend, Chic. 4t cone time
the du Teont Coupany medrtained & simdlar instellaticn of smeller size,
(¢) Hozerds. - Hezurds encountered in this
process are reluzteu te inhalation and ebsorpticn of the scluble hexe-
fluoride, the rossiktle sxpogure end hazard cue tc burning cr corrosive-
ness of elementzl flucrine, and the danger related to the possible

-

absorption of urénium oxyfluorice remaining in the reactor trays after
the hexafluoride is driven off. In audition to the oxyfluoriue, niost
of the disinterration rrwducts of the uvranium used in the originel
churge are left behind in the residue. These urenivi Z] and uranium
4, the natural dau;hters of recicsctive dece; ¢f vraniuu, acqount

for uost of the redicactivity rossessed by uraniw. .hen UXy and

ULy are concentrated, ¢s in this procecs, the; form a jotent source

of seta radiaticn. OSuitcble rrotective neasures are required, suych

es gloves, shields, and radistion ex.osure JOlltcr;hb.

(&) Frecarstion cf Urcnium lebal.

(2} irocess. = In the preparcticn of uranium
metsl the green solt (UF,) is thorcughly mixed with magnesium poviier,
placed in a2 delondte-lined steel conteiner, and heatéd until the
reaction starts. The reaction maiitains itself without further
heat, ruch in the manrer of thermite. This resction reduces the
tetrafluorice te uranium netel, forndng a Liscuit‘whiCh falls to the

S .
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tottom of the conteiner. This biscuit is renelted in a vecun fur-
: M

nace, chipped, lstclleu, :nd ehi,red to the wltimele desiineticn,

vhere it is revcriied inte ingcts for use in the yile‘process.
: (v) Centrcctors. - This ;rocess wes carried

oot at the lallinckrodt Chemicel Coupeny, the Electro Letsllurgical
Coipany at i 1oghra Falls, and- at the Iowa Stute College, Deportuent
of Chem-str;, at dues, Eﬁlated procedures were done by ietel Hydrides,
Beverly, Eassachusetts,»Byuéu Laboratories;_Cleveland, and .esting-
house-tanufactufing Coupany, Bloomfield, lew Jersey.

(c) Hazards. ~ Hezerds are the minimal one -of
exposure to black cxide fcried by oxidative resctions on the surface
of the metel, ani radiation from the surface of the ..etel,

(7) iedicel Coitrol of Hazords of Uranium Frocessing.

iiethods of iedical conmtrel of the ha:ards involved in uranium pro-
cessing were instituted in the following feshion. Feriodic insmec=
‘tions of each facility vere made to sec thet hazerd control neasures
weré followed and to examine for possitle rew sources of troutle.
Jor..ers were given conylete piysical exaiinsticns, plus excninztions
of the blood and urire, for abnerm&lities. Chesl x-rays were taken;
vlood serology rccorded. uxawinetions of the urine at montnly inter-
vels and of the blood et tri-ienthly 2 ‘tervals were izde. 4ny abnor-
ralities were a cause for cecnpicte review of the case and correction'
if possible. Repeat exazinations (phiysicel) were nade at aunusl or
serd-annual intervals depending on the individuel circumstences.

Proiective devices such as speciel clothing, dust mesks, gloves and
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of srotecticn vere sveilatle, develcpmental ; rocecules were instituted.

Gensrzl over:ll roniteriig of the haserds exdsting in the inaiviawal
L ]

piint wees cerried cubt. Individucls expess. to pessille excesses of

red¢icticn were reiuired to weer film bodges, which detsrmiined the totel

[}

anount of exposure recsiveu .durin: cr veek. Lust seaigles were

collected and erelyzed sc that lent conditicns ccvll e contrelled

» . ~ - 3
de reuuciicl Ln cooosure.  if omciooser , LU

rcoiillioca

r
r
ty

by suitat

trot vertiieticon Lo drersr ced, honseleo i of the o lont o 1 oroved
3 . . . . 3.

-

ol chordeal or en. incering »rocede Le cllired, tc rcuuce ensosure,
-~ J £

1 e ¢
sclisis of rlest aticesihere feor roach content vis ozae vhenever
expesures te high reciu.~ccuielning cres were enceulisrel.
‘Such careiul isspecilon end encl;sis of plent
conditions enebled the ledicel Sectiova te enforce tolerance con-
'ccntr"*lons of hazericus netericls in the individuel :lunt, and

thus protect the worlers frou possidle reuiction cr ciendcal injur;.

) u

(a) Trocess. - The vrecessing of the metal

ztcl Sho~ings and Insircerina.

\»‘

coisisted of “the forning, cc tir_, ema oo 7o o7 murplun icds in

. . o . . .
suitcble feorm for vce in the rile rroecesc.

(i) Cemtrociors. = Folloving cre listed the

¢“auotr1al concerns which szet ur expariientction crn, ond developuent

of processing rethrods, cnd cericrued verious rhases of the rrograi

N

of :etal shaping and ensineering:

(1) Copper .eld Steel Company, .jarren,

hio.




il
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(2) Ecker Srether:z, Inc., Tciudo, (hio.
(3} Hersinr, Hall, icrvin Sefe LCJ..'.\an
Hemilten, Chic.
\
\ - - .
(4) B & T Letels Cerpeny, Cclumbus, Chio.
(5) ILevere Cerper & Lress Cuupeny, vetroit,
Jiciicen.
N , .
(6 Jeslyn fenufccturing & Su; pl: Cempany,
’-1 - N
. Ft. wayne, Indienc.
(7) Dattelle iemcriul lnstitute, Celucbus, C(hio.
- e\ A . " s - .. .
(£ Cerccrundun Coupeny, Llogere Fells, e Tork.
\ . + ~ B . * . .
(2 ;) sndrew C. Carpbell Divisicn cf aselican
Chein and Cakle Co., Bridgeport, Connecticut
and .ilkes Berre, rennc.
(10) .Allian L. Frott lenufecturing - Conpany.
——— o
(11) C. H. Schuman 2 Cc., Sprucete, Tenoa.
(12) iclinne; Tocl lenufecturing Cowven,
Clevelind, Chic.
(12) wwelity Herdwere @ Laciine Ccy oretiodn,
' Ciicelo, Ililncis,
- N . . . ) ) bl
) (14 Civsselli Chede-l Coporp, Clevelaig,
(ric.
Lo - N - N I n . .
(137 luednue Coopony of afericy, oew sin: tor,
Venne, lvende.
‘ (c; Dewrrds. = These proce.uvrse Lo viseled vorien
¢ial: te contect with the aetil il the cidce ( qC ) found cn itz surl.ce.
In iost instinces the sapuilnentcl pro.auction tig cui tinued for oall &

© w2
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few months, and the hazird to wirkmen wes considered negligitle., .

(d) ieaic:l Ccntrol. - The pregrai of medical
éupefvision was less elabor zte for these contre :tor; than that listed
above (pirs;reph 3-7 b(7)). Cccaéicgal cir analyses [or uranium
content were mzde, and the employees undervert periodic routine ex-

tminations,

¢. Fluorine e¢nd Ilucrceerbois. .

(1) General: - Frior to the eiistence of the District,
elemeptal fluorine was a leborectory curiosity. However, quantity
prodhctiOn'cf this eleircent vias recuired for use in treczting retal
surfaces to make them less resctive with urenium hexafluoride; and
for the production of uranium hexafluoride end varicus fluorocarbons

(the fluorocarbens were selected for their properties as coolunts,

lubricants and plastics which would not react with uranium hexa-

fluorides).

(2) Fluorine.

)

: (a) Frocess. - This element wes produced by
electrclysis of anhydircus hyarofluoric acid in the presence of

notassium and Iflucride.
‘ (%) Ccutr“ctors. - rluorine was produced at
Johns Hopkins University, Beltiiore, Lorylendy by w. 1. du Font de

vencurs, SAlmingten, Dilewerej by Hooksr Blectrochesiccl Compeny et

1 1 P S,

Vicrere Fells, Few Yori, and Ceir Dddce, Teunessee; cin. by the larshew

Cheidecl Coureny, Clevelond, (hic.

N

(¢) Hezmerds. - Fluorine is an exceealngly

. S
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IrrdoesTdn. ol lloice, dad, CCDAsLIng uren dbs coneonuio i, cen
ceuce siidn reches ool nuriig Lol feritotiin of tle restirstory
2

E8S8E7€8 Ciwa vn

AN L R A e . P T N Ry

(4) Ledder) Cevtrcl. = .crkoen hod rericdic
U T S A A pOeY SN G W o .
_h eleel exo dnesticns end exeninctions of the uriie g blool.s
[ . Y e amed o Vot T S . s 29, N S

LSinee bhe hroord of elwnice eoflectc vas oo i A0 1o, enozincuiens
.

were nede corvell) tr seZerrnuell;, cind Uhe restlts uiie vsel @s con-
. ) Ll . - » . -
trols for rersons euiiosed te uriniua. Spct-checss were nade on

the uvrinery flverile cerolicin Lo rurrd epadist excecsive fluoride

.

L4 .
absorrticoin. Inspecticns ere Jods, el cdecvete ve tilotion end [ire

4

prcuecilici, rectired., ouliille Lesic wnd sretcctive clotning were
) :

recarenced efter chorou i testing. v ‘ .

(3) Fluorcewrbons,
i

(¢; irocess, - The lulvicest wnt coclant

flucrocerhons are preouced L, roceting el luores lene or sneciel

3
v (o

oils vith cobilt and €ilv.r fluceride cotel, sis. The cotilrsts are .

rzaevel b reection At flucrine. Lo oplestic fluorocerve: is “ro-

v

wueced by polyrorizeiion of renivchlerol.ofllucioctiwune 1. chlorelor.,

and treatment wit! cobalt trilivarl.es

) (L) Centrectorse = Chenicel processes in the

.-

nreuction of Ivkricents wd ccolints wire sordoriel 1y Jehns

Hoshizus Univ.rsit;, Fodler Llecirochundcel Cuuzeny, @ind 4. L. Qu

Fent de Nemcwrs a.d Caipan, . The nlestic wis rreducceud by Lince air

o

Trocucts Compeny, Tenawesic, iew Yori.

(¢) Fesordis. ~ severe pul.onery and skin irri-

tation mey be encountercd fro:. fluorine and the cotalysts used in .

4 '
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(L) lLedic:zl Contrel. - L.uloyees on these projects
receivew the reutine excodiations ordinirils madeAin the vlents
1listeuq. The.chemicals were handled in closed s;steﬁs end_exposures
were wnusual. 4 few snot-checlks of Tluoride eicreiicns were made
on Hershaw employees. These indiceted that the vorkmen vere ensorbing

fluoride in greater tl&a normal, wut nov den erous, amounts.

3-£. Frocess Hescerch.

&. General,, = A" nueber of universities were given cuitracis
to dc reseerch on various ;robtlems in chualstry and physics related
to Diﬁtrict operatiois. These rrujects voried In sice from & few
to wore than e thousanc perscrs. Likeulse the nizewd and medical
supcrvisiocn recuirec vuried.ccn;iderably in the uilferent coperaticns.

v. Lesezrci. on the viffusion Froccss.

(1) Scove. - iotensive research wus carried cut on all

pheses of the uwevelopnent of the «ilfusion rrocess, including the

pw.ps, barriers, cocling devices, sedls and instruuents reguired for
. \
the .echenical seperction of Ugss. IZgulijaent desipgn end pllot nloat

L
operetion were peirt I tie researe:.

(2) Contrecicers. ~ The fund:.entel researci in the
prograsitlisted above was performed by the S.4.l. laborutories
of Ccluwibia ﬁniversit;. The I'zllex Corporation, ¢ subsiclary of
Do e Kellogg Caipary, dila the en;ineering desig:s and opcrated a

s..2ll pilot plent. The linde Aesearch Leboritor,, Touawonda, new

e e . L . .
York testeu wotors, ¢ eretion urgves cnd se.ls., The Bell Yelepnone

Leoereteries of Sw.idt, lew Jerse,and Frizceto: University, Frinceten,

Lew Jers:;,Qid certein rescorch on the corresicn and the cifect on
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peresity of .etels prcuucsu oy f[lucrine end vrorniun hexafluoiice.

N

(3) Hazerds. - These ectivities were accuipenied

b; the hezerds essocicted wdth Llie use of ureniuvn Lwieliucride,

\
icL

[WN

Mvuerine ol tle flvcres: i s, id, Lo adeiiicn, heso cle
vsrell, encceunbsziod dnocle fedl res cxch . Lo oaered, the veri s
nct cersidered te Ha o cziill) birsrdene,

Moo
LS EC

i‘it“CS raceivel ceveivl Tericlic rhrcicl zod liloriucy) eneid-
netiens cecordin. Lo the schedule sebliied %o carecvesh 3-7 b (7).
Cere ﬁl stotiscicel stvdies of the cele cbtedned reveelod ne signi-
ficant Cifference in ohne findings of the exresed and nen-sxposed.
croups. Checks alsc were mede of the ctrospheric content of ncxious
substences, end periculc spct-checus were saue of urinary excretion
of urerdun and fluoridé. ' .

C. Develc:me,bel hesearciie

(1) Fiucrccerbens. = Cherdeol rosearch on tethods

of -rocducing flucroctriceis W.s dcne &bt Jenns Mopiing Unidversit; .
Hazards were those listeu ln peruprapn -7 ¢, but no Toriel medical

rrogren wes instituted cther then snecific iistructions in trect-

ent of‘zcute expcsures to the netericls.

(2) Ra@ium.Extrcction. - pesezrcn was perferied at
Tole Universit: to develop & sitple nethod of exirocil.g both uvrenium
snd reeium fron ore. Hezerds ilavelved werc soall becuuse tie .ok
vies dene entirel; on ¢ levoretory scale. nadlaticn meusurements
vere nace by both instruments and filn bedges. Alr samples fer

roden content of roci air were fwde and found to be well Lelow

e —————
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teleronce 1irdt:. Lortho:zi were checkel by hrecth starles te csuier-
imine the amcunt ¢f crscorbed rodium., These tests likewise dndic.ted
no excessgive ex;csure,

Ay

o~y N L . . ' .
(3, Letheds cof lanulacturc cf Uranium CcmLounds.

Fundcriental rescerch con wethods of ienufecture of vraniva compound

- r.

was done at Furcue Uidvorsity, .. Lefiieble, Incisne; the liitional

Bureau c¢f Stenderds, ‘iashingto:, Do o.; end at Erown University,

P2

L

Frovidence, Rhcde Isngo. A1 of these pirojects were iuspecied

and founu to have negli;ible hezards. Cunsecuentl;, no formel

d., Anal.ticzl hesecrch. =~ Nescearc!. cn anelptical methods

end analyses of ore, cnu vericus urcniwn cenrounds vas carried out

at the lationel Burect of Stamicras, lashington, u. C.; Frinceten

™

University, Trincevciu, Ilev. Jerse;; and at lassachusetis Institute
of Pechiiclory. Inspecticns wvere made of these prejecis; dust counts
and radisticn meesurements were token btui, heciuse of Lhe nezligibvle

hezard, no forwal reuvicel program vies instituted.

3~C, Frocess bauinaent.

.

a. Gencrcl. - In the mejority of insterces tie centrictors
suntli £ process ecuipment were rerlomtdoz their vsval opsrations,
and no special mediccl supervision ves re uired. The few exceptions
are noted bclow,

b. Berrier Frocuctiocn. = The barriers Ior the diffusion

process are especiclly-formed nickel tuves. The: viere procuced by
the Houusille-Eecrshe, Coii.cny of Decatur, Illinois, end Linde sir

I'reducts Compeny, Tonawendc, lew Yorli. The ouly ke.crds vere those
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of nicizel dermctitis in suscep itle rersons cnd freos vse of Liri-

chlorethylen:. Frorer cn ineerin: reuuced centect with these sub-

-,
S

stences, and persons scnsitive to niciel were rilecdly elicinoted

frou employwert. The schiearle =nd exiert of exe.iobions were these

usuel vith the individuzl cerrenies for their e rlcyees.

C. iwps for Uiffvsi p iccess. - I the nanufocture

——

end tesiing of pumps, & linited amcvnt of uvr.niw. hexafluoride

~ ' . s ~ A e 1 .ra .
es used oy the allis~Cheliers Coiiony of [dneul.ew, wiscousir.

The operation ves laspected. Instructiors were sive. for acute

.

- .
expesures, ond empleyees wive exirdued re wlirl  as cuiliied in

de Unit issertlies fer Uiffus lyocess., - These units

cr

[N

vers menufactured - the Chr)sler Coimcerebici, Jeiroit, ic:
The oulr smocicl heziru invelved 1es that of ile vse ¢f ele.ental

o P K e Tt L |G S ST - P S B A
feerdie for rrelirirer) condibiloinir, ol tre cgui..wnb. lasrecticus

vere rede, cnd arcrorvicte cireciicns for trecting wcute exposures
ve jiovided. The prosren oL rhocdcel e fnetdiens vos thet used for
cther Chryslcr en lc ces i sindler jolo.

[sal)

5-10. Gcs Diffusien onl Thurocl Cif

P Trocesses and Hezeris,

(1) Ces Jifiusien Irccess. - The pas wilffusion

nrocsss segeraies the rare vroniun 235 {zor: the cere abuncent
ureniue 236, This serercticn jrocess consists of pussing uranius
sexefluoride, which exisits st tew crziures coeve 1.0 derec. Yoy in
tite caseous state, tircrgl: long sorcus tuves or Lerrmers lecoted i

en znclosed systec. The precess, shich is cerpletel; uescribed in




-
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Lol
L~
Beox Il of this histcr,, eilec

SLVIn. one

(]

tirouch the fire ;ores cf the Lubes ¢r b Lrricry,
heevier wenivn 236 ate.s sbill in the ceniril svsﬁéu. This uraniun
<35 is pessed threugk numercus ste_os cf conce;traticn up to eprox-
loetely 30 per cenl in tne fiol stope, instuow of tle C.7 per cent
coutained in the criginel aelel or itls h_“u47uérigé, In tie rroduct
rccus, by ‘means c¢f o cooling dutem, the enricred ﬁranium hexa-
fluorice (cpntainin; hi,uerpeicentere of U2;5) is removed Icr ship-
nent to anccher instclleticn ot which Turther concentraticn is ..ade.
The “éepleted” uranium hexefluoride which still centeins consider-
able amounts cf 235, is then 1ired to & teils zccwmlstor vuilcing
for storc;e until 1t cen be sither re-introduced into the casczde
or disrcsed of in scre cther wey., Delcre any ureniww hexafluoride
cen be precessed, it is necessar, thet @1l metul parts of systems be
rzde inactive te Linds substance to jrevent reection and breal dovin

tc a non-gazseous foii. o "cowalticadng process! is useu [for this

rurioge, censisting of treatment with fluorinc, foridng on all

wetal surfaces a (il of setedl fluoride :iich does net recct with

the hexa luorla Fricr to this treat.enbt vith flvorine the metels

are vashed with tr301101etJ rizne, svlfuric cedd, sodiww hydroxide
and thoroughly daried with hot air.

.

(2) Eazarcs of Ges Uiffusion Irccess. - The hazcoras

in verious steps ¢f this nrocess are those from exreosure to fluorine

in the gaseous stote in the "CO;L¢L1C.lnE precess® and exposure to

uranium hexafluoride and its bireaidown producis in the remeinder

of the process. Fluorine, as previousl; described (see paragreph
~—

-

~ |-
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5=7 ¢(2)) may ceause veleful bvurns. In acditicon, in high con-

centretions it @éﬁ extrecel) irrileiing te the uprer respiretery

trzct, trachea enc lunge. Do severe spstende tomdeit, from it hes
been nctod. Urenduvn hexeflucride in the wsecus form is zlsc quite

irritating osnd is essily absorbed iven tie lungs. arparentiy, Lowever

it is peossitle to &lacrb erirécicile - usalities.in any ccute cit osure

. . "
vithout severe or »rolengec duiige resulting. The Lrechidown products
of urenium hexefluoride e Chiefl; uwrendws g fiveride in the form cf
2 scluble dust prcoucec then vrealva beocflecidse scucls vith ncist

- - . b - ‘. L . e . . . . + .
fir ool hpdrelluceric cedc. Urep we oo fioasioe 1. caerabe senconnrolion

-

is els: te.de wnd copalle of eovolog ey Lnjur; . To dele, ex osures
to uraniw: heeflucerine hove been well coitrclled cn.. o sericus effects .

heve been encouitercd. There eie other hascrus present, Lut these are
iaenticel with those'usucll; found in cheindeel .lants and includé tri-
chlorethylene and cthor sclvents. The }ctentiai nazards fro.. reuiztion
ere smell beczuse of the cxtrcpdl; long helf-life of ihe urcniuws mete
and lack cf ccuicentration ¢ the uraniuva . 41 end Xz breskdovn products.
Again, inasruch es vhe system is eatirel; closed, the alpha aud eta
recistion present will nct _cicirote the oouo? . 11o Lo & hazardous

*®
extent.+ The flucrinated bjlrccerbens vsed in cooling and lubricating

the acove wochiunery :re clsc in on wncloced s;stew, end humen cx.csure

to.thew in hi;l concentreiion occurs only in case of « breckuovmn. Ia
such instances adecuzte protectionwas previced by the use ¢f ermy
assault wasks to avcid lung irritetion, the major dewmage.

(3) Tnerszl Diffusion Irocess. - This process

sencrates uraniws 235 from the rore cbundint rreniwa 232 by a ;rocess
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of therial diffusion. (a cazrnlete descrirticn of this process is

given in Beolt VI of ihe histery ). The uramiuvs. he: u;lh@ll'& fecd
metericl is first plecic in Lhe vrinster roci, weiihszd, and then

.

riped tc the colwumns vhere the thermel Jdiffusion scticn tilies plsce.

The "emdiched" UFg is recoved fronw the top of the cclunn znd the

"aeplated" metiriel is either diawn off the Lotiam cr recirculeted

from the botton: to the trensf.r rocm enil returned tc the coluim.

~

The "enriched" natericl is crewn fre.: the top of the celun dnte

netel cersules, thich . ro then tolisn Lo en cred in Lhe conditiciing

-
o« -

siem outside the cair “williny Jer broasfor fobo lorler coivoinore,
socut 1 June 1945 en 2o itdosl cuelritus os eoreuructes for Lh

trensfor fro. these ler;er o sboincrs te ler.e shijping tanis. For

cperational recscus, tho ther.el @iffvsion rrecess vies abondoned in .
atzust 1945 and plcces in o standoy couition.
(4, DUe.or.g of the Theriel Liffvsion lrocess. - The

transfcr procedures lcr uraniwl hexaflucride constitute tie sajor

hazafd in this srocess {exclu.ding ruture of & ldgh pressure tenk
or steam line). Beiore & centeiner is attcched, the lline centedn-
Zng UM¢ is frozen cff with wr, ice. Then the cuatel.er is cornected
end the ‘line is orened b, thaving tie scild vrarivi hexalluoride

0

. PR
[ANCR VIR

£
o

‘¢, o _vnoac Curuecy Dlore.  The irocess is repected to
remeve the contairer. The denger of breathing Ufg emd of being
Lurned Ly it in this oreraticn i; cousiuerable. In this procesc,
as ir the fos dilfusicn methou, metel ports cocing in gontect vith
uranivn hexefluoride nwst be pre-conditionec with trichlorethjlene

end {luorine. This rrocecure is dotc in @ conditiening shop cutside

o

""‘ v‘ w




the proceces tuilain: .

burns ¢f the hands fren fluvorine wnd to & lesscr extenti from uranium

hexafluoride. busts anc fures from hydrclysis of Urg &re occasiocnally
present althcugh exyesure 1s varieble. Burans erising from the Liph
pressure stezm in the linse (900 to 1200 rcunds r=r sguers inch)

are &lso found.

b. Yedictl Centrecl of Hawerds.

(1) Generales - The industricl :yriene program for

contrel of occupeticnel hezerds of both the thiriel end soe aif-
[ . s . - .
fusien yrocesses wes nevelore! creund the Cerbive © Carbon Chendeels

Comnpany meuicel crnerizetion, The physiciens end nurses and dis-
L]

pensary; faciiities vere use: [for both op.reticns. Sp-ecicl services

were provided by the cherdeiry and rhysics levorcterics of C&UCT
' \

cn the reguest cf the lledic:l Lepertrent of this instellaticn.

~N .. - . L.
(2) ledicel :Xeminstions.

, (&) Fre=i.nlovment. - Iro-.m-lciment rhysicel

exaudneations were instituted for all errlcerees to insure uciiinw use
of evailalle .anrover in Jub situcidens wst fuvorchle Le their
hezlth. The yhysiéal exarincticns iccluded ¢ triefl iecical hister,,
& rhysigal exemirstion by & cerpeteint ;lgsipian, lelorster, exernine-
ticns of the bléod epd urire, x-rey of the chest «aa tloow serology
.for s;philis, ILxamineticns of Lhis L ne ere corsiacred rore than
adequete sccording to the generel stendercs of iost éu;;anies e~
yloying.large grours of reoylc.. The svere; ¢ rete of exazinctions in
July 1944 wes 10-15 per .cp; in lerch of 1945 & peei of 110-120 ex-

aticns didly vies reccheu; in Jul; of 1945 the nunber had decreased

<3
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to 80-E5 :“'1 Giye I svrust "‘aza to 100/dr - and then o

shurp uro. cveurrec. I June 19.6 the ruwtler nid Jrc el to I=G/ico,

Soma sl

(v) Inteivsl ond Ter dicticn. = Iutervel enun-

irctions &t both irstcllaticns tere briefl and cersisted of cursor;

rhysizel examineticn, Llcod count and vrinclisis, n~roy of the clest

fin

end specisl exeminctions es iiddic ted. If lhere wns e histor, of
exreosure to harericvs @ ctericls, srecizl eftition wes dirccten
towerd tle deter in etien offesione of Ledily doncce, There Lis nc

stecific interval for Uizse oo duttions. Tewrdeoldon ohioieal

FEUR. £ IR I S T ~ . pa A e P e - PII IE SN Al -y -
S3LANTLLnS Liclvie & cong lote chuslerl whiniiietiin, Blocd ceunt
~ ’ ~ 3 Q. < PR . AT I S kS s n B S VN S ey ~ - !
end vrirel;sis cnd Fere, of ihe chest. Do ioodno in Jinoears 1905

vrinclrses Ter rrinlvo cen

. o s e Y et M e [ P .
urynown hesellverd oo fezts were Lole o

Pijh concentrelions of vriniun cirrousids, wnd olsc ‘nothe sericlic
heelth exadowiticns, Theoe pusts cere foe ooerl of e roubine
daqustriel heelth exa:lactices, bortin. corl, op 1905, The rroore.:
Tast lisloned bo o rcviaie; et oantirvils of 2z bto soven teels, .o check
of the _onercl heclil of (11 0 lrsens ool leied tid Lo cvalunie avdfe
veceuse cf illness, weirht loss, chin_es in " load - reo:c re, ¢nd Jther
chmernalitics,  These toote vers instituten to Lebect Cal'ly £i_ns

of texic eifects Iremerk with uranium crm cunds, wiw cerrect the
co_nv:".ition wefore injury is iz‘{cu::'e&.

(2) JLML(_:_"____

(z) iair Contemination. - De, iwning oI vecenber cf

-

1944, the che.ical lilcriter; .ede cir sucl:ses for flucrine anc

(4]
f

3

urumum hezafluorice c.::tert. These uﬂu S¢s were nade at weenly
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intcrvels et vericves polilITTTUCUL T

-
[

rrocesses and rejcrtes to the Leaicel Lepiri.eit fer interprctetion.

(c) Sodiciicn. - LCCuuL of the ;o SalLlﬁlt cl
ex osure tc rediaticn, revilse surve; s verc LcLuh L, Lhe . hysics
labtersteory yersonnes in larch of 19h5. Corored wercell idller
cnd ossistents .ere as.i_ned Lo coarr, «ub o cestressnis oL ool

bete and game radiaticn. oclected crees 1o vetl, ges LiTusicn

\

. - I N , . .
enc thermal recess leats tere Survered b V.Cead, intervels vitn

-

speeiel recerding epparctus. bate {ro. these swve)s vere relorcea

-
weell; to the leaicel lelerincnt Lor irterpretation ciu reconcnucticns.

c. Gen-rcl Tnduetrial Hiilene.

N\ - .- . . - . L N ‘ ) -
(1) Generei. = an incdeaticn ¢f Lhe amount ol s.r-=

vice which wes provided by the ledlcel Deporiment ey Le de.on-

stretec by the increcsc in cvieny visits er ronti frow the stort
of cpereticnc.
‘ Jul; 1944 1000 petiont visits
Se-teiler 1%L, L 2,55C vetient visits
Jervar;, 1945 5,300 potient visits
larch 1.5 11,020 potient visits
‘ "+ June 1945 15,500 raticnt visits
aucust 1045 20,40 mevient visits
. Celbeber 1945 11,700 patient visits
. ;
Februcry 19406 G,600 patient visiis

Jur.e 1946 1C,C00 patient visits

(These i ures inciudie e¢ll occu ctioncl is-

ease eng accident ceses, indtiel visits lcr ron-occupational

¥l
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iilnecss or diseose, speciel enecdmitiens fer roups in petentially

~

hazardous areas, wnid rre-emlc;ment exauinetions.)

.o
.

(2) Ceceuneticnzl end Non=Cecumeticnal tedical

Qgig. - an average of 170 occuictional cases were secn daily in the
dispensary (approxi.ately 35. f total work-lozd of the treatment
secticn). These included injuries fron speciel hazardous naterials

as well as the tyne of cccupcticnal injur, occurriiy in any ianu=-
fecturing plant. .The repaifng 650 consisted of ihe treatient of
ncn-occupational illnesses whicr interfered itii the elficliency

of the worker. Trestmenti cf non-occupsticnal illness cr iujury

wos lisdted to cne or twe visits. The 1-25 uispensary, a branch

of Gek Ridge Hospitel, irovided amedical care similar to that rencered
in a physicien's office fer nen-cccupationel conditiens occurriig
exong amployees or residents of =25 area. In Cevterber 1945, fcllow-

the =25 wrez, lhe ulgpensor, wee

> 1s e £

img a reducticn in cc+ levion ¢

ci-

closed. Ceoperetion wes neduteined bebtucen the seulcidl cepiriment

T

&nd the werler's perscncl hysician te insure efficient redical service.

[~ 9N

(3) Relalicnsnip te the bufet wepartients. - The

.lecical Depertuent, in its licison with the Scieby vejartments re-
sponsivle for the preventicn cf accicents ord injuries not due to
hazardous special ..zterial, fclloweu the Safe lractices Recoutienda=
tions of the Kew York Safety Cunmittee (See par. 3-5;. The swervisor
cf the Ledical Departrent was a menler of tae Special Hazards Ceomitt-
ee, which net et monthly intervals to stud, hezards arising froa |
special watericls and to wake suitalle recc.ieudetions for their

centrol. All minor injuries were investipcted i, the Sufety Jepart-

-
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&jer acci-

ments. Oubmajor eccldents involvin: remcvil Iro. worh and

L

dents involving hes itclizetion, recuired o cuibined 1nveut1 etion of

botli the ledicel and Sefet; Lepuriments. all injwdes involvirn, uran-

ium coupowis vere cipe:i i dnvestigzted.

(4) Cetastre-he lro ri . - 4 couplete pro ra: was

orgenized Lo rrovide for ihe rrotecltion enu trectment of plant por-
soniel in cese of any mejor amercency. This pro:ren wes civided
inte t:§ rerts, cne *staL71saeu for the llcdical end afiilizted Je-
partm;nts of K-25 arew, ciid the clher, a disaster program which
. : :

included &ll medicel rsroups cn the ures, ena was directed by the
teff of the Cek Lidge fHospitel. Coriilitments vere mede under toth
vlens for the evecusticn of the plenls end crees and for the trest-
sert of in‘ured rervscimel.

(5) Cther sactivitics. - The ledical ucpartment

clso supervised genersl s.nitetion, weste, sna erboce renovel end

related activilies, 1t &lsc v intalirer ¢ visiting nurse service

for the home cere & & .euicel cuntrel of these rotients wic Wid not

require hospitalizatior..
d. Crrendizaticn.
‘ (1) Ceriide & Lirboi Cherdc:is Cor crubion.

(¢) oSteff. - The creonizetion of the sedi-

\

cal zepartuent of the Cirbile «nd Curiern Che.dcels Cor crction wes

. o .. )
sterted in april ol 190%, vhen the serv T

LT, nv( N .'L".L_'-'_".vr,

£33

[N

C

Fis

ce
¢OPFOIl Ledicel Pirecicr of Inlow Stecl Ceinedy, ~2re secure. on
& full tise bkasis. Ur. Zerners Lussoin cnd Lr. Lepwond Ceoper tere

Yired in Februer: of 1S4 tut e de grartmenvel cperaticns were sterted

JRuy 4 “is

l)
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wntil Dr. laimer's errivel. Trlcr to Jpril of 1944, pre-cilc ient

exiidnations for this or eniceticn ad its subsicicries were cerried

[ T d

cut &t the Medicel Service Building by the (alr idudge Fosfital redical

staff. TFrom april 1%4L to July 1644 the rre-e.plo ment exaninetions

sere carried out in one office :ond three encudiiing rocims in the Carbidé

cnd Certon Corroretiorn .winistroticn Buildi.ng, actusl cperction of

the main disreisir; of Lhe :ediccl Geporimest vegen in July of 1G4,

The dispensar; wes g iL ed”tec hancle 500C comereting eiplceyees.

The yrime functicns of the lledicel Dejpertment were: the selection

of idequate rersoinel throuph rre-empleyment exezdncticns, the

trestment cf occureticnel injuries andé ulsease, the rrelindnsry .
treatwent of non-occuraticral, or welfare, injuries enc diseases,

end the industrisl hvfleng ceatrel of occupeticnal uisease hezards.

The staff et the time of cpening o the Dispensary cousisted of

three decters znd six nurscs. Dr. cartin Costellc vas added to

the staff in august of 1944 and in the fcllowing January he wes

nzde assistaat supervisor cf the Yedical Dzrertment, thus {reeing

or. Kenmer for executive duvties. 1ln September of 1944 the staffl

concisted ¢f five docters, nine aurses, ei It techriciaus end eizht

clerl:s: By 1 July 1945 the steff had lncreased to ¢ totul of 14

physiclans, 2& nurses, 14 technicians, end 23 clerks end stenc raphers.

In December 1945, the staff had cccreased in the number of physicia
to a total of 10 phrsiciens, 30 nurses, 14 techaiciiiis, end &€ clerks
end stenorraphers. In June 1946, the steff had wecrezsea te & phy-
sicians, <4 nurses, 12 vechniclans, .nd 17 clerks and stenographers.

(b) Fucilities. - The Dispensary (See app. C 13)
k]

L
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consisted of & frane U-sheped bulloiny ¢ semi-pernanent type

cortalning twe sir-bsd z@rgs, four four-vec viardas, two treatment

c : '
re with cubiyles, docters' oflices, »~ray room and cerkrocm,
labvoratery, end an erergerc; roor., Since the criginel estimate of
the nuuber of emcloyees wus tco lov, i1t become necessur; to acuuire
additicnal fecilities. DPecausc the emtloyees of the Ford, Bucon and

H’K.
Lavis Co., a goniréctor, and thoee of uncAlcr 80, Cluyiny (Fercleve)
I
were &lso Lo be nendled Ly the single .euic:l adejartment, additioral
first-¢id staticns or infirm:ries were crened c¢r teaien over in vhelr
(‘ *

plent areas. DBecause ¢f the increcsing ceumcnd lor r-ra, exam—
iraticns for diegnostic rurpeses, it wes considcred necesszry to in-
clude .=rzy equipment in the Cerbide dispeuscr; buildivz. Dis nest- .
ic x-rey service wes provideo i Cctoter of 1944 crd & pnoto-roentgen

urdt was added in april of 1945.

(2) Ford, Bucon and Duvis Cempeanye. - In Laorch of

1944, the Ferd, Zocen end b.vis Coupeny legan cpereting @ lield

hoesritel, under the dirzeticn of Dr. D. I. Togers, icr constructicen

1
+

werkers. Leter en irfirnir, wvies orence wnd operciec in Lhe rresent

cenditicning keililng, rnder the svpervisicn of Ur. Herris Siléire,

o« S " .
frow. Sepbtenber 194 te Fetruir; of 1942, at this tine the resporsi-

bilit; wes shifted tc Ir. lemer ond his ecssocletes. Ford, Ducen

enid Devis ccitinued to wnploy their oun nurses. In ley of 1945

¢ . Ty [ TP S - LA
cns te the ok IMpue 'uorl.Cl'c..b..L o,

p.

this Comreny turned over &ll crersi

~
" ‘5

cnd the infiriery beciie first-oid unit of the Carbide medicel

(3) cleve Correration. - The Fercleve Corperation

-»




|REPRODUCED AT THE NATIONAL ARcHIVEb kPﬁr 3-10)
[

e = Lo emtem e AL T
—= R A e

S

(H. K, Ferguson Compeny of Cleveland) began its medical program

in October of 1944 with pre-employment and termination examinations,
which were carried out at the Carbide dispensary. FEirst-ald work

was done in the beginning in e 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 cubicles, an eye treat-
ment room, an of{ice and space for the Safety Department. For opera-
tioneal reasoiz, the Ferclevq_Corporation's unit was closed and held

in standby condition in kUgust 1946,

e. The Cost.

(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 June 1946 was $479,021.83 of which the following amounts

were chargeable to other contractors.

() Fercleve Corp, $53,299,77
(b) Kellex 1,645.22 -
(c) Hooker . 16,68
(d) U.S.E.D, o 108,55
(e) F.B.&D. (Ope;'.)% 5,183 .28

(2) Fercleve Corporation, = The first-aid

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

(3) Ford, Bacon and Devis Company., - The cost

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

The additional cost of operating the medical service prior to trans-
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fer to CLLCC amcunted to ,26,127.05,

3-11. Electruizcnetic Frocess.

43

(1) ihe Trccess. - The electrama; netic rrocess
accm‘ul shes separction of ohe rirve rradivi. 235 {rom the ..ore
ebundant vraniw: 23€ by jesciug ureniwe tebrochleride im e gesecus,
ienized state througn & ~:paetic tield vhich tends to dellect the
lighter atows (3235) fres. phé noruiel path cf the ges. (& cetailed

description of this process is given in Dook V of this histor;.)

Tbe procsss feed Aaterial, uranium teticchloride, wis rrepereq,
until 2€ iley 1945, by rezcilng uraniuvm triciide with corbun tetra-
chloride under pressure. This operction produceu iaryre a.wounts of
~hosgene as a by=nroct. after 28 iy 1945, a va.cr ;lLase nethod
of chlorin;tiuﬁ was used, vhich cperated et much lover sressures

14 .roduced less rhesgene. Tle uranium tricidde (U(J) yvas obteined

fren other iannctten Ulstrict contracters at the stest of cuerctions.
[

This was supplementeu Ly nablericl returced iren the ceyarction creration

{for reprceessiic. werl in 1945, an incrcessine esxcunt of "enrichea!
p & . b -~
ureniws hexeflveriue (motericl in whicl. thre b“f; content had been in-

creaseQI'was received fre the :s end therisi allivsicn urocn' es icr
cenversivn bo urandu. teorcc.icrids, Follewing urificaticn, tne
uranium tevrecnleride is betilod wiiw uiogeﬁ" Loin the elostromepnetic
lent (See Book V, Vel. 6). fari of the uraumiuve tcirechlorive in-
troduced into the bottle rencics uaprocessei. This meterial 15 re-

turned to a rscover, .lant eand is reconverted to urenium tetrachloride

end the secuence of operavicns 1s repeéted.

.

s =N
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(2) Hezsrds. - Thescenc cnd dusts cootedning ureidws
are the principal hazercs of the elccirc.a nebic jrocess tub there
ere nuercus cther hezgr&s‘:rcscut in scu€ieqree. %heseiinclude
elpha, bete, and ga.e reuletions; cervon dust; trichlcreihylene;
cerben tetrechlerice, oriiner; cheidcils such &s nitric aciy,
hyrcchleoric acid, etc.; cnd the dangers zttending the vse of
high vcltaze scurces of electricity.

S

b, kedic.l Ccntrof of Hazords.

\ ‘e r -
(l, Gen rel. = For ohe control cf cccuraticiel

L4
hewarus, a counlote Industriel Londene service s nwinteined by

1. L I KR i e ot T ot JP P PR N S LY

thie ieddcel division (i Jemicoize LsolEhn SO crotici. Tarscnnel
PR RO e N P PR T U P T - .y D

¢ni fecilities wers srvile far oveluctis, the retentlelly hernmful

envircarsnu fucters, such &5 Lhe corceutraticn of te.ic dnsts, jeoses,
and vapers, @na physicil conditicis suen as lighting, hwaddity,
teijerature, etc. 4 clinicel scetion perfcimed & verieoy of labora-
tor; tests for the detecticn of vossible inury fro: meterials

enccuntered in the co-erctiovn of the elecirce eqnetlc srocess, ror

)

the control of reciesticn hezeids, a Special Instruw.ente Lalcriiery

wes ueintained in conjunction 12t the Frecoss Ioprevenent Divisien.

) (2) ire—excio..ent ilnsical eninetions. — Lo order

to insure‘the maxliowm wtilizeticn «f cv: il le cenvower anu tha
persais emplored vould te pleced in Jjobs &y vepricte for their rhysi
cel status, e system of -re-enrlojient rhysicel enerinations ves stert-
ed, cn Tennessee Zusimen Cerpcrcticn appiicints for emyloyment, on

1 Jvly 1943. The rre-emplojuent rhysiccl examinztion included a

trief necicel hisicery, @ phreicel caanination by & coug etent physicien,

-~



e e 94 &

REPRODUCED AT THE NATIONAL ARCHIVE& H
l-'—---_-,—7 (I PR PYTCTLL ~swemreriet - (P&ro 3-11b)

e

leboretory exerinetion of the urine, & ‘sserswn Tost on the bicod,

and en x-ray of the chect. Tuls t; e of ecxncainction ic censidered

..

sencrel stemiords of wost ler e incuslriel concerns

edecuete by the
encaging in werk on & sirilur scile.

(3) Interir Isodreticns. - Shortly efter the crening

cf the nev iecicrl Jisverscr, ia Ju noe 19, the st: Il of dociors wes
lerge encuriy to ellew one rhysiclan to ewll pory tloe oo speciel
excrnineticns of enplc;ees 1 rotenticll, hazordovs cirecs. Thocge
viorkers employed in the ILicuid Ihese riccelu, vhere floslene ves &

-
in 2 - $21 Yooyl :nl Los [ RN B 2 am
raicr sctentiel Fazerd, :nl Uhese hopDirs rrinivi coocounds (fer

exa:vle: the chaiicel r-cover: wilco sos ind hull troctnent ervle eec)

were _dven frequent vipzicrl checl-uvrs, drclelin: blocl ciune., urin-
elysis cnd, in sate coses, vlecd acu= relelr pditre o lrvedceting lidney
deinece end icteric irucy leteird. ciions Zer liver dimi . The suwrlo) =

Lhoving Lhe (reetest cevonllel lswerd were cxusined ihree Llces
a yesr, while those ulere the haw. re vas leest viere whzul.eu at leest
oncé & year. If eny ab.crsul fircings were noted in these exw.lna-
tions, the employee vies refeired to the icuiesl Licisen Cificer for
further study es tc the cezuse of the shncrualit; .

" - . L]
‘ (4) Teruinutics ‘xamdnetions. = (n temmiration of

exrl.yment the em.loyee wins referrel te the .euleel iivision for a
shert interview to gletcredne vhethor or noi he felt he hed been
injured in eny way by his werl, I any coaglednt was mede eud con-
sidered worthy of invecii:etion, the ewployee receiveu a compleve
physical exandnation to.evaluzie the Vc.llult of his claii.

(5) :enitoring.




(Par. 3-11b(5))

(a) Dust. - Cn 10 april 1945, folloving scveral
preliminary survers, a routine of dust monitoring wes set up. In
locations with the hi, hest yotgwtial dust hagerd, dusv measurements
viere made. at least cnce each month, vhile ot other places vhere the
uust hczard was not so high, the ncasurements were .cde at least
once every two incnths.

(b} TIhosrenc. = The .oniterin: of rhosgene,

~

L3 i s

the o£her principel haziry, vwes particulerly difficult beccuse there
viere no efficient and sufficientl; accurcte methods of ressuring
. .

this gas at low concentrations. The humen sense of suell is pro=-
babl; the niost accurate detector of Lhe fas at.concentrations of
abcut cne part per riliicn. Deccuse of this fect, it was felt
t&at‘ihe vorkien theuselves, when trsined to reco;nize the odor
cf rhesgenc rather than iely ori the use of cuestionaily accurate
cheiziccd detectors, could ;ore erfectively ayply the necessery
sefety precautions. Consultction with the Division of Chewical
"iarfare revealed thzt this principle of dcpending cn the sense
of smell ras been used 'y thew in the menufacoure of yhosgene.at
Eugewood arsencl. Since the varor phese nethod of raking uranium
tetracgloride hes been ir uvse, the rotential yhosgene hasard hus
practicall; disziresred.

(¢, Radistion. - Beciuse of the rossibility
of exposures to racdiation, the 3peciel Instruments Iaboratory began
to survey %he electromernetic process from beginning to end in the
fall of 1643. Surveys on alphe, beta, and gawuia rodiction were
Dr. .illier. Dale, a physicist attached Lo the Disurict

carried out,

—
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iculeel Section in the hochesier ..rec, vwes cellen in os ccusultent

cnd visited the Tennessee Zosbucn Corperiticn ylent in Feliuery 1524,

end agadi dn Jul; 194, Lurdi; his visiils he -ade thorousl. survers

3 4 T a4 B T R N PRI RS S I RO | . . - s
with rortetle tesiln: .oters ¢ fovnd il Lhers v ire ne erecs

] o "

vhich hed hermful socunts of riictien (Loe svr. Q). Ir. Fele

suzrested, hovever, thet the "cubicles" wiidch coutein the lar e
. *n
kerotron rectifying tvbes, the tybe testiiig rocms end the cable
.testing rooms, be surveyed feriodicall;. .fter & thercugh pre-
liminar; survey to deterasine the most proieble sources cf reciation
in these aress, & syste. of roubine sondtoering wes listituted in
Februery 1945. The selectes crecs vere ncoitored by plecing r-ray .
fili dn lipht-ti ht contedners al [ixed neinls in the reens to be : .

checked. The derree cf blockening of this fil:s gives a ieasure-

rent ¢f the aacunt of radiction, This type of moniterins was cear-
ried out tuice weekly until the first of July 1945, ena the raciztion
was found to be fer belcew the telorarice level.

¢. Gereral ITrnoustrial Hysjene.

(1) Generel. = .o indicetion of the aucunt of service
rendered by the Teinessee sstrien Corvcretien ledicui Jivision is
demcr.sirated by the lncresse in petienc visilys rer rcith ws shown

in the following tille.

sonth rabient Visitis
Septeuber 1943 Cl

Janusr, 1944 4,365
July 1% 75459

January 1945 2,580
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uch os Lie Zuployer's First ne:ort end the Thysiclen's First

Zeort, vere fillel cut up the dis;onscr; swll cnd lorvierded, bhrcug Y
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the District, to lie i.swrince corrier.

1

(3) iui=Cceurciicnzi Insurdiss il LiseescS. = a

.

limited medical service for necn=occupoticiiel illness cr injury

wes avidleble for cemnleyces while at tori. This service vias de=
signed to keep the ewrloyee con the jcb by evoiding loss of tiase

for care of minor illness. Tersons reculriig were then sirrle
diagnoétic and thersreutic procecures vere relerrec to their femily
gchysicians for trectrery. &L orcdmetel; ;00 of such ceses viere seeu
in the dispensery ever; uwwent,-four hours.

4 Y I . . .
N (i) Sanitetion ond Futlic lezlth. - To insure

adecuate scnitetion in the lLendling end su: pl,ing of fvod in the
rlent site cafeteries, o fiecucnt inspecticn znc bactcriclogical’
testing progruw wies cerried on by the lewdcal Livisicn, which also
supervissd mosquitc and ver.din control.

d. Crgenizstion.

(1) _edicsl bivision, Texnessee ussthiwn Correration. -

The cryenizeticon ¢f the l'ecicel Livisicn of Terriessee Zasiman Corpor-
atidu/ was started in e’ rucr, 19-) ulen the services of Lr. James

4]

H. Sterner, of zust.en hode Cgm;an;, vere secured on & pert-time
constltant basis. He ies joinmed, on 1 Jul;, by Lr. s. k. Streeter,
who Vs sppcinted tewjorer, llelical Jirector wid becan to assermble
the dispénsar; stalf. The actual operstiocn of the l‘euical Uivision

began in Septcmoer 1945, in & dispenser, d 51;neu to sandle epproxi-

nately 7,000 operating emzlcyecs. The steff, at tnds tire, consisted

) o
-~ of 1 doctor and 2 nurses. The dicienser, vis a hollow-tile, permenent -

sﬁpe ef btulldin:, containing & six-ved ward, treatuent cuvicles and

U s
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doctors! cffices, &s w1l as siece acr the clindcel end inuustriel
hyzieré laboratories. &8s plent cpercticls o roached rull cepacity,

it wos found thet the original cetivate of the nuxi;r of'employees

wes Loo low, wnd it tece e necessary to enlarpge the medical facilitiss.

1. the eerl; yrert of 1944, censideraticr wes piven to an expansion of

the existing dispenser; , Lut, tecsuse of its efi-center lecetion end
t' e necessity for thie couglete remosdeling of the vulldin:, it ves de-
cided to construct & rzp di%reuscry (see 4, p. C 15, centrell; locateu

r

lesi.ned to handle

.
R

within the operaticns siee. The hea'g+s;ansary vies
13,500 errloyees. Irovided in the btuilding werc diszensciries for
ewer_euncy arbulator; care, six doctors! oliices, x~rc, rouus, trestmeat
cubicles, spece for bweent) Leds, oo cuer_ency receiving rocm, an
excreenc; cperatin: rcc., & large loLorator, to house voth the clinical
ara indusiriel oLy _lcne sesctlons, «ad & specicl instrument letceratery.
The nuzber of Leus wis increnssd irei. sii tc twenty iu the new build-
ing, since it hed beern deterinined thel even ninor cases of phosgene
exposurc sheuld be observed .or ot least t ent;-=four heurs, utilizing
more beds than vere c¢ri incll, thou ki recessar;. Lecuuse of the in-
creasing desend for x-ray exandnaticens Ior wlugnestic ;ur;oscs, per-
aenent x=ray equijmenl wes instclled in this rew dis;ensery, to avold
trensporting empley .es vo (alr Rid. e Hosvitcl. The Jdispensar was

co.jleted and ocew ied auri.y Jul® 19:L, Tre crizinel dispensary

o

“

vullding wes converied o an oiiice wolt for the Challsir: dgporw
Cn 1 Fove.ber lfg/, ir. Junes otorner Was irec Lo assune
tlie cuties of director of tihe ledicil Division;, or & pari-ilie Lesls,

with Ur. A. M. Streeler cctiip s wssictent Director. st this tile,

!

il

(Par. 3-11d(1))
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the stafl censisbed of v.c declers and six purses. (o 1 lerch,

1945, Dr. Christe -ner Jelre veo oblidned oo, the Unltol Stives

s
.

2.9 [P SR SO S [ N - ‘s ) .
fumhlic Tedlih Zer T be haccse Dicocter o7 ble ledeed Livisici,

w44 Dy, Juaes Stoimer .oblor s coru-bioe coascltint in Industrial
U"viiene Centrel, The ¢teff, on 1 Jul, 19,7, ccusisled ci-seven ucctors,

tihirty nurses, ninetecn techinicizns, wnu tweniy-seven clerls and

o

stenographers. Dy 3C June 1946, the otofl hul vnder_oite ¢ modercte

decrease to six ;hysicians, RS lwrses, Z1 clerks cnd secretaries and
@ technicians. The Industriel ¥y iene Lel crotery was located in the

oriiina ;mé;ical disvenser, bullaing froi Javary 194, ustil July

1944, ab whieh tine the laberaicr, e tran.ferred te the allcited

spece in the new ais g o). Tiis el L U Lol or L GIUErs was

" necessitated by the incrscse i lehcrotor, rersonnel. This contrel

section was uncer the su-ervisi.n cf Dr. Janes lI. Sterner Irci its:

Hy
P— "
~O
I~
w
o

inception ewrly in the suimer ¢

(2) victrict ledicel Section licison. - On 3 august

1944, It. Bernord Ticlf wes clecred to vork in the restriﬁted areas
of the electroie netic rrccess, as liaison citdcer for the lonhetten
Tistrict ledicsl Secticn rna s raliolccisL. Ixior te It. .iolf's
errivaly all z-rers tilen ot the Lispensar) wer cnsported to the

(e hidee Ves ,+t :1 fer final rezding. (n 2C april WOL5, L. lclf

vag repleced by Cuptein L. Jallc as Lieisen officer, the lotter re-

raining in this post until nis ery Gdschirge in .oreh 1946. The roent-
enclc;ist at Cak Ridce Hespitel reossvned, terrcrarily, the resyons-
- of interpreting the Jispensor; ‘s x-roys. Cn 11 June 1945,

—y )

Lt. Zcverd D. Frenk wes clecre. Lo nerk b bhe DispeasiTy, Erii 2S=

L.
. 4‘|I|IIIIIIIII|I’
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sumed the duties ofrgggo!og!s!. m aptain Edward Frank's re-

lease from active duty in May 1946, the x-rays were once again sent

=it

to the Oak'Ridge Hospit&l for interpretation,

es 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 examininé center, since these costs are included with
thelpersonnel and safety budget and are not available as separate items,
) Cost of Construction of Dispensary $268,632
Equipment 45,073
Operating Costs

(a) Supplies, Maintenance and Miscellaneous

$246, 950

(b) Salaries 433,345 680,295
[bednd Redieddy Proidindt Rndhudhndi

Total Cost : $994,000

3=12, The Pile Frocess.

a, General., - The pile process was developed for plutonium
production from uranium (See Book IV of this history). The funda-
mental physical and.chemical research on this process was done at
the M;tallurgical Laboratory of the University of Chicago, and small
experimental piles were built and opsrated by the University at the
Metallurgical Laboratory and aﬁdArgonne. Two installations were
designed end 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

at Hanford, lWashington. The general principles, on which these
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rlents were besed, were develcered abt the Universit; of Chicege.

The engineering desi;r wae imwmde by L, I. dv Iont de lenours and

Coupeny, of wilwingston, Delewere, sutnitled to the scientists of the

University of Chicagc for eprrovel or revision, znd then coastructed

by the Du Font Coipany. The Clinten Lelor.teries verve opercted by
the Uﬁivergity ofié" geopuntil Jul 1945, et which tine the lonsanto

. .
Chemical Ccupeny of St. Louis asswaied regjronsiiility ior its orneraticas. ’
The Henford Flant wes ope;atéd t:; the dv Fent Cempeny with the aavice
of tke University cf Chicarc. The three iustallaticns vere closely
inteifelabed: ey recicel end eperéting merscnnel for ot Clinton
laborafcries ¢nd Henferw ngineer Jeris were, in @ lirse reri, eitlher .
recruited frem or treained at the “etollur.icel Léboraior;. Leccuse
experisentation had indiccted thet an copereticon of this type ndght
be havardous, elsbterite precantionery medicel :ro.rams vere instituted
to determine the source and tyre of hasards which md, ht be iicurred,

to protect operatl ng perscunel ageinst these hazerds, to recommend

the .easures uscessar; in desi n fer sale of eration, aJd in aduiition,

tc provide routine occurationzl cire.

b. Tke I'rocess.
< (1) Geuneresl. - Cirmed sluzs of uranivin ere placed
in the pile inm & pre-srronzed .anzer, which sul jects thex to neutron
tombeiduent. The neutrcas ere produced continucusl] Ly uranium
{issicn, which occurs «t & cointrollea rete in Lhe yile. The effect
of the bembardment is to convert uraniwa 25¢ into plutorium, and
to produce certzin other bLretidorm rroducts of vreniun known as

)

"fissicn products.” after & pre-deterrined period of tirne, the

S,
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activatec urainiun slugs cre removed by remcte cuircl Irc. the pile

tc temporar, stora;e uuder weier. Ther ere lceded unier weter into

- .
.

leed coatelners cna tluL- crier LC & serorite watir storcge dred.

after a pericd of storire sufficient to roduce Lhe realozctivity

of the meterizl (b ceccy of the fissicn jrofucts hoving reluvivelr

1

short helf-lives), the slugs cre removed in leed conteiners end

trensperted to other ¢rewcs in which extr.ction &nd cencentraticn

. 5 . ” 0y . - - .
cf ~lutorniv is nzde. ln thesc zreas ilie urcniwv slugs ere dissulved
and the nlutoniuw is rurilied and concentrcted, in chendcil rroceudures

4 . L.
cerried on by Pincte corirel belind ceicrete shielding. The faal
sclution fre.. Lhis rrocess is rcioved te siecizl iscletion urdts

in "H'ck the finel zxtr. ction is rede. .este wrealuwn end by-products

cf uke oxitroction ‘roces:z cre ttored for the rest jort in under-

sround tcnkes, Bully, less cctive wostes cre delivered vo settlinz

'.__'

1S P ]

ponds. Tlutoniws iscletoa b Henlord ic storsl i srenicl unvel-
greund storaze vevlis.

~. N .- T
! ~
ey s Ll L

villets of urer-wi wetel cie received Sre. ciiur Jlsurict con-
- ctors and ere exbruued inte vouk., The rals cre sbrilglibined,

v

cechine’, ceabed end conmed

out=pcsded, cut inte suitaile leoy

S

in ¢ menner & yrenviite feo use in the | .le " rccess. Yricr tec ik

~ 5 R

cci letion of these fecilitics U Henderc, e letelluridicel Lol ore-

ter rezcnined slu_s of vranivi pebel ent 230 experXicnts i ccs ting

©

. . - ..,,. . I IR ]
cnd camiing of sluzs, cnd oxpsviientel poerldny cf ureriti setid,

(3) Zerir

resecoel. on oll rhoses of clubtndn preducticn wore cenducted et
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beth Clicten Leborctories art the iLetallurgical Laborater;. hew
metheds of cporation were lirst investigateq on labercbor; scale
prior to inaugurwztion of fegula:r production pI‘OCedLII;ES. .In acdition,
particularly ot Clint.or: Lororelories, ceisidercbie etfort wus ex-
penxed in study of methodas cf isclation end on the physicul anc
chendcual properties c¢f the radiosctive fission produc"ts frem the
pile reaction. As in piutadu. production, "not" uranium slugs
vere paséed through the wut€r cunal, and ta.en in snielasu cou-
tainers to special "not" laborutories iu which sepurction ana re-
sewrch on fission procwucts vwere ccnauctea., This work was confined
to labozfat.or;, scale. .

c. Hazerds.

(1) Generzl. - The principal lazerd cf the pile
process results frowm iie enoricus amount of radicectivity produced
in the operaticu. In adaition, tne plutunium wnd the fission products
are radioactive wmzteriuis cayable of causiig serious Gawge if ab-
sorbed in sufficient ocuant.ties (See par. 2-2 c(4) and 2-2 c(5)).
Consequenrtly, the most i_portant factor in safe cperation of the
plant was engineeriug aesi_g;n, wricn protected against radiaticn and
giniirized contact with the wmateriels.

N

(2) Letel Sheving and lrocessiig. - The primary

hazara of the varicus preperatoery wrocedures is thst cf breatning
urenium dust. However, as indicated previeusly (see par. 3=7 b

6) t is ti ack cxid i90g ) ancd is essentially
(6)(c)) the aust is the black cxide (U30g) and is ntially
noi-toxic. 1n addition, there is exposure cf tne lunds to the re-

latively weak radiction from uranium metual. Under ordinsry con-
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ditions of handling, tids constitutes & negli, ible hazard. Finally,
in cleaning the uranium slugs, acids and du.reasing agents
(tricidorethylene and carben tetrachloride) were used. 1t sezms

likely that the use of carbon tetrachloride constitutes the greztest

danger in this operatici.

(3) ' Cperation of the File. - The hazardous coupon-
ents of the radiation produced in the pile are ueutrons and gam.a
rays and, tc & lesser extgnﬂ; beta rzys (See Sect. 2-é b). A tre-
wendous amount of ccoling water 1s recuired by the jprocess, ana in
passing through the pile this waber ana the wir it contains becone
rudioagtive ‘and reguire special handlingf The urensum sluge, and
evgm’khe materials of construction of the nile, btecoume intcnsely
redioactive. Ccnsequently, removal of the slugs and any repeir work
&;ne on the pile require inlricate protective procedures.

(4) Plutoriu. zxtraction and Concentrztion. - The

prinéipel hazards of ti:ese rrccedures result Ifrom uie Latense radio-
sctivity of the activaled ureniwm slugs, fron Lhe ruaivuctive gases
libercted in dissolving Llhe ifetei, ena ire. the bexicity ol pau-

to.fwa and the fission yroducts (Sse par. 2-2 ¢(4) ans <=2 c(5)).

‘ .

The toxicit, of ti.ese nutericls hecuues imzorvant orly in the final
sepuraticn of rlutcnium or :in case of accidcnt. oSanpling procedures
thrcughout the process introduce the wdditicnal danger of spills

f active .aterial. r'inally, waste sciutions froi ithe process,
containing uranium and rission preaucts, are hazardous because of

the radicactivity present wnd the toxicity of the materials contained.

(5) EIaperimental ilork. - The reseurch work on plu-
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tendum producticn wnd on isclsticn and purdliiczticn of varicus otner

reuicactive isctopes vas weconpanied by «ll the huzords encounterea

in the gile process production pient. In sue instances.the hazards
were ;rester in the iletoretory than in the plant becuuse of malie-
shift shielding ana equipuent. Then, toc, s.fe practices for ex-
perimentel work could bc develored in & genercl wey only. Final
formulation of specific rules had to await information oltained
fro:. the research work. . In Tertain instunces, «lso, fumiliarity of
the scientist§.with radicaetive materials mede then less cautiocus
than‘they rdght have beer..

d. Hagerd Contrel.

(1) Generul. - Hazard contrel was Gividec iuto

the follewing rarts: wmonitoring, which includea rethoas cf check-
ing persomnel, plent creus, atiosphere, and wastes; cud protective
procedureé which ccrcerned floor end table coveriigs, protective
clothing and equipment, snc nethods of rotating employees in hazard-

ous areas. sutcustic conitrols were instailed Lo stop the epparctus

when over-tolerance leveis cf rudisticn vere reached.

(2) wonitorins. .
< (2) Fersonnel. - «ll individuels working on

tne pile process, ut &ll three iocaticus, were cereifuliy ciecked

to insure thet Larndui weounts of redistion were not recelved.

all psrsons sdmitted to areas &t Clinton end lLenford wrdch could
possibly have significent cuounts of radiation were required to
wear two pocket icnization meters and & film tzdre (See par. 25 ¢j.

This rout:ne wus the usuzl przctice ot Chicago, but wes not caupul-
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7

scry. The jociket .elers ierc read daiiy wna the fiin budges at

intervils of cne or Lvc wecks. 1f the jocket meters inuicuted thet

.
S

ex.csures wbove the Loicraice level of C.l roentgen of velta or gana
rediation vere receive., on lumedicte ciicel of the tipe of exiosure

ST I -

VLS EUC, i clrrcebive solsurss were L Lsbillilou W0 revioo vo

T, et 18 (=

[ e et e e v T e 0 S e s e
SNLTCNCC, LELAVAOUlal VI 2lovl (IR ONA -2 VY CR VR VI S WD AR SRS1 S

ral'e OCLUITENCe; were Cus.rv.e closel) ior = oorice of tice Lo iosure

thet no bedil; duncge wys Llicurred. ladicbicn of the henus wes

cheched vy tne use of 1w film meters or vadst -buues (Sée fare =5 €.
In aﬁditicn, tioger fid;e~impressiuus wers leizen ot J mcuth lotervols
of &1l employees nandling recicactive nuteriils (See Bere 2-5 C\lyj)e

-

Ghanéa{ ia the fdngerprants of eny inddviauci ves sulficient excuse
to effect an inmeclste investigstion. At Chicago, as o further

e

ciec, studles of tae cepilluries ¢f vue hands were also made, and

ub ine énd of every sniit the gloves, hats, shoec, respir-tors ond
protective clething ol enjluyesy wWorking, Al riudc.weavze) Clilaniiated
SIEES Were LoZuul.  Clothing centaincte i weln rodiccctive material
was seut to a speclcl saundry for deceontoni.ntic... Lx evidence of
over-tolerznce cctivity stili exisleu in tiis clotiidu;, elver lauwnary
procedures ﬁere carried ouL; il w.s cither iscolueu or stored until
such excess ectivity diriilshed by, naturil ridiowcctive decay. hand

counters wer:c usec¢ to uastcrmine excessive hend cuntleninetion, and,
if contaminsted, the hunds were clesned by scrubtiiug or chewdcal
methods,

(b) klent ireas. — &li huzurdous workdng areus

in the rlants were ronitored, b, contjiuucusly recording instru-
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ments, equipped With aubouiwlbdlc wiarp uevices, vwhich were sel off

as scon as the toierence level cof racicectivity vas reuched (See

app. C 23). Bioiogicel mon;torJnr WeS @l1so carrisu oub gt Clinton

Fy

Lzboratories, by plucing ratbits and rets in trute;ic Locations,

to determine vhether long ccitinved exgosure would hieve eny signifii-
cant effect on them. = speciclly troined staff of workers examined
zll vork arecs, agﬁaratus, equipnent, tables and hocdis at reguler
irecuent intervils o deigruﬁne une cresence of harilul levels of
racioactive culstunces. Anclyses were mcde of Lhe &dr to detendne
ohig éCHCCHtraLiOH.Ol riglcective Gusis or ZuSes.

(c) Alnosphere. = All gases cnd furnes exittec

by

v the plie anc oy the cheddcal sepurciicin jrocess cxicnst stacks
Vier= eXunined cerefuri, in ordar Lo o revent oy uoserd bto the lunt
wreas oand to the surrcunuin, regici. Conlinuous checns wiers iaade

.
Tor tie preseuce ahu :nevel ol roalosctive geses Ly Lie rse ol
reeording cnes) Sery oG 2ils pecke, Tals ecudjrent was in siraiellc
10CATACnS Lf bui€ LewGulaie viclaily of vhe threc arstoliations, with
other units at aistences up to severacl miles frow. the stecks. Lo
hazardous concentritions were found at wny tlwe, OSane ticiogicel
monitorﬁng vas carricu out at Clinton Luver:itories b, intreducing
animcls directl; dute stack geses unu croadring the. ot intervels
tor deterudne whether injur; had occuriea. 7To <sbte no injury has

been uemonstrated (See App. B 4.

)
.

(d) ister. -= Lurge quantities of water are
LIE152
used in the sepurcticn ond decontwdnastion grocedures.  Continuous

wecitoring of tnis waste fcr raciowctivity ves cerried out, in oracr
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Vo

to prevent redicective -rrouucts irow bein: alscihurged into the

strecms in the vici.ity. ail Lhe water aiter use wee drelneda iato

helding ponds vwhere ib was wslcove. Lo reumain until its ectlivity was
reauced by precizitetien end radiocctive disictegrction. Lo addi-—-
ticon vo Lhic checs on the wetcor, coditiconad studies huave -been carried

out on the nud of the slrezn ted, tLie picut iife ¢end dliee znd the

fish populaticn at optisue. locuticis (See ayz. B 5).

(e), walitenunce work. - Lainten;nce work iu
any of the hazéraoas 4reas W.os precedtu by .onlboring surveys ana
a job‘aualysis. ‘after careful evciuatic;, speciel jrctective equip-
ment such as clotidug, respirctors, zog:les, and gloves rnight be
reguired. 7lhe monitofing was coutinued during the entire resrioa
of wori. Upon coagpdetlon, speciad exlendietions vwere wace of iustru-
nents, tools and clothing te detect any uausual amount of radio-
activity. Fockel neters auu 11in badgees were rewd ond every por-
sible precuution was baken tu preveut Cverbcxygsure;

(f) lisceilaonecus. - Speciul surveys lor radio-.

active contamination were pade coriocuic:ill; in the celeterias,
laundry, office bulldiigs, anu otier locations witiin the plant arees,
tc deteet the wepcsiticn of rdnute wueantiiles of regicective paterial.

Checiis were raae on the cirios,heric coatenl of leaa in the lead siop
where the lezd sidelds for proteciive u.its werce favricsted.

‘e . . . - - N . . ..

(3) rrotective Irceeaures. = Syreciel protective

spparatus and proceaures were ifound necessury to eiiwinate thouse

nuzerds which could net be coiireiled by englnesring uesiinh and pro-

cessing wetlliois. s previously stateq, these lacluwe the ude of floor

« 4O ~
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D et :

enu tetle coverings, ,roteclive s peraius anuw equipnent, and regulcer

rotution of employees ¢ndy LIToi. nigh exjposure ureas.

(&) Fioer and fable Ccverings. = To guard

ageinst high rediocsctivity in the concentraticn and isoletion pro=
cesses vhere the coucentretions of plutonium cnd other suostances
of tnis type vwere conperatively hign, worn bencies, tobles and
floors were covereua witn izper which in turn wes destroyed wund re-
placed at reguiar i“téryalst 1n some lzberatories glass tops vere
found to ve preiferable,

’ ' (b) Frotective Ciothir,, sayiaretus and Tyuip-

ment. = Periodic changcf of protective worik clothing for oll employ-
ees viorking in plant areas was recuired. This iuncluded coveralls,
gloves, huts und shoes. The periods of tiue bet.ecn changes were

determined by The t;;e ol work pericrced, fossivility ol exjousure,

ant actual corteniiobl.n es deterzdied Ly tie wmoniborliig ior radio-
.

active materigls, 1o ccrblln NueildOUc rced Cr&éu Clobidly Lus

re;ularly dissued duil;. opsciin ploves worc wern i carrylag out

-

those creruiions widch aecessiicitel cxgusure of ciie nalas Lo radie—
tion or ceatumlniuticn. Hespircters, jprevicusl; tested lor efficienc;,
were worti in all melntenance work involving exwcsures to the radio-
active dusts cof 1ission :recuucis and 5lgtonium. Geggles were issued

’

to «ll empicyees eugaled in opercticns in which ¢ pcssibliity of the

contemination ci thic sycs existed.

. (¢) Hotstion of Emsloyees. - If il became nec-

essary for certain employess to receive rauiation in excess cf tol-

erance for & limited veriod of time, t.ose verkers were then re.oved

' o
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froi the hazurdous work and reassizned to other raaiction=-iree arecs

for the tiie requ.rea to aeterudne tial no deseage nad been incurreu.

-
1 .

There were very few ¢f these cases, the actuzl number not being avaiiable.

(4, iLecical ixuminsticns. - The nedieal controdl

of the health stcotus of plant ewmvloyees was exercised i) the

iollowing exa.dinsticns. 4ll eigloyees received a [re—eim loyuert
exm;ﬁnaﬁiom velcre being Lired to wor. in the plent area. Interval
examinaticns 1‘;'efe Ca.rried'oit at specified times, for general
heclth control anu io aeteriiine vhether an, deanaje, due to expos-
ure 'tﬁ redicective netericls, nad been wucurreaw. s terminetiorn ex-
amination woes carried out at the tiwe of disciiarge, to deterwnlie
wuether any changes hed occurred wixich nignt ve reiasted to expusures
to recicactive hazarces in tie slants. The (re-eaployuent eXenina-
tion included o conplele '1-nysié:—.l exwdnation, chest x-ray, cauplete
bl"o'uc.i cow:t, urinciysis, wna & serclogicad test for syrhilis,

C [
Fhysicel exuminaticis v.ere repected &bt iilervels of & to 12 wontlis.
L;;bér:-.tor;\ exeadacticrs varied ia irecuerncy, de;.vcl;g.':.ug cn the degree
¢f hezard, aund usually cousisted of blecu counts ) end urinelyses, re-
peated at intervels of no mere tizmoe one scilis icr percons in he.;;ardj-
cus ereas. Teridacticn exaalnelious vere sinil;‘r to t,he. 1.re~
Ciy LOYLENLL BALLS aTLICUE. ‘YU},OCi;l wtlection vwis wirocted towerd
ti.e uetection oo chaliges cuc to recietion. The trasicr eraulualion
on enployees muving L0 ouher Lress wes daenticer wit. the ter.inction
examination. &ii plant jerconnel torking elsesihere in the wrews re-
ceived these exwidnstions ot iiterveds f tiree Lo six menths. Ce-

cuSionel bleod and uriner encrdrcticns for lewd were carried out

-
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V. al

o inddviduels viho hed esmosure to lead.

JAISRN -~ - . PR ) i . .
{7, wmvaauetion oif Enzarce Cortrcel. - The ieiinods

.
.

Lielieubed above [ roviceo colove  rovestion i vie Lidlviduals

-

WOrkill, o the varicus _hLioses of the Ile¢ . souczss.  To ceditalin

suci: dgh stuiworus ol Sreuseliil NECvessitauta & Vel Clo:ilueriile
capenaliure of encr., wiie LHE NULDIE €L 0 =PCCNS ISyl IEw e..CCeued
by fuer the nuaber ustell; essinec e L11s L) € I Wilae aS &an
aaditionel prctective .g.surfe in thasse  CrelicLe, o Vs, CC.Ser-—

vitive vie was telen of Lhe wosgges of ruddoetion ana of roadic-

actifé substunces concicereld s.ie for ;cub-ccntinued gl csure,

and waditicnel focters cf safet:; were Licrcuucec iin w3t iistances.

The fect thet no evidence hus develcped to nndic te thet any .
individuel Lies teen Lrjured iu any way by tie specize hazarus cf
this ;rccess, is cu.siderel Lo ve ¢ople justificaticn lor tue

eiforts exrcended.

€.~ @ Gonoral Indusirial Hyricne.

(1) henford Zncineer .iorks.

(a) C.iective. = The Incustrisl Section of
the Lewlcel Depertient ot Hanford wus res;crsitie ior: deteradning
the physicel status of gpiiconts for wors i Lhe Zilc process
plant, in crder to utilize nmost eifectively the manjpover available;
the protection ¢f tue empioyees cnd tite [uliic frou ovér-eXPUSure
to reuleticn wno radioactivs substunces, by <. urc, riale eXendld-

tions of the plent envircnsent enu of the pilent persormer; the care

.

of cccurational ilinsescs encG injuries; cinu the mdnor nevicel cere

necessary to reauce absenteelsii.

-
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(b) Cecureticral anc lon-Cecuretionel lecicel

NATIONAL ARCHIVES |

o2 s mep——

Cere. = The Inuustrizl Secticn wis responsille for thne treatnment

oi ail occupatiounal illn355us and dijuries. lLAior cuses veie curea
for at the first-oid staticns. Fatients requiring hosplitalizsztion
viere treuied in Kedlec Hospitel st ldeiland, .ashington. Close

" liaison was maintaineu belve.n the ihysiciwns of the Industrial
Sectioﬂ and tie stuff of tbe hospitel. A5 o uzatter of olicy,
treavment wes provideu by the Industiiul Section alsoc for winor non-
occupstionel illnesses and injuries, in cruer thul i.corkisen could

-

- .
receive urcatinent with tle least cossible iloss of taie 1roi weri.

&

(¢) Heiation of Industrigl iediced Livision to
Operevians. = » opecizl Hazard Cuwdiice wiee established in Hovenber
1944, as & subconmittee of the Centrul Safety Cowmiitec, to act as
tue licison group tetween tLe Inaustrial ledical Secticn of tne bed-
ical Depertument wuu the Cperaticns Sugerviscrs., The Conanttee re-
viewed vericus rudlation hegerds end issued speciel bullietins out-
linihg the contrel procedures to be used by plant perscuanel. kespon-
sibility for rudiatiorn safevy wes priuerily charged to lhe dégartment
concerneu with any purticuier Oyiration. Tiie Heelon Lopariment In-
strusent Group of the lndustriul Leciced Uivosion were reouirea to
keep the depertments informea of tne existence of unscfe worling
conditions or cperating practices. The Health instru.ent Group
elsc provided en educctionel progrii for-su. ervisors on radiaticn
- hazards and rrotectior.

-«

. . ‘ . -
(d) Catastiophe Frosram. - san area cévacuation

plan was devised, and revised periodically witn chunging cenuitions.

~.
N
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The first-aid units were instructed, if evacuation of the wrez was
orderea, Lo anéwer emergsiCy culls, anc, giter combéetiop of these
dulies, te pick u their iersonnel anyg estellisn field headguarters
in & location uesignated L, the Hesalth Instrument Secticn.

(e) Crpenizeticn. = E. I. du lont de Kemours
and Compeny, the priwme contrictor, accepted the resconsibility for
cll mevical cere recuired in the cjerations ;jhuse, Loth the industrial
and concmnity medical cuTe. “LUr. W. 0. Korwood was choscn in Feb-
ruery 1Yi3 to Le Director of tihe leuiccl vepurinent. He vwes es—
peci&ilg quelified for this rosition as hiclder ¢f o degree of haster
of Science ii: Blectrical ing.nee:dng, in auuition tec long exper~
ience aé an incustrial physician. Doctor lorwoud received indoctring—
ticn in the special hazards cf the rrcject al the iwetailurpicai Lab-
oratory of the University of Uidecige wia bogw: tull-tlme work in iiche
land, washingici., during iarc. ol 1944, lie wus jolned ii oepbauber
L1944 by Lr. 5. T. Cuniedl, & speclelist i raddeloyy froi Seatile, and
by Do, He dee Farker, o speclelise in reaiws desilelr, « wocier vantlll
wid Lr. Yerker hau Loth hed conclaersble .revicus traiiing ot tne
etadlivrgicsl Toborator,, anc lLisd veen aciive in ihe direction cf
tie leditel Ueparw.ent of Clintcn Levorcteries. They becuuc the
heads cf Inaustricl icaicine and Hewolin liysics respecilively. Lddi-
tionali physicians, nurses, techudcions, zud olhier heljers vere zuwaed
as trhe needs of the Secticn increcceu, uitil a total of €1 persc.s

were directly ewmjployed T, the Inaustricl lledical Divisicn and there

L]
were 145 in the Health rhysics Group.

(f; Fecilities. = Tie jrincipual headguarters
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of tue Ingstrlal Ledicul Livision wes in ladiec hosnitil (See app.
C 16). Space cnd fucilities were cveilelle for pre-eLpléynwnt rhy=
sical and letceratory éxa;ﬁn:ticns, wnd for Lhe admi;istrétive of-
fices of the Healll Itysics Group. In addition, first-azic stuticns
vere cstabligshed in each: jlent cres (seven in all;, to cure for
rinor illnesscs and injuries wiuw te conduet periodic (hysical etiu
laborastory exaninatious. all of these stzticus vere open on a 24—
hour basis ezcepl the one_iﬁ'the 30 wrea. The worlk scieaule in
this areu wus only one shiil per cay ona the first-uid sbetion wes
i .
cp.oratea accordingly. The first-cic stabion in heulec Heospitul wis
used for patienls requirirg specialize. cure not avaiiutle in the
areas. aficr 1 Iebrury 1945 this stution elso seived as the Village .
energency kedical center iram 4:00 pan. to £:00 @..

(¢) ERecorus. = lhe records of the ludustrial
lledical depertrent sre kopt szperite irew all cther nhos;ital and
clinical cherts since they cciprise pert of the euplcyeelds enyloj~
men{ record. ‘lThese .cuicili records cre .iue in Jdupricule, vie orip-

1

inel being kept in the cenirel recerd room of lLadiec Houspital and the

aupiicete 133 to the wrez first-oid statica. If wn employee is

& - . - PRY
trensferred fros Huntord to ancther ienhetton Listrict project,

Jhoucou tic copy c¢f tne receru is Lorwcerdew. The suzervisor of
imeustrial wmecical records is elso in chorge of vempw:y accicent
wod hewlth insurance clelis, tie clericid w.ori relllive to seulced

cts uilh vne empicyuent

IYe

leaves ind wbsences, wid tue necessury cunte
cnd securit, woportients to dnsure tiicl prior eweuwicel wprroval is

received beiore e, icjees wi VisSilors ure per.ittsd in restricted
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al'eds.
M) The Cost. - The net expense of the Indus—

4
trici Keadecal oivioios siws iis ingeptivn warwugh 30 June 1540,

gitiueive O facisilies, wes we,501,150.05.

(2 Cecwpaticned 1d Hon=ceow siiciicl Carc. =

The cure of 41l irjuries received wnile working ot Clinvon Laboratovies
WeS colqucted in the medicel dispenscry. This type of service foried
appro;inutel; <5 per cent of tie activily of the first-zid and tre-i-
rent” section. The revc “.nb 75 per cent of tie work comsicisu of cere
of nen-cceupcticned miner illuesscs. Close Licison wes muinteined
between the disrensery ohprsiciusns wiw bLhe vorker's rerscrel hiygician,
Any patient recuirii_ hcs.itel core fae either cceupaticnal or non-
oceuncticnal illness wus ciosely follouca.

(o, helilic uldc to the Sazfet. Dersrtment of

e

the Ciinton latoratories. - The Cidel of tie ledicul Uivision wus a

e,

mémﬁer of the Cenlrel Siiety Ceonnitive of tie Clinton Leboratories,
vhicn met ot mentrly intervils, to set wouu measures for the control
of the hazards cccurring et tids instolicticn. For the contrel of
specizl'medical hasvards, e Subcoudtiee on activily Hessrds was
fermeu. This grouy, whics st vsuelly el wentidy intervels, formulated
au,e3teisive mznuel on Lhe wetection and cont.ol of hazurds Irou
rauiation. In this putliceticn rmeussures were estgblisted Ior ef-
fective coatrel of ihe rediction hezarcs of ‘sach wrea. all sub-

major anq major eccicents reguired & corlbined investigation of beth

the Sufety wnd ihe ledicel veperlnents, Lincr injuries were juvesti-

Sl

Th




guted b, the Safet; Lercrbument ondy. all injuries were inwvestizsted

.-
.

active iulericl. ieports vere iode to tiie Safet; Secuion of such Iind-

ings, wnd conircl rcrsurss vere sel up oy Lhe cudbinecu efiort of both

Lihe dulel; «nd the lLedicel organications.

(¢) Cstestrophe brcoruaw. - Twe cctastrophe pro-

srams were orgarized Lo srovi.e for the jrotection wie trecicert of )
clent persciel in tre gise Ll & nijor wiler cnc) . LG LrOsruia Vo3
esbotdisnew for the vilibon Loboravorles wocig, ade LLE Cu el was

. .
crgalilzeu ¢s & parl ol o oror. culerpidse waacr Los ceotrol of lie
Cau. Dildge Hesitel, drovisions weiw Loid® vuaer Lot ilens for tie
evacuction Of Lhe plualil cuu &r'se, wad the trectment ol &l injured ' .

perseiiel,

(¢; Ciher activiities. = Tie iedicel ivision

wnd

[0

w1lso surervised genercli sci.itztion, nater stiificetion, wast
gerbege renovel, wnd Lo licc., a4 visiting nurse service wes ¢iso
tsictained for tle home vioits ad cure of certain pulients uot
sufziciently 11l Lo rceguire hospitclivatici..

(¢, Lrpenization anu facilities. = Since tie

]

nejor nazoards <L the ,lle o erciicn were well ueil..ed velore corn-
structici. was sterce. ot Clinles lecloratories, it wie possible to

rrocure the iecicul persu.er bewore Lic facilities werc completed.

e

@

. . ) .. . S e ® S
1,.e selecticn of dinadvicduedls leaiilor (ZLh azélds w.idcn would €

ncountered was made oy Ur.. L. 5. Stone. Under iis cirsction the

[

genersl policies of haward conlblrel for tie pile grocess were deve-

lopeu. Experience was gained au Lie argoiine experimentel pile und
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‘the University of Chice.c setellur_icel Ieberabery. 1n Serternter
of 1943 Dr. S. T. Ceririli wes trousferve. fro.. the Leicllurgical
Leboratery to Clirtoes Leicreteries and glaced in chiv e of the :edi-
a2l bivisien. 1n July 194 Dr. Jc*: &, uirth waé cpuelintea to the
mecical staff, and in Sertenter of that yesr he succeeded Dr. Contril,
whc wes transferred te tne leaford nizineer .orks. 4 reulcal dis-~
pensary wes planned and coustructed to ;reviue Jor rovtline exani-
naticns ana mecessery [irst-tid ecd srergeic, treciuciit of an esti-
meted 1200 emplojees. It provided a first-aid and evergenc; treat-
ment’rbom, a four=bed vard for cire of casueltiec, @ .dncr surgery
rco.., a clinicel leberetor;, erd six ce.binction oflices and trect-
ment roows. Construction of this vuildin, wos started in april of
1945, ena in august of 1943 the diret pre-employuent physical exend-
neticns were curried cut. additicnal space wes leter provided for
the health~physics (moritcring ) end instroment laberetcories in the
nevi Health~Frysics buildiﬁg. the re.icel fecilit; &b present is
staifed by the chief nedicel officer, uir. .irtl, @«.d thrce assistant
rhysiciens. O&ix to seven nurses have been culiiciect to ;ernit the
disvensar; i¢ be open icr the con lete 24 oovr shiit. approdnately
six pre~c 1w loynent end Iive to six terrdnetion ¢ tré.sfer erani-
nations have been cerried it dell; siiuce the rroject starteu. 'The
vorking ;opuletion has ropained wilthin Uhe extre.es of 11C0 vo 1800
al all tiwes. 4Aproxinstely S0 te 13C patients are scen uedly for
Jirsi-cid and e.ergenc, treateent, ltoutine an& g, ecial examinaticus

for rerscns in hezerdous arewc ars alsc carriea wt.

(f; Tie Cost. = The experse enteiled in _rovidiag

L.
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incustrial .edicel service &b Cllinton Leccrctories ircis the sturt of

cperetions unbil 1 July 1640 is estinetod et 568,000, This aicunt
$128, ooo : ¢ 240,000

includes ai. e yencibure ol —aénrwéé} feciiities, end —dedydod

for operations

3, iziellur decl leboroeler; .

(2) Coow ation.l (o jon-ccor eiicnel jedical

Cire. = all out- client vecu.ebticnel el neu=ccey;eticiel wedical
cere o eip loge . of Uiy cctelivorzicedl Loberabor, wie orioruca oy
wreject rhysicisis., wcigoenser, focililies Jor ibdls service vere

uaiutéined in owillings bos, itel of ohe Unoversit, of Jbicaaq fren.

June 1642 until 1 July 1Gi4, en. ciace bhet bi.e ser.ice ias been

N ‘a v S 41 M AN - N A% = + YT 1 (LS
rencered-at orenel Fovse, the nezibh czoter of this Univeriit, . fer

scas recudring hos itellzeticn Jer cecuretionl iliress op dnury
vere rleced in Zillis s Yes itel under tie cire of o e der oI the

Twnishe. cul-nuiient care,
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viithout cher s, for con=occurcticnel ill,couze oow eeclua.te.  This
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crvice e Carevloaer Lo LIndelue tho ol O 00O e, IOl Gl Ly

iiliess, Lo o150 be ezcziledn thoet the 1llnesses ierc non=cecupa=

v

tion. Fou dbolicotien e Dy, iciens lolo for non-oceur ctionel

illnesses w.d injvrdies wers ool revileo. However, [r¢jocy hyeiclens

e Ay L met T L sk L T S
codntoises ¢lese 1iciscn nith she vhoslc.ane

fer hos it lised

versvigiel . Otoll phpsiclons rren Zillligs hespitad rrovided cussuiie
ing service vhen consuliaticn wire necessir, .

N L 3 2 2 ‘g 1y e re - o
by oleletions i to the salety bencrbment cf

Ceobellursicel leboieter . = The Scfeb, Dejuri.ent cccepted the res;on-

sivility for cruinar) s.fet; en. fire  revoestion., The Section of

~

~




’f§?3k 0

Cliricel lleuicine wes resyensible for &li redicticn hezoirds, for safe-

oo

headling of redicective woterials a i cie.dcels .ren & situe

invcelvea both depart xeuts, cenforences wers hela cne tne lines of
respensibility verce deleriincu.

\ .1 N .
(c) Catzstroche Iropren. - Pecuuse cf the iany

leteliurcical

o

scfet; features incorgorated in the cirezreticns et

Leboretory, no cetestrorshe wro. ran vies considered uecessar, oy the
‘. . . . . .

University of Clicago, aad ncne wes crieid.zed.

(d) Ciher ametivitics. - a nuaber of the jly-

L4

siciens ehplo;ed by tie letellurgical laborrstor, for this Section
devcted their time tc clinicel resecrch. Tiis vorn wes dlrected
rrizaril; toward tests which viould indic:te ezrly demaze iro., or
srovide means of necsurin , ebsor tion anu excretion c¢f the rateriels
in use.

(e) Crreaizetion. = Jr. Robert 5. Stone, ssso-
ciute birector fcr Lealth of the .etallurcical I'rcject jeined the
'roJe t in July 19q2. He wies assisted by wr. Leon Jaccbson, who
was consultant to the project be_inning in Jarwery 1942; he started
giving half-time in Kovember 1942, and Lecaue a full-tiie stalf
mesber'in culy 1943. Ur. S. T. Canfril wes added to the staifl in
iugust 19.2. (Me becume sirecter of the leuicul Department of
Clinten leboratories in Scpévnker 1943, wnc in Septecber 1944 he
vies trensferred to leniord Lngineer .oris to . heau the Inzustrial

‘Ledical Frogrem uuder vr. . D. Liorwood.) wr. J. J. Licicson and
Ur. lergeret MNicksen were smployed in Septesber 1942 and ey 1943

respcetively. The following doctors were audea on the date indi-

~ .
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cated: Dr, S. Schwartz, November 1943; Dr. E. S, G. Barron, Novem-
ber 1943; Dr, C. J. Vatson, November 1943; Dr,., E, Clay, 15 March
1944; and Dr. J. G. Allen, July 1944, '

| Dr, Robert S. Stone has been director since
coming on the project., His first assistant, from August 1942 to
Aupust 1943, was Dr, S. T. Cantril, and, since May 1944, has been
Dr. Leon Jacobson, Dr, Jacobson has been in charge of the blood
laboratory since coming on the project, and since July.1943, he has
been in charge of clinical'medicine (medical care of occupational
and noh-occupational illnes:es and injuries) and of c¢linical investi-
gation (special laboratory procedures to detect injury by, or measure
excretion of, chemicals). In this work he has been aided by Dr. Se
Schwartz, in charge of biochemistry, Dr. E. S. Ge. Barron, in charge
of Enzyme studies, and Dr., lMargaret Nickson, in charge of skin
studies, The clinical medicine at the start was done by Drs. Cantril,
Jacobson, M, Nickson, and J., J. Nickson. It was delegated 15 March 1944
to Dr. E. Clay who continued until 21 July 1944, Since that time the
clinical work has been done by Dr, J. G, Allen; Dr. C. Jo. "iatson has
acted as consultant to this Section and also the Biolorical Research
Section.,, Dr, ¥, Nickson has acted as a éonsultdnt/ onlv, since llovember
1944,

When Dr. Jacobson was made Associate Division

Director in May 1944, the InAustrial Hazards Division, previously
included in his Section, was removed, and Dr. J. J. Nickson vas

made Section Chief,’

Approximately 19 persons worked in the clinical

3460 -
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medical secticn, about 30 in clinicel investligelicn, (iU an avergge

of 3€ in the Industrisl Fazards Sectioi. w; rexinetel; 90 perscis
were attached to the lledicel Livisicn at the resk é} empioymcnt
(2500). at this level, thiere was a turuover of zbout ZCC rersons
per month, and the nuwdver of exerdraticns, incluuding )re-eipleynient,
intervel termination, occu}ational end non-occupaticnal t;pes, totailed
ar. roximately 1,000 rer wmcuith. The rather lorge ieuic: i stefl was
riecessitated by the hazqr@ods, leboratory~scale expsriients, and
the considerable turncver of :erscrinel.

- * (f) PFecilities. - Frou the start cf o, eraticns
unﬁil July 1944, Qisp;nsurJ fecilities cf Eillings Tcsiitel were
used ©; the physicisns c¢f tie letallurgical ircject. oince that
dete facilities in Lrexel Hovse have been useu for ¢ wisrpensery.
This instellaticn :roviwes cut-pati At foeilivies, sigdicr to the
averesze ohysiclon's office, suitsile for tresting siicr illnesses
end injuries and fer seling vhysical exccinctices. In auditicn,
a s.&ll leborator; ves rowi.ed for making emer ciac, iuboratery

examdnetions. leutine urine end rlood oxécinilicons viere ulhle i 2

laberetory located in Piliincs Deospital.

- \ . < et
‘ (¢) Tie Cost. = ¢ brec)comn of Ll cesb of
¢ropotin, this cervice s vveileblo. 20U ie irelude in Lhe erpencs

¢l the Heclth: Ireo rew of the rotellur fcal Liberiter; et Chicego.

;-l:. Telorninm ircivetio:, ' o
ne need for velcpivi: {cr locius F) es & nsutreon

)

source Jor use <lsculiere in the District wes [oreseen in early 15:.4,

cna eccordin;ly a rrocessing crogram was instifuted at the lLonsantc
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Cheidcel Commerny s
a. TIrocess, - Units .3 zid ;& of the vonsenio Cherical
Coipany &t Loyton, Chic, vwoere cet up for Lhe exbraééion cnd purifi-
ceticn of poloniwn. Freo Vevemver 1S4 to Jenucry 1945 & s:.all aicunt
f ;clenium was extracted (rer: uiocactive lead cores, bul dering
January 1945 t1is oo eo s rhancro.. Concurrently with the ex-

traction fro: ridceetive lesd ores and coutinuing u,. to the rescat,

s

b

a second wmethed for rrepercticn of oleniw: hies beer in use, unich
prodauces a rucl lerger améuut of ~cloniva then can Le extrected frow
lead ore. The roleniun is artificiell: -roducel in & -ils by the
neutron bomberdment c¢f bisrwth. Trhe poleniw: is then chemdceldly
extracted, fros the wicken_ed bisemth remcinic:, end further “urified
Ly rhysico=chendcel ;rceedures. a déteiled esrlenecicn of the pro-

cess caiv ve lound in the volule ceaceindng the los wleos Yreject.

b. Hagarcs of lolenivii Mroducticn. - In ca.diticn to the

hazerus cf chewdicels in genercl use suvel es acics, alkalis, ete.,
there vere twe specicl crexicel heserus noteu only in the process
iy

using the radiosctiVWe ™o drez, Thes. lLezoirds were cx osure to

 hazards were Jue te o1 ho vaddovien

&

3
o
T
C
53

lecd and tellurive.

,

fron modoniwny bete eoa jaine redietion fro. thc rrjéurscr ¢l rolco=

T 3ty T T Y A v P
RN (-uu«'.la.uﬁl l‘)s Lot vete sl Cluncles IMCLACLLCN L1 L

) = L2 : I . ~ o v N ) . . RPN -
Lies sucel ©s ol Llver - iren (JC’.:‘ Tl Z=2 e i.er0 e »lse & hazera
e Pl demed At T e T e Sy e ) G LT g2 C(?‘\>
fic. tie CCIACLY, (a jCaCizty: 200 &2 \eBT olle w™e 2 ).
e P abgr T o T o
c. .&ulccl Scotrel of Tlumoivs.

(1} Censrel, = The indgustricl hy diene rrogres for

ccrnbrel of cccupeticial hezeris ot Dayton wes uiacr the airecticn of

Cm——
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the Industricl ecicel Livisicn of the lLanhstta: Listifet Jedicel

Secticn,

2N

’ \ - .. ) - 3 3
(2) ledicel _zasirctions.

(2) Fre—employment. — ire-zrloyment | ‘151cul
exarinaticns were . anlobor, wn ¢l Lloce ing engicyees.  These enai-
nations serve. as & Liese line Jor sy sscuenc exeninaticns an. elsc
ineurec the neximum ﬁse ci avzilable menvower in job situations
suitalle to the enmployeg's Yest interests. The exeminction included
a briefl mecical hister., & vhysicel exarination and en/ ~ra; cf the
dw%; Leboretery exasinations of the tlood and irire were performed
ana ktlood serolosy was wcne ;s & checi for éyphilis.

(b) Interval Ixeminctions. - Feriodic paysical

exarinations were per*crveo onn the exicsed enpleyees every six months
while the unexposed persznnel vere exanined once & year. Routine
complete blood counts were dcne on the exrosed group monthly while
the unexposed group were checked ever; three months. Urine analyses
were done cn the expesed group weelly wnd on the unexvesed group
monthly. These exemineticas viere lesizned to detect ezrly sizns of
toxic effects fver werl: with poloniws.

el (¢c) Terminetion Ixeriictions., = “hein an em-

rloyee was teriinetec, he wes given an exanduation mwch like the
pre-employment exeninetica, to deveridne whetlier he heu received ang
deleterious efiects {rom his employment. This proce.iure vas of

benefit to both the termincted erploy.e and vhe en“loJcr.

(3) Lonitoring.

(a) atmeschers. - 211 recirculated air was
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moritered dell; for recicactiviit) end the circulating ducts cuw
preciiitron vere clewned widd decc..ti.dnsted on the Lesis of the
reacings obtainec. The atLﬁs;here ci @1l "hLot" 1abérctofies VEs
also wmonitored deily.

(b) Hadiztion. = Decouse of the Lar; e wiounts
of redicactive rateriel present it vics necesser; to rake wcily
counts of all woriing surf:ices, incluaing the hcoés in ell labora-
tories handling active iatefiel. To facilitate job rrocecures and
prevent excessive radiation ol employees, detailed mouitcering of
routiﬁe oreraticrs vias coire oi: frequent cccasicns. Specizl or oc-
cesionel operaticiis were cercfully monitored te irevent accidents
and to supply cet. Tor future reierence. .1l coricinere of active
nzterial vere monlterel Leicrs shioping. ‘

(c) Tersocnel. = ilcyees exccec. to oclonium
nad urinalyses for tihis elezit veslild, “hile the unexposed enplojees

ror rodicectivit

-
o

w

were‘chected menthl: . wnelyses ¢f Bleod anc lece
were nede vien indic:ted. Houtine lLeta end gamme redistion meniter-
ing ves done on a1l r:rsonnel L the use of wrist films ana pencil
chembers., Twice a day rcutine hend counts were done cii all porsoanel,
end ell*clothing entering the leundry woes aonltored before anu after
leundering., All exrosea nersornncl vere [inreryrivtec (See par. 2-5 ¢
(4)) every three months as an ‘added precaution.

G. Generel Industriel Hygicne. - The core of occuraticnal

&nd non-cccupaticnal illnesses’ enc cceidents offcred at this instel-
letion was lindted tc that which could be hencled by the registered

nurse in attencence at the disp.ousar;. Ill.esses and accidents of

e g

:
:
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more then mincr neture were referrsd to Dr. Iynn Ezler, who was &

rhysicien in the veart-tine emnley of the cuwpany.

C/v

..
.

e. Crrarizeiici. = Frow the time of its inception until
april 1945 the Heelth wnd Sufel. Cecticn wis vnder thw directicn of

i.. L. L. Silverman. In upril 145 Cuptain (Lhen Iicutenent) B. S,

wolf was essiined vy the Sist ict [ecical cection te tike chwrie of

the Feeltl. Fre.rei. 6J. 7. Feust vos eszigned Ly the Listrict

sefet; Section tec teke cver the cefet, Irc ra.. ..ltor Iv. Wolf's

arrivel, ne perscnncl tere rapldly eldes, in order to lech the lHeelth

Prcctens abreest ¢f the sev preblens crected by exmenddng prourcuien,

By 30 June 1945, -the orgenization consisved ci 27 pecple, mest of

w

vhom were assigned tc the "ealth Physics uepsrtment., Cartein 3.
.0lf wes resssigned to iew Yorl: City in &y 1940 end wies not reploced.

- Thz estimated ccst of the Hezlilh Irciran

a

[

f. The Cce

.u)

fro.. Cctober 1942 tc O June 1940 wes 245,000, The juli of tne cost
ves for soleries. The cost of spccicl re.itoriar equivment is not
included i this fivre, oo it vas cltuineld fvei the b otiilur icsl

Frojeet znu tie Clirton Iehercterics end 1o iocluced dn tiedr rre-

grac.

o R
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f”toiprovide essential care for a

-

' SECTICE. 4 = CLIPIC.L FEDICINT /175 DENTISTRY

- .

L4=1. General. - Provision of medicezl and dental cere and re-
lated .services, for both the Clinton cnd Henford Ingineer orks, pre-
sented nurercus difficull ernd unusuel protlems. ILidsting facilities
and personnel wvere grossl; inaceguete to care fer the influx of con-
structicn und operaticns enyloyees. It wes u€CG°5‘”', therefore, to

L)
accept the responsibilit; of vrovidings essenticl medicel scrvices in

o . .
both areas. The contrector ot Honford accepted couplete responsibility

. g, . ,oas . .- e e
for thls service, and the l’edicel Secticn of the llenhatten District

ViESs reoulred onl, tc detcrrine for the District =Sinceer bthet % proner

hospital and medical servicesvere provided. (n the ciher hand, at

Celt Ridge, the lledical Secticun wies reguired to crganize the ccriplete

‘program of wedicul care Znd to cper.ie thé fucilities estublished.

In this instance, beccuse of the vrgency of the ;regram and the secur-
ity nvolvea, Anay lledicel Departbient officers were used, and the

policies were determined by the administretive Division of the lLedicel

el

Sectlon.;.

<

H 4-2 Clinicai Vedicine and Dentistrs &t Cek Ridee.

a.  The liedical Irocranm.

O (1), Community Heeds .

(a) Estimeted Population - 8-10,000. - The origi-

AT

'°;nal plans for establishing medical service dt Cak Iidge vere ueveloped

2 conmunity population of &,000 to'lb,OOO.

A."

;It was not ant1c1pated at first that.any patients would be hospita-
'llzed on ‘the area. Eather, medical care vould be limited to office

l;calls,:home v151ts, and the first-aid and emergerncy nedical care

*

SR e
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ordinarily provided by emsloyers in lar e industriel, operations. It

was planned that persons for whom nospitel cere wis required would

-

.~

be sent to hospitals in the éurrounding arez. an investigetion of hos-
pitel facilities availuble ip the vicinity of Cuk Ridge caused this
plan to be abandoned. It was discovered that the facilities were in-
adeguate to tike on tne additional load this increase in population
would occésion. In Encxville there were orly 615 hosiitael beds, or
3vper thousand of pepulaticn. ‘hnax County end eight’ surrounding
counties had only 755 beus, or approximutely 2. per thousand. The
accoam@ﬁ;tions were'already overcrowdeu by the increase in population
from other war industries, wnd the physicians znd dentists in Knox-
viile and environs were physicelly unable to accept the wdded respon-
sibility of caring for the residents of Ozk Ridge. To fulfill the

needs of the commurdty, o medicul service building (See App. Cl7) and

-2 50~bed nospitul were planned. Construction ¢f the ledical Service

building, similur tc a hos.itual out-puatient cepartment,. was started
in Larch 1943 and coupleted in June 1943, ihis bullding was to
supplement the first aid stution establisheu by the coustruction cone:
tractors and was designed and equipped for pre-ecployment eiaminations,
emergency ‘surgery, crdinsry Ledaical cut-care, emergency deatal care,
and essential putlic heelth functions. The hospital of 50 beds
would provide between 5 and 6.2 beds per thousand pepulation, well
cbcve the netionel av:rage of 3.4 beds per thecusand. The decision’
tc build & hospitcl of thils size wes reached after consideration of
the Lact that.é iarge percentuse of enployees were to be noused in

dormitories, end consequently, would have to be nospitalized for

h
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contagious diseases end any other illness whnich made it impossibie to
leave the dormitofy tor fuod. In aduition, tihe large ccenstruction
program would reguire adequate facliities to care fof Enduétrial acci-
dents. Accordingly, & 50-bed hospital was authorized, construction
was sterted in June 1943, and Completed in November 1943. 1n addition,
= nurses' home to house 29 nurses was constructed near the hospital.

(=3

(b) Bstimsted Populetion - 15,000. - It became

.evident before the Ledical, Ser¥ice Bullding was coupleted that the

original estinates cf the population would be exceeded, and that a mini-
JulbliM of'i0,000 to 15,000 individvals woula be liviog on the reservetion.
It was casidered zdvisable at this tine to attempt to proviue essen-
tial services witheut eany increcse in fucilities, sihce with e popula-
tion of 15,000 the hespitel bed ratic to populstion weuld be 3.3 per
thousand, essentially the saue as the neticnal average (See App. 43).

(c) EstimateuvPqulation - 50,000, - Before the

hospital was completed it became apparent that even the new estinates of
the onsite population were inadequate and that the number of residents
would reach at least 50,000. Beczuse of the unusuel community require-
ments, additional hospital facilitigs were plannea to provide 5 hos-
pital beds per thousand. Twe 100-bed units, and a comrlete out-patient
department were cvthorized. The [irst 100-bed addition was sterted in

Lereh 1944 and coipleted in July 1944. This widt centeined obststri-

-cal, pealatric, and contegion units. The (Cut-petient Department and

second 100-bed addition were started in april 1944 and corileted in
July 19! L/ pevsoebivers (See app. C1E). This expansion of hospital

fecilities required additional cuarters for nurses a.d technicians.

N TR gAY Y vaw
LA A e R

Jacs S BTN

R AN




’IREPR5OUCEO AT THE NATIONAL ARCHIVE>

. (rar. 4-22(2))
o

e ealE 2

Conseqqently, construction of a domitory large endugh to accommodate
140 persons was begun in April and finished in June 1944 (See Bk I

.-
S

Vol 12 App. C6).
(d) Population ~ 72,000. - By March 1945 the
area population exceeded 72,000. The hospital facilities were danger-
ously overloadeq, andamany patlents were being cared for in the corri-
BKT Voli2
dors of the hospital. Consgquently, beginning in March 1945 (SeeAApp. cé)
an annex of 60 beds was built west of the D Wing, increasing the total
capacity to 310 beds, or h.é beds per thousand. During the spring of 1945
the hosﬁital continued to be dangerously overcroﬁded, because of the high
incidence of severe upper-respiratory infections. No furthér additions .
to the hospital were planned, because the.seasqnal decrease in illness
was expected to, and did, relieve the immediate shortage of beds.

(e) Estimated Fopulation 40-45,000 - In August
1945 the peak of the area population was reached. During this month,

the highest number of hospital admissions and hospital "patient days"
was recorded. Following the cessation of hostilities (V-J Day), the
total population began to gradually decline. This reduced the over-
crowded condition of the hospital, andaip January 1946, it was possible
to discontinue use of & wing of, the hospital, thereby reducing the
total capacity to 250 beds. E #¥ing was placed in a stgﬁé-b§ condition’
and served as an emergency reserve fcr use if hospitzl facil;ties were
taxed by an epidemic or unforeseen catastrophe.

oohc
(2) A a) Policy Prior to V=J Day - As indicated

the plans for medicel service were revised with changing conditions

from emergency type cere to a comprehensive complete program. The
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medical service was rendered by‘Arm& officers and two civilian psy-
chiatrists. The schedule of fees was based on the fee schedule of the
Knox County Medicel Society.' The fees went to the Uni;ersiﬁy of Rochester
and, later, to Roane-Anderson Company (and, in turn, to the Government).
‘The hospital was operated with a "closed staff! (only those doctors
regularly assigned to the hospital were permitted tq care for patients

in the hdspital). The industrial physicians who referred cases to the
hospital were extended "courteSy privileges", and acted as consulting
physicians in the case of their patients. A prepaymenﬂ plan (See Par.
A-Za(h)); the Oak Ridge Health Association, was offered to employees

of the Government and the operating contractors. Medical and dental

service was furnished to military personnel in accordance with Army

regulations.

(b) Policy After V-J Day - Following the reduction
in area population, plans 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 of the community.
Where possible, specialists, so designated by liedical Specialty Boards,
were selected to insure 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 fees ‘received

for their professional services in providing emergency medical care

vere credited to the physicians, On 1 March 1946, the hospital terminated

-—
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its contract arrangements with the civilian physicians, coincident with
the appointment of Dr. Lucius A. Salisbury as direcfor of the Oak Ridge
Hospital, the Oak Ridge Dental Clinic, the Oak Ridge ﬁé&ieai’service
Center and the Veterinary Facilities. '

(3) Type of kedical Service Rendered. - Limited first-
aid and emergency medical care (other than that provided by construction

centractors for occupational inju:ies) were first available to area

employees and residents 1 July 1943. Although eemstructien—of the

‘ was niot yet {ully in operation
X¥edical Service BuildingApad—aot—boeafeemp&eﬁed at that time, pre-
employméAt physical examinations were performed, inoculations against
typhoid fevef and smallpox were given, and the emergency room was
operag;d on a 24-hour basis. During this period élso, necessary house
calls were made, and sanitary inspections of the c;feterias and domi-
tories were initiated. Since the Oak Ridge Hospital had not been com-
pleted, c}iticqlly ill patients’were referred to tﬁe care of physicians
who were staff members of the hospitals nearby. After the hospital
waQ completed in November 1943, camplete medical service was offered
to employees and residen£s of the area. The medical staff was organ-
ized by specialties for both in-patient and out-patient service. As
the staff grew in size, new specialties were offered until the hospi-
tal had Departments'of: Surgery; Medicine; Cbstetrics and Gynecology}
Eye, Ear, Nose and Throat; Fediatrics; Psychiatry; Proctology; Neur-
ology; Urology; Orthbpedics; and Dermatology. The head of each sec-

tion was a physician who had postgraduate training in the specialty.

In most instances, the other department mezbers also had special

ﬁraining in the field of medicine to which they were assigned. Ade-

e . —— A e e
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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 Yedical Care. (The Oak Ridge
Health Association) (See App. 4 2). . ’
(a) General. - It was considered desirable to
institute a prepayment plan to cover medical and hospital expehses for
personsranplqyed at Sak Kidge, 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'wsrkmen, would insure better medical care,
ana, conéequently, reduce absenteeilsm; and, finally, would sppreciably
. decrease the bookkeeping and collection problems of the hospital. How~.
ever, the security requirements of the project made it‘impossigle to
utilize the services of eii;ting insurance programs, because ;; was not
permissible to disclose the. number of patients, the jbb classifications
of subscribers, etc. Therefore, it was decided that an are; prepayment
insurance plan should be devised and instituted, controlled by staff
physicians and members of the different operating companies, ﬁnder
the direction of the District Engineer. To that end, the sérvices of_
a consultant, Dr, Nathan Binai, were obtained. Dr. Siﬁai was associ-
ated with the School cf Fublic Health at the University of ﬁichigan
and is one of the country's outsﬁanding authorities on prepayment in-
surance plans. The proposed plan was presented to officers of the Knox
County Medical Society and no objection was raised to its inauguration.
(b) Objectives. - The Oak Ridge Health Associa-
tion started operating in Noveﬁber 19&3, under a ggant of authority from

the District Engineer. Its objectives were the following:

g
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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~-
suppoerting. |

(3) The doctors should have a 50% voting
power on the Board of Directors and on the Executive Committee.

(c) Membership and Fees. - Membership in the
association was offered to éovernment employees and the personnel of
all confractors with the exception of construction companies. The
turnover of workers in the construction companies was consiﬁered to be
too great for the financial safety of the organization. Seventy-five
per cent of the personnel of a company had to sugscribe for membership
before the group was accepted. The charge was $4.00 for a family hemf
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 was $2.00 per month and entitled 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.
(a) Up to 30 days of hosbital care
each year at the Oak Ridge Hospital on authorization of a staff physician,

plus a 50% discount of hospital costs for an additional 90 days. Hospital

care included: 4

. Y
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Bed and Board T Casts and Splints
COperating Room Transfusiohs
" General Nursing Oxygen -
Anesthetic Serums
Laboratory Service ~ Drugs

Ambulance within the Area
(b)- If, in case of emergency, the men-
ber had to enter ‘another hospital, the association would pay to that
hospital up to $5.00 per day for the first 30 days and up to §2.50
per day’ for the next 90 days, and in addition, would pay the attend-
ing .physi'cian 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 tes-ts, 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 Oak Ridge Hospital, including laboratory and x-ray examinations.

(e) Services Not Covered. ~ The following ser-

vices were not covered by this plan: home calls, ‘obstetrical care
during the first ten mcnths of enrollment, dental care, nervous, men-
tal, a.nd‘tuberculosis cases after diagnosis, drug addiction and alco-
holism, plastic operations for beautifying or cosmetic purposes, inten-
tional self-inflicted injuries, special nursing, appliances other than

casts and spints, radiation therapy, physical therapy, workmen's
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campensation cases, office calls except for subscriber.

(£f) Contract of the Association With the

Hospital. ~ The Oak Ridge Health Association made a contract with the
Oak Ridge Hospital (See App. B8) by which the hospital received §5.10
per day for each-in-patient eligible for association benefits. This
sum covered all services to which in-patients were entitled under the
subscriber's contract except x-ray services and other profeesidnal

services. The association paid the hospital for x-ray services on in-

patients at the rate charged privaté 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 reéeived‘the minimum
fee of the Oak Rldge Hospital schedule of fees for each surglcal in-
patient. The hospital received a §2.00 fee for each out-patlent visit
of assoclatzon.aubscrlbers, which included gll services rendered (ex-

clusive of medications).

(g) Administration. - The first director of .

the plan was Mr, Henry Vaughn, Department of Public Health, University.

of Michigan. On 29 August 1944 he was succeeded by Mr. J. H. Stallings.
~(h) Evaluation of the Qak Ridge Hospital Associ-
| (1) Benefits, - This élan was eminently
satisfactory to the subscriber. The rates were moderate and the bene-
fits received were. generous. The medical care was rendered primarily
by Specialisﬁs, was readily available and excellent in quality.
Qg) Financial Status. - The association was

able to discharge the obligations of its contracts with the subscribers
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and the hospital, and accumlate a surp!us of about #80,000 in almost

two years. This was appreciably less than the reserve of 10 per sub-
scriber which had been recommended as necessary as inéérancé against
an epidemic or other unforeseen catastrophe. The rates to the Oak
Ridge Health Association were set somewhat lower than the cost of simi-
lar services for private patiedts. There was a tendency for members
of the association to use the hospital services more frequently than
nonmembers, and to receive more”service per visit, which increased
materially the difference bet%een the amount paid by the association
and thé’éash value of the serviée rendered.
Qg) Modifications in Plen

8. Diagnostic and Professional Services - Cn 1

March 1946, an agreement was made with the Oak Ridge Hospital for the.

Oak Ridge Health Association to pay $#1.25 for eaéh out-patient attended
by a civilian physician; this sum wes paid for all labcratory and x-ray
services provided by the Oak Ridge Hospital. A feé of $2.00 was paid

to the civilian physician for each out-patient visit. For each out-
patient treated.by a military‘physician, the Oak Ridge Health Association
continued to pay the Cak Ridge Hospital $2.00; this fee provided for

the physician's services and all x-ray and laboratory charges.

b. Hospital and OQut-Fatient Benefits - On 1 lay
1946, .the agreement between the Cak Ridge Health Association and the
Oak Ridge Hospital.was terminated, and the following changes occurred:
(1) The Ozk Ridge Health Association paid to the
subscriber §5.00 for each hospital day. For miscellaneous hospital

services, including operating room, anaesthesia, delivery room, lab-

L
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oratory tests, ordinary drugs and medicines, casts, splints, x-ray
photographs and fluorcscopy, except for teeth, and oxygen therapy if
not used during aﬁ operation, the tot:l amount payéﬁle for all such
services was not to exceed %25.00 ior ezch separate hospital admission.
(2) The +3.00 per dey fee paid to civilian
physicians for in-patients was discontinuecd. Hospital patients beceme
responéible to their physician for their own medical fee; this obviated
any teadency for physiciaps'to nold 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 allowable to the subscriber for services rendered io members
of the subscribers femily as bed patients.
(4) Reimbursement for out-patient x-r;y and
laboratory charges as well as all fees for professional services
‘rendered to out-patients were discontinued.

(L) Erobable Future of the Flan - 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 preseht program inadvisable. It is expected that
o 1 August 1946 the present associat;on will be dissolved and there-
after the pre-payuent for medical care program will be handled by the
Provident Life Insurance Company of Chattanooga, Tennessee.

The O2k Ridge Health Association will continue to operate

as a non-profit organization, acting as agent for the Provident Life

ol




'7ﬁﬁF:;‘~———-‘IIIIIIIII!IIIIll!l'%Eg:: .
!‘ RODUCED A1 THE NATIORAL R “*'ﬁ, (Par. 4-2a(4))

L add
Y .

T — e e e
e e e L L SR

Insurance Co. The present reserve fund will be used to cover current
and future claims, and will be disposed of in accordance with the grant

P

of authority from the District Engineer. (See Apé: A 2)

(5) Emergency Disaster froggam. - A medical emer-
gency disaster program was established by the medical staff, for use in
case of a major disaster which required umedical participation. Field
units were established, consisting of two doctors and one nurse, and
were completely equipped ﬁiﬁh first~-aid supplies, emergency medical
equipment, and £ransportation. Definite emergency assignments were
estéﬁlished in the hospitals and first-aid stations, operated by the
medical organizations of the operating contractors, which were to assist
in their respective areas. |

(6) Organigzation. - In Aprii 1943, the University of
Rochester was authorized by the Manhattan District to procure the medi-
cal and dental personnel necessary to render the medical service planned

(\ater LE.Col.)

for Cak Ridge. In May 1943, Dr.,C. E. Rea was chosen to head the staff
and agreed to procure 10 additional phy§icians and 2 dentists as members
of the staff. The late Dr. William B. Holt of Chicago, Illinocis, was
hired as Hospital Director and was authcrized to procure the necessary
‘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 gyﬂecology, eye, ear, nose and throat, roentgenolbgy, laboratory,
and public health were planned. By 1 September 1943, 1l doctors and 7
nurses had reported for work. Subsequent additions to the staff were

made accordiﬁg to the demand for the services of the various special-
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ties. The ratio of physicians to populaﬁion was maintained at approxi-
mately 1 to 1,500 (the average throughout:thé éoﬁg?ry during the war).
The contract for adminisﬁration of the medical and‘dentél facilities
was'transferréd, 23 September 1944, from the University of Rochester to
the Roane-Anderson Company, but the policiés regerding medical care re-
mained under the general supervision of the Manhattgn District Medical
Section, Also, in accordance with arrangements previously made, the en=
tire medical staff, with the exception of Dr. Holt, was commissioned in
the Army Medical Corps during November and December 1943, in order to
safééuard the seburity of the project and to insure the retention of
men with outstanding professional abilities. After December 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, stabilizing at this level during the months of July, August and
September. Medical Corps officers were separated from the Manhattan
District as they became elégible for discharge from Army service and
were replaced by civilian physicians. On 1 March 1946, the by~-laws
of the medical staff of the Oak Ridge Hospiﬁal 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 Treatments Pat. Days

1943 o
July 8 L 0 2 . 1,890 -
August 8 L 0 2 3,653 - -

—
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Period Doctors Nurses Atteédants Orderlies %%Eggﬁggts %gfgiﬁiis
1943
September 8 5 6 4 "2 6,235 -
Oct ober 10 7 10 5 7,283 -
November 1 25 1 5 6,705 55
December 1 28 11 6 4,772 | 1,017
January 12 41 18 6 7,801 1,705
Februaryll AV 45, - 18 5 7,833, 1,928
karch 14 W5 16 6 9,581 2,137
Aprix 16 51 25 7 10,643 2,472
May 20 . 60 30 6 12,768 2,293
June 23 72 37 7 12,934 3,024
July 25 72 3 6 10,403 4,046
August 26 85 46 9 12,186 4,433
September 26 | 91 47 12 11,861 L, 837
Cctober 28 112 42 11 12,915 5,910
November 27 131 41 12 12,985 6,397
Deceuber 36 136 43 12 13,042 7,783
%Zﬁﬁéry | 35 137 36 1 16,719 7,262
February' 3 136 Il 16 15,605 8,195
March 34 145 7 17 18,715 8,843
April 38 VAL 54 16 16,673 8,025
Kay 42 1 51 20 18,507 8,713
June L7 143 50 20 18,337 8,616

F3
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Out-Pat. Hospital

Period Doctors Nurses Attendants Orderlies Treatments rat, Days
1945 k. G, T¥Y | -
July 50 2 52 144 49 20 ¢ 19,599 9,050
hugust 50 2 52 136 Le 22 . 21,570 9,376
September 50 2 52 132 © 4 25 17,343 8,138 -
October 40 2 42 144 54 25 18,275 8,730
Noveaber LO 6 L6 139 L7 25 16,893 8,849
December 42 7 49 16 kb o2 13,335 8,69
196 R
January 36 16 52 133 Ly 22 15,816 6,885
Febfuéry 2816 L4 130 38 23 13,803 6,605
varch 26 19 45 125 36 18 7,061% 7,147
April 1923 42 129 - 33 20 Ly 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
physicians.
%%} - Military

C == Civilian
T ~ Total

b. The Dental Program.

(1) Community Dental Needs. -~ is indicated in Par.
4~2a(1)(a), it was planned originally to provide only emergency dental

care at Oak Ridgé. However, with the rapid increase in population it
became evident that the dentists of surrounding communities,>already
overloaded with patients, could not provide adequate care for the rési-
denis of Oak Ridge. Accordingly, the dental service assumed the respon-

sibility of providing adequate wartime dental care for all residents

. .
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of the area.

(2) Policy. - It was considered preferable to have
dental care provided by civilian dentists, since pfécureﬁent of den-
ti;ts was less critical than that of physicians and since the dentists
would have no contact with classified information. It was decided,
further, that the dentists should be employed on a straight monthly
salary, in order to insure high professional standards and to keep fees
at a moderate level. The fet schedule was derived from that in use in
Knoxville and the surropnding commnities. Fees were collected by the
Univefsity of Rochester, and later Roane-inderson Compény, and, in turn,
reverted to ihe Government; Each dentist originally was permitted to
conduct his practice acccrding to his training, ability, and judgmént.

As the clinic grew in size, specialists were prccured and new patients
were, after diegnosis, assigned to the dentist bqst fitted to'do the
work required.

(3) Facilities. - Accommodations for 2 dentists were
included in the Medical Service Building when it was designed. By
September 1943, thé space devoted to dentistry was increased to allow
4 dental operators to work simultaneougly. In the spring of 1944, the
Dental €linic was again enlarged and a total of 8 dental chairs was in-
;talled. One of these was equipped with an x-ray unit and was used both °
for ordinary operative dentistry and for dental radiog;aphy. By May
1944, it was necessary to start a night schedule of appointments, in order
to provide essential service with the faciliﬁées avaiiéble. To keep .
pace with the growing dental requirements of the rapidly increasing

population, a separateubuilding, tbé Dental Health Center, was designed

A7
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and constructicn was completed July 1944 (See App. C19). The new
clinic was used exclusively for adult patients and the old was remodel-

‘ed to care for children.

(4) Organization. - The first dentist, Dr. Harold |
Nelson, started work 15 July 1943. ! 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, Nashville, Tennessee. It became
necessary for him to returﬁ to Heharry on 1 February 1945 and he was
succéeaed by Dr. William Squires, a retired Colonel of éhe Army Dental
Corps, who continued in the c&pacity until 1 August 1945. Colonel
Squifes was succeeded by Dr. Ewell Neil, who acted as lirector until
1 Eebruary }éhé, at which time the Dental Clinic cezsed to be operated
by Roane-Anderson Company; thereafter, dental care was. provided on a |
private practice basis. On 1 February 1946, there were 9 full time
and 2 part time dentisis.. TWO,additional full time dentists were
a%‘mitted to préctice during the ensuing 3 months. The growth of
the organization in>personnel and the services fendered are iqdicéted

in the statistical section (Par, h—2§(5)).
. (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:

: - X~-ray Techn. Patients
Period Dentists Dental Assts. Anesthetists Treated
1943
July 2 1 1 28
August 2 1 1 ~ 80
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' gﬁe—_ mn. Patients
Period Dentists Dental Assts. Anesthetists ~ Ireated
1943 e
September 2 1 1 200
October 2 1 2 300
Noveamber L 2 2 315
December 3 2 1l 400
1944
January 3 ) 2 2 650
February 3 2 2 930
March. 5 2 2 1,090
April 5 b 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
September 16 3 9 2,303
October 25 17 " 10 3,003
November - 24 2 9 3,298
December 25 25 9 3,200
%Zﬁfany 26 28 11 4,096
February . .27 24 10 4,308
March" 29 23 | 13 4,233
April 25 2. 10 3,898
- May 25 . 22 9 4,207
June 25 25 8 3,533

July 25 27 9 3,609
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B 2ol
Hygienists .
' ' ifray Techn. Patients
Pariod Dentists Dental Assts. Anesthetists Treated
August 26 18 20 3,671
September 2 : 21 A 3,883
October 24 22 15 3,535
November 24 21 - 15 2,992
December 25 23 14 2,005
1946 s '
January 2 18 13 1,916

a ¢. Public Health Program. - Ahformal public health pro-
gram was organized in January 1944, under the direction of Captein
Bernard B;um. Prior to this time, physical examinations had been made
- of food handlers, and periodic inspections of eating places and dormi-
tories had been instituted. Captain Blum was charged with the féspon-
sibility of procuring pefsonnel and organizing a public health program,
" adequate to protect the health of area residents, employees, and visi-
tors. A milk control program was established, and, in coéperation with
Knoxville Health Department, farms and processing planis supplying milk
to Cak Lkidge were periodically inspected. The U. S. Fublic Health Sgr—
vice Lilk Ordinance and Cude were adopted 7 September 1945, and unpas-
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 pastgurized specimens
received by the lilk Control Laboratory. Area water supplies were in-
spected and samples were arialyzed at .regular iitervals. A venereal

disease control program was organized and included a treatment clinic,
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educational activities, and investigation of venereca. disease contact;.
A public health nursing service was est:llishe¢, which included: imminiza-
tion &nd cozmunicable disé;se program; maternity séivicé; infant, gpre-
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 clzsses) of 3,619 perscus. In addition, the pub-
lic has received instructicn in disease prevention by films displayed
in local theaters, by ayticIes in the Cak Ridge Journal, and by means
of a poster contest on respiratory diseases. The program of general
sanitétion involved inspections of sewagé treztment plants, the swim-
ming pool, trailer damps, grocery stores, drug stores, barber shops,

and eating houses. An active rodent and insect control program was
followéd. The handling of food was supervi sed and food handlers were
required to repeive periodic physical'examinations. Outbrezks of gastro-
enteritis were investigeted, as well as compleints relating to general
sanitation. The Putlic Health Department was first located in the
Medical Service Building but in time outgrew its quarters. Conse-
dﬁently, the Stone and iiebster Field Hospital on Scarboro Road was
remodeled and the department was transferred there 15 May 1945 (See App.
C 20). “Captain Blum, on 1€ December 1945, terminated his Army service
and was succeeded by lr. Lleon 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’
ﬂ .
Jameson, was established, primarily to care for Government-owned live-

stock and to assist the Public Health Department in milk and meat in-
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" spections. Compulsory rabies inoculations for all dogs brought into
the reservatlon wes required. A dog pound and amall animal hospital
were constructed and 09erated by Roane-Anderson company. Dr. James
Kile succeeded Capt. ILloyd Jameson in the capacity of area veterinarian
on 1 January 1946. 4 small animel 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 July

1946 is indicated below:

L4

Medicine:
Cost of construction cf hospital i  98L,564
Cost of construction of out-patient 184,111
Additional construction costs _ 126,701
Total construction costs 1,295,37
Operating expenses 3,929,014
Operating reverue 2 0
Operating deficit 974,084
Total expense for medicine $2,269,460
Dentistry ¢
Cost of construction of dental clinic 94,656
Operating expenses 550,726
Operating revenue _
. Operating deficit ‘ 182,727
Total expense for dentistry 277,383
Public Health ,
Cost of construction of quarters 50,545
Cperating expenSes 190,311
) . 4 ¢ o 240,856
Total expense for Public Health ] 240,856
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Veterinary Service
Cost of construction _ 16,111
Operating expenses . 31,130
Operating revenues : 5,591
Operating deficit 25,539
Total expense for veterinary service 41,650

Total net cost of Clinical Medicine, Dentistry,
Public Health and Veterinary Service at Oak ' '
Ridge :&2, 829) 349

~

4=3. Clinical Medicine and Dentistry at Hanford Engineer Works.

. a. . Construction Phase.

(1) The Medical Program
(a) Community Needs. - In March 1943 construc-

tion was begun on the Hanford plant for plﬁtoniuh production, and in
kay 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 Book IV, Vol. 5). The plant and villagé had to be completed
at the earliest possible date. dlorkmen could be attracted to the iso-
lated site only with special inducem;nts. One of these inducements

was ?he provision of facilities for laborers to live with their fami-
lieé in privately-owned trailers. Another was the provision of cam-
plete, high-quality medical care for workmen and their families. On
ordinary construction projects, medical facilities are provided only

for industrial medical care of employees during working hours. At
Hanford, however, the provision of these unusual faciiities, among a
number of otﬁers, increased the mbrale of wofkers and lowered the labor

turnover. There were other reasons for providing comrlete medical fa-
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cilities at Hanford. The most ihportant one was that extreme secrecy“
was mandatory. This necessitated all medical facilities being under
Government control. and, as far as possible, that me;icai_cgre for per-
sons located on the plant site be performed at the plant rather th#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 would be responsible for all
medical care on the areg. The extremely isolated spot at which the
-plant was located limited to almost nothing the mediéal care which
couIdAbe made available @hfcugh normal channels. The medical facili-
ties of Fasco, 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 inadecuate when the population was increased by the femilies

of Hanford workers who lived in these areas and chose to commute to the
job rather thén live in Hanford. At one time, St. Elizabeth's Hospital
in Yakima was so crowded that Government fuﬁdé were being sedght from
Hanford<Engineer ¥orks to build additional wings to supply the need for
hospital beds. The original plans, on which the medical program was
based, called for a labor force of 10,000 men to be housed in barracks
and fed in mess hallis. It very quickly became apparent thaf a labor force
of that size was far toc small. The gddition of family units to the
constructicn camp Lrought additional large numbers of people for wham no

medical plans had been made., Facilities for housing single workers, and
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new trailer sections, had to be increased month by month as the construc-

tion difficul#ies\became more apparent. At the peak, in order to meet
construction schedules, it was necessary to have aAﬁopul£tion at Hanford
of 51,000 people and to process through pre-enployment examinations 2
total of more than 91,000 applicants. The expansion of medical facili-
ties, to care for this constantly and unpredictably growing population,
was the greatest problem faced by the medical administrator during

~

construction days. .

(b) Policy. - The medical program was started by
the ‘c;nst;ruction contractor, E. I. du Pont de Nemours & Company, Inc.,
in March of 1943. Definite requirements were stipulated for the pro-
fessional members of the staff. Doctors were required to have creden-
tials necessary to enable them to secure temporary license to rractice
in the state of Washington. Permanent license to practice in the
state of Washington was contingent upon the passing of basic science
exﬁminations and, in some cases, reciprocity examinations. The Wabh-
ington State License Bureau offered cooperatioh in making proper ex-
ceptions to the Medical YFractice Act during the emergency. Nurses
were required to be registered graduates of a school for nurses and to
be licefised in the state of Washington. The operation of the Hanford
Hospital followed closely that of a municipal hospital in & 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 medication were based on the lowest pre-ﬂ
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vailing'rates in the surrounding territory. 1In order to gain the co-
operation of patients and in the interest of the géaeral:project wel-
fare, no charge was made for services in the Health Center (Public -
Health Service), Contagious Disease Unit, or Psychiatric Unit of the
Infirmary. To facilitate the payment of medical fees by the dOntrac-‘
tor's émployees, a wage deduction plan was adopted whereby any employee
couid have proportionate amfunts deducted from his wage check each pay
- period until the fee was discharged,

. ' | (¢) Ivpe of Medical Service Rendered. - In
April 1943, a first-aid.station was esiablished 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;ailable to
employees and their families in Juiy 1943, At this time the capacity
of the hospital was 38 adult beds, 4 pediatric beds, and & cribs. By
June 1944, the capacity of the hospital had been increased to 116 beds.
In September 1943, an out-patient clinic was opened in conjunction with
the hospital for treatment of patients not requiring hospitalization.
Patients visited the clinic voluntarily and selected their favorite
doctors within the limits of their availability. In November 1943, a
temporary sick bay was estaﬁlished in three barracks, as hospital fagcili-

ties were inadequate to care for the large numbers of cases which re-

quired confinement. Because of an increase in the number of contagious
aﬁd 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 coptinued
.
[~ e
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to increase, it became spparent that the temporary barracks facilitiéé
for sick bay and isolation were inezdecuate, and the construction of an
infirmary and public health building was begun. This building, provid-
ing space for 224 beds and quarters for the Public Health Service,
was occupied in June 1G44., As these isolation, sick bay and p;ychiatric
units were eStablished, 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-employment ad
termination physical examinations were made by the medical staff.
Adedﬂate laboratory and x-ray facilities were provided for both in-
patient and out-patient services (See 4pp C 21).

(d) Industrial Medical Relations. - An indus-

trial medical relations section was established as part of the Medical |
Division. This section performed the necessary functions in handling
accident and health Zusurance, disability wagg peyments, and wage com-
pensation. Medical reperts, concerning the.eligibility of applicants
for the above benefits, were submitted ;rom this section. One seniof
clerk, one assistant, three stenographeré and one messenger wére as-
signed to duty in this section.

(e) Use of Handicapped jorkmen. - As a means of
utilizing all available manpower, & plan was adopted whereby persons
with major physical defects could be hired, with the understanding that

job placement would be cade in accordance with the nature of the de-
fect. These defects were those which were existent at the time of ap-

plication for employment. If, however, an employee sustained an occu-

pational injury by which/ he was incapacitated to scme degree but retained
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a high percentage of his working ability, the Me&ical 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 fﬁi 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 conserving manpower, and.acted

as an incentive to the enployee to recover his total ability to return

~

to his regular job., -,
(f) Organization. - The Medical Division was
orgéﬁized on 21 Larch 1943, under the direction and control of the prime
contractor, E. I. du Pont d Nemours & Company, Inc. Under the super-
vision of Dr. J. M. Wetherhold, an office w;s established in the Gray"
Building in Pasco, washingtcn. The staff comprised two doctors and
a nurse. No x-ra, or laboratory work could be performed at this office
and, consequently, these procedures werc carried out in the lLady of
Lourdes Hospital in Fasco., +ith the shift of the nedical facilities
to the canstruction site at Hanford, the medical staff expanded tc keep
pace\with the increasing demand, w:til, in June 1944, the staff had de-
veloped into a force of 372 peorle (29 supervisors and assistant super-
viscrs, 31 physiciens, 165 nurses, 10 techhicians, L dieticians and 133
aides and orderlies). The peak demand on medical service during the
construction yhase occurred during the summer of 1944, near ihe end of
fhe construction work. Following this period, the mzjor medical facili-
ties were shifted to Richland. Cn 10 February 1945 the Out-patient
Clinic was closed, and, on 15 February 1945, the last patients in the

hospital were transferred to Richland.

ra
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as follows:

Period

1943
March

April
May -
June
July

' August

September

October |

November

December

1944

January
Feﬁruary
March
April
ey
June
July’

August

September

October

November

Doctors

© N v W

B R PBE R,

(g) Stetistics. = From March 1943 until the

Nurses

.95
105
1il
117
130
150
160
157
159
U3
122

Pre-
Employment
108
1,070
1,661
1,961
3,124
3,303
2,720
3,59
5,585
6,732

5,591
5,247
7,280
6,716
9,489
8,162
6,189

4,536

ONAL.ARCHIVE%-ﬁ
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First

560
2,983
Iy 329
6,933
7,147
6,812
7,916

12,465
15,145

19,869

18,775
22,688
22,017
27,759
31,224

30,753

30,621
25,685
21,707
14,320

- (Par. 4-3a(1))
" -

ating statistics were

Treatments Pat. Days
1,388 630
1,82, 940
1,838 1,606
2,326 3,732
2,802 7,113

- 2,861 6,078
3,23 5,591
2,911 7,309
3,450 7,178
3,427 5,875
3,339 6,057
3,760 5,128
3,200 5,017
3,756 5,687 -
2,602 4,736
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‘ e- First QOut-Pat. Hospital
Period Doctors Nurses Employment  Aid Treatments Pat, Days
1944 :
December 22 101 8L8 9,896 -1,909 4,184
1 _
Jamuary 19 4 420 8,811 1,646 3,714
February 11 2 - 2,593 . 183 973

(2) The Dental Program. - 4 dental clinic was estab-

lished in connection with the hospital. Two dentists were available
throughout the constructipn“phase. This limited number.was considered
sufficient, as only emergency work was performed. The clinic operated
in & manner similar to the Nedical Clinic.

(3) Public Health Service. - As the physical well-
being of each individual on the reservation was of vital importance to
the éuccesgful completion of the construction project, public health
and sanitary inspection units were established. On 31 March 1944, a
public health physician was employed and was then appointed, by the
State of Washington Department of Health, as Deputy State Health Offi-
cer for the Hanford Engineer Works. This arrangement gave legal sanc-
tion to the Hanford Fublic Health Program and tied the program into that
of the state, 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 inspeétions
'were’made pe;iodically.. Trailer camps were insﬁected weekly, and period-
ic inspections were made of barracks,-dormitories, schools, and stores
in both Hanford and Richland. In order that the load on-the.medical
staff could be decreased, by relieving them of unnecessary house calls

d clinic v1slts, the Public Health Service lnstltuted a home nursing

.—
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service. This unit handled requesits for medical service at barracks

or trailers. Upon receipt of such requests a nurse was dispatched to

the patierit. It was the duty of this nurse to deﬁérminé whether the
patient required hospitalization, the services of a physician , or
first-aid treatment by the nurse.
| (L) The Cost. - The expense entailed in consiructing
and operating medical facilities at Hanford during the construction
phase is indicated below. -
| | (a) Cost of Hospital Buildings
. : . 1. Hospital . % 434,000

2. Convalescent &
Isolation ward

& Public Health 512,700 & 946,700
(b) Cost of Hospital Equipment. 237,000

(e¢) Cperating Cost - Medical Facilities

1. Labor - $1,734,000
2. Material 310,000 2,044,000
Total ¥3,227,700

Operating Deficit

Cperating Cost $2,044,000
less revenue 258,000
less expendable

supplies trans-
ferred out 62,000 1,724,000

b. Operations Fhase.

(1) .The Medical Prbgram.
. (a). Community 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 on the Hanford
Engineef Works either directiy or indirectly, for Sﬁth éccupational
and non-occupational illnesses and injuries. The isolation of the pro-
ject, from centers of population with 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 falilities provided at Hanford for construc-
tion personnel should not be u#ed after the start of operations, as
the'piént hazards, as determined by the pilot plant, indicated that
thi; construction village should be completeiy evacuated. To provide
the required medical facilities for an egtimated population 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 popﬁlation, althbugh higher
than the national éverage, 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
safely to a population as small as 15,000, Shortly after the hospital
vas plared in operation, it becaue evident that éven'though the capacity
was adequate for general needs, the estimate was l;:\v for obstetrical
cases and also for out-patient facilities. To provide additional.fa-
cilities, a wing was added to the Obstetrical Section and a separate
buiiding was constructed to house the Dental Section and the Cut-
patient Department. Iwo 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, nose and throat, should be maintained as such and that special-
ists in these fields should be procured to head each specialty. In
this way better service could be offered than if a type of general
practice was instituted. Definite requirements were stipulated for
the‘pfofessional'members of the staff. All employees of the kedical
Department, including physicians, were reumnerated for their serviceS
entirely by salary. The policy of free choice of physician by the patienf
was maintained in so far as the physician's time permitted. Fees and charg-
es were, in general, based upon Washington State compensation fees. How=
ever, the usual charges in the neighboring villages and communities also
were 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 ﬁrocuring
personmel and in reducing labor turnover. 4 medical prepayment plan
was given Eonsideration 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.

(¢) Type of Medical Service Rendered. - For a2

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-

IIREPROOUCED AT THE™ NATIONAL ARCHlVES
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struction Section. Non-industrial patients were charged a regular fee
for service, with the physicians being given the pf;vilege of retain-
ing the fees collected. Cn 20 May 1944, however, because of the un-
satisfactory condition of medical care due largely to the attention

of the physicians to the pay patient;,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 residénts at this time rather than wait until the
previbusly 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 tine, prectically all medical care was on an emer-
gency basis. To avoid counfusion, 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 developed by which the patient came to the clinic
only with a prior appointment, except in case of emergency. In Noveﬁber
1944 the out-patient facilities became over-crowded and a separate
building was constructed. This building housed the Medical and Déntal
Out-patient Departments and was read; for use in January 1945. After
full operation of the village hospital was realized, specialty services
such as surgery, pediatrics, obstetrics, internal medicine, eye, eary
nose and throat were a regular part of the medical service offered to

patients both in the hospital and in the out-patient clinics.

SR gt
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Adequate laboratory and x-ray facilities were available for both in—pétient
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 ledical Superirntendent, Dr. W. D. Norwood,
who in turn was responsible to the Assisiant Plant Manager. The
staff, on the opening of the village medical service in late May 19i4,
consisted of 2 doctors ana 12 nurses. As the construction phase de-
clinbd, physicians were shifted from Hanford to Richland. Formal
‘offers to applicants and processing of personnel for the staff were
performed as & routine procedure of the company Employment Department.
Selection of prospective members of the Professional staff was made by
medical personnel of the Hanford Lngineer ‘icrks, with approval by the
Medical Superintendent. In scme instances, the Wilmington Office of
E. I. du Pont de Nemours & Congpany, Inc., directed the employment or
transfer of individuals for the medical stzf{f. B; July 1945, the medi-
cal service had developed into a stalf of 366 employees, consisting of
14 physicians, 7€ nurses, and 274 other employces such as orasrlies,
aides, janitcrs, etc.

(e) Statistics. - From June 1944 until June
1946, the medical operating statistics were as follows: -

Orderlies, OQut-Fat. |Hospital Total .
Period Doctors Nurses Aides, etc. Treatment Fat., Days Population

1944 -
June 2 14 31 1,000 79 oy ly62
July 7 24 K 1,516 119 . 5,692

435 |
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Cut~Pat. Hospital Total

Orderlies,

Period Doctors Nurses Aides, etc. Treatment Pat. Days Population

1944 . ' 2

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

Noveéber 11 68 226 3,057 1,655 ° 11,270

December 12 61 226 3,282 1,731 11,760 )

1945 oo

January 12 75 272 3,470 2,185 _—

Februery 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 3,30 1,948 15,266

June 1 76 274 3,004 1,761 14,403 |
*July 12 51 31 3,746 1,996 14,167 |
* August 12 L7 29 3,772 2,169 13,616 |
% September 11 51 33 3,596 2,119 13,218

October 11 17 36 2,815 1,871 13,098

November 11 49 37 3,439 1,863 13,113

December 11 51 40 3,278 1,546 13,126

%gg%éry 1 53 37 3,852 2,038 13,178

February 11 53 36 3,862 2,301 13,234

March 1 54 36 3,675 1,641 13,194

April 1 57 33 4,095 1,918 13,113

# As of end of wonth
Balance as of midnight 25th of month
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Orderlies Out-Pat . Hospital Total
Period Doctors KNurses Aides etc. Treatment Patient Days Population
. . )
June 11 53 34 3,660 1,859 12,761

(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 emergency dental .. }
care were instituted. Duriqg June and July, emergency treatment was
provided for approximatély 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. A daily record of work
completed and income earned was maintained by each dentist for ‘
administrative purpcses. However, no percentage or bonus was given
for incame earned in excess of his normal yearly salary. Operations
sof general practice were not standardized, each dentist being allowed
to conduct his practice according to his ability, training, and judg-

ment. The following table indicates the dental work load from June

1944 to June 1946,

Period Dentists Number of Demtal Patients
1944

June 1 (Approx. 250 cases

July » 1 seen in this period)
August 2 384

September 2 525

October 3 8L4




]

e

Period

1944

November
December
1945
January
February
March
April
Msy
June’
July
August
September
October

November

December

1946

Jamiary
February
March
April
Kay

June

* As of end of month
Balance as of midnight 25th of month

Dentists

3

h )

O N N9 9w Ut W W

f

-~3 093 m (023 -3 o~

o

Number of Dental FPatients

‘19038-
1,072

1,222
1,221
1,749
1,772
2,032
2,033
2,007
1,886
1,674
1,855
1,382
1,222

1,218
1,646
1,766
1,864
1,669
1,610

“m—t
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(3) Putlic Health Program. - The Public Health Sec- “
tion of the Ccenstruction kedical Department had gradually shifted
personnel to Richland on loan basis, as the need for such service
shifted from Hanford to Richland. On 15 January 1945, this unit was
- completely transferred to the Cperations liedical Department. The
personnel transferred included a supervisor of public health, a nurs-
ing supefvisor, seven public health nurses, one health educator, three
sanitarians, and two clericgl'éssistants. The functions of this unit
were comparable to Lhose of the Public Health Department of a city of
similar size. Tubérculosis, venereal disease, and maternity clinics
were maintained for the protection of the project personnel. Feriodic
sanitary inspections were cade of all cafeterias, canteens, cafes,
dormitories, barracks, and food stores. 4 public health nursing service,
including infant and pre-school, school, adult, and industrial hygiene,
and morbidity and crippled childrens' services, was established. Milk,
water, and food inspections were made periodically. The Sznitary Sec-
tion ﬁaintained supervision of sewage disposal, malaria and pest con-
trol and water analysis. No charges were made for services rendered
by the Fublic Health Lepartment, as these services were primarily for
the benefit and protecticn of the project as a whole.

(4) Emergency Disaster Frogram. - A medical prepared-
ness progran was established, in conjunction with the industrial medical

groups, for operation in cases of a major disaster which required medi-

cal participation. The overall direction of this program was assumed
by Mr. Newton Stapleton. However, definite emergency assignments were

given all medical personnel and emergency field units were organized.

— -
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Special provisicns were made to evacubte the plant areas and Richland
Village if an emergency arose requiring these drastic procedures.

(5) The Cost. ~ Following is an e#éimaté of the cost
of providing medical and related facilities and care for Richland

Village thru June 1946.

(a) Permanent Ledical Facilities
1. Hospital building  $615,000

2. Professional
‘Building 110,000

_ Total i 725,000
(b) Operating Cost thru June 1946 3,394,758
Total Medical Cost 4,119,758

(¢) Revenue 813,599
Total Net Medical Cost 3,306,159

(d) Breakdown of Operating Medical Costs and

Revenme.
Non Industrial
Gross Ipense Revenue Net Expense

Dental Dept. $ 137,478.90 $130,474.94 - % 7,003.96
Pharmacy bly,648.22 62,529.85 2,118.37
Utilities

(water, fire, elect, etc) 84,,186.43 C 8L,,186.43
Public Health 1,857,362.93 1,857,362.93
Industrial
Mb&ical and Hospital Expense 1,251,081,47 620,59h.31": 630,487.16

TOTAL $3,394,757.95 $813,599.10  $2,581,158.85
| 4,40

—_—
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SECTION 5 - BICLCGIC AND HZALTH PHYSICS RESEARCH

5-1 General. The origin and growth of the research section
came as a.natural deveIOphent of the rapid progress of physical research.
Before the responsibilities of the project were assumed by the Office of
Scientific Research and Development, research carried out in isolated
physical experiments concerning isolation and utilization of uranium 235
was on a very small scale and, in reality, constituted no medical hazard.
However, as the physicel phéées developed, it became apparent that hazards
due tq radiation, from: the parent substance, uranium, and its natural and
artificial disinfegration products, including radium and the fission pro-
ducts, could be extremely injurious to the human body. Experience had
previously accumulated to show that long-lasting detriuental effects, and
occasional fatalities, could occur, following indiscreet use of radium or
x-rays, through either ignorance or neglect. This concebt was apparent to
the directors of the individual projects and, with the grouping of the
small units under OSRD, caused them sufficient concern to allocate a
porﬁion 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 between the medical and physical research sections,
even at{this early date, resulted in the accumulation of much valuable data.
With the continuing success of. physical and chemical research, the genefal
scope of the project expanded rapidly. The responsibility for overall super-
vision of the project was assumed by the Lianhattan 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.

_—
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5-2 Purpose of Research Program, - The hazard problems, which

accompanied the growth and development of the Lanhattan District into a

gigantic industrial enterprise, 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& other radioactive com=
pounds used, from radiation or chemical toxicity or both, and to
establish firmly the maximum doses of the various radiations which could
be received safely by projeéf employees. In addition, the toxicity of
~certain special materials, which had had no previous industrial use, had
to ge determined; This knowledge was sought 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. General. - The need for medical research on the hazards
of ihe Manhattan District program was first realized by the University of
Chicago group, whose research was on the pile process, for the trans-
formation and 1solatlon of the transuranic element, plutonium (239).
(See Par. 3-12). The plle reaction produces a tremendous discharge of
particles or energies of all types of radiation (alpha, beta particles
and gamme rays, and fast and slow neutron radiation), All of these rad~
iations cause reaction on entering living tissue. Consequently; it was
important to study biological effects of all types of radiation to de-

termine the allowable exposures to radiation arising both from an external

source and from material taken into the body.

S

5.2 —
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b. X-ray and Gamma Radietion.

(1) Knowledsze Available. - There were considerable data on
the blo*oglcal effects of X-ray and gazma rays ex1st1ng prior to the Man-
hattan District operztion. However, most of this information concerned
lethal or sublethal doses and, although "tolerance' levels had been set,

the intformation on which these levels were based was quite sketchy.

(2) Fesearch Required. - It was determined, thereiore, that

a program should be insti#uféd to establisn firmly the "tolerance”'or
"maximal allowable dose" for chronic exposures. Ih addition, it was consid-
ered édvisable to establish beycnd question the cowparative effectiveness

of garna rays .and x-rays (known to be @itz sisilar) and of x-rays of
different voltages.

(3) Research Program Instituted. - The research instituted

to investigate these points consisted primarily of daily exposure of groups
of animals of various species to gamus rays and to x-rcys of different volt-
ages, each group of animals receiving a different level cl exposure. In

addition, exposures to single larger doses of these raciations 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 guide to the state of health. Special tests were also performed,
including blood counts, urinalyses, chemical 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
experiments were initiated to study the occurrence of nmutations in fruit

- flys, and the effects of radiation on the breeding of mice. Other experi-

2 Ne———
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ments were carried out to determine the bioclogical 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 radiestion damage and to devise effective methods

of treatment.
(4) Institutions. - The Metallurgical Laboratory of the

University of Chicago perforﬂed some of the acute radiation exposure

and delegated to the Natipnél Cancer Institute at Bethesda, ld., a
“comparative study of exposures of animals to x-rays and gamma rays

from fadium, at different dosage levels, given daily over anAhour
period and continuing for specified periods of time. Another program,
designed to study the effects of exposure to x-rays frox voltage’
sources of 250,000 and 1,000,000 volts, at various dosage levels,

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 ilies and
the mouse breeding experiments also were.done there. The fish study was
delegated to the University of Washington, Seattle, Washington, K Tests
for damage a?d treatment methods have been investigated at both the
University of Rochester and the Univegrsity of Chicago.

, July
* (5) Results. - During the year, l%L5 to June 1946 enough

1o condiem
data Las been accumulated wiek agaln eonfivrmed the advisability
of ‘the tolerance level selected. The various institutions are in

the process of preparing monograms dealing with their experimenﬁal

work.

c. Neutron Radiation. -

(1) Knowledge Available. - Before the Manhattan District
. 5 nl'- . o ) ..
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project was initiated, sketchy information had been accumulated on théA

biological effect of fast neutrons, largely from the treatment of a few

g
.

cancer patients with this‘type of radiation.

(2) Research Required. - However, very little data was avail-

able concerning the effect of neutrons on the health of individuals or
concerning the comparative effectiveness of neutrons and x-ray or gamma

radiation.

(3) Research Program Instituted. - Programs which 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 camparison could be made with the x~-ray and gamma rad-
iation research. Careful studies of the animals were carried on as in the
x-ray and gamma ray experiments.

(4) Institutions. - The Cancer Research laboratory of Columbia
University did a series of experiments in which groups of mice were

exposed to & daily dose of fast neutrons, each group receiving a different

dosége level. A sipilar 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 same

etfect as x-ray and gamua radiation (See App. B6). Further, it has been

demonstrated that when neutrons are measured by instruments usec for measur-

ing x-rays and gamma rays, a iivenvqgit of neutron radiation is about 7-8

5¢5
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tlmesa Sefiect:we blologlcdl; the same unit of gamma or x-rays (See App.
B4 & B6). In calculating tolerance doses, an additional factor of
safety is added and neutrons are considered ten tiﬁ;s a§ effective

as gamma or x-ray radiation. During the year 1945-46 data l.as been
accumlated by the various research institutions which confirmj the
above statements.

d. Beta Radiation.

(1) Knowledge.Available. - 4 limited amount of data wes

available prior to kanhattan District operations on the bioclogicil effects
of 5e£a radiation. Most of this information was based on the treatment
of various skin conditions. However, this knowledge was incomplete 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 éddition, the possibility of the occurrence of systemic effects was

to be explored.

(3) Research Frograms Instituted. - To provide answers to

these duestions, 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 beta particles was dene at the Clinton Laboratories and
the University of Chicago. A small ;orroborative program on this

5.6 '“"
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subject was performed at the University of Rochester.

(Par, 5-3)

(5) BResults. - This research is continuing, but has de-
monstrated already that the maximum allowable tolef;nce 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. By & B6). The experimental

results during the 1945-1946" period were again strongly confirmative
of the above statements.

‘é. Alpha Radiation. = ithen alpha radiation arises from a source
outside the body, it has such limited penetrating power that it is unable
to produce either systexmic or sidn effects. Consequently, no investigation
of this type was undertakei.

f. Mixed Radiation. = In the operation of the pile process, there
exists the possibility of individuals being exposed to more than one type
of radiation. Emperimenﬁs 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 & year, in the more hazardous locations of the plant, areas in which

workmen did not spend more than a few minutes per dsy (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
l .

Manhattan District operation§. Certain instruments were required for use
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in the separation processes; others were needed for health protection:

The latter (as indicated in Section 2) were based on well known principles
of radiation physics, and the chief contributions 6} the Instrument Research
group were in developing appropriate ranges of sensitivity, designing port-
able models, and making other mecdifications which adepted the instrumeﬁts

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 apparatus to the conditions .
necessary for either analytical work or monitoring. This Section also

produced a large number of instruments for other areas, and designed and
constructed instruments for determining the content of radicactive sub-

stances in air (See App. E4).
(b) Clinton laboratories. - The Clinton Laboratories

organized a separate instrument section for the construction of instruments
especially designed to meet the needs of the Clinton installation.

‘ (c) Universit: of Rochester. - The Rochester University

group also assigned a group of men who devoted their time to instrument

research and development. Standard alpha meters and all purpose meters for

measuring alpha and beta ﬁarticles and gamma rays were designed and con-

structed for other areas vdth hazard problems from radiation (See App. BS).
Sd) Cther Instrument Sections. = Both Columbia Univer-

sity and Hanford'Engineer Werks had Instrument Development Groups at

5.8
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vwork on the design of instruments especially adapted to the specific
problems of their respective operations.

-

5~4. Radioactive Substances - Hazard Research.

a. General. - During the year 1945 - 1946 metabolism
experiments on polonium, plutonium and radium?using dosages expressed
as micro curies per Kg., the short term lethal dose studies indicate
that polonium is three times as toxic as plutonium and that plutonium
is at least thiity tines as“toxic as radium. On the basis of relative
energies of the alpha paréicles of these three substﬁnces, it is apparent
that‘for radium dnd 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 compens:zted 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 tires at 20
days and as high as ten times at tne 30 day period. Biological explana-
tion for these differences may be explaigzgzag the distribution of these
elements, the radium burying‘itself deep in the bone, the plutonium in
the endosteal layers near the marrow and the polonium in the hematopcietic
and lymphatic tissues themselves. The 6-8 months studies of the compara-
tive lethal dose tend to corroborate the above findings. Pathological
findings indicate that radfum shows an affinity for the heumatopoietic
system, vascular system, liver, kidney, bowel, bone, and testes with
damage proportional to dose aud tiie. Folonium shows .an affinity for
the hematopoietic s:stew, bowel, and testes only vith damage again probably
proportional. Plutonium shows its aifinity for the hematopoietic systen,

m—
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liver, kidney, bowel, bone and testes. The changes dbserved with radium,
although more wicely distributed, are nothgg severe as lhcse notea with
polonium. 4n usual findihg vitlh radium is the devélopmeht of far
advanced arteriosclerosis of the aorta and larger arteries including
the coronaries. Jtudies are being ccnducted 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 thesg substances. These studies are not ready to
report at the present time. The infornaticn gained from such studies
will 5e usec¢ 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 urinery quotient will indicate the amount
of harmful material preseat in the body at that unit time.
b. Radium., - Although processing of this material was noct

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).

’ © ¢. Polonium. - Polonium (Radium F) was being produced in
relatively large amounts (See Far 3-13) for the kanhattan District. A
careful survey of the medical literature revealed that the information on

its toxicity was very sketchy and of doubtiul accuracy. Accordingly, a

program was established at the University of Rochester to provide the in-
formation required. These experiments followed the plan indicated in Par.

5-4, a., and from them it was possible to arrive at a "tolerance value"

s 0 oilaeiiinmmny
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for both deposition and urinary excretion (See Par. 2-4, d and e). Tgese
findings, plus a fairly siuple cuantitative method ?f measuring urinary
polonium, resulted in an éffective, relatively simpie ms;ns of monitoring -
personnel. The injury produced by large doses of this material is primarily
to the kidneys and the blood-forming organs. Investigations are continuing
and have served to corroborate the preliminary estimates of "tolerance" for
urinary excretion. "Tolerance! figures have also been calculated for
ﬂpolonium in air, but are.of ‘tonsiderably less value, because tHe amount of
absorptlon 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 oiganism. 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 comparisen. The Crocker
Radiation Laboratory of the University of California was enlisted to

carry out part of the experimental work on plutonium. Plutonium (239)

was made in the cyclotron at the University of California in trace

amounts and used in metabolic experiments (See App. B4). The relative
effects of plutonium alone or in comiination with other substances were
compared. The results of these experiments with tracer amounts of plutonium
were used as pilot experiments, for establishing the type of experimental
work to be done by the Biological Section of the Chicago group, when larger

arounts of plutonium became available. The work at the Crocker Radiation

Laboratory also included work carried out on soils of various geologic
types which were artifically contaminated with plutonium (239) (See App.

'B4). Tests were made to determine the effect of the contamination on grow=
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ing plahts‘and to estimate the efficacy of various methods of deconta;ina-
tion in gemoving such materials from the soil. Anther phase included work
on methods of removal of absorbed plutonium from th; 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. Bi).

Results to date would indiczte thét plutonium after absorption way be one

tenth or one fiftieth as dangerous as radium. "Tolerance" figures for body

deposition, air content, gte. have been developed by taking the most con-

servative assumptions, with the resnlt that in this work great effort was

expénded 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 Chicagc group of

of California. In the pile process, a numter of rediocactive 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

portiors of unequal sige. Since they are radiocactive, there is the double ,
péoblem of acute toxicity and the chronic effect of the radiation pro- -
duced by mmterial deposited in the body. These problems also required ;
investigation, and experiments were planned to carry thex out. 4t 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

5.12 |
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included: determinaticn of poiscnous or toxic levels on various sPecies of
animals; study of acute and chronic poisoning after exposure to fission
products by feeding, breathlng, and introduction 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
rates of eliminastion of substances from the body. Lethods for removal

of these substances from the body were investigated §See App. B 4).

The Crocker Radiation Iaborétory of the University of California also
carried out work on fission products (See App. B L). The metébolism

of éhe fission pfoducts in animals wuas 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 increasing
the elimination of these substances fram the animal body. The University
of Washingtcn also carried out some work to determine the effect of stream
poliution by water from the pile, on fish native to the Columbia River.
Fish were raised in tanks fed by various concentrations of the

effluent from the piles (which contained minute amounts of fission
producfé) and observations were made. Insufficient time has elapsed to
form any conclusions from this study. During the period of 1945-1946 the
{ish program has continued and the results are being coapiled for a
comprehensive report. The plan of work is we: l.) Follow-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
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progress on fishes damaged by the variety of x-ray dosages.

f. Uranium. - During the period of July 1945 to June 1946
a variety of animal species were exposed to the duéés df‘five uranium
cozpounds, UF6, U0z, UCly,, UFi, and U0O2(NO3)2. These compounds were
selected because the greatest number of employecs were exposed to these
ofbstances. U02(NO3)2 was included in the above list because of the
necessity of a base line .of comvarison with data available in the
sq!%ntific literature. ,(lio&t of the animal experimental work done prior
to the Manhattan Froject was dene with U02(N03)2.) Two concentrations ’
of dﬁéts were used in the experimental chambers. One dust level was
selected because it was thought that it would produce no toxic effects,
and the other level (approximately ten t;mes?érgggzg) 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 & maximum factor of safety to the people 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
chambers, and in the monitoring of the concentrations of such compounds
in industrial areas where humans are exposed. Technigues 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. Substances of FPotential Chemical Toxicity. - The special
materials which were developed for use in the processing of uranium com-
pounds constituted potenﬁial medical hazards, sincéi like uranium, very
little was known concerning their toxicity for the human body. The most
important of these substances were elemental fluorine and various. com-
pourds manufactured by reacting fluorine with hydrocarbons (fluorocarbons
- = CoFp, CgF16, C21F44). The toxicity of these substances was tested by
an experimental program.s;milar to that used by the Toxicology Division
of the U. S. Public Health Laboratories. Protective devices were tested
and'fecommended 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. Dadustrial Research.
a. General. - The industrial application of results of the
research program is described elsewhere in this voluue (Section 3 In-
dustrial Xedicine). In econducting the Industrial Kedical activitiés it

was necessary to do certain non-medical research primarily concerned with

hazard control.

) (1) University of Chicago. = The Chicago group studied
methods of monitoring and developed methods of using x-rey film and
ionization chambers to determine the amount of radiztion existing arcvund
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

%’-
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to safeguard the workers in all cases.

(2) Clinton Laboratories. = The Clxnton group had an in-

dustrial research sectlcn s1m11ar to the one at Chlcago.. This group as-
sumed responsibility for the medical supervision and protection of all

workers at Clinton Laboratories, both by monitoring the plant and making '

physicel and laboratory studies of the workers zt frequent regular intervals.

(3) The University of Rochester. - The University of

Rochester also had an industrial research section.  Film and instrument

monitpring 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,under the supervision
of the District tedical Section, was done to detect dangerous amounts of
radioactive substances. Consultant service was provided, for the determin-

ation of the extent of the radioactive hazard in the individual industry.

5=-7. Reports on Research Activities. - The various research sec-

tions lept in close contact with the Cffice of the iedical Section through
the.medium of progress reports. 'The Chicago, Clinton laboratories, Uni- |
versity of California, and llational Cancer Institute reports ars filed
vith the District and are designated as the CH and CK reports. The Uni-
versitfvof Rochester end Eiological Foundation reports are also filed in
the Office of the lkedical Section ancd are designeted as K reports. The
reborts from the University of Washington are filed in ﬁhe same office

and dre designated as Fish Frogram Reports and Charts.

S5=Ee Orgahizatioz.

\ a. Manhattan District Personnel. - The District Engineer was

required to epprove all contracts of the Manhattan District, including
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those for medical research. The Chief of the Medical Section, Colonei
Stafford L. Warren, acted in a staff capacity to th? District Zngineer,
to provide informstion onAthe District rgquiranents\for 5iological research
and to report the progress of the prograu. Colonel Warren organized,
supervised, and integrated the medical research program. In this
task he was aided by Lt. Col. H. L. Friedell. 1In March 1945, Lt. Col.
Friedell was appointed Head of the Division of Biological and Health
Physics Research of the~ﬂqdiéal Section. Capt. J. W. Howland was
selected as Assistant Division Head, and, with Capt. David Goldring,
actéﬁlas liaison officer to the reseérch organizations; The relationship
of the Division of Biological and Health Physics Research to the civilian
research agencies is illustrated in the attached chart (See App. C 22).
b, University of Chicago. - The Health Program of the Met-
allurgical Laboratory of the University of Chicago was directed by Dr.
Robert S. Stone, formerly professor of radiology at the kedical School of
the University of Californie. Dr. Stone joined the lietallurgical Project
as.Associate Project Cirector 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 procﬁre 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 Jacobsonaa member of the staff of the Uni-
versity of Chicago Clinics, had been assigned previously the task of

clinical care of project employees, first as a consultant in January

1942 and later as an assistant (November 1942) in that capacity with

..i-l7 .
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Dr. Stone. Dr. Simean T. Cantril, previously Director of the Radio-
logical Department of Swedish Hospital, Seattle, Washington, became
Dr. St9ne's assistant in Augusﬁ 1942, and, with Dr. H. M. Parker, an _
expert in radiation dosimetry, instituted the industrial hazards sectiqn,
charged specifically with the responsibility of instituting safe-operating
practices for radiation and radioactive substances (Both Dr. Cantril and
Dr. Parker were transferred to Clinton Laboratories in August 1943, to head
the Health Program and Inst;ument Section respectively). Dr. E. W. Wollan,
Assistant Professor of Physics, University of Chicago, aided in the develop-
ment‘of monitoriﬁg instruments and in the design of the shielding required
by operation of the pile. After Dr. Cantril left the staff, Dr. L. O.
Jacobson became assistant to Dr. Stone. The activities of the Erganization
were divided into the following groups, headed by the persons listed:

1) Clinical Medicine - Dr. L. C. Jacobson

2) Biological Research - Dr. K. S. Cole

3) Industrial Hazards - Dr. J. J. Nickson

| Dr. Cole had been Associate Professor of Fhysiology, College of

Physicians and Surgeons, Columbia University, and performed experiments on
toxicology of radioactive substances. He was assisted in this work by
Dr. R. i. Zirkle, Professor of Botany, University of Indiana, Dr. C. L.
Prosser, Assistant Professor of Zoology, University of Illinois, and Dr.
A." M. Brues, Associate Fhysician,Huntington Memorial Hospital, Boston, lass.
Dr. Albert Tannenbaum, of the research staff of lMichael Reese Hbspital,

Chicago, Illinois, performed the feeding 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

5018
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under Dr. Jacobsmagﬂn>was assisted by kr. John I. Rose. Assisting in
the Section on Clinton Medicine were Dr. Samuel Schwartz, who was in charge
of biocpémistry, and Dr, E. S. G. Barron, Associate‘Professor of lMedicine,
University of Chicago, who directed studies of enzyme Chemistry. The
Pathology Section was headed by Dr. ¥William Bloom, FProfessor and chairman
of'the Department of Anatomy, at the University of Chicago. Dr. Bloom was
assisted by Dr, Herman Lesco. Df. G. Failla, Professor of Radiology and
Director of the Radiologigaf lesearch Laboratory, College of Fnysicians
and Sgrgeons, Colunbia University, Dr. 1. H. Talliaferro, Dean, Division of
Bielbgical Scienées, University of Chicago, and Dr. J. Watson, Frofessor
and Head of the Department of iedicine, University of kinnesota, acted as
consultants to the project. The organization grew in size as the research
program expanded, until approximetely 215 persons were employed at the period
of gfeatest'activity. This does nct include the 90 people employed in ﬁhe
clinical group. Not included in this total are persons in the Instrument
Section who worked full or part time on the development aﬁd maintenance of
insfruments required by the Health Program.

c. Clinton laboratories. - The health program at Clinton
Laboratories; under the supervision of Lr. K.S. Stone, was directed by
Dr. Simeon Cantril, from its inception in July 1943 to September 1944.
He was replaced at this time b;ijbhn Wirth, who had been previously at
the National Cancer Institute. Dr. virth, in addition to his duties as
director, sﬁpervised the clinical medicine section of Clinton Laboratories.
Tr. H. J. Curtis, formerly Assistant Professcr of Fhysiology, College
Physicians and Surgeons, of Columbia University, was in charge of

biological research. Ur. K. 4. liorgan, previously a research physicist
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at the University of Chicago, was in charge of the instrument sectlon:
At the peak of employment, & total of approximately 100 persons were em-
ployed by the Clinton Labaratories Health program..\ |

d. The University of Rochester. - The Eiological and Health
Physics Research project of the Universit, of Rochester was inaugurated
in April 1943, with Dr. Stafford L. Warren, Chairman of the Department of
Radiology, in charge. He organized and supervised the project, which was

divided into the following'ﬁajor sections, headed by the individuals

listed:
" 1) Radiclogy - Dr. Andrew H. Dowdy.

2) “Enarmacology - Dr. Harold Hodge.

3) Instruments and Special Problems - Dr. William F. Bale.

All of these men were members of the staff of the University of Rochester
at the start of the project. Dr. Dowdy was associate professor of radio-
logy, D;. Hodge was associate professor of biochemistry and pharmacology,
and Dr. Bale was associate in radiology. As Dr. Varren 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
(Reseafbh Feiiow University of Fennsylvania ledical 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 ir. kaury Vantman, who

also was in charge of the statistics section. Cther individuals whg

supervised research groups included:

(a) Pr. George Boyd - - Head of Cyclotron and Nuclear Research

Department, Biochemical Research Foundation, Newark, Del., in charge of

e
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special studies of the toxicity of certain radiocactive substances.

(b) Capt. Fred Bryan - - Formerly instructor in the School of
Medicine and Dentistry, University of Rochester, iA chafge of hematology
(subsequently replaced by Dr. George Suter, also instructor in Kedicine,
at the University of Rochester).

(¢) Dr. Alexander Dounce - - Instructor in Biochemistry at the

University of Rochester, who was responsitle for enzyme chemistry.
(d) Dr. Francis Haven - - Associate in Biochemistry at the
University of Rochester, who was in charge of the mechanism group.

-

(e) Caﬁt. Roger letcalf - - V¥ho was responsible for the pathology

of the experimental work.

(f) Dr. L. T. Steadman - - Associate in Radiology at 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.

(n) Mr. David Tiedemann - - ‘ho replaced Mr. Wantman as head of the

statistical section.
(i) Capt. Paul Rekers - - Conducted special hematological research

in radiastion exposures.

.

(j) Capt. William Valentine - - Conducted similar hematological

research in radiation exposures as Capt. Paul Rekers.

(k) Dr. Carl Voegtlin - - Retired Chief of the National Cancer

Institute, an authority on toxicology, served as full time consultant to

the pharmacology section.

Other part-time con43&tants to this section included:

(1) Dr. H. H. Schrenk - - Associate Toxicologist of the Bureau

SR e—
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(m) Dr. J. F. Treon - - Instructor in Toxicology, Kettering Lab-
oratory of Applied Physiology, éincinnati, Chio.
As the researcn program expanded, especially trained individuals were
added to the staff until a peak of approximstely 380 persons was reached.

e. University of California. - The medical resezrch program

at Berkeley was under the direction of Dr. Joseph G. Hamilton, Assistant
Professor of Medicine and,R;diology, Radi ation Laboratory, University
of California. Dr. Hamilton was assisted by Dr. Louis Jacobson, Dr.
Ray‘bverstreet aﬁd Dr. Kenneth S. Scott. The program was closely
correlated with that of the University of Chicago. Appraximately 16
persons were employec at the peak of operations.

f. National Cancer Institute. - The work at National

Cancer Institute was under the direction of Dr. R. R. Spencer, Chief of
the National Cancer Institute of the U. S. Public Health Service. He
was assisted by Drs. E. Lorenz, A, B. Eschenbrenner, i. Deringer,

Vi. E. Heston, and approximately 6 others.

g. Columbia University. - The research perforaed at

Columbia University was integrated with the radiation program of the
Univeréity of Rochester and was under the direction of Dr. G. Failla,
Professor of Hadiology and Director of Kadiologic Research Laboratory,
College of Physicians and Surgeons, Columbia University. He was assisted
by Dr. T. C. Evans. Approximstely 6 additional persons were embloyed

on this project.

h. Biochemical Hesearch Foundation. - The program of re-

search at the Biochemical Research Foundation, Franklin Institute, Newark,

5'?'3”-—-
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Del., was directed by Dr. Zllice McDonald, Director of the Foundaticn. He
was assisted in this work by Dr. Harold i. Terrell. Approimately 14
other persons were employed in the program.

i. University of Washington. - The fish prcgram conducted

by the University of Viashington was headed by Dr. Lauren Donazldson,
assisted by Mr. Richard Foster. Approximately 4 other individuals were
employed in the perforwance of this experimental work. kr. Hanford Thayer
acted as OSRD cansultant.to fhe project.

jo The Cost. - In most cases the research projects in the
foreéoing paragrabhs were carried out in areas where types of research
other than medical were being performed. Beccuse 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. Gemeral. - On 1 May 1943, all OSRD contracts pertaining
to the development of atomic power, including assoééated.biologic
and health physics research programs, were transferred to the Manhattan
vistrict, and, to insure proper coordination and to avoid duplicaticn,
all research programs were made subject to the approval of the District
Engineér. It vies essential, therefore, that a well-qualified physician
be procured to act in a.s@afT cepacity to the District Engineer. 4
survey of the leading medical authorities familiar with the special
mediaél problens encountered in project operztions revealed that Dr.
Stafford L. wWarren, Frofessor of the Department of Radiolo;y, Univer-
sity of Rochester, Rochester, New York, vias the best qualified physician
available for the positicn. accordingly, in March 19,2, Dr. Warren was
appointed consultent to the District Engineer and began the development
of the organization required to discharge the responsibilities delegated
to the Section (&pp. &1).

" 6=24 Officer Personnel. - The Eédical Section of the lanhatten

District. = The first'medical cfficer attached to the District was ILt.
Colonel, (then Captain)Hymer L. Friedell who was assigned as liaison
officer' to the Netzllurgical Laboratory of the University of Chicago in
August 1942, 7ith the appointment of Dr. Warren as Consultant to the
District Engineer, Lt. Colonel Friedell becaue his executive officer.

In kay 1943, Lajor (then Captain) John L. Ferry was added to the staff
and was given the responsibility of supervising the industrial medical
'prograps of District contractors and of acting as liaison officer to the

research program at the University of Rochester. During the summer of

J s~
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1943, Charles E. Rea, ., D. (now Lt. Col.), Harry Pitluck, D. D. S., and

the late William B, Holt, kK. D., were procured frog‘civil life to provide
care for the community of Cak Ridge. Dr. Rea was aépointed Chief of
Clinical Services for the Area, Dr. Fitluck, Director of Dental Service,
and Dr. Holt,; Director of ledical Service. On 5 November 1943, Dr. Warren
was commissioned a Colonel in the army liedical Corps, A. U. S., and desig-~

nated Chief of the Medical Section. His organization grew in size as

operations of the District ihcreased, until, on 1 July 1945, there were
72 medical, 3 dental, 3 medical administrative, 1 veterinary, and 1 sani-
tary‘corpg office} 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 Section were .
divided largely into three groups coordinated by the Section Chief’ and his ﬁ
Executive Officer: H

a. Biologic and Health Fhysics Research.

b. Clinical Kedicine and Dentistry.

c. Industrial Ledicine.

6-3. Quelifications. - The qualifications of officers assigned to

the District are indicated on “"personal history statements" (See App. B10).

6-@. Contractors' Medical Organizations. = The Section Heads of the

major contractors medical prganizations are indicated in Section 3 of this

volume which descritesthe activities of those organizaticns.

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 departme@t personrel yequired by the

P-
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District, to make aveilable the uzterial procurement facilities of the
Surgeon General's Office, and to use funds available to the Surgeon Gen-
eral for the medical and dental care of military pé;;onnél 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 auﬁhority to approve requests from the Manhattan District. Further,

the District Engineer and.thé redical officers under his control were not
required to submit to the Surgeon General any reports which vould reveal

the héture, scbpe; or military importance of the project. (41l 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 lMedical Section.) Finally, medical department persannel
assigned, attached, or allotted to the lManhattan District would not be trans-
ferred to or from the control of the District Engineer without his prior |
approval. This measure was considered necessary to control the security of
classified information and to maintain especially cualified personnel at
theé? assigned tasks. The relationship with the Surgeon General functioned
eff;ciently 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.

6.3




“ REPRODUCED AT THE WATTONAL ”f.cf.”&j o ’

o ‘i

MANHATTAN DISTRICT HISTORY
BOOK 1 -~ GENERAL d

VOLUME 7 - MEDICAL PROGRAM
APPENDIX A -~ DOCUMENTS

No. Title ‘ N

1 Responsibilities of the Kedical Section. A letter
from Colonel K. D. Nichols to Colonel S. L. Warren
dated 10 August 1943.

2 Grant of Anthority for the Oak B:I.dgo Health
Association.

3 Hospital and Medical Facilities for Oak Ridge.
A letter from Colonel S, L. Warren to Colonel K.D.

Nichols dated 15 Febmary 1944,

IN Medical Facilities, Manhattan District. 4 lotter
" . from Major Gen. L. R, Groves to The Commanding
General, Army Service Forces dated 21 September 1943.

5 By-Laws of the Oak Ridge Hospital
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UNITED STATES ENGINEER OFFICK °

MANHATTAN DisTRICT L '[ M

P, O. BOX 42

New York, N. Y. - .
: 10 August 1943

fw

Subject: Respopsibilities of the Medical Section

Dr. Stafford L. Warren, Chief, Medical Section

-
Reference is made to your communication of June 17 and subse-

cuent conferences on the basic rubject.

- The fanetions and resnonsibilitiscs of the Medical Section

inelude’ the following:

1. To carry on or arranse for and to supervise or
maintain liaison with such research work as is decmer
necessary for carryins out the functions of the Medical
Section. In this recard, however, all existing research
agencies working on the health nrzblems of the nroject should
be utilized to their canmacity and every effort should be made
to have them do additional research work when recuired and tn
avoid duplication of effort.

2. To determine what healt: haza2rds are oresent in any
of the operations of the ilanhsttan District.

3. To determine what oprotective measures should be
taken to eliminate or protect apainst any smecific health
hazard of a serious nature,

L. To keep the various contractors and Area Enginecrs
informed in regard to approved measures to be taken for the
safeguarding of health.

5. To organize and operate a hospital, medical service,
and dental service at the Clinton Engineer Works.
. 6. To confer with and to advise the Area Engineer and
contractor at the Hanford Engineer Works and to determine
that proper Hospital and Medical Services are established there.

It will be the responsibility of the Area Engineers involved to
see that the approved or recommended protective health measures are out
into effect by the contractors although the Medical Section will be ex-
pected to give assistance and cooperatlon in this matter by making perio-
dic inspections to check on the working out in actual practice of the

protective measures devised.

T u' :
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" Dr. Stafford L. Warren 2- 10 August 1943

.The organization of the Medical Section and the personnel ~s-
- signmernt 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 assignmernt of Captain John Ferry to the Medical Section, Special
Products, has been approved in a communication dated 8 August 1943.

The assignments of Dr. Charles Rea as Clinical Suvervisor,
Clinton Engineer Works, and Dr. William B. Holt as Chief, Hospital
Service, Clinton Engineer Works, are hereby approved.

For the District Encineer:

K. 3v]dk
K. D. NICHOLS

Colonel, Corps of Fnrineers
Denuty District Encineer

' cc: Area Engr., Hanford Fngr. Wks., Pasco, Wn=h,
a Dep. Distr. Ener., Knoxville, Tenn..
" Area Engr., Chicago Area

Area Engr., Wilminvton Area

Area Engr., California Area

Area Engr., Colurbia Area

Area Engr., Murray Hill Area H

Area Engr., New York Area
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In reply Lanhattan District :
refer to ERIDE Ouk Ridge, Tenncssee !

13 Octoter 9.’

A

Subjects Grant of authority .for the Ok Ridge lealth assoclatich

Tos All Covernuxnt and Qperating Coutructur Persornel

;

. For the furtherance of lts successful uperstior, an Instrusen::i-
ity of the Clinton Engineer “lcris, to Le iinoun as the Qai aidge Health
~ aBsociation, is hereby created wud, supject te the conditi.us iereinafter

set forth, it is authorized to estiablish, malntal ., and cperate :Tvolun—
tary medicul and hospital plun ubeseby neafcul ar. @ osiiosl ¢ vifes will
b® furnished to members and paid for Ly .wmoerati; 2.:; w9 i robe vle
health of members by making it possible to secdre ~ren: niive cupe sod
early treatuent of illness; and Lo nromote or assist ... the prvmdtibn of
scientific education cnd other sctivities I'sr the ve..t:. 20 physica.
welfare of its me. erslip. The association shull be r-unized end oper~
ated subject to the follouing aunercl contiticns: %

1, llembership shall Le restricted Lo Sovirnier® and ;ycratkng Conm
tractors personnel at the Clintorn juwineer Jorks and ;. embers of thelr imme—
diate families (spouse and chilirer under ninetcen yeurs of age) who reside
at Oak .&dge, Tonnesscv, Lecbership shall be on a pgroup t.asls, each group
to consist of one of tie aforemcntioned agencies, and cuch ercup ti. nc eli-~

ible for admission upon the suvs:r.ption of at leust seventy-fiws| ;. rcont
%75%) of its total personncl. .l association chall be uperated of. o 1. nie
profit basis and its subscripntion charges stall be reasonably adeg)i:ie to
defray the operative and administr.tive expenses ol tne Associatiuﬁ, inel
ing the éstablishcent and maintunaice of & reserve fund reasonably! s:cqyat
to provide for unforeseeable emeriuencics and for the liqui-dation of the
obligations of the association apon its dissclution provided, howeve:r, tiat
the amount of such reserve find:shall riot be less than a sw: equiﬁa;;nz te
the;agregite of tiree uollars (,3,00) per nmember in uccorduance vi

41, the
total cmbership, The tolul surplus funds including the reserve fund may
fluctuate between an aggregzie of ten dollars {10,00) and thrae dol.ars
(v3.00) per mecber, If the surplus, ircluding the reserve fund, /sho..d
excced the aggregate of ten dollars ( A0C,00) per oecber, action shall be

taken to readjust the membership dues or benefits, |
J

2, The Association shall be organized und .zanaged Ly a Borrd of
Directors of not less ihan twelve (12) members repressntative f| the DJis—
trict Ingineer and of the subscriber and paysician groups as lﬁous:

|
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.~ shall serve without compensation.
: not in excess of those psid locally for similar services and as

'Subject: GCrant of huthority for the Onk dge Heallh association

|

of the treasurer froo Oek .ddre shall exceed thirty (30) consecu-
‘tive days, the Board of Directors shall appoint & new treasurer,

- &« The secretary of the board shall keep accurste utes of
all meetings of the Board &f Directors and Exacutive Committee, as
well as perform other duties as may be assigned by the o A copy
of all minutes shall be promptly furnished to the District er,

-’ d, The Board of Directors shall meet as often &5 necessary to
properly supervise the activities of the Association, degular meetin s
shall be held at least quarterly. ‘

[ | The president shall presice over all mestings of the Associa-
tion and of the Board of Directors,

£+ The Board of Directors shall elect from its mesbership an
Executive Comnittee composed of six members, three of whoa be
physicians, headed by a chairman who will be the same individual as
the president of the Board of Directors. The board will also elect
from its membership a Budget Comaittee and an Audit Committes of
three members each, and such other coamittoes as shall be considered’
necessary by the board. The pnimary function of the Exscutive Com-
mittee shall be to supervise the operation of the associ:‘ion as
directed by the Board of Directors. The Budget Comaitter shall keep .
itself fully informed as to the financial status of the Association
and shall study all budget matters submitted by the business mnager
and make recommendations to the board as to the courss to follow in
the matter of budgeting funds, The primary function of the
Committee shall be to keep the board informed of the financial status
of the Association and nake recommendations for corrective sétion when
necessary to insure that the financial status of the Association is
sound at all times. The Audit Committee's prisary re ty
shall be to insure that an adequate bookke ind scoounting system’
is:maintained at all times; that all disbursemsats are for rigsed
purposes and within budgetary limits; and that all property and funds
are properly acoounted for, ]

Lo Officers of the Association and mexbers of the Boamd of
shall be cospensated

retes

" bys majority of the Board of Directors. Officers or employess of the -
, nm:uaqw“munmuo:mtmmu A
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eervices at, the Oak .44;- uo-pmn umu‘pmm”’”“ ’ by T
.Mr«u cew or its successor at ehu-gu -which

o2periodic adjustaent' on the basis of hospital costs or - S

0. approved by the ‘District Engineer. Modical fees will be
curpdin th-} aurmundmg territory, -

nmnndoqulpntdllbondaavulablebythe Diatrict
" without reatal - for ‘the Association's use. A . such facili-

"g’tho property of the’ Government and shall be ..cld account—

mt.o nuurn uill be - ndoptod :ox- their cure and main-

.and. muhip atatmnt. ‘shall be prepared monthly
d,nu be furnished each member of the Board of Directors,
d.md ba"t.ho puddent. and the treasurer shall be: promptly

“ Adequate records shall be maintained
as t.iv.lt:l.n Ind competent safeguards, bookkeeping, and
;oqual’ Anzlo-som ‘K 7L Form 15 shall be in-

gotoct.ion;md accountability of all
ithe M ochtion 1s ‘custodian, rln‘n;,amct'
. or inspecting the accounts,
1 at.,,,w uno or to nquin addit.ional
' _

at. .t.ho diamaén of ‘the Distri:t
In

t.8
-imoedia t.ely tollouing t.ho md.pt ot notice
otq;uutlmdoux)lustwldclndm'

wgb«r‘ (&

congurrence. otrorat t.ho -d

e

dona ion’ Sto” the:- mrj.an a-d Crou, tho
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qttic ’or mdm- of the Auocuuon. ma-
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¥D-700 Gen, 15 February 1944

Subject: Hoapital and Yedical Facilities for Osk kidge

VEFORANDUK TO UDistrict Engineer, 'anhattan District
(Atte:tion Lt. Col. T. T. Crenshaw)

. 1. Reference is made to memo FiD!'}-1l1l, 29 January 1944, in-
dicating that a minimum of 45,000 "permanent” residents will be
housed at Oak Ridge with @ possible peak of 53,000 by July 1944.
Other information indicates that between July and December, an addi-
tional 25,000 construction workers will also be housed on this area.

2. Adequate minimum requirements should be made availadble for
both constant bed occupancy for expected illnesses in this area,
and a certain amount of excess capacity, usually 20, for sudden
epidemics. There are no data from which to determine directly the
requirements of the somewhat abnormal community at Oak Ridge. How-
ever, there are certain assumptions which muy be made from current
experience.

3. The ratio of beds to population in the U, S. for 1939 was
-3.4/1300, with 60% occupancy. For 1943, the ratio is mot 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:

a. The smaller number of physicians available, which makes
- it impossible for sick patients to be cared for in their homes,

" as was the custom previously.

b. More members of the family working, with noone at home
to care for the patient.

¢, An influx of single "war" workers into communities
where they have to be hospitalized when {l1l.

d. Fatients earning more money demand the better care and
lower risk which hospital facilities provide,

All of these Tactors are present at (ak xidze. Approximately
1/5 of the population are single workera. The majority of the operat-
ing personnel belongs to the #hite-collar class who are accustomed
to ;ood medical care.

4. In the city of Rochester, lew York, from which come many
of our operating personnel, the ratio is 5.1 beds /1000, and the
rutio of dostors tu population has changed from 1/750 to 1/1200,
within the past year. Jsince the retio of physicians to population

D ———— N A
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CHIEF OF ENGINLERS, U. S. ARMY CFFICE OF THE CHIEF OF ENGINEERS
WLSHINGTON, D. C.

) WASHINGTON
RUTRTOFWE NG, - — e .

21 September 1943

Subjects Medical Facilities, Manhattam District ﬁz-/
To: The Comnending General, Army Servioe roren. P’e

Washangton, D. C..

l. Dus to the unique ocoupational hasards 'hian o~

countered in the operation of the projects unuer the oontrol of the

Manhattan Distriot of the Corps of ungineers, it has been necessary

to provide on-site hospital and medical facilities for the personnel

emaployed thereon and such of their families as are required to live

on the projects. It has also been found necessary to contract with

certain institutions for the furnishing of medical facilities and :
especially qualified personnel.

2. At one project, hospital facilities are ncaring completion.
The mediocal staff, provided by the contractor in charge of a part of
the medical research pertaining to the prolect, has necessarily come
into possession of consiuerable secret information. For this reason
and primarily in order to insure the retention ~r the project of their
outstandiag professional qualifications, and to insure cuntinuity of
reseurch and mediocal treatment, it nas been determined to be essential
taat & certain portion of this mediocal start be in the military estab-
lishment,

3. It is therefore recommended:

'

Y ‘rhnt tho medioal personuel be commissioned in the
Hedical Dopu'mnt and that a proouremeat objective and al-
lotment of personnel be made ava.lable to the Surgeon General
for that specifio purpose in the anumbers and grades inuicated
on the inclosure, and that the District Engineer, Maniattan
District, be authorized to correspond directly with the Sug-
geon Genersl in order to expedite the militarisation ot this
mediocal staff,

b, That the Surgeon General be asked to give the fullest
consideration to recomsendations of the District Engineer as to
the grades in which the members of tnat staff are to be appointea,
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Subjects Medical 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 theam from performing their uuignod loon-
tc-platod duties.

" ©. That existing Medical Department personnel ud
materlel procurement facilities be made uvailable to the
Manhattan District, where it 1. advantageous to the Gonrnnnt.

‘d. That those persons named in paragraph 2, AR 40-50§5,
and stationed at those Manhattan Distrioct projects at whioh
there are located medioal facilities, be authorised to receive
medical care at those Tacilities, and the expenses iacurred
theroby be reimbursed to the Manhattan District by the Surgeoa
General from funds available to him, the sanner of reimburse-~
‘ment to be mutually agreed upon between the Surgeon Genoul

« and the Dittrict Engineer. |

. Thnt, for security reasons, a liasison officer be
appointed by the Surgeon General with station at the Office
of the Surgeon General, with full sutbority und freedom of
action to approve, in the name of the Surgeon General,
requisitions acocomplished by the District Lngineer, Manhattan
District, for such Medical Departaent personnel and materiel
as are necessary, and to expedite the filling of such requisi- .
tions. This officer will be provided by the Manhattan District
with the inforeation (for his persomal use) necessary for him
to act intelligently. ‘

£. . That the District Lngineer and the medical |offiocers
under his eontrol be mot required to sutmit to the Surgeon
General or his revpresentatives any reports which in tho opinion
of the District kngineer will reveal the nature, loopo.
military importance of the work being performed by tb Manhattan

Dietrict. |

« That the Medioal Department personnel usig:lped. attached,
or allotted to the Manhattan Listrict be not transferred to or
from the ocatrol of the District Engineer without his prior ap-
proval, This msasure is neocessary in order to oontr91 the
seourity of clessified information and in order to imsure that

the especially selected medical persommel will de ﬂ‘mned on — -

their presently assigned tuko.

Por the Chief of Engineers:

Mo.". .- . | 4
,prggntutt__onchrt .
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“ Subject:

in lak Ridge has been fixed
obtaining physicians, it is
ulation ratio be maintuined

S. After ltudying the

I

HYospital eud hedical tacilities for Cak nidge

15 February 1944

at 1/2000, because of the difficulty of
imperative that tha proposed beds tou pep-
at & high level,

advice of consultants and surveying the

local situationm, it 1s recommended that hos-ital facilities, includ-
ing out-patient s~rvice, be based on the ratio of 5 beds /1000, or \
25J beds.

-

6. It is recommended that these facilities be counstructed
immediately so that the entire hospital unit is available for use

by 1 July, 1944.

STAFFORD L. NARREN
Colonel, “edical Corps
Chief of Nedioal Section
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BY-LA%S OF THE OAX RIDCE !OS.'ITAL
- PREAKBLE : 2

liecognizing thet the best interests of the patient aro protected by
concerted effort, the physicians practicing in ‘the Oak 'Hidge Hospitcl here-
by organize thenselves in conformity vwith the oy-laws, rules, and rcpulstions
hereinafter stuted, .

For the nurpose of these by-laws the vord medical stuaff shall be inter-
proted to include all physiciens who are privilezed to attend patients in
the Oak Ridge Hospital.

':.hanever the term governing board appeurs, it shsll be interproted to
refer {0 the controlling group.

ARTICLE I. HARE

T;ue name of this orgunization snall bo the "ledicsl Stuff of Oak
Ridge Hospital."

HIUTICLE IX. PUIPOSD

The purpose of the organization shzll be:

l. To insure that all patients admitted to the hospital or treated
in tne oute=patlent department rcceive the best -osslble care,

2, To provide a means whoroby problers of a medico-administrative
nature may be discussed by the redical ataff with the foverning board and
the administration.

3. To initiate and maintuin self-government.

4Le To provide education and to maintsin educztlonal siandards.
| ARTICLE III. MEUBMRGHIP
. Seotion 1. Qualifications

The upplicuant for :embership on the redical stelf ghncll be a gratuate
of an spproved medical school, le:ully licrnsed to practice in the state of
lenneasec, qualified for merbership in the locul redicul society, and yrece
ticing the comrunity or within resgsongblc cisiance of the hospital,

Section 2, Lthics und Ethical HRelationsghirs

The code of ethics as adoptod by the .uoricen iedical Associution und
the "Principles of Finsnciael ilelations in the Professional Cere of the
Patient® of the American Collegc of Surzcons shall govern ine profescionsl
conduct of the members of the medicul stuff. Specificully, all members of
the medical staff shall plecdge themselves taatl Shoy will not receive from
or pay to ancthor physiciun, eithcr direcily or indirectly, any purt of a
fee roceived for professional services. On the conirery it slmll be agreed
that €11 fees shall be collected &nd retained by the indivicdual nhysician in
accordance with ithe vuluo of gervicas roundered,
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Section 3. Apnlication for l.embership

Application for membership on the medicul staff ghall be presented in
writing on the prescribed form, which s3null state the quelifications and

refercnces of the an.licant, end shell also signify his apreemont to ubice

by the by=laws, rules, znd regulations of the medicul staff,.
Scction 4. Torms of appointment

as Appointuents to the modiczl staff shall be mzde by the governing
board of the hospital and shcll be for the period of onc calendur year,
s+t the end of the your tie governing voard of the hospital ey reampoint
all members of the nedical steff for a further period of one year, pro-
vided the medicel staff 21as not recommended that any spoelfic upnointment
shall not be ronewed., In sugh case all other reapuvointments nmuy be rade.

b, Should the govefning board wish to talkc the initiative in re-
fusing to malce reappointment of any rember, it shall so advise the medical
staff, stating rcasons =nd usking for recommendetions zs to further uciion,

ce In no casc snzll the woverning bourd te:ke uction on an apgplication,
refuse to renew an eprointment, or cuncel en aprointment previously made
without conforence with the mecicul staff, bul rogurdless of the reconrendae
tions of the medicel stuff, finul rcsponsibility Jor avpointrwent or cancel-
lation of an apnointment must rest with the soverning bourd.

d. &ap.cintinent to thne medical stafl shull confor on tre appointee
only such privilcses as may be ncrcinafier proviceds

AN

Section 5. irocedure for .Appciatment

te The apulication for merbership on the medicul sizaff shull ve
presonted to the director of the aospitel and by uin referrcd 1o tae
secretery of the mecicel stuff,

b, 4t tho first regulsr mecting thercafter, tihc secretary shell
present the epplication to the meéical sieff, at which tiuze it shall be
either recomnendec for rcjectiion or referred to ihe crecentials committoe.

L

c. The credentials coumittoe shall investigabe the churzctcr, quali-
fications, and stunding of the apwulicant and shall submit a roport of finde-
ings at liie noxt rezular meeting of the ucuiccl stafl, or as soon there-
after as possible, reccowending that the aplicution be accepted, deferred,
or rejecteds In no casc shall this report be delayed for .ore uhan torce
nontns,

d. lnen determining quelifications, ine credentisls commitice shall
also assign privileges us provided in article VI, Scctions 1 and 2 of taese
by-lsus.

e. On receipt of the revort of t.e credentials conmitiee, the
modicel staff shall irmecdiuiszly recomaend to the governing vourd that ie
ap;lication be accented, cdeferred, or rcjected,

f. Tno recom:endation of the recicul stuff snrcll be trunsuitied to tne
governing board tarough the circetor of the hos.itul.

- d -
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g. Tae governing bouard shall either accept the recormendation of the
pedicel staff or shull refer it back for furthar consicerstion, In the
latter cese the governing boaré shall instruct its secretary to stute to
ithe edicel staff the reusons ior such action.

h, %hen final gsction has been tuken by the governing toard, iho
dircctor of the hospitcl shall be authorized to transmit this decisicn to
the candidate for wemberghip, and if he is accepted to secure uls siznature
to these by-laws, rules, and rcgulations., 3uch signature sizll constitute
his agreemont to be governed by the said by-laiis, rules, and reguletions.

Section 6, mwergency end Temporary privileges

a. In case of emergency the vwhysician attending the ;:atient shall be
expected to do zll in his pwier to save tie life of the nstient, including
the calling of such comsultation zs ray be quickly available. For the
purpose of this section, an emergency is defined as a condition in which the
life of tne patient is in immediute dungor and in vhich any doley in ade
rinistering treatment would add to that danper.

b. The director of the hospitul shzall heve tle authority to zrant
temporary privilegzes to a vhysicien vho is z member of tae locel medical
society and dosires to attend zn occisionel vatient in Lhe siespital hut
vho is not a mwewber of the modical stafi's Such icmporary privileges shull
be pranted after conferesnce with tie chicf of staff or the nedicel director
to deterizine an authoritstive oninion as to the competence and ethical
standing of thc physician who desires such tcoporary privileges, and in.
the excrcise of such privilcges he shall be under direct suiervision of the
chief of staff. Temporary rrivileges ey not Ye granted to sttend nore
than four potients in eny one year, after which tie physicien to whon the
temporary privileges have been granted shall be required to becomc a renber
of the medical staff bufore beinz zllowed to attend additional paticenta.

ARTICLE IV, DIVISIUw CF . 1.E (&DICLL STaFw
Section 1. The wedicil Staff

Tre medical staff shall be divided into lonorary, consulting, active,
agsocfate, ard courtesy :rouns,

Section 2. The ionorary iedical stelf

Tro nonorary nedical st:iff shall consist of physiciins who are a0t
active in tie hospitel und who are lonore¢ by emeritus positions, These
may bc ohyuiciehs who Lizve retired frow aciive hospiiul serviece or phy=
sicians who are of outstanding rcputation, not necessarily rcsicdent in the
corranity.

The honorary nredical stuff shall e appointcd by tie governing bourd on
recomnerdation of the active medicel stuff and snull Lnve no ussigned duties
or rusnonuibilitiese Wieir nrivileges shzll be deturiined by the cre-
dentiaLs comrdttec as provided in articlc VI of these by=lwis,
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Section 3. The Consulting hedical Stuff

a, The consulting medical staff shall consist of recognized speciale
ists who ere active in the hospital or who have sirnified illingness to
accept such appointment. These may be Fellows of  tie American Collesc of
Surgeons or the :nmerican College of Fhysicians, diplomates of one of tho .
national boards of nmedicul specialties, members of the national socicty
reprcsenting the specialty, or otacrs whow the erccentials commitiee ray
consider to be worthy of bteing zppointed us nmembers of tie ctnaulting
medical staff, l.embership on tise corsulting medical steff shall not render
the menber inelipible for rombership on the active medical staff.

b, Appointnent shall be made by the governing board on recomrendction
of the amctive uedical staff, Crecentiuls shall not be required for such
appointments end ihe proposed menber nay be invited to accept wpcintitent,

ce The duties of the memixrs of the consvliing medical gstaff shall
be to give their services without ennarge in the care of froe petients on
roquest of uny meuber of the active :uecical btaff, anc¢ ulso in any casc in
which consultation is required by tae rules of %he Lospital.

d. In so fer as their speelaliy is concerned, rembers of the cone
sulting medical staff shall havc unrestricted privileges, but in cases not
falling within their speclalty tihey shall have such privilegos w3 may be
determined by the credentials com.ittce as provided in Article VI of these
by=lcis,

Section 4. The ..ctive iredical Staff

g, The active medical stcff shull consist of physicisns who neve beon
gelected to attend Ifree opatients in the hospital and to whom all such patients
shall be assigned. liembcrs of the active medical staff shell not be re-
quired to be exclusive specialists, but it is to Le expected that they will
be elleskilled in tic perticulur branch of medicine to which they ure as=-
signed, and that the major purt cf their private -ractice will fall within
that specialty.

b, Appointments ghall be made annuzlly by the goveraing board on recons
mendation of the active uedicel staff from the former mcibers of tlie active
medicdl staff, and, in so fer &3 it is nossible, vecancies shell be filled
by prcmotion of members of une associate medlical stefl who have signified a
desire to boecone more cctive in ihe work ol the hospitul,

ce The duties of the active redical staff shall be to attond &1l free
patients and, in so far us free work is concerned, tuey shall attend only
such patients as are acdudtted o their services. A4ll1 busineus of tae medi-
cal staff shall be transncted by the active vedicul stuffl aii only members
of the active medical stuff shull be cligible to vote and nold office,

d. Inso far s frec cuases nrc concerned, meibers of the active nediczl
steff shull trcat vutients in both the in-petient and out-paotlent depart-
rents es assizned to the gervice snd in the treatient of these they shall
have unrestricted privileges end shall treut the patient to a conclusion,
whether such treutrent is given in the in- or the outepeticnt department
or both. In so far as privatec patients sre concerned, they shall have un-
restricted privileges in the trcatment of nstients fulling within the

ek -
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speclalty to which they are ap.ointed, but in the othcrs they shall have
only such privileges as may be determined by the credentials comittee in
conformity with irticle VI of theso by-lauws,

Section 5. The Agsociate iedic:l &taff

a. The associute medicel giaff shall consist of jumior and less ex-
perienced members or of physiclans who have not been actively interested in
the work of the nospital but have but hcve expresaed a wish to become-active
as vacancies oceur,

be They snhall be apwointed and essigned to services in the seme manner
as provided for the active mecical staff and euch shall be associated as .
junior with a member of the sctive redicel staff,

¢, The duties of, the"members of the associate :rediczl staff shall be
to attend {ree patients in accordunce with assiznment by the senior with whom
they are zasocinted, They may ve required also to act on &ll committees ex-
cept the executive comrdttee snd the credentizls cori:ittees -

de In so far as free cases zre concerned, the merbers of ithe associate
rmedical staff shull oe limited to “he tre:ztmont of cuses falling within the
service to which they arc anpointed and in accordance with assiznment by thne
member of tne active medicsl staff with whom they are agsocizted.s In so far .
as privote patients ure concerned, they shsll have such privileres ss pro-
vided by the credenticls comiitce in Article VI of tncse by=laus,

Section 6, The Courtesy iecicul Stuff

The courtesy medicsal staff shuall consist of t::0se menbers of the medical
profession, eligible as hcrein provided for iedical staff membershin, who
wish to attend private watients in cthe hospital, but wno o not wish to be-
come mehbers of the active nedical staff or who, by reason of residence, are
not eligible for such anpointment. They shall be apmointed in the szme
manner us other uerbers of the imedicul steff and they shall have such privi-
leges as may be determined by the credentizls comnittee in conforrmity with
firticle VI of these byelaws, but they shull not be slijsible to vote or hold

office,
ARTICLE V. CLINICAL DEPARIILHNTS
Section 1, Services

Divisions or services of the medical stuff snall be us follows: liedicine
to include cerdiolozy, comruniccble discases, Cermatolory and syphilolozy,
diseases of tae lungs, ¢iscases of iwtabolism, endocrinoloyy, ‘gaestrointes-
tinal diseases, neuropsychiatry, rneciatrics; surgery to include malignant
tumor surgery, neurological surgery, orthopedics, plustic surgery, proctology,
thoracic surgery, trsumatic surgery, urolopy; and other services related to
the specialties of radiology; pathology; unestiesiu.

Section 2. Srecialization

Thile the members of the active umi associcte services shall not bo ree
quired to be exclusive specialists, it is to be oxpected lrat they will be
well skilled in the specialty to wiiich they sre assigned snd that not leus
than fifty ver cent of their private work in the nospital shzll be in thot

.5-
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specialty. (The chief of cach service shzll be a recosnized specizlist,

Section 3. Assignment to Services

assignment to the service shall be made at the first 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 yoer or
until a successor has ‘been anpointed, Appointments shull be :2ade aftor @
carcful analysis of the efficlency of the candidatc as shown by a record of
his work in the hospital.

Section 4. Orzanization of Services

a, it the annusl meeting tiaere shull be elected ¢ cirief of the medical
staff who shall be & member of tie active medical staff, .e stull be res=
ponsible for the functipning of the clinical organization of tne nospitul and
shall keep or cause 10 be kept a careful supervision over Lhe clinical work
in all divisions und servicess MO —uwy, if accired, elso be elected as presi-
dent of the mediczl staff,

b. bach service stall be orpenizaed us a division of the sedlcal staff
and shall have es its heed a chief of service, who shall be responsible to
the chief of the mediczl staff for the functioning of is scrvice und shall
have geueral supervision over the clinical work falling within his service

whether 1t be free or private,

- G Immediately af'ter appointment, the members of tne active medical
staff in each service shall meet and each chall cesignate the member or
pembcrs of the associate iedical staff whom they wish to have as their agsise

tants.

d. The members of each service division shall icet during the first tuo
weaks after they are appointed for the purposes of electing a cihief of sere
vice and a secretary, and of perfecting such orjanization and erranging such
a schedule of duties for their term of office as may seem advisable to proe
mote the best interests of tne patients,

e. In the nedicel and surgical services therc snall be clected also an
assistant chief for each service wno shall perform suci dutics ss may bve as-
signed ‘by the chief of service. The members of the services shall be res-
ponsible to the chiefs of services and through them to the chief of the

redical staff,

f+ Each service inay meect separately, but such meeotinzs snall not releuase
the members from their obliration to attend the general meutin;" of the medi=~

call staff,

g In so far us frce cases arc concerned, iienbers of the active medicul
staff snall treet patients in voth the in-and out-patient departments as
assigned to the service and in the trcatment of these, they shall lave une
restricted privileges cnd shall treat the patient to a conclusion, whether
such trc.tment is given in the in-or out-patient depurtrent or boths In so-
far as private patients are concerned they shall have unrestricted privilepes
in the treatment of netients falling within the specialty to which they core
ap-ointed, but in cthers they shall have only such yrivileges us rnay te pro-
vided by the crecentials committec in Article VI,

e
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ARTICLE VI, DETER:“I&SATION OF
QUALIFICATIONS AMD PRIVILAGES

)

~ Section 1. Classificution of Frivileges

Privileges extended to physicians wno have been apoointed to the :edi-
cal staff shall be divided into :ajor, interimediute, and minor, end shall be
determined by the corcdentials committce, The followiny shell servc es a
guide in differentiating the three types of privilegos: .

8. sajor nrivileges in any service will allow the physician to treat
putients wnen, for any cause, such trectment involves & serious huzard to

the 1life of the paticnt,

b. Intermediete urivileges in any service wil: allow ihe vhysiciun
to treut paticnts when, for uny csusc, such treatront does not involve
@ serious hazard to the life of the latient but does invclve a daager of
disability,.

“¢e Ildnor priviieges in any service will allow the physiciun to trest
patients when, for any cause, the treatment does not involve either a scrious
hazard to the life of the patiunt or & danger of disebility,

Section 2, Hewly Appointed hedical Staff Members

All members of the staff when newly appointed shall be granted only
minor privileges until such time ns the crodentials comnittec may deter-
rine what further privileges muy be grantsd with safcty to the patient, such
extension of privileges being based, as fur as possible, on records of per-
formance as provided in Sections 3 and 4 of this article., The committec may
grant major privilcges to g ncwly appointed membor. (Asendment lisy 6, 1946)

. Scction 3+ Direct Observetion

Every member of the consulting or active uvediccl staff, at the cone
clusion of any case in unich he has bcen ussocisted with a member of the
associate or courtesy medical staff, shall transuit to the medical records
librarian a memorandum stating whether, from his observation of corpetanco
in so far as tne particular case is concerned, the member of the associate
or courbdesy medical staff may be grunted furtlor privileges as specified in
Sec jon 1 of this articles Such expression of opinion shall be kept us
absolutely confidential by the medical records librerian and shull be ace
cessible only to the. credentials comuittee when msking recommendations for
promotion, appointment to service, or granting of incressed privileges.

Suection 4. Reccommendations for Promotion or
Appointmont to Services

vhen raking rccormendutions for promotion, ariointment to services, or
the granting of privileges, the credentiuls committce shall base its judg=
ment on the concensus as detcriinod under Section 4 of this article, toe -
gether with the opinion of the chief of service concerned, on the record of
perfornance as provided in Section 3 of this article, and on tho further
qualifications of tne nember of the ataff as shown in his filed credentials,
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ARTICLE VII, OFFICERS AID CO:l:IITZES

Section 1, Officers

The officers of the medic:l steff shall be the gresident, the vice
president, and the secrctary. These shall be elected at the anmual neete
ing of itne medicel staff, and snall hold office until the next annual
meeting or until a successor is elocted.

The President shall call end preside at all meetings end he shall be
a member EX OFFICIO of all coirdttees, He muy if it is so dosired, also
te elected as chief of the rediczl staff,

The Vice }resident‘in the absence of the president shall assume all »is
duties and nave all his authority. hLe shall also be expooted to perform such
duties of supervision as may-be assigned to hin by the jpresident.

The Secretary shall keep accura‘e and compleie idnutes of zll ~ectluws,
roll reetinms on ardar of the president, attend to all correspondence, and
perform such other duvtics us ordinarily pertzin to his office. If taere are
funds to be eccountcd for, he shall clso act us Uroasurers

’

Section 24 Cormitlees

Committoos shcll be standing and specisl. 41l comnittces other than
the exccutive snall be apnointed by the president,

‘The Executive Comrittee shzll consist of the preaident and secretcry
of the medical steff and of three other members of the active wedical staff
to be elected at the time of the ammal meeting, The duties of the execu-
tive comiittee shall be to consider carefuily and ect on all matters which are
not of a clinical nature and it I, to be expoctod that all such business of
the medical staff shall bec transazcted by tie cxecvtive commiitce in order thut
the ‘time of the regulur rcetings of tre mecdical 3tull may oe cevoted to mutiers
pertaining to tae orofcssionul carc of paticnts. Tie executive committce
shull present, ut euch mecting of the uediczl staff, a report of sny wction
that it .oy neve taken since tnc lust mecting.  The exceutive coinittce sncll
act es a liaison group :tween the medicel staff and the adrinistration of tue
hospital. A&t tnc discrction of uhe vresident of the stuff, the executive cone
ritice will function as the crecentizls comiittee. (imendzent iay 6, 1946)

The .edical Hecords Comittec shull consisi of three members of tie
medicul steff and snall weet weekly for the purrose of revicuing tae redical
records of all puatients dischurged during ikc wosk, The coumittec shall re-
rort to the mecicel stafl the numes of any uwerbers who are persistently de-
linquent in the completion of their rccords. This committoe shall be held
responsible for notifying tno procram comritter of any czscs that should be
proscnted before the mcdiccl staff.

The Progran Cozmittec shall consist of tiarce members of the redical
staff and shall be responsible for the preparation snd prescertation of tac
progruns of all nestings. C

The Credentials Comrittce shall consist of scven menbers of tne con-
sulting or active staff, so selected as to insurc represcntation of the
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of the mejor spccialtics. Its duties shall be to investiscte the cre-
dentials of all eprlicunts for membership ard to 1:ke recomendations in

conforzity with Article III, Section 5c, of these by-laws, to investigate
cny breach of ethics that may be reportod; to review eny records thet may
be referred by the medical director and to errive uat a decision resurding
the performance of the staff member, or to rofer the cusc to the full uc~
tive medical staeff if this is considered desirable; to reviow all infor-
nation availeble reg:rding the compotence of staff rembers and as a result
of such reviows to moke recommendations for the granting of privilercs .end
the sppointment of members to the verious services end dopar-wents as pro-
viced in irticlc VI of thesc by=-luwse.

The Irtern Com:ittoe shall consist of three menbers of the :odical
staff, Its dutics shull be to act &3 an advisary cocuziitce in the sclee-
tion of intcrns, to outline courses of instruction for lhe rcsident uedicul
staff unc to see that Lioy £re cerried out, ard to asglst the adminiastretion
in natters of government and discirline of the resicent medical stuff. The
Therapeutic und Pharmacy Comvittec suall conaist of 5 merbers. Its dutics
shall be to cocide unon drw;s and prcparations to be stoexed by the phere
racy; and to rcport to the medical staff on new drugs. (Amendrment iuy 6, 1946)

Speeial comritices shall be anpointed from time to time us may be re-
quirod to carry out pnoperly the cuties of tne acdical stuff. Such cope
ttees snsll confino their work to the purveses for wiilch toey were ap-
pointed and snall repcrt to the full nmodical staff. vhey shgll rot have
poier of action unless such is specificelly grented vy tho rotion vhich
creanted the conritteo,

ARTICLE VIII, MLETINGS
Scetion i, The annuul .ectiing

The annual necting of vno nediccl staff shall be thc last imwcting
before the cnd of tre fiscul yeur of the ospitales At tris meeting the
retiring officers and coms:ittces shall meke such repertis cs inay be de-
sirable, officers for tho ensuing ycar sihell be electcd, «:ré rccomrcndes
tions for appointment to the active mecical staff ¢“hll be nede.

Scetion 2.7 Kegular leetings
Regular mcetings of the iwdical stuff shall he held at loast nonthly
et a time und pluce to be wrovided iz the riles and rogulations for tie
governent of tiio nedical stafl,

Scetion 3. Specisl Lostings

Special meetings of the menical siaff may be called at any tire by
the president and shall be callec at the request cf u.c gowverning boerd,
the executive cormittee, or nny five members of re wective nedicel staff,
at any speeiul mocting no business shull ae transacted except thut steted
in tho notice calling the necting. Sufficicnt rotice of any. mcecting shall
bte pestcd on the bulletin bourd in the stalf roor at least 46 hours before
thc time set for the mecting,
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Seeticn 4. attondarce ﬁ%nﬁééfings

de 1l menmbers of the uctive redical staff shzll be required to attend
all rectings, .bscnce from three consecutive mcetings or from oncethird of
the repular reetings for the year, without acceptable cxcuse, shall be cone
sidered as resignation from the cctive medieal ste¥f, and shall sutomati-
cally p:lace tae absentce on the ussociute or courtesy necicel staff of tae
hosnitel,

b. 41l neuwbers of the associate cedical staff shall be expected to
attend neetings with the same ro: ularity as merbers of the active medicel
gteff. ubsence fror tirec consccutive reetings or from oncethird of the
reetings for the year, without accovtable cxeuse, shall bc considered as .
resignation from the essociate medicel stuff end shall autcrsticzlly place '
the abscntee on the courtcsy nmecicel staff.

(4 .

¢s Rcingtutenent 'of rerbers of ttic active «nd associato medical staffs

to positions rendered vacant because of zbsence from reetings may be rade on
epplication, the procecure veing the sume as in the case of original apnointe

rnent.

de  kmbers of the honorary, consultirg, enc courtcsy divisions of the
medical staff sinall not be roguired to attend mootings, but it is expected
that they will attond and participate in thesc mectings unless thoy are
unuveidably prevented from doing so.

€s Any membor of uany division of the staff who has atuended a case
that 1s to bo nrcscnted for discussion at any meeting shall be notifed und
shall be required to be present, railure to ettend on reccivnt of such notice
shzll involve the penzlty, in che casc of « member of the consulting or
active moaical staff, of reverting to the associute nedicel stoff und, in
the cusc of & menmber of the courtesy redicul stuff, of forfeitinz iis modical

steff mermbership.

fo Should a rember of the stelf be gbsont from uny meeting at which
a cuse¢ thet ho has attended is to be ciscussed, 1t siall reverthelcss bde
¢iscussed unless the meuber is unavoidably absent and ras roquested that
discussion be postponed. In no case shall postponsument be grunted for a
period longer than ihat wiich will olarse until the next rorular siaff
mecting.

Seetion 5, (uorum

Fifty per cont of the tolgl meubership of the auciive nedienl stuff
shall constitute a quorum,

Section 6, agcnda

The igenda at any regular mec~ting shall besd
A. Business
1. C&ll to order,
2. heuding of i winutes of the lust roguler and of all
. specizl moetings,
3. Unfinished business,
4o Cozrzunications, A
5e deporus of stunding hng of speciuzl business comrittecs.:
6. iew business.

- 10 =
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7. Review of paticnis in the nospit:l with special refercnee to
diognoses, treztment, und celayod rccovery; selected cascs dise
charged sincc the last confurence with smpecial consiceration
of sclected degths, unimproved cascy, infections, corplic:tion:,
errors in diagnosos, und rosults of trcatment; and analysis of
clinical reports from the various departcentse

* Be Rcports of standing znd of soecicl redical comrittecs, -

9. - Discuassion und reconmendztions for ingrove:eat of the proe.

fessional work of the hospital, ’
10, - idjournrent, -

Thc sgenda at speciel rceotings shall bes
1, - dending of tzc nctice calling the mecting,.
2, Discussion of tiie busincss for waieh tue neeting wus called,
3¢ sdjourmmnte.

ARTICLE IX, RULES AiD ReGULATICNS

* The medical staff shull udept such rules and regnlutions us rpuy be
neecssary for tne proper conduct of its work, Such rules and raogulations
shall bc a part of whcse by=luws, exccpt that they rny te arended at any
regular neeting without zrevious notice by a twoethirds veto of the total
nenborship of the active mediczl stuff, Such amendments shall become cf-
fective when approved by the poverning boord. ‘

ARTICLE Xo ARLHDLENTS

Those by-lews nay be arernded after notice piven at any rogzular mseting of
the mediczl staff, Sucn notice shzll be referred to a special commitiee
which shall report nt tue next regulur mecting and shnll require a two-
thirds majority of those present for adoptlon, irendrenis so made shill be
efloctive vhen approved by the governing bourd.

SHTICLE XI, ..DOPTICH

These by-latms togcther with tio eppended rules end repulztions shall
be zdoptcd zt any rezuler mecting of the uctive medical stuff, shull re-
place uny provious by=-laws, rules, ond regulvtions, und shell become ef-
fective Then ap;roved by the governing bourd of the nosnitzle They shall,
whon zdopied and eprroved, be zqually hinding on the governing Toard and
the mediccl staff,

adopted by the active mecicul staff of Ock Ridre ilospital

Tresident of .ediezl Staff

E.F-

Secreivary of _.ccicsl S6ulf
Date‘...’.'.‘..l....‘.l

hpproved by the governing bourd of the Ock Jdidge tostital,.

Soeretary of the Goveraing Bourd

DatCesesensoseseccsace e 11 =
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RULES AND REGULATICIS

1, The monthly mccting of the redicul staff snull be hald the first
lionéey of cach month at 7:00 P,.,

2, Except in cmergency, no patient shall be aduitted to the hospital
until ufter a vrovisionul diugnosis nas been stated znd the consent of the
director secured. In case of emergcncy the provisionel disgnosis shall be
stuted os soon efter aérission as possible,

3¢ Physiciuns admitting private puticnts shall be held restonsitle
for giving such inlorm:tion zs ray be nocessary to ussure the wrotcction of
othor vputicnts frow those who rre a pource of dunper from any cuusc white "
cvers

4e F11 free satients aqnull be attended by merbers of the getive
medicael stz:ff, and shall be assigned to the scrviece concorned in the treete
ment of the diseuse which neccssitated zdmission. The nemers of the setive
medical staff must assign a rcasonablc of cascs to the juniors wno ire ssco-
ciated with them ang tho member of the associzte medicul staff to whom the
cuse is assigned shell curry on the trcatment under supervision of the seaior,
No physician shall roceive compensetion for zttendance in the cuse of any
patient vwho is admittod free by the hos»ital, Wt in the case of patients
from whon the hosuital is receiving partiasl compensation tne attending phy- <
sician may charze a fee proportionate to thut received by the hospital,
Puy patients shall ic zttended by their own private physieiens. In the
cese of a pey patient applying for admission who has no atiencing phy-
sician, he shzll be assigned to tne members of the activo medicel staff on
duty in the servicc to which the illness of the patient indicates assigne

mnto

5. Laboratories shull be provided in the irospitul so that all typus
of laboratory exuiminations msy be done, .

6. Standing orders shall b formulated by conference betwecn the
medical staff and the dircctor. They may be changed ouly by the director
after confercnce with tnc medical staff, These orders shull he followed
in so fer as proper troetment of the patient will allow, and when specific
orders ure not written by the attending nhysician they shell constituie
the orders for treetment. Sitonding orders shall not, however, rcplace or
cancel those written for the specific paticnt.

7. &£11 orders for trcetment siiwll be in writing. Verbzl orders shall
not bec accented or carried out., An order shizll bs considered to be in
writing if dictated to a senior nurse or other guthorized person and signed
by the attending physician, Ordors dictated over uhe tolephone shill be
signed by the person to vhom dictuted with the nume of the physician per
hais or her oun namec, 4% his next visit the cttending physieian shull sign
such orders, and reglect to do so shall be considored us acknonledsmont of
their corroctness,

8« As far es possible the use of proprictary remedios shall be avoidod,
v.nen such are ordered for private patients by the atiending physician, they
w1ll be secured and a specisl charge sade to the patient,

- 12 -
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9. The ationding pnysician shell be held responsible for the prena-
ration of a complete medical record for eacn neticnt. Tuis record shall
include identification date; complaint; personal history; family hisiory;
history of »rosent illmess; uhysical examinstion; special reports such ws
consultations, clinical lzborutory, X-ray, an¢ others; provisional diaj-
nogis; redical or surgicel treatment; pathological firdings; vrogress
notes; rinal disgnosis; condition on discharge; follow-up; und autopsy
report when available. lio medical record shull be filed until it is com-
plete, except on order of the nedical records committoc,

L.

10, A completc Listory and physical e:aminstion shall in all cases
be uritton within.2/ hours after acmission to the hoapitul,

11. +hen such history and physical exumingtion are not recorded "
befors tnc time stated for operation, the oporation shall be cancelled,
unless the sttending surgean statos in writing that such delay would be
detrimental to the pnaticnt,

12, All records cre the property of the hospital umd shall not be
taken avay without permission. In casc of rcadmission of a patient all
provious records shall be zvaileble for the use of the attending vhysician,
This shall apply whetnor the putient be free or jay, cnd vhether he be
attended by the same physician cr by another,

13, Except in cases of cmergeney, paticnis for operation shzll be ade
mitted not later than four o'eclock the duy previous to onoration,

Y., Lll operations perfermed srall be fully deseribed by tho attonding
surgcon, A4ll tissues removed at opor:tion shzll te sent to whe hosrital -
pathologist who shall make such cxuminstion as he ray consider necessury
to arrive at 2 patrological diagnosis.

15, In all cases vhcre a patient is admitted in a condition of abor-
tion, she or her representative shall asign & stutement cortifying that
nelther any cmployee of tno hospitnl nor the attending physicien was
directly or indircctly reswcnsible for its production,

16, bxcept in emergency, consultation with a mcmber of tic consulting
or of the active medical staff shell be required in all mojor cases in
vhich the paticnt is not a good risk an¢ in all curcitages or other
operations which nmay interruvt a known, suspectec¢, or possible prcsnancy.
The consultant shall make and sign a record of his findings and recommen-
dations in every such cescs In all ceses where a rule of the hosnital ree
quires consultation and in the cause of free patients, the consulitunts shall
give nis serviceos without chsaryc,

17, Lach member of the courtesy nedical staff, not resident in the city,
or irmediate vieinity, shall name u menmber of the redical souff who is resie
dent in the city, who mey e c:lled to attend his patients in ezergency, In
case of failure to numo such associute, thc Giroctor of the hocyitnl shzll
have authority to call any nember of tne staff shoulé he consider it
neccssarys,

18, Patients shull be discharged only on uritten order of the aitendi
4

chysician. &4t the time of discaurge ire attending vhysician shell see that
the record is completc, stetc his finzl dizgnosis, ocnd sign the record,

.13 -
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19, 4t the ronthly meeting of the mediczl staff the redical rocords
librurian snall subrit a rerort of the professional work of tue hospitel
for the prcvious month, This shell show uaticnts discharged and tle results,
deaths (the cause being stuted as given by the atiending physician),
autopsics, consultations, and infeciions of all kirdg. Tixe discugsion at
the moeting shall be based on this remort und at no meciing shall gobsiract
discussion of gcientific medicul subjects bo permitteds after euch meeting
the secrctary of tne mediczl staff shiyll trans:it to tho diroetor of theo
hospitel suen resoris ang recowwndations as tho wmediczl stuff ey wish to
make to him or through nin to the governing bourd,

20, Every merber of the medical staff stizll be cetively interested in
sccuring czutopsies waecnever possiblc, Mo autopsy snzll be porforned withe "
out vritten consent of a responsivle reluative or friend » all sutousics
shall be performud by the nospltal vathologist or by @ physician to uhom
he oy delerctc the cuty., g

21, The hogpital shall acidt patients suflering from cll tynes of
discecse. Patients may bc trouted only by vhysiciens tho have gubrittod
vropct credentials cnd nave been duly scppointed to merbershin on the edicnld
stuff. . ’

22, Surgcons rust be in the opcrating room end reody to cowncnce oporie
tion at thic timc schoduled, and in no cusc will the opcruating room be held
longer than fifteon minutes after the tire gscheduled,

Adopted at o regulcor meeting of the aclive medical stuflf

President of Liediccl Stulf

Scerctary of Licdical Staff

DuteoiC...l.O.‘...'..'0...0.0... \

Apgroved by the governing board

Sceretory of the Governing Board

Date....‘...‘.......O.t.........
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APPENDIX B

REFERENCES

Description

Protection of Radium Dial Workers and
Radiologists From Injury by Radium.
Robley D. Evans,. The Joumal of Ind.
Hygiene and Toxicology. Sept. 1943
Volume 25, No. 7 p 253.

The Toxicology of U Compounds,
Albert Tannenbaum and He Silverstone,
Métallurgical Project Report CH2LL6.

New York (Kellex) Safety Committee
Bulletins,

University of Chicago Health Reports.
Fish Program Reports and Charts.

University of Rochester Progress
and Special Reports.

Correspondence on Procurement of
Personnel,

- Contract of Oak Ridge Health

Association with the Oak Ridge
Hospitals

Two Reports from Dr.;g. Bale to

Col S.L. Warren on Radiation leasure-
ments at Tennessee Eastman Corporation.
Dated 9 February 19LL & 17 May 19LL.

Manhattan District Medical Officers
Experience and Qualifications.

L

Location

Medical Section
Files G-lO

Medical Section
Files CH2LL6

Hedical Sectlon
Tlles.

Medical Section
Files,

Medical Section
Files,

Medical Section
Files.

Medical Sectlon
TFiles,

Medical Section

Files,

Medical Section
Files.

Medical Section
Filese.
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APPENDIX C ~ PHOTOGRAPHS

Counter instrument for measuring alpha radiation.
Electrostatic type of electrometer for measuring radiation.

Vacuum tube type of electrometer for measuring radiation
(Rochester Ion Ibter)

Film badge.

Pencil chambers,

Speéial finger=-ring,
Finger print imprcssions,

Electrostatic precipitgtor for measuring dust in the aire

Chrysler pump for measuring concentration of fluorine and
hydrofluo ic acid in air.

Standard Chemical Warfare Kite

llalide lamps.

Organization Charts - Kanhattan District-lledical Section .

" e
be

Ce

de 1 November 194k to 30 April 1945 |
ee 1 May 19L5 to 31 Jul 19&5 :
fo Chart dated 31 July

1 May 1943 to 31 October 1943
1 November 1943 to 30 April 294l
1 lay 1944 to 31 October 194L

Dispensary - Carbide & Carbon Chemicals Corporation,
Oak Ridge, Tennessees

Dispensary and First Aid Station, Fercleve Corporation,
Oak Ridge, Tennessees

Dispensary ~ Tennessee Eastman Corporation, Oak Ridge, Tennessee,

-

SRR
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17.
18,

19.
20,

21,

22,

23
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Kadlec Hospital = Richland, Washington,
Roane-Anderson Uedical Service Building, Oak Ridge, Tennessees,
Oak Ridge Hospital

a. Front entrance
b. Rear

Oak Ridge Dental Eealth Center,
Oak Ridge Department of Health Buildings.
Hospital and first-—aid units at Hanford Engineer Works

a. Hospital Unit No., 1

be Hospital Unit No. 2

Ce First medical building and first and second first-aid

: buildings, Hanford, Washington

de Third first~aid bulldlnﬂ at Hanford and first~aid
station at Richland, fashlngton,

Chart showing relation of District research division to civilian
research agencies,

Automatic recording and alarm system for monitoring, Hanford
Engineer Works,
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Cl = A COUNTER TYPE INSTAUMENT FOR MEASURING ALPHA RADIATION
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€2 = AN ELECTROSTATIC TYFE OF ELECTROMETER FOR MBASURING RADIATION
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C3 = A VACDWM TUBE TYPE OF KLECTRCAMETER USED IN MEASURING RADIATICN.
THIS INSTRUMENT IS KNOWN AS THE ROCHESTER ION IETER.
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Cly = THE MANHATTAN DISTRICT FILM BADGE FCOR MUNITORING PEHSOMNEL
EXPOSED TO RADIATION. BOTH THE ASSEMBLED BADGE AND THE - |
COLPONENT PARTS ARE SHOWN, |
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C5 = TWO TYPES OF PENCIL CHAMBEES FOR MEASURING RADIATICK, IN
USE BY THE MAKMATTAN DISTRICT.
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Cé = A SPECIAL ALL-SILVER FINGER RING USED IN MOKITCRING b
PERSONNEL EXPOSED TO RADIATION. A SMALL DISK OF DENTAL |
X~BAY FIl¥ IS PLACED IN THE CAF SHOWN OX THE RIGHT. l
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C7 - A, AN ENLARGED PHCTOGRAPH OF A NORKAL PINGER PRINT HECCRDED
IN A WAXLIKE IMPRESSICN COMPCUND. '

B. AN IMPRESSICN CF A RIGHT IMDEX FING:ZR SHOWING EARLY
' FLATTENING CF THE RIDGES AED SCME ECCALIZED ATROPHY.
THIS IS EOST NOTICEABIE IN THE UPPER RIGHT OF THE PICTURE
FROM RIGHT EDGE OF BCCK.

THIS IMPRESSION IS FEOX A RADICLOGIST WHO HAD WORKED
5 YEARS WITH X=RAY AND RADICM,
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C 8 = AN ELECTROSTATIC PRECIFITATCR USED FCR AEASURING THE AMOUNT
OF DUST IK THE AIR. -
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C9 « THE CHRTSLER PU¥P, AN INSTRUMENT FOR MEASURING THE CONCEN-
TRATION OF FLUCRINE AND HYDROFLUCRIC ACID 1N AlR.
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Cl0 « THE STANDAKD CHEXICAL WARFARS XIT PCR IGTECTION OF TOXIC
CASES., THIS KIT WAS US:D PRIKARILY FOR THE DETECTION OF
FHOSGENE PRODUCED AS 4 BY«PRCCUCT IN THE ELBCTRCKAGRETIC
FROCESS. ‘
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Cll « AN RALIDE LAMP USED FOR MEASURING THE CONCENTRATION OF
VOLATILE CHLCRIDES AND FLUCRIDES IN AIR.
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012 = A SERIES OF 5 CHARTS SHCWING THI GROWTH AND CHANGES IN
PERSONNEL OF THE MANRATTAN DISTRICT MEDICAL SEGTICN BY
SIX MCNTH INTERVALS FRGM 1 MAY 1943 to 31 JULY 1945.
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. AT THE FERCIEVE CORPORATION PLANT AT OAK RIDGE, TEMNESSEE.
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CHILDHEN'S DENTAL CLINIC IS IN THE ROANE~ANUERSCUN MEDICAL
SERVICE BUILDING PICTURED IN C17.
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(OPPER)

Y

FIRST
MEDICAL BLDG.
in Hanford

Used during latter
port of spril ond
during Nay of 1943
Contoined 20 cot
deds - staffed by .
nurse ond orderly.

(cerrer)

SECOND

FIRST AID BUILDING
in Hanford

Used from April 13, 1943
to Juns 1, 1943 - staffed
by 5 nurses and 2 doctors

(Lover)

FIRST
FIRST AID BLDG.
in Hanford

4 renovated form
Aouse - used from

April U4, 1048, to.
april 12, 1043 —

sBrred by 2 nurses
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THIRD FIRST AID BUILDING IN HANFORD
|
{

Phis type Of Pirst Ald Building was used Jrom June 1, 18.3

1943 -~ staffed by two doctors end S rurses.

te July 23,
in

fhis duilding contoined doctos’ offices and 10 beds
Sistlar duildings were later used

addition tc Pirs? 4id.
femgles, ond isclation cases.

as sick teys for sales, |

FIXST AlD STATION IN RICHLANU

Tyvical ca-ly Pi-st 442 Station (n Rich.gnd.
vsed peicr to eveztion 0° Yadie- fostvitel
There were a: different times, 3 Pirse 443
Sration: in Richlgnd.
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C 23 -« VIEW OF AUTOMATIC RECORDING AND ALARM SYSTEM FOR RADIATION
MONITORING IN USE AT HANFORD ENGINEZR WORKS.
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3.8, 3.13, 3.15
Eaven, Dr, Francis, 5.21
Hazerds of
°  Chemicals, Gases, Liquids,
Solids, 2.6, 2.7 #
Beryllium, 2.8
Bbron, 3.15
Cadmium, 2.8
Fluorine, 2.7, 3.13
Fluoroocarbons, 2.8, 3.14
Hydrogen Fluoride, 2.7
Medical Control of, 3.13.
3.14, 3.15
Nickel, 2.9
Phosgene, £.7
Research, 5.1 4
Trichlorethylene, 2.8
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_Gas Diffusion Process, 3.20
Electromagnetic Process, 3.31
Bormel Industry, 2.1
Pile Provess,i3.43
Poloniun Production, 3.62
Radiocactivity, 2.1
Thermal Diffusion Process, 3.22
Uranium Processing, 3.3

Black Oxide, 3.6

Brown Oxide, 3.7

Crude OX'Q, 3.5
. Green Salt, 3.8

Hazards, 5.5, #

Hexafluoride, 3.8

Medical Comtrol of, 3.16, 3.12, 3.13
Uranium Metal, 3.9, 3.12

- Hagard Research on Substances of

Potential Toxicity, 5.15
Herring, Hall, Marvin Safe Co., 3.12
Heston, Dr. W, E., 6,22
Hexafluoroxylens, 3.14
Hodge. Dr. H‘ro:.d. 5.20
HOlt. Dr. H‘r°1d, 5.20
HOlt. Dr, W, B., 4.13
Hooker Electro=Chemical Co., 3.14
Houdaille-Hershey Co., 3.18
HOlllnd, C‘Pto Jde 'o' 3.3, '5.17‘ App, C12
Hydrogen Fluoride, 2.7, 2.14

Industrial Hygiene, 1.2
Industrial Medical Relatiomns at
Hanford, 4.27
Industrial Research,

Ingtitutions for,
Instrument Research, 5.7
Institutions for, 5.8
Iowa State College, 3.10

§.15
5.15, 5.16

Jacdbscn, Dro Leqn, 3059, 5.17, 5.18

Jacobson, Dr, Louis, 5.22

Jaffes, Capt. L., 3.3, App. @2, 3.39

Jameson, Capt, Lloyd, 4.21

Johns Hopkins University, 3.13, 3.l4,
3417

“Joslyn Manufacturing & Supply Co,,
3.12
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Kadlec Hospital. 3052. 3054’ App.
Cl6

Kammer, Dr. Adolph, 3.27

Kellex Corporation, The, 3.3,
3.16

Kellog co.. H.W., 3.16

Kettering Laboratory, 5.22

Lolnd. 3.62

Leggo, Dr. Christopher, 3.39

Lesco, Dr., Herman, 5.19

Linde Air Produots, 3.6, 3.7,
314, -

Linde Ceremiocs, 3.5

Linde Research Laboratories, 3.16

Lorenz, Dr. E., 6§.22

-

Madison Square Area, 3.3, 3.4
Mallinokrodt Chemical Co., 3.7,
3.8, 3.10
Massachusetts Institute of
Technology, 3.18
McDonald, Dr. Ellice, 5.23
McKinney Tool llamzfa.cturing Cos, -
3.12
MearS’ Capt. B.J.. 303, Appo
Cl2
Medical Cammunity Needs
Hanford Construction Fhase,
. 4428
Hanford Operations Fhasge,
4.31
Oek Ridge, 4.1
Medical Control of Hegzards, 3.10f
Electramagnetic Frocess, 3.32
Pile Process, 3.45
Polonium Production, 3.62
Thermal & Gas Diffusiomn
Process, 3.23
Medical Exeminations, 3.50
- Interval or Interim, 3.283,
3.33, 3.50, 3.63
Pre-employment, 323, 3.32,
3.50, 3.63
Terminaticn, 3.24, 3.33,
3.50, 3.63
Medical POlicy, 4-4) 4,5
Hanford .Construction Fhasge,
4.26

14

T

ﬂREPRoouceu AT THE NAT!ONAL Ancnlvas.

P e

. o ”'

Hanford Operations Phase, 4.33
Oak Ridge. 4.4
Medical Service Building (Oak
‘Ridge), 4.2, Apps C17, 4.5, 4.17,
4,21
Metal Hydrides, 3.10
Hetals, 2015 ’
Metal Processing & Sheping, 3.42
Metal Shaping & Engineering, 3.1l
Metallurgical Laboratory, 3 2, 3.40,
3.568, 3.59, 5.4
lletcalf', Capt. Roger, 5.21
Middlesex Warehouse, 3.6
Monitoring, 3.65
Air Contamination, 3.24,
Dust, Se34
Atmosphere, 3.47, 3.63
Maintenance Work, 3.48
Personnel, 3.45, 3.64
Phosgene, 3.34
Plant Areas, 3.46
Radistion, 3.25, 3.34, App. B9,
3.64
Water, 5.47
Monochlorotrifluoroethalens, 3.14
Monsento Chemical Co, 3.62
llorga.n, Dr. K, 2., 5.19

) - 2.0
National Bureau of Standards, 2+i1;
3.18

National Cancer Institute, 5.4, 5.16,

5,19, 5.22
Naticnal Defense Research Camm., 1.3
Nelson, Dr. Harold, 4.18
Neutrons, 2.3, 2.10, 3.4l
Neutron Radiation Research, 5.4
Knowledge Available, 5.4
Research Required, 5.5
Program Instituted, 5.5
Institutions, 5.5
Results, 5.5
New York Ares, 3.3
New York Safety Camittee,. 3.2,
App. B3, 3.26
Nickel, 2.9
Nickﬁon, Dr. J. Jo, 3.60, 5.18
Nickson, Dr. J. M., 3.60
Nickson, Dr. Margaret, 3.60
Nmow., Dr. W, Do. 3453, 4.35
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Osk Ridge Department of Health
Building. 4021. Appo c20
Oak Ridge Hospital, $.39,
App. C18, 4.6, 4.11
Objectives, Medical Program,
1.1, Appo Al
Occupational & Nom-Ocou-
paticnal Medical Care
Carbide & Carbon Chem,
Cox'p.. 327 ¢
Clinton Laboratories, 3.56 °
Hanford Engineer Works, 3.52
Tennessee Eastman Corp.,
3.36, 3.37 .
Office of Scientific Research &
Development (OSRD), 1.3, 5.1,
6.1 .
Officer Qualifications, 6.2,
App. B10
Operation Hazards, 2.1
Gages, 2.1
Metals, 2.15; Liquids, 2.8;
Solids, 2.8 -
- Radicaotivity, 2.2
Alphl, 2.2
Beta, 2.2
Gamme, 2.2
Substances, 2.3
Tolerance Levels, 2.9, #
Organization
Carbide & Carbon Chem.
. Corp. (l‘edical Dept. )'
3.27
Organization (Dental Dept.)
Organization (Medical Dept.)
Carbide & Carbon Chems Corp.,
3.27
Clinton leboratories, 3.56#
Hanford Construotion Fhase,
4.28
Banford Engineer Works, 3.53.
- Hanford Operations Phase, 4.35

Metallurgioal Laboratories, 3,59

Monsanto Chemiocal Co. (Dayton),
3.62

Oak Ridge Hogpital, 4.13
Tennessee Eastman Corp., 3.37
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Organization (Research Sectiom),
5.16, #
Biochemical Research Doundation,
6.22 < :
Clintom Leborataries, 5.19
Columbia University, 5.22
Manhattan Distriot, 5.16 .
National Cencer Institute, 5.22
University of California, 5.22
University of Rochester, 5.20
University of Chicago, 5.17
University of Washingtom, 5.23
Overstreet, Dr. Ray, 5.22

Parker, r. H. uo’ 3053, 5.18
Patient Visits per Month
Carbide &.Carbon Chem. Corp.,
3.25 ¢
Hanford Engineer Works, 3.55
Metallurgiocal Laboratories, 3.61
Tennessee Eastman Corp., 3.35

Pencil Chembers, 2.17, App. C5, 3.45,

3.64
Phosgene, 2.7, 2.14, 2.19, 3.36,
APP. C10 ‘
Phosgene Detector, Chemical Warfere,
2.19, App. C10
Pile Process, 3.11, 3.40
Pitluck, Dr. Harry, 4.18, 6.2
Plutonium, 2.5, 2.12, 2.13, 3.40
Hagard Research om, 5.11
Policy, Medical & Dental Clinic, 4.4
Polonium, 2.5, 2.11, 2,18, 3.62
Heazard Research om, 5.10
Polonium Process, 3.62
Pratt, Williem E., Mfg. Co., 3.12
Prepayment Plan for Medical Care
Oak Ridge Health Associatiom,
4.7, Appo A2
Objectives, 4.7
Membership & Fees, 4.8
Services Covered, 4.8
Services not Covered, 4.9
Contract of the Associaticn

with the Hospital, 4.10, App. B8

Administration, 4.10
Evaluation of, 4.10
Probable future of, 4.12
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Princeton University, 3. 16, 3.18
Processing of
Black Oxide, (Usoa) 5 6

Baron, 8.156 M

Brown Oxide, (U0g), 5.7
Crude Ore, 3.5
Green Salt, (UF,), 3.8
Fluorinog 3.13 .
Fluorocarbons, 3.13, 3.14
Uranium hexafluoride, (UFg), 5.8
Uranium Metal, 3.9, 3,11
Procurement & Auigmnant Servioce,
1.5, Appo B7
Protection Frocedures of Pile
Process, 3.48
Prosser, Dr. C. L., 5.18
Public Health Program, 4.20
“Type of Service Rendered
Hanford Construction Phase,
4.26
Hanford Operations Pha.ae, 4.33
Oak Ridse, 40
Pumps for Diffusicn Process, 3.19
Purdue University, 3.18
Purpose of Research Program, 5.2

Quality Hardware & Machine Corp.,
3.12

Radiation Hayards (See Hazards)
Radiation Research, 5.2 #
Alpha, 65.7; Beta, 5.8; X-ray
& Gemma Rays, 5.3
Instrument, 5.7
Msxed, 5.7
Institutions, 5.8
Neutron, 5.4
Radiocactivity, 2.2 #°
Hazards of, 2.1
Methods & Instruments for
evaluation, 2.16 :
Radioactive Substances, 2.3
Fission Products, 2.5
Plutonium, 2.5
Polonium, 2.5
- Radium, 2.4
R‘dan’ 2.4
Urenium, 2.6
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Radium, 2.4, 2.5, 2.13, APP. B
3.17, 5.1
Research on Extraction of, 3.17
Research on Hazards, 5.10

Readon, 2.4, 2.11

Rea, Lt.Col., C. E., 413, 6.2

Records, 3.54

Research Organizations (See Organi-
zation, Research Section)

Rekers,Capt, Paul, 5.21

Reports of Researoh Activities, 5.16

Research, 1.1
Fission Produsts, 1l.1
On the Diffusion Process, $3.16
Plutonium, l.l
Polonium, 2.5
Radiation, 1,1 (See Radiation
Researohs '
TUranium, l.1

Revere Copper & Brass Co., 3.12
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Richland, Washington, 4.28, 4.28,

4.31, 4,32, 4.33

Roane-Anderson Co., 4.14, 4.17, 4.18,
4.22

Rogers, Dr, D. B., 3.29

ROBQ, Mr. J. E.' 5.19

Saint Elizebeth's Eospital, 4.20
S.A.M. Laboratories, 3.16
Schrenk, Dr. H, Ho’ 5.21
Scmrtz. Dro s.’ 3060. 5.19
Scnmm. C. H, & Co., 3.12
Soott, Dr. K, S., 5.22
Secretary of War, 1.2, 1. 3, 1.4
Security
Effects of, 1.5
sil"mm. Mr, L, B-. 3.66
Sinsi, Dr, Nathan, 4.7
Sklaire, Dr. Harris, 3.29
Sox, Lt. Col, C. Ba, 6.3
Special Hazard Camittee at
Hanford Engineer Works, 3.52
Spencer, Dr. R. R., 5.22 -
Squires, Dr. Willim, 4,18
Stallings, Mr. J, Ho’ 4.10
Standerd 0Oil of Indians, 3.15
Stepletom, Mr, Newton, 4.39
State Boards of Dental Exsminers,
1.6
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State Boards of Medical Examiners,
1,6
Statistics
Hanford Dental (Operations
Phase), 4.37
-Hanford Medical (Comstruction
Phase), 4.29
Hanford Medioal (Operations
Phase), 4.35
Oak Ridge Dental, 4.18
Oak Ridge Mediocal, 4.14
Stesdman, Dr. L, To, 5.21
Sterner, Dr. James H., 3.37
Stoockinger, Dr. Hs E., 5.21

Stone, Dr. R, so' 3.55.‘ 5.59, 3.60,

5.17, 5.18 ,
Streeter, Dr. A, N., 3.37
Sublimation, 3.351
Surgeon General's Office,

Asgistmoce from, 6.2
Suter, Dr. George, 5.21

Telliaferro, Dr. W, H.’ 5.19
Tannenbaum, Dr, Albert, 5.18
Tellurium, 3.62
Terrell, Dr, H, M,, 5,23
Thayer, Mr. Hanford, 5.23
Thermal Diffusion Process, 3.3,
321, 3.22
Tiedemann, Mr, David, 5.21
Tolerance Concentrations for -
Radicagtive Substances in Air,
2.11,% Apps Bl
I"‘iaslion Products, 2.12
Plutonium, 2.12
Polonium, 2.11
R‘don, 2.11
Ursnium, 212
Tolerance Levels in Air for
Chemical Hazards, 2.14,#
Beryllium, 2,15
Cadmium, 2.15
Carbon tetrachloride,
Chloroform, 2.15
Fluorine, 2.14
Fluorooarbons, 2.14
Hydrogen Fluoride, 2.14
Phosgene, 2.14
Trichlorethylene, 2.15

2.15
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Tolerance Levels of Radiocactive
Materials in Body Tissues, 2,127
Fission Products, 2.13
Plutonium, 2,13
Polonium, 2.13
Redium, 2.13, APP. Bl
Tolerance Levels of Radiocactive
Substances in Urine, 2.13
Tolerance Levels of Various Types
of Radiation, 2.10, 2,11
Total Body Radiation, 2.10, App. Bl
Alpha, 2.10
Beta, 2.10, 5.6
Neutron, 2.10
'G.ml., 2.11
Troon, Dr. J. Fo. b.22
Trichlorethylene, 2.8, 2.15, 3.2,
3.20, 3.22, 3.44
Tybout, Lt, R, A., 3.3, APP. Cl2
Type of Medical Service Rendered
Hanford Construction Phase, 4.26
Hanford Operations Fhase, 4.351
Oak Ridge, 4.6

U, S, Publio Health Service, 2.12, 4.20
U, S, Vanadium Carp., 3.6
Universities, l¢6
University of California, 5.11,%5.22
University of Chioago, 3.2, 3.40,
3.57,V6.6, 6.4, 5.8, 5.10, 5,11,
5.15, 5.16, 5.19, ¢
Colunbil. University, 5.5, 5.8, 5.19,1‘1"
.21 '
University of Minnesota, 5,19
University of Pennsylvania, 5.20
University of Rochester, 3.2, 4,11,
4,13,75.7,.5.4, 5.8, 5,10, 5.15,
5.16, 5.19, 5,20 4 '
University of Washington, 5.4, 5.13,
5.23
Uran:hm, 206’ 2012, 5.1
Blaock Oxide (
Bromn Oxide, (%oz),
Crude Ore, 3.5
Green Salt, (UF,), 3.8
Bagard Research om, 5.14
Hexafluoride, 3.2, 3.8. 3.17, 3.20,
3.21, 3.22
Met&l, 3 9 3011, 3.43

3.6, 3.43
3.7
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Oxyfluoride, 3.8, 3.21
Radiation, Resou‘ch, .14
Tetrachloride (UCl,), 3.31 »
Trioxide (U0g), 3.81 ‘
Toxicity of, App. B2
Uranium, 235, 2.6, 3.3, 3.16
3.19, 3.31
Uranium 238, 2.5, 3.19, 3.31, 3.41
Uranim. XI, 309, 3.21
Uranium, X5, 3.9, 3.21
Urine, 2.13, 2.18
Use of handicapped workmen at
Hanford, 4.27
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Vacuur Tube Electrameters, 2.16,

Val&ntine, Capts William, 5.21

Vanadium Corpe. of America, 3.5

Vapor Phase, 3.31

Vaughn, Mr. Heary, 4.10

Veterinary Service at Oak Ridge,
4.21

Vitro ufs. Cm'p., 346, 3.7

Voegtli'n, Dr. Clrl, 5.21

Wantman, Mr. Maury, 5.20

"arron, COIO so Lo. 5‘17' 5.20,
6.1

Washington State Licease Burea.u.
4,25

watﬂon‘ Dr. C. Jo. 3060’ 5.19

Welsh, Cole A, B., 6.3

Westinghouse Electric & Mfg.
CO.) S.10

Wetherhold, Dr. J. M., 4.28

Wirth. Dr. Jo E.. 3.57. 5,19

Wolf, Capte. B. S., 3.3, 3.39, 3.65,
App. Cl2 -

Wollan, Dr. E. W., 5.18

Yale University, 3.17

Zirkle, Dr. R, E.. 5.18
Zussman, Dr. quard. 3427

‘ATOMIC ENERGY ACT 1p48 -




	5 ept ember
	October
	November
	Deceaber
	January
	February
	March
	April
	June
	July™
	August
	September
	October
	November
	December
	March
	April
	June
	JdY
	November
	December
	January
	February
	March
	Apri
	June*

	July
	August
	October
	November
	December
	January
	February
	March
	April
	June


