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Marck 29, 1945
TO - Members of Heeltl Division of Metzllurgiecal Project.

FRO¥ -~ Dr. Robert £. Stons.

BEST COPY AVAILABLE

I am enclosing herewith copies of soms letters which expiain the
ressons for the devaicomert of the research work of the Health
Divislun, and stais the accompiishments up to the present time,

It ococurred to several of us that the dictribution of thess letters
to a sufficient number of individuals, so that they could show them
to acacem:c personnsl throughout the Heaith Division, would be
valuable es a8 means of orienting sveryone in the over-all provlems.,

Specific letters sre not ctiached covering the work cf Dr. Hamilton

and Dr. Temnendeum, but the work 1s covered in & generzl way and nay

be covered later by additional letters. The occesion of the letters
was a pencral report te Mr, Compton and be hes given his permission

for the Heellh Divisicn mombers to ses ihis report. Use your discretion
in shoving this metveorial to the acedemic people under you.

Yours sincersly,

Kobert 5. Stons, M. D.
Associate Project Director
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March 23, 1045
A, H., Compuon

R. 8. Stone

RESEARCH ACTIVITIES OF HEALTE DIVISIOE

In 1942 when the Heplth Division of the Mstallurpical Project was first
called into existence the problems presented were, what hazards would
come fromw the develomment and opsration of chain reacting piies and could
they bs controlled. At thet time we had & considerable body of knowledge
on ¥-ray and gamma-ray hazerds and a very limited amount of knowledge of
neutron hnzarde, 4 few radio-active msterials had been used in tracer
amounts but vpractically nothing had Deen done with amounta sufficient to
cause gerious damsge. The morsle of the whole Project wes st steke, We
ceiculated the anticipated hezards frox known fecte and extrapolated to
the probebie permissible levels of exposure,

The contractor and the University agreed at that time that we would be
given the opportunity to check our calculations by experimernts and so
establish the tolerabie limits of exposurss on s0lid grounds. Qur program
to date has been based on accomplishing these aims for tuballoy, fission
producis, product, neutrons, beta raye, pils gamms rays and other chem-
ically toxic and radioactive substances which might come intc the proceases
of the Metellurgical Project. In addition we have attempted to understand
the mecheniem by which these agente acted so as to be abls to treat anyone
vho might be over-expomsed to any of them, It hes been stated thet the
number of people who might be so exposed would be small but may I point out
that the leaders of science ir this country have been working on DSM
projects where such harzards €xist and were they to suffer eny serious
demage from the psculisr hezarée the United States would suffer en ir-
repareble Yoss. In the scizntific world the loss would be analiogous

©o that of Killing tho gemerals of the Army,

The biclogicel experimentation has iegged bokhind the rest of the program
of the Project by ebout one yeer; the reesson for this nas been that meny
of our experiments coulé not be started until the materials for them could
be mede eveilabls by pile operztionc. fwr investigations of product, both
clinical and biological could not stert wntil o sufficient amoun: was
avaiiable to aliow some for biologicel studies. The resulte which we have
obtained erd will obbuin if sliowed to continue vorking arz of walue not
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elone to the Metallurgicel Froject but also io any project meking use
of the materials developed on any of the DSM projects. Consequently,
the nmsed for the rasuits does nol terminate with the terminstion of the
main objective of the HMetsliurgical Project as & whole, The personnel
et Sites W end ¥ ian particular cre involwed,

Ve have found out 2 great meny things since our orgenization which wers
not known befors anéd are of extremely great value. May I list & few of
- these:

1, The fect thet tubalilor is relatively safe to handle and use in
most of its compounds has been established; a contrary opinion
wes held at the commencement of the Project.

2. The absorption, organ distribution and method of elimination of
th9 principle long-1ife fission producte have besn obtained; theas
have been studied when they enter the body by mouth; by lungs or
by wourds. Most of this information was completely unknowm.

%. The effects of the various fission products on the body as & whole
and on the particular organs in which they locete has been deter-
mined in part. We have founié out such items ac the following:

e} the amount of some radic-elements required to produce early death,
es strontium, barium-lanthanum, zirconium-columbium and yttrium,

b) the sffects of & bone deposited emitter in producing injury,

such as strontium and barium, c) the effects on the lung of radio-
elements deposited there, such as cerium and, d) the effects on

the gestro-intestinal tract of insoluble emitters passing rhrough,
such as yttrium,

The information obtained from these experiments is of great wvalue
in establishing the dangerous amounte and the tolerable amounts
of the meteriels, The data required in case of offensive or
defensive radio-active warfare could be calculated very eesily
from our £indinzs.

4. Information concerning produst is rapidly being accumulated; we
nov knov the acute lethasl dose for different methods of mdminis-
tration; the short time effects produced on bone and other tissues
and the relationship of product to radium as acute injurious
agents,

\n

. We heve established the acute and sub-acute effects of total body
irradiation wit) slow neutrons ané betes reys. Such experiments
were not poesibic before Clinton was in satisfactory operation.

O

. ¥e heve shown that lymphomatous tumors cean be produced by deposited
strontime in th: bocy ap wsll &s by z.roy. samma-reye and neutrons.
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Alsc that lung tumors cen be ceuse by x-rays and gamra rays and
this makes the poszible production of tumors by alpha rays from
product much more likely., Eone tumors are appearing in animals
injected with strontium; ovarian turors have appeared in animale
being irradimtei. All of these have been produced in a relatively
short time by roistivsly large doses, Just what doses will be
required with longer exposures is not yst known.

A1l of these posslbilities and others have been suspected by us
but now we have gshown they ars realities and that in case of people
with over-exposure wo will heve to admit the possibility of a
connection betwaen the employment and the disesse and accept the
responsibility.

. A8 2 means of datermining how much product is in the bodies of
personnel we have developed fairly satisfactory mesns of
analyzing urine specimens. Methods of analyzing feces, body
secretions end tiesues are not yst in a satisfactory state,

€. ¥We have developed a satisfectory means of determining the amount
of tuballoy in the urine and we have some tests that indicate
gemage from hesvy metals before the trouble has reached clinieal
levels .

Some information hes been obtained on the fundamental nzture of
the injuries caused by radiation and heavy metals, dbut not enough
to knov the best methode of treating patients with such injery.

0
-

1C. We have established the tolerance dose of gamma-rays on & much
firmer besis than ever befors,

What remzine to be done? We have not es yet filled in in sufficient
deteil the knowledge in any of the flelds investigated; in particular we
have not establishad the permisszibls emounts of radiocactive elements vwhich
can be ellowed to exist in & verson's body without danger of complicationms.
We have not satisfactorily determined how to remove many of the demaging
materials from the body in case they do becoms deposited; we have not any
satisfactory lnovledge of how to treat and restore to usefuin=es & person
who has had an overwhelming effact from radiation. ’

The esteblishment of safe ieveis of air contaminetion for product and
fission products, for safe levels of exposure to fest, slow and thermal
neutrons and to beta reys, of safe levels of exposure to other heavy readio-
active elements vhother transuranic or below uranium remain yet to be es-
tablished with eny depree of certainty.

Ae &n example of the need for the studies which we have under way, I would
like to point out uwo findings which differed markedly from our celcula-
tions, First, rad’ostrontium ws lmew would be deposited in bons and we
through thersfore uvhat bons merrow destruction and bone tumors would be
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most likely. We nave found thst lymphomatous tumors and leukemia were
in resliity first to appear. This means that we will have to exvect
leukemias rather than bonz tumors as & sub-acute end chronic result of
strontium. Seconl, wo expected from csiculatione based on the energy
of product and radium and & somewhat similsr metebolic behavior that
product woulé be 1/50 as tpxic as radium. We heve found thet the acute
toxicity of produszt is almost the same gram for gram as redium. Redio-
autographs have shown us that there ie a definite differsnce in the de-
poeition of product and radium in the bone and this probably expisins
the grester than anticlpated effect. Present indications are that in
sub-acute exposurze product will not be exactly as toxic as radium and
much longer term experiments masy show that product is not quite so
hazardous &8 we must assume 1t to be.

I believe that the biological end cliniczl research programs of the
Metallurgical Project have justified thelr existence, thet the continued
use of tuballoy isotopes, fission vroducts and product by D3 vrojects
not only justifies but necescitates the continustion of 2 large samount of
health research work.

Robert S, Stone, M. D.
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A. H. Compton

K, S. Cols.

RESULTS OF BIOLOGICAL RESEARCE

Dr. Stone nes asked me to submit more specific data to amplify his
general repert to you on research problems connected with health.

The firet objective of the biological research in the Biology Section

is to determine the recults of exposures of snimais to Project radia-
tions and radiocactive materials and to estimate the results of exposurss
of man to these hacerds. The mwore imporiant data and conclusions beering
on this objective ere now summarized.

About fifteen percent of the radioactive materials inhaled has besn de-
vosited in the lungs. The time reguired to remove one half of the
deposited materials varied from s few seconds to two weeks, for the
fisesion products investigated (I, Sr, Y, Ru, Zr, Ce) and from twelve
hours tn tvo weeks for plutoniw, while the times for ninety percent
removal were aboul two months for Ce snd Pu. These times depend so

much upon the element and its chemicel and physical form that no gensral.
izations are possible, Fifty aicrocuries of Ce deposited in rat lungs
caused sewvere lung injuries and killied half of the animsls within three
months,

It has been found ithet half of the rats swaliowing fifTteen microcuries
of ¥, Sr or mixed fission producte per gram of body weight did not live
over a month. When about three microcuries of Sr, Bs-ls, Zr-Cb, or ¥
per gram wers introduced directly into the bodies of mice, rats, rabbits
or dogs halt of the animnlc died in a month. About one-half microgram
of Pu or Re per grem of body weight produced the same result in mice,
rets and dogs. Foir' the present 1t is reasonable to essume that & man
will be killed promptly by fiftesn microcuries of fission products per
gtam or e half microgrem of plubonium per gram introduced into the body.

lvor Corneallad ’a‘l Ae'cj H.F-M HIBD/éS
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For smallier amounts of materiz . in the body mice live longer, six
months for two ant s half microcurise of Sr per gram to ten monthe
for half microzurie per gram put they develop an average of [{ifveen
percent bone tumors and twenty-flvs percent lymphome and leukemie
before deeth, Siniier figures may be availebls in six months for
plutonium.

About 500 r of x-rays has killed half of several strains of mice,
rate; rabblits and doge in a month and we can expect the ssme sffect
on man, WYith faet neutrones the vaiue is mbout 100 n for mice and
rabbits, It has been fournd that aboui half of the x-rey injury to
rate was gone in e week efter un exposure. But 70 r per day also
killed raus and mice in 3 monih and 10r per day shortened their 1if-
time coneiderably,

Doge and rabblts vhist ultimately died in two wesks efter x-ray ex-
posure had an immediate prostration foliowed by graduzl loss of red
blood celis, After a week the animsls loat weight rapidly and de-
velopsid other symptome suggssting that deatl: wes ceused by circulatory
failure. Two dogo recsiving fatel and near-fatal smounts of plutonium
showed the same effects but without the initial prostration.

Blood cownts on animalie exposed to wvarious rediatione and radioactive
materialis have shown that the Llymphocytes were the most sensitive cells
in the biocd; 100 r of x.rays or 2k n of fast neutrons removed half of
these celis whils 25 r anC 10 n respectively produced minimum detectabdble
effect. About two microcuriss of Sr or Ba.La reduced the lymphocytes
to hsli in mice, rats end rabbits vhile ebout a half microcule per gram
was detecuable, Iu and B redjuced thess cells to half in mice, rate and
rabbits a about one-fifth microgrema per gram.

The microscopic exemiration of tissues from exposed animals showed thaet
fissior: products and y-ray rroduced the most dsmage in themarrow of the
bones. The lymphatic tiassues, the lining of the aut end the reproduc-
tive organs were also damaged. Piutonium caused severe dammge to the
bone itseif while for equivalent exposure, Sr and Bu-Is had iess effect
and x-rays 3id noi produce any detectable damage. The injured itissues
recovered more completely from x-ray demage than from that caused by
fissior products.

In conclusion I wish to summarize the present situstion. The mejor
portion of our fact-finding program ox the immediste effects of fiseion
products and erxternal radietions is complated, Practiceliy 2ll of our
pergonrel end fac:litiee zrs nov occunied by work cn Piutonive end on
delayel injuries,

. Cols
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A, H. Compton

H. J. Curtis

BIOLOGICAL WORK AT CLINTON LABORATORIES

Dr. Stons suggested I write you regarding some of the resulte vhich have
been obtained by the blological group at Clinton to supplement his recent
letter to you on the aims and sccomplishments of the biological program.
From the purely biological side, our task here has been to investigate

the biclogical effecte of external radiations and other hazerds which might
exist in the neighborhood of & production plie.

It has been necessary to devise methods for exposing animals to the various
radistione in pure form and over a wide rangs cof intensities. The plan of
the experiments has been to expose groups of apimsls to high intensities of
& particular radiastion and esteblish the acute lethal dose, &nd with thils
knowledge extend the work tc lower and lower exposures extending over
longer and lLongesr pericds of time, Specific findings and the present
status of the work with the verious radistions are as follows:

Gamms Fave: This radiation has been consldered as equivalent to x-rays,
about which a good deal is knowvn medically. The other radiations havse
been compared then with this, both for scute and chronic effects, in order
that results could be more easily mpplied to man. Many experiments are now
in progrees, essentially acting as controls for experiments with the other
radistions.

Fest Neutrone: It has been found thet for acute (30 day) death this
mgiietion in 7.0 imoe as effastivr es gummr-rediation for eguel energr
zbsorpsion. When administered at u rate ¢f 1% n/day end 4,3 n/dey animels

. ———
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die efter accumilating about three times the acute lethal dose (90 n) but
st 1.15 n/dey after only 1.7 times the lethal dose. This is faster than
for gamme radiation but how much feater is not known since the corres-
ponding gamms rey series are not yet complete, Histological and hemato-
logical 2ffects are aimost ldenticel with those produced by gamma rays,
but the long term series arc not complete, For acute effecte, gamms rays
and fmet neutrone are comnlecely amdditive,

Slow Neutrone: It has been found that 50¢ of mice will die in about

21 days following an 8 hour exposure to a siow neutron flux of 3 x 108
neutrons/bme-sec" About one-fourth of this effect is due to capture famma
radiatisn from hydrogen, end the remaipﬁer presumebly to proton and C L
recoil from the reaction WY {n, p) ¢i%. These iatter are produced
preferentialiy in the nuciel of cells, and so produce meximum damage.
Rediomctive i1sotopes formed in the body as a result cf exposure sere a
secondary hazari, of which phosphorus is the most important element,
with Na, X and (1 playing ninor roles, A few preliminery resulte on
long term effecte seem tc indicate that thie radiation mmy have very
potent carcinogenic action, a hint of vhich has a&lso been recelved Ifrom
histologicael studies.,

Beta Rays: 1n order to produce death 1t is necessary to apply aboul

Twice as much of this radiation as with gemma rays as measured on an equal
energy basis, lowever, the absorption of gamms rays is proportiomal to

the volume of the animal while with beta rays it is proportionsl to the
surfece aree. Thus the acute lothal dose of bets rays for mice 1s 4500 r,
for rets 7500 r, and for rabhits 20,000 r &t the surface, However, since
in this work the real danger from bete rays probably lies in damage to

the skin of the hands jeading to skin cancer, one, therefore, cannot reascn
thet beta rey= ere less dangzercus than gamma rays, Bete ray ulcers have
been produced by local exposure which heal only after several momths, and
skin cancers have been producedin mice after only & single sxposurs,
Histologlcel studies show & heevy thickening of the skin following recovery,
ard wetabolic siudise show that lerge quantities or body fiuids are lost
throvgh the damegsd skin., Beta rays produce no effect on the blood count.

Other potentisl hazards in the neighborhocd of the {linton pile have for-
tunately been found ©o be negligible. AllL anipals in the buildings and
arour:d ths grourds are normal in every respect and this work will soon be
discontinued, Fabbits have been exposed to the undiluted plie stack gases
for about 15 morths and are still normal in every respect. From studies
on fission recoil isotopes ohtained by placing bare wranium foll in the
pile, It hac peen found thet® the hazard due to the inspiration of these
productis is & very minor ome, an{ if such products wmere relieased in the
air the danger vouli bz from external beta and gamme radiation.

It csn then be ecaic that perhaps owr herdest task, thet of developing
exposure methods, 1s compieie ani that many of owr nerdest blological
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problems have been solved, Since July 194k we have been observing the
prolonged effects of radiations, ené the longer thess observations ars
continued the more information we will have, Results already obtained

from these experimsnte have indicated the desirability of starting a number
of new series. I Yesl that thisz laboratory is almost unlguely equipped to
continue these studies, and that it would be a mistake to curieil them.

H. J. Curtis
BJC/jr
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Contributions tc Clinical Procedure:

1.

2,

5e
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A rapid, simple, and extremely sensitive method has been devised
for the guantitative estimation of tuballoy. {Sensitive to ome
hundred billionth of & gram)., This method is applicable to
biological waterials such as urine as well as other sowrces,

Urine T studies of Amez personnsl show good correlation with
history of T sxposurs,

4 significant correlation hss been found between the exposure
of project perscnnel to tubzlloy, berillium, and other metals
&nd their urinary excret:ion of coproporphyrin.

An increased amount of verious urins pigwents iz excreted by

rany individuals with chemical, mestel, and possibly radiation
exposurs, Fy the uss of improved techniques wve sre nov attempting
to make thess teats more specific.,

A method has been devised for the isolation of white blood
cells from venous blood. (These cells are being used for numerous
biochemical stuiies.)

5 number of project personnel heve been shown to have at least
borderline ebnormelitiee in their liver function teats., Ws
have nol, however, correiated these with certainty with any
project exposurs.

Red biood cells protoporphyrin vaelues have heen found to be
commonly elevated in individuals with tunnllov ap well as with
ron-tubalioy metal exposurs.,

Corver sluit ARHey Tk Claniafipolir
ot comcalsd Ry HLFE Connoll  AET, w(30/6s v
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Studies currently in vrogress {in addition to improvement on the above).

1. Biochemical stuwdies of vhite blood cselis in individuals
with radiation exposure,

2. Studies of tissue breakdown products in urine, with special
reference to individuals with radiation exposure.

3. Studies of fecal porphyrins in individuals with chemicsl,
metal or raliation exposure.

Slncerely yours,

Sammel Schwartz, M.D,
SS/min



