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March 29, 1945
TO - Members of Health Division of Metallurgical Project.

FROM - Drc Robart So Stcnea

BEST COPY AVAILABLE

I am enclosing herewith copies of soms iettera which sxplain the
reasons for the develcpment of the research vork of the Health
Division, and atate the accomplisiments up to the present time,

It occurred to several of us that the distribution of these letters
to a sufficient number of individuals, so that they could show them
to academic personnel throughout the Health Division, would be
valusble g8 a means of orienting everyone in the over-all problems.

Specific letters sre not attached covering the work of Dr. Hemilton

and Dr. Tannenbeum, but the work 1s covered in a general way and may

be coverad later by additionel letters. The occasion of the letters
was a general report to Mr. Compton and he has given his permission

for the Health Division members to ses this report., Use your diacretion
in showing this meterial to the academic people under you.

Div <8 Wﬂ.bnu.sk,w::) Lo
REPOSITORY MA VL T 1 a Dioid A Re- \Z‘J'foura sincergly,

; }:u, i
usmoieer tons Bl 19T JLT

BOXNo. ) Robert S. Stone, M. D.
Assoclate ProJect Director
RSS/w FOLDER W& P pcas for Health,

i SCtIn g e natl
ies intormation antecting th
i et t contains nlormat ! L

: ‘0““"“\" i comng of the = '
delense ol the ‘L‘ N Ite transmission R b=
Espiorage Acl L =T . ' -
or the on of iis contenis an any mart

. [T - .
fauthorized prrson 13 prohibited by law.

1008382 = &




SRR AP PRI

- L\]n o« r_“j‘
10083583 o e e U ¥ 2 8

Y
Series A - 7 copies.not listed
. ats Series B -
Tzissdzziment'consi o [21 1, L.0.Jacobson 1ll. K,Z.Morgan
ge 3 SG-;-J_es .ba X 20 KoSoCOle 124 WoHoRay
T 3, J.J.Nickson 13, J.G.Eamilton
4, C.L.Progser 1li, S,L.Warren
- 5. J.E.Rose 15. H. E., Friedel
6. A. Brues 16, S.T.Cantril
-N AR - 7, H.J.Curtias 17. R.S.Stone

8, R.E. Zirkle 18.Central File
9. P.S.Henshaw 19, Readers File
10, J.E.Wirth 20, Central File

March 23, 1945
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R. S. Stcne

RESEARCH ACTIVITIES OF HEALTH DIVISION

In 19Lk2 when the Health Division of the Metallurgical Project was first
called into existence the problems presented were, what hagards would
come from the develcmment snd operation of chain reacting piles and could
they be controllied. At that time woe had a considerable body of knowledge
on x-ray and gamma-rasy hazards and a very limited amount of knowledge of
neutron hazards, A fov rad¢io-active materials had been used in tracer
amounts tut practically nothing hed been done with amounts sufficiemt to
cause serious damage., The morale of the whole Project was at stake, We
calculated the anticipated hezards from known facts and extrapolated to
the probable permissible levels of sexposure,

The contractor and the University agreed at that time that we would be
given the opportunity to check our calculations by experiments and so
establish the tolarable limits of expoaures on solid grounds. Our program
to date has been based on accomplishing these aims for tuballoy, fisslion
products, product, neutrons, beta rays, pile gamma rays and other chem-
ically toxic and radiocactive substances which might come into the processes
of the Metallurgical Project. In addition we have attempted to understand
the mechenism by which these agents acted so as to be able to treat anyone
vho might be over-expomsed to any of them. It has been atated that the
number of people who might be 30 exposed would be small dut may I point out
that the leadera of science in this country have been working on DSM
projects where such hazards exist and were they to sufier any serious
damage from the pacuiiar hazsrds the United States would suffer an ir-
reparable loss, In the scientific world the loss would be analogous

to that of killing the generals of the Army.

The biological experimentation has lagged bohind the reat of the program
of the Project by about one year; the resson for this has been that mary
of our experimenta could not ba started until the materials for them could
be mede svailadle by pile operations, Our investigations of product, both
clinical and biological eould not start until a sufficient amount was
available to allov some for biological studies: The results which we have
obtained ard will obtain if sllowsd to continue working ars of walue not
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alone to the Metallurgical Procject dut also to any project meking use
of the materials developed on any of the DSM projects, Consequently,
the need for the rasulta does not terminate with the termination of the
main objective of the Metallurgical Project as a whole, The persommnel
et Sites W and Y in particular are involved,

~ We have found out a great ﬁany things since our orgenization which were

not kmown before and are of extremely great valus., May I list a few of
these: .

1. The fact that tuballoy is relatively safe to handle and use in
moet of its compounds has been established; a contrary opinion
was held at the commencemsnt of the Project.

2, The absorption, organ distribution and methed of elimination of
the principle long-life fission products have been obtained; these
have been studied vhen they enter the body by mouth, by lungs or
by wounds, Most of this information was completely umknown.

\N
°

The effacts of the vericus fission products on the body ae a whole
and on the particular organs in which they locate has been deter-
mined in part. We have founi out such items as the following:

e) the amount of some radio-slements required to produce early death,
as strontium, barium-lanthanum, zirconium-columbium and yttrium,

b) the effects of a bone deposited emitter in producing injury,

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

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

The information obtained from these experiments is of great value
in establishing the dangerous amounts and the toleradle amounts
of the materials. The datea required in case of offensive or
defensive radio-active warfare could be calculated very easily
from our findings,

L, Information concerning product is rapidly being accumulated; we
nowv know the acute lethal dose for different methods of adminis-
tratlion; the short time effects produced on dbone and other tissues
and the reletionship of product to radium as acute injurious
agent.s.

5. We have established the acute and sub-acute effects of total body
irradiation with slow neutrons and bets rays. Such experiments
were not possibls before Clinton was in satisfactory operation.

6. We have shown taet lymphcomatous tumors can bs produced by deposited
strontium In the body as wall es by x-roy. Zamme-Iays and neutroms.

3 LM
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Also that lung tumors cen be cause by x-rays and gamma rays and
this makes the possidble preoduction of tumors by alpha rays from
product much more likely, Bone tumors are appearing in animals
injected with strontium; ovarian tumors have appeared in animels
being irradiated. All of these have been produced in a relatively
short time by relatively large doses, Just what doses will be
required with longer exposures is not yet known,

All of these possidbilities and others have been suspected by us
but nov we have shown they are realities and that in case of psople
with over-exposure we will have to admit the poseibillity of a
connection between the employment and the disease and accept the
responsidility. '

T. Az 8 means of detsrmining how much product is in the bdodies of
personnsl ve have developed fairly satisfactory means of
analyzing urine specimens. Methods of analyzing feces, body
gecretions and tissues are not yet in a satisfactory state.

€. We have developad & sstisfactory means of detezﬁining the amount
of tuballoy in the urine ani we have some tests that Indicate
demage from heavy metals before the trouble has reached clinical
levels, .

G. Scme information heas been obtained on the fundamental nature of
the injJuries caused by radlation and heavy metals, dbut not enough
to know the best methods of treating patients with such injury,

1C. We have established the tolerance dose of gemma-rays on a much
firmer basis than ever befors. .

What remains tc be done? We have not as yet filled in in sufficient
detail the knowledge 1in any of the fields investigated; in particular we
have not established the permissible emounts of radiocactive elements which
can be allowed to oxist in a person’s body without danger of complications,
We have not satisfactorily determined how to remove many of the damaging
paterials from the body In case they do becoms deposited; we have not any
satisfactory knovledge of how to treat and restore to usefulness a person
vho has had an overwhelming effect from radistion.

The establisiment of safe levels of air contamination for product and
fission products, Por safe levels of exposure to fast, slow and thermal
neutrons and to beta rays, of safe levels of exposure to other heavy radio-
active elements whether transuranic or below uranium remain yet to be es-
tablished with any degree of certainty.

As &n example of the need for the studies which we have under wey, I would
like to point out two findings which differed markedly from our celcula.
tione. TFirst, radiostrontium wa lmew would be depcsited in bone and we
through therefore that bone marrow destruction and bdone tumors would de
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most likely. We have found that lymphomatous tumors and leukemia were
in reslity first to appear., This means that we will have to expect
leukemias rather than bone tumors aa a sub-acute and chronic result of
strontium. Second, we expscted from calculations based on the energy
of product and radium and a somewhat similar metabolic behavior that
product would be 1/50 as toxic as radium., We have found that the acute
toxicity of product is almost the same gram for gram as radium. Radio-
autographs have shown us that there is a definite difference in the de-:
position of product and radium in the bone end this probably explains
the greater than anticlpated effect. Present indications are that in
sub-acute exposures product will not be exmctly as toxic as radium and
much longer term experiments may show that product 1s not quite so
hazardous as we must assume it to de,

I believe that the biological and clinical research programs of the
Metallurgical Project have jJustified thelr existence, that the continued
use of tuballoy lsotopes, fission products and product by DSM projects
not only Justifies but necessitates the continuation of a large smount of
health research work.

Robert S, Stone;, M. D.
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March 23, 1945

Dr. Stone has asked me to submit mors specific data to amplify his
general report to you on research problema connected with health.

e

The first objective of the biological research in the Biology Section
is to determine the results of expcosurss of animals to Project radia-
%ions and radiocactive materials and to estimate the results of exposures

of man to thece hazards.
on this objective are now summarized,

The wore important data and conclusions bearing

About fifteen percent of the redioactive materials inhaled has bheen de-

posited in the lungs,

The tims required to remove one half of the

deposited materials varied from a few seconds to two weels, for the .
fiseslon products investigated (I, Sr, Y, Ru, Zr, Ce) and from twelve
hours to two weeks for plutonium, while the times for ninety percent
These times depend s0

much uwpon the element and its chemical and physical form that no general. -

rsmoval were about two months for Ce and Pu,

i{zations are possible,

Fifty microcuries of Ce deposited in rat lungs

caused severe lung injuries and killed half of the animals within three

months,

It has teen found that half of the rats swellowing fifteen microcwries
of ¥, & or mixed fimsion producte per gram of body weight did not live
over a month. When about three microcuries of Sr, Ba-la, Zr-Cb, or Y
per gram ware introduced directly into the bodies of mice, rats, rabbits
About one-half microgram
of Pu or Ra ver grsm of body weight produced the same result in mice,

or dogs half of the animals died in a month,

rats and dogs.

For the present it 1s reasonable to asszume that a man

vill be killed promptly by fiftesn microcuries of fission products per
gfaa or a half microgram of plutonium per gram introduced into the body.

10958387
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For emaller amounts of material in the body mice live longer, six
months for two and a half micrucuries of Sr per gram to ten months
for half microcurie per gram but they develop an average of fifteen
percent bone tumors and twenty-five percent lymphome and leukemia
before death, Similar figures may be available in six months for
plutonium,

About 500 r of x-rays has killed half of several streins of mice,
rate, rabbite and doge in a month and we can expect the same effect
on man, With fast peutrons the value is about 100 n for mice and
rabbits, It has been found that about half of the x-ray injury to
rats was gone in & week after an exposure, But 70 r per day also
killed rats and mice in 2 month and 10r per day shortened their 1if-
time considerably.

Doge and rabbits whilsh ultimately died in two weeks after x-ray ex-
posure had -an immediate prostration followed by gradual loss of red
blood cells, After a week the animals lost weight rapidly and de-
veloped other symptoms suggesting thet death wes caused by circulatory
failure, Two dogs receiving|fatal and near-fatal amounts of plutonium
showed the same effocts but without the initial prostration.

Blood counts on a2nimsls exposed to wvarious radiations and radicactive
materials have shown that the lymphocytes wers the most sensitive cells
in the blood, 100 r of x-rays or 24 n of fast neutrons removed half of
these cells vwhile 25 r and 10 n respectively produced minimum detectable
effect, About two microcuries of Sr or Be-La reduced the lymphocytes
to half in mice, rats and rabbits while about a half microcuie per gram
vas detectabls, Pu and Re reduced these cells to half in mice, rats and
rabbits at about one-fifth micrograms per gram, '

The microscopic exemination of tissues from exposed animals showed that
fission products end x-ray produced the most damage in themarrow of the
bones. The lymphatic tissues, the lining of the gut and the reproduc-
tive organs were slso damaged. Plutonium caused severe damage to the
‘bone itself while for equivalent exposwre, Sr end Ba.la had less effect
and x-rays did not produce any detectable damage. The injured tissuss
recovered more completely from x-ray deamege than from that caused by
I'iseion preducts.

In conclueion I wish to summarize the present situation. The major
portion of our fact-finding program on the immediate effects of fission
products ard external radistions is complated, Practically all of ocur
personnel and facilities are now occupied by work on Plutonium and on
delayed inJuries,

K. &, Cole
KsC
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H, J. Curtis

BIOLOGICAL WORK AT CLINTON LABORATORIES e

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

the biclogical effects of external radiations and other hazerds which might
exist in the neighborhood of e production pile,

It has heen neceseary to devise methods for exposing animmls to the various
radiations in pure form and over a wide range of intensitles. The plan of
the experiments has been to expose groups of animals to high intensities of
a particular radiation and esteblish the acute lethal dose, and with this
knowledge extend the work to lcwer and lower exposures extending over
longer and longsr perlods of time, Specific findings and the present
status of the work with the various radietions are as follows:

Gamse Rays: This radiation has been considersd as equivalent to x-rays,
about which a good deal is known medically. The other radiations have
been compared then with this, both for acute and chronic effects, in order
that results could be more easily applied to msn. Many experiments are now
in progress, essentislly acting as controls for experiments with the other
radiations,

Fest Neutrons: It has besen found that for acute (30 day) death thias

radiation is 3,0 times as effective es gamma-radiation for equal energy
abeorption. When administered at a rate of 13 n/day and 1.3 n/day animals

1098389
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dle after accumzlating sbout three times the acute lethal dose (S0 n) but
at 1.15 n/day after only 1.7 times the lethal dose, This is faster than
for gamma radiation but how much faster is not known since the corres-
pornding gamma ray serles are not yet complete, Histological and hemato-
logical effects are almost identical with those produced by gauma rays,
but the long term series are not complete, For acute effects, gewme rays
and fast neutrons are completely additive.

Slow Neutrone: It has been found that 504 of mice will die in about

21 days fo_loving an 8 hour exposure to a slow neutron flux of 3 x 168
neutrone/cm -s86c. About one-fourth of this effect is due to capture ﬁma
rediation from hydrcgen, and the remainﬁer presumably to proton and C
recoil from the reaction Nl (n, p) ck These latter are produced
preferentially in the nuclel of cells, and 80 produce maximum damage.
Radioactive 1sctopes formed in the body as 2 result of exposure are a
secondary hazard, of which phosphorus is the most important element,
with Na, X and Cl playing minor roles, A few preliminsry results on
long term effects seem to indicate that this radiation may-have very
potent carcinogenic action, a hint of which has also been received from
histological studies.

Bota Rays: In order to produce deasth it is necessary to apply about

twice as much of this radiation as with gamma rays as measured on an equal
energy basis, However, the absorption of gamma rays is proportional to

the volume of thke animal while with beta rays it 1s proportionsl to the
surface area. Thus the acute lethal dose of beta rays for mice is 4500 r,
for rets 7500 r, and for rabbits 20,000 r at the surface., However, asince
in this work the real danger from bata rays probably lies in damage to

the skin of the hands leading to skin cancer, one, therefore, cammoct reason
that beta reys are leas dangerous than gamma rays, Bete ray ulcers have
been produced by local exposurs which heal only after seversl months, end
skin cancers have deen producedin mice after only a single exposure,
Histologlicsl studies show a heavy thickening of the skin following recovery,
and metadbolic studies show that large quantities of body fluids are loat
through the dameged skin., BRBeta rays produce nc effect on the dlood count,

Other potential hazards in the neighborhood of the Clinton pile have for-
tunately been found to be negligible, All animals in the buildings and
around the grourds are normal in every respect and this work will soomn be
discontinued. Rebbits have been exposed to the undiluted pile steck gases
for about 15 months and ars still normel in every respect., From studiss
on fission recoil isotopes cbtained by placing bare uranium foill in the
pils, it has been found that the hazerd due to the inspiration of these
products is a very minor cne, and if such products were released in the
air the danger would de from external beta and gamma radiation.

It can then be eald that perhape our hardest task, that of developing
expogure methode, 1s complete and thet many of our hardest biological
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problems have been solved. Since July 194l we have been observing the
prolonged effects of radiations, and the longer these observations are
continued the more information we will have, Resulis already obtained
from these experiments have indicated the desirsbility of starting a number
of new series, I JTeel that this laboratory is almost uniguely squipped to
continue these studies, and that it weould be 2 mistake to curteil them.

H. Js Curtis
BIC/3r
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S, Schwartz

APPENDIX TO LETTER, R, S. S. T0 A.H.C, (MUC-RSS-425)

Contributions tc Clinical Procedurs:

1.

AR ¢
A rapid, simple, and extremely sensitive mefhod has been devised
for the quantitative estimation of (Sensitive to one

hurdred billionth of a gram). This method is applicable to
biological waterials such as urine as well as other sources.

™
Urine X studies of Ames personnel show good correlation with
history of ® exposure,
Moo

pAaM
A significant correlation has beén found between the exposure
of project peraomnel to » berillium, and other metals

end thelr urinary excretion of coproporphyrin,

An increassd amount of various urine pigments is excreted by

many indivicuals with chemical, wetal, and possibly radiation
exposura., By the use of improved techniques we are nov attempting
to make thesme tests more aspecific.

A meihod has been devised for the isclation of white blood
cells from venous blood, (These cells are being used for nuEmerous
biochemical atudies.)

A number of project personnel have been shown to have at lesst
borderline ebnormalities in their liver function teasta. Ve
have not, however, correlated these with certainty with any
project exposure.

Red blood cells protoporphyrin values have beern found to be
commonly elevated in Individusls with tubelley as well as with
noa-tubatlior metal exposurs., o,

“ 7
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Studies currently in progress (in addition to improvement on the sbovse),

1. Biochemical studies of white blood cells in individumls
with radiation exposure.

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

3. Studles of fecal porphyrins in individuals with chemical,
metal or radiation exposure.

Sincerely yours,

Samuel Schwartz, M.D.
SS/msh
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Actual Numbders Czlculated Ceiling Actual Rumbers

april 1, 1o4bh Dec. 1, 194k
: 1cal Laboratory # k2 213us /7 186
ﬂ -
{ i Michasl Reese Hospitsl 2.5
i
\Y
linton ILaboratories 8s 127 as
iation Laboratory
of Calir) 25. 34,5 18(1)
\4:}. C. Hospital 1 1.5 1
=
1 2s1 382 292.5
|
= 7

Ty [ # N.C.I. smployeez are on Netallwrgical Laboratory peyroll.
\\. / Michasl Beese Hospital group vere on Metallurgical Laboratory
Wi payroll but sre now a separate sub-contract,

##% Ry intra-labcratory regulation this was set at 2195, There were
134 technical perscmnel on April 1, 1944, which would allow a
technical ceiling of 201. Om April 1, 194k there were omly 8
non-technical personnsl, vhereas on July 1, 19hh, whem the
ceilings were caloulated, there were already 17 non-technical,
and a place for the 18th. Hence, the Laboratory Persomel
Director allowved a ceiling of 219. The 213 figure given above
is used hers in order to obtain the ascurate over-all ceiling.
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