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TUE EFFECTS OF IRRADTATION ON THE 1,00D AND BLOOD FORMTNG TTSSUES.

S. T. Cemtril, L. Jscolson, and J. J. Nickson -

R. 5. Stone, Groﬁp Leader

January 11, 1543

*okok
-
Abgtrect

A veview is givea of the effects of external whole body amnd
local irradiation in man and experimental aninmals. Internal
irradiation by radicactive subsbtenees in nan aud experimental -
animals is considered. ’ e

An sbctract of nervinent findings is glven in the swmery and
conclusions.
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MWITRAT, SULTIARY : ' 2
R, S. Stone -

Our Project Director has described the Guties of the Health L

as follows:~ . - . 1 Health Dh‘iﬂion

(1) Bafeguarding the health of the personnel in the Chicago ' °
Project end its subsidiary research projects;

(2) Investigating the nature of hazards, protection agaihét them,
end the treatment of injuries mssocieted with the radiocactive . -
and toxic matorials used in our process; TN E, .

{3) The precautions necessary to safeguard the public h'ealt:h’;';‘

(4) As an important secondary duty to consult with and give ell
avallable useful informstion to associated projects that ave
concerned with similar hazards of radioactivity and toxicity.

In line with the Pirst of thoso duties:-

Dr. Centril reports below on the physical and laboratory examinations
of the personnel here in Chicago showing that a good check 1s being kept on
all of them and few instances of even slijht changes due to the hazards of
occupation are found. Dr, lWiollan reports on surveys nade by members of his
group, largely Dr. Parker, of the exposure conditions existing around the
cyclotron hore, in St. Louis and in Bloomington, and aeround Pile #1. These
studies have shown that while many of the safeguards nccessery have been
incorporated already sowe further safety measures are needed and these are,.
now being instulled. The Health Director visited the project at Bloomington
and was instrumentel in instituting more routine examinations. He obtained
health reports from the Chemistry Group in Berkeley showing no unusual blood
or urine changes and he wrote to the leaders of all other subsidiary research
projects advising then of ths health measures that are taken here and should
be taken by them.

In line with the second duty, that is "Investigating tie hazards, etc.":-

. >

Dr. Cole and his group have continued their investigationz with Xenon127;
with fast neutrons and x-rays, attempting to find new ratiocs, ond with aninmals
near Pile #1; Dr. Tannenbawi has continued his studics on Uraniw: toxicity;
Dr. %Wollan and his group are continuing their efforts to bulld a satisliactory
apparatus for sevparating %that rart of the ionization Cue te nouwsrons from thob
part due to garma rays when we have a mixture of the two; Ths H.C.I. Group,
the M.I.N.Y. project and the project at the U. of C.H. are all 3uying to find
the effect of various doses of total body irradiation; Dr. Hanilton and his
groups are investigatiung the metabolism of fission »roducts and the nethods
of replacement therapy. Dr. Cole has srent a great deal of his tire planning
the experiments to be performed at the Argonne to study $he effeets cf radio-
active meterials coming from the nils in the cooling aiv.
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In line with the third duty:-

Dr. tiollen, together with the members of other divisions has srent a
considerable emount of tine calculating the hazardsto be anticipated at the
Argonne, Site X and Site V/. Dr. Church, llcteorologist recently added to the
project, has supplied useful data to add to the above calculations.

In line with the fourth duty:-

The Health Director has helped to set up a more conplete iredical prograu
in sssociated projects end has consulted with the Army and Stone & Webster ro-
garding hospital end medical facilities at Site X.

B. REPORTS FRO,. SUBSIDIARY PROJECTS
k. S. Stone

1. II.C‘IO, Dr. Carl Voeg'blin_,_ Director:

~

The project at Bethesda was rccently visited by Dr. Jacobson vho brousht
back the report that the animal experimonts using acute and chronic exwosures
to x-rays and gammea rays are either under way or about ready to start, but
there is 1little in the way of results to revort. They have had sone deluys in
gettirg necessary materiels but everything needed is now on hand or accounted
for. Doses of x-rsys as low as 12.5 r given in & short weriod of time show a
detectable chenze in sowe tissues, especially the bone nmarrow and lymvhoid
tissues. There is apparent recovery in tuo to three wesks. 25 T and 50 r
doses produce much more sovare reactions from which also the animals angurernl:
recover in z few weeks. llowever, we are more intercsted in the late cifect
ti.an the early ones.

2. 1. H. N. ¥., Dr. Lloyd F. Crever, Investigotor:

This »roject was alssc visited by Ur. Jacobson. Two patisnts have been
treated with the Ileublein technique which conscists in practically continuous
x-rey irradiation from a tube omeratod =%t 185 k¥, at a distance of 255 cn,
from the patient when he is ir bed. The radiations are {ilterad throush 1.55 rm.
of Cu and 2.07 um. of iron. The first patient who receivsd a totzl of 300 rocaisen
between December 5, 1942 and Januvary 4, 1943 at the rate of 10 r ner day, was 2
12an who had g nelanoma with wide spread netastases. "Clinically he uwithsteod
the treatment fairly well and there sesened to be no ceasistent change in his
blood count®. However, on February 2né bovh the red and wnite cells had dccreass.
in pumbers to lower levels than at any vrovicus time, and the watient - ill have o
be fallowed for longer period of time ocfore definite coneclusi car
second vatient who had lung metastases from an enbrycnz oif the testi
150 r st the rate ol 1lOr per day bebwreen DTecauber 21, 1342 and Janu;rv 5, l“!‘

On this latter date his nlatelet count dropped rapidly =nd so Sreatnent was
discontinued. The platelets returned tc a fair lovel in two days. His red cell
count has continuelly decreased since the start of *reﬁt“cn* Lus +be white cclls

heve noi decreased very muceh in nuibers. Neither of these patients wag in ver
good rhysical condition and probavly their disease nar z2ccount for sore of 4iis
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changes noted. Dr. Craver concludes "... if it can be demonsbrated that
persons with as much disease as fthess can tolerate certain amounts of
radiation, one may be justified in concluding that presumsbly pormal pecple
could all the better withstand it."

3. U. of C. H., Dr. Robert S. Stone, Investigator:

At this institution, more nearly normal datients are being treated than
those at L.A.N.Y. The radiation uzed has been x-rays of 100 kv. constant
potential with no filtering intervening end the treatuent timec have been short.
The study has not gone far enougk 0 show apy but immediste results., Ons
patisnt veceived 190 r from 19 ireatuents in 21 days; a second 80 r in 25 duys;
a third 220 r in 14 days, end a Tourth 15C r in 13 deys. The blood counts of
all were nma). throughout the time of treatment and at the end and no uwnusuol
symptons develoved.

L. U. of C. Radiation Laboratory znd Denartments of Chysiology and Biochemioir,
Dr. J. G. Hamilton and Associates:

, (A separate report is to be iasued later in the month giving the detells
of the material incompletely suamarized here.)  The following radiceleents with
the carriers have been prepared frog wztoriel borbardcd on the Zerkeley Cyeloirnz,
Krypton {7, Rubidium ®°, Strontiwm 85 vitriun 8‘, Zirconiun 89, Columbizz V7,
Iodine 31, Xenon 1< and Lanthanun LD, A5 has beea ceported, vihen Strontic:
is injocted into eniuals it goes largely to the bonss. After crel administratio.
only a small percentego (about 8) is taken upr inte the body end gous o the b:
It is excreted largely in the feces. Tttrium goes mainly to the bones and rawnlls

there. It ie excreted in the feces. Less than 1) vas absorbod from the woashs -
intestinal tract. Then intreduced indo viz lungs 1% tended I3 : HISTUSI
Zirconyl chloride when injected hondsed ¢ remaln o the site of ‘unjectlicn axg

not be abgsorbed. What litblc was aboorsbed was aisiributed Ui sout she body

ané nobt selectively dsposited in the bones. ITodine want o She Tayrold glcan o
was eliminated by the kidneys. XHenon distributican has beon described in a pravicus

report.

Some rats were given reaw mizburss of fissicn producte in the fomm of
Chlorides. The Tigssion products vere obitained from & sample of uwranyl niser:
bombarded at St. Louis. Otudy oi tissues at diffcerent veriods showed agvive

naterials %o be largely lcesbsd in the bones bub an spprecialle amowat was o
eted zebtivivy couce 1o whe foess,.

Pound irn the liver and gplecn. Licst ol the enor
Yhen this mixture was given by stomach tude only L.&% of the ad
was found to have besn absorbed a3t the and of L deys. Tr. Dondlioo conclaces Lo rers

"1, The bulk of long life figsion products ave depcsited [ tlie cones,
frow vhich the rate of elimination appsars to be much slower than
the average half life.

2. It is probable that a large fraction of inhaled long 1ife fission
rroducss i3 likely Yo ho held iy the lun;:s Jor oA crtoncod waicd
Of $17Ncenae

o
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E, 0. YWollan, Sceiion Chief 1

5. Radiation Problems at JlArgonne

The radiation probloms associeted 'rith the Argonne pile huve bacn
considered and caleulations indicatc that the 5 £t. thick concrete shicld
which is being bduilt will give ample protectlion from both the nsutrons and
the gamma rays for operation up to 100 kw. If the metal is coated, which
is now the plan, it seems that the present exhaust system with slight modi-
fications will give sdequate dilution of the fission products waich eseape
the pile. If the motal iz nob coatsd 1t cammot be said with certeinty that
the radiation from the dlacharped zir would be ab & gale leveol. Detailed
reports regarding the radiation conditions at Argonne have been furnished
to those 1rmediately concemcd. The radiocactivilty of the exhaust -ir fox
uncoated metal was celculated from the cxperimental. data of Coryell and
Sugarman, account being teken of the rolative power and metal surface of
. the experiment.. and the pile. With soms uncerteinty us to the average life
time of the diseharged fission products and of the amount of trapping of
these in the chamnels in the pile it was found thabt the radicactivity in the
unddluted cooling air vas 4 x 10~9 curies of hard Bete-rays per cvo. If, as
seens reasonable, tho gamma ray achivity is of the same order of magnifude
it would be the deterrnining factor on the amount of dilubicn rsyuirsd Yoo
safety. A dilution of 100 would bring the coneceniratlcn to abowt 4 xn 107 &3
curies/cm3 which could be considered cefe. Tnis dllution is nrobenly othainable
with the present set up bub the lzck of certainty on this point has nade eoating
of the 1ebal seem desirabls.

Instrments for measuring the radiometivity of the air =1 Awvgonne ame
now beinzg nade, These will be cepabls ~f giving rsadlngs for cencentwotlions
far less than the tolerance coacenbratiocns. A number of lnsbrumeats To
surveyins the direet radiastion in the nelghborhood of the pils wlil also
on hand befors overation beging =% Zalc zite.

ba

6. Radiation Probleme Associated with 3he Chemical Plants

The radiztion shielding for chemical nlants at X and W as designed by
ur. Cooper and ths DuPont enginesrs has beon chacked and found owple with 2
lerzc safety factor. & chart has been nade for Hheir uce which pemits man
detezminaticn of the conerste *eqalred in shiclding any cmount of Troausi.

id

tive ,Xbl33 agoociated with o maxiinmin peotuct
to be hendlad indicates that t45. Track gives a saffleient Allusion o
maintain the alr conbun_nauio as afe lovel if %he liekteorcleosical conditions
are not too obiormal, The wstec :ﬂlogical conditions which met ba considered in
the choics of a =ite :mod wmest recuircments for hazards =y greater Shen o
encountarad in nomnal orerabtici.
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per unit volume of air will bz enalysed by a neasurcment of the alnha-ray

activity of the oollected ssiple. The alpha-ray lonization is mensured by

a Dorshem clettrometer with the cylinders fron the elsctrostatic air sampler

(at Dr. Friedell's sugsestion) boing used as the wall of the ionization chamber.

The sensitivity for reasonazble observation times is sufiiclient to determine

5 mierograns of uraniwm with en acouracy of 10% when the amownt of other
materials present 1s not large. This equimment is also being used by Dr.Canbril

and Dr. Nickson together with Dr. Camertsfelder in the mmalysie of the uranium

in the urine of amnimals which are being studied Por toxological effects of the

naterial :

8. Bffect of Prolonged Beta-Irradiation on thc Human Body -~ H. ¥. Parker

The psrmissible exposure of the body 0 prolonged gamme~irradiation of
low intensity 1is not well knovm, although we have a provisional suide - the
tolerence dose. For irradiation by beta particlos it is self evident that
larger doses can be accepted, but apparently no one has yeb proposcd 2 permise
sible figure. It has now bocome nsocessary o mske suoh a decision. The nreblen
has been approached by a revicwy of those cases cf Bebta-ray exposure in the .
-literature that are reasonably suitable for calculation or re-measurement., The
work will be coatinued in collaboration with Drs. CGantril and Nickson. Pro-
liminary c¢alculations for exposure Lo radio=-phosnhorus have given ra‘cicnal
rnsults and suggest a new nethed of zpproach.

9. Pocket Chambers - I. . Poxiter

Selectsd groups nave read and recorded tneilr own nocket lonlzation chambers.
Dacpl¥e the collaboration of the groups concermed it is evideat that this is no
the ldeal way to obftain & record of thio madiaticn sxposurs of project wenbors,

It @oss not fumcbion for smell grovns, sone of which nay recelvs tho hogviest
exposvres, and for alavge groups 1% 1ozas that one person is mede roesuonsible

for the resdinge and Lor the meinbonance of the chimbers and micvonchers "he
time thus spend, vihen irntegraoted over She smojoch, might Deliher e susriizo iy

one person.

/
Calibration of %he chombors Lo Loiitg ewarsisd oot L. ", Gemerksfolder
and vill be meporsed next montl.

10. Radiaticon SUrveys - H. ie Parker

The following surveys wore pade %o locate znd elimirase petendizl havavds
to personncl. As they will not be weporisi elcewhere and sg ihs Tesulis aro
sometiiies Of intercst in plamming provseiticn in ovher groutno thsy ars sct oub
in moderats debdail.

(a) The problén of betasray exposure was mentioned abovo. O“poz'tuni'ty 2ro80
t¢ neasure the radiation from sn exbtonded source of ureninm medcl. Tho dosagce8ts

close to the surfacs i .O,u nominnl rocotsens oer hour. I6 seaned thabt the hanés
end arns working wish iu g mederial wonll De exposed bo Lnig dcsatnserata,  Tha 'M""s
of the body aeen by the wranium \vmmol": r2eelved more than 0u0L v wev houw, (Doven
squivTalent 0 0.6 muc/on” Hiicimes o vadiation by o fesiar of A, 75 ig

A, £ . N7 A - © el Wt K oy T o1e e - ALY . n
aon2d o correlato Vhess Tirmros ULTh oGhuy 2ova ray ofYsehs Lo
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(b) The radiation from cherical residues in the Chemlstry Departmen
stored behind a straight 4" lead wall was checked. Dosage-rate in the vicinity
of the work bench under which the rescidues were stored reached 0.07 r per hour.
It was recarmended that a 2% lead wall be bullt at right amgles to the main wall
end that a 1" lead cover be placed on the work bemch. The Judicious use of an
Lesheped protective shield is frequently sound. If the L is used in the corner
of an outside roam, 1t should be ramembered that persons in the next roon or
even on the next floor may be exposed. In the present case the ti/o open sides
vere outside walls.

{c) The radiztion from a one gran radfum source confined in its lead coab
was nmeasured. At the time, men were worklng on an apparaius within one meter
of the source, where the dosage~rate wes 0.055 r pesr hour., It should be ewphasized
that tho lead carts are not safe contziners for the large radium sources. They
are planned for reasonably safe movement of the source and for storage at a
conciderable distance from working positions -- certainly not less than 2
meters. The men in this case were nolt cxposed for more than 20 minutes, but all
unnecessary radiation is axiomaticallv sbove tolerance.

{a) Two surveys of the radiation dround Pile #1 have been made. The
relative values from polnt to point agree wéll, but the absolute magnitude is
not comsigtent. 4As the output had been recalibrated betvieen these surveys thec
gecond has been assumed to be correct. It happened that the electroscops had
also just been checked at this time. The gama-radlation only at relevant
points was:

Haxirmm in the Zest corridor 052 roentgens per Zilowatt houvr
Kaximum on the central stairs 0061 " n n 2
Maxirmm guarda! exposure 0.022 @ o 7 2
3rd Handball  court 0.025 v n 1 "
In the strest 0.02 n f n . n

Tvidently if zarme radiavion is the prineipal hezard the equipment as bestec
was safe, provided that =accegs o c2rtzin obvicus regione was nrohibvited.

(o) Tinen cumveys wtore pavt of a progran roported olsevhere by Penneman and
verger to remce the hazards oi handling radloactive targets, Tae work is gtill
imcomplete.

(£) The activity of tho St. Louls cyclotron and of ke tombazded sample
were bested approxiately 30 hours afss> a prolonged bombardmens. The gsnma
radiation =lone in the vicinit; of the crelotren was then 2,97 » tor mur. Tha
activity of the sample was such that 10 minutes was ulm galab Udne o close

aporoach. The purpose of handling it ot this bime was to remuve rvopresentatlve
portions. Parsonnel handling the sample received doges ol tho orfsr of Dol T
t6 the body =nd 0.2 %0 C.4 to sie honds, ost of the exposurs couwld heve been
avoided by having the sample svbdlvided iato cartons bafo ‘@ bowbsrdment and by
preparing suitable lcad contairvers for the cartons shead ci tine. The further
orograss of the transfer of cnergy from She sample to projest nombers is boing
folicved.

() The zamma madiation arcund the U, of I cyclotron during the deubtercn
bombardnent of a Ee probe at about 10 nlercamperes was necasured,
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The wuter tanks surrounding the cycloiron were adeguate to cut dovm trhc gamma
radiation and presumably also the neutrons. There wus no protection avive the
cyclotron and this led to a curious distribution of radiation throughout the
room dus to the large componsnt of scattered radiation frow the roof. It was
safer to be sgainst the cyclotron tanks than at aay othoer point wituin 20 fect
of them. This Popen box®™ effect is e familiar one in other comnectlions, zmnd it

is sound practice to avoid it. In some countries radium hospitals are not
permitted to store radium ln protective boxcs without lids that close automatically.
The L benches mentioned above are bad from this viewpoint . They arc not planned
for vemmanent storage. NB. the tolsrance dose rate 1s 0.0125 r per hour, on the
basis of an 8 hour day.

l1. Neutrgn lieasurenients -~ Carl Ganertsfelder

Heasureuenta of nsutrons have boem made wWith small paraffin lined chambers
and attempts have been msde to obtein an absolute calibration of these in terws
of their efficiency iun measuring the lonizatiom in the body.

The chambers ere made in pairs one of vhich has an aluminum wall end
the other a paraffin wall. The two chambers should give nearly the sene reading
for germa rays and the difference betwuecn their readings when irradiated by a
mixture of neutrons and gamma rgys should record the neutrons.

An attempt has been made to calibrate the vparaffin chambers by measuremanis
of the neutrons coming from & Ra-Be source (of kmovm strength) shisided with
sufficiont lead to cut out wmost of the germa rays. The difference betwgen ihe
readings of the paraffin well and aluminum well chmabors gives a measurenard
of the neutrons.

Due to the uncertainty in the cbsorption of neuitrors ir Po shils method
does not look vsry promising abt nresent. [ore work rmusi be done berore on uc~
curate neutron sensibivity of tihe parafiin walil chamber can be given.

A set of mesasurcments made with these chambers cn top of ths West Stands
pile is listed bslow. The chambers were snielded vith three inches of lead
on all sides.

I II IIT
Paraffin wall chuxbers 22 » 208 102
Aluninum wall chambers o L47 « 121 131
Diff. 077 077 081  av.s ,072 =%

Time=75 nmiputes
Porier = 12 watts

Intensity of neubtrong under these conditions 1is .058 z!'/hour shere p!

represente a tissus ionization unit for nsutrons equivalent to an r for gama
rays.

1116393



D, BIOLOGICAL, DESIARCH

K. 2. Cole, Section Chiel

12. Rodiobiological Imvortance of Specific Ionization.--R. E., Zirkle. A
review of the literature on speciflic ionization is nearly completed., The
variation of =uount of radietion, as z function of the ion density required
to produce a given biological effeect, is found to lie in about a ten~fold
range for the best data cveileble on a wide variety of biclogicsal meterials
and effects. This review will be issued in rerort form.

13. Iffects of Tagt Jeutrons on Rabbits.--E. B. Zirkle end L, O. Jacobzon.
Experiments have been started %o compare the fast neutrons and 200 XV I-rays
for production of blood changes =nd lethal effects, The Be-d nentrons
from the probe of the Chicago cyclotron are being uwsed. Frelininary ex-

& 4
periments have shown blood changes in the 5-10 n range and lethal effechs
in the 20-120 n renge.

14. _ffect of Radiations from Pile #1.--R. L. Zirkle and L.0. Tacohson.

Three rabbits have been kept near 2ile ;-1 since January 13. The zcceumuliated
dose 2s n.casured by Victoreen 0.Z5 r and 25 r chantbers, was 3.55 r for 19 dave.
lioc significant chenges have been absarved )

c.==R, ¥, Writle, ‘Mo geparite series o4 amics €D
ceen nade to dave, uc ne greded deses cnd siizhtly over 4000 ¢
UTYE eivi

i

survivel cuyve aas heen obtained rciving ¢ holf-survivol 2css ol

ccmpares foevorculy w1uh 180 r» found in caorlier wori:.

16. Zffeets of Ead o-Xenon. Guirca nig 10 hod 18 g =, to zbout
0.1 miillicuris/iiter of Xet@?, I% wme rescved from O oges cnuper in Hoow
conditicn and &15& niter Leart puncturc.  Blood, o G

aminas:aqb, shoved coffects cf amonic, dehydraticn

but no certain effegts :f reGioactivity. Gvdnsa 7ig = . S

mre o about 5.5 miliicuris/liter of Kels?, It s vauoved in 3004 Con-
dition, bat showed o nelbht ices of 10 [m. Heardt puncture ciantred dehy-
dration and low oxygen. Tae zninmal died the next doy. Gross oud nicro-
seopic exasminaticnz showved zrsgss ol collapszed lwumz hut also ndiczied that
heart puncture was primorily responsible Tor death. Thers ere ne 26rtain

effects of radiozehivity.

Guinea vig 419 sveat a dotal of &7 dzvs f' shhe cpparatus without
<enon expomire. b died from an lnCQ'CV'unu : Cooxynen cupyly
heving lost 16 . in weight. Cuinsa nig WL6 e razoved JTom She cppar-
atus criter 48 days without xemon exposure. It =g in good conditior with
o chance o weight end is being kept for observation. Guirea pig #1317 ¢ied
in the appercius, without xenon exrmosurc afber 28 1ars. br0=s exenination
suswed 20 czuzé o0 Jzathy microsccmiz ol hove rod

o - e n A
o LeCn Teo

._
$a
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During part of these experimenis ammonia accumulated beccuse spilled
food prevented removal of foces and urine., The ammonia could be removed
by acid, but an arrangement for daily introduction of focd is simpler
and epparently adequate. The COo absorbers have been modified to reduce
danger of leaks by distorting the flexible conmections by flexure rather
then torsion.

Over a period of a week two animals were each found to produce
250 co/day of unidentified gases. Mr. Garrison found then to be methene
and hydrogen. These gases are being snelyzed by combustion and the tech-
nique is being developed for removing than from the animal bottles by the
sSeme rieans. '
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E. CLIVICAL (XDICINE ANWD L.EDICAL RESTARCH

S. T. Cantril, Secticn Chief

17. Mecdical Examination

Phyeical examinations and the accompanying x-ray cexaminations of the
chest and leboratory examinations of the blood (including Wassermann) and
urine nave veen done on 350 people un to the tiue of this revort. In the
month of Januery 1943, Dr. Nickson exaxnined 67 new personnel. The number
of reople rejected as a result of the health examinations has not been high.
This 1s not dve to unusually high standards of health among applicants but
rather to the searcity of available persomnel. Candidates have not been
employed who have been found to have physical defects which would intefere
with their wvork or vhich might be further impaired by any possible hazard of
the work here.

18. Uranium Toxicity

(a) Lietallurgic Laboratory. ile have for the past two months been
lookin;z forward to an improvement in working conditions in the metallurgy
shops under Mr. Creutz. He was firally able to uove his shop to the North
Stands and place an order for an adequate ventllation systewm for his uwraniunm
cutting and grinding operations. Just as this wes to be instuiled, the
gystemn was taken for other work at Argonre, so that further deluy in installetion
rmust nov be awaited.

The nachining, griading and casting of uranium metal is Leceoning rore
and rore cormon and operations in this work are incressing in scope. The veor-
ing of dust collecting masks is not gufficient protecticn ageinst “he.inhalation
of metallic dust or fumes. That the worki:g conditions are not satisfactory
as yet is not the fault of lir. Crevwtz, but is rather duc to =z suecessicn of
delays over wuwnich he has had nc control. I+ is expected the® vrougr souinuont
will agsin be availeble within this ronszh.

Heveated urinalyses of men in this grous have not shown findin;s consistont
with evidence of uraniwma btoxicity. Improvement in working conditions becciies
all the more necessary as machining operations increase.

{b) Measursment of Uranium in Izcreta and in Air Sammles. . sollan
and CGamertsfelder have for some tine been working on an instrument vhich —rill
meagurc small guantitics of uraniun (nicrocrams) Ly alpha pariicle ucasurcnsns.

L
They have devsloped this te a point which now vermits »reliminer mupveys of She
uraniws content of excreta In cipeorimental animals which have peen »sgeiving uvraniw:
in various forus {oxide, nitratc, metal dust) and by different routes {i
irhalation), as well as -nalysis of uraniuwm retuined in the aninals. Do
has begun a preliminary study of *he -ractability of the method in ocuslyzing ror
gmall guantitiecs of uranivm in urins.

2

lieasurements of novm acunts of alloy added to urine have

[8
LI s r v 2 PR T N AT i ) oy At R T4 Tt e e T ey aam?y
nethed Ls eceurato Yo wishin L2-13%.  Thus the msshod is elinicaldly wosdul
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Prolindnery peasurcnionss iadicebs the presence of the alicy ia Wwice
urine fromn dogs who have had powdersd alloy sprayed into their lungs; 1 gran
per week has been introduced over a 1C week period, a tot:l of 10 greams. The
concentration seems to be of the order of 1 microgram PEr S.C.C.

The urine of one of the 1en who has baen grinding the metal for several
months was exemined. No svidence of activity was found.

Tt has been found that the metal can be precipitated from solution by
alkalinzaetion of thne urine, This scems to offer a convenient way to concen-
trate any alloy that may be oprasent in large quantlties of urine or other
execreta

Dr. Tennenbenun izs continued hiis toxicological studies of uranium
poisoning in mice, as reported in CH-382,296. IHis program now calls for
pathological studies of the animals and deterwinetions of retained uranium
in the orguns. ‘hether a method of analysis based on physical measurcment
of alpha activity, or upon chemical separation and gquantitaitive determination
will work out to be more praciical is still to be determined by actual tests.

The mice which were kept near Pile 71 during a portion of the pressing
onerations, and which breathed ithe senie atwoshhere as the mon, have shovm no
deletorious change, as cvidenced by weicht loss, when compared with controls.
Sowe of these apimels will shorily be sacrificed for study

19, Studizs of Urine in Uranium oTkers

Ir. Weldo Cerkn, ko joined the Hezlih Group 1n Decembor as 2 niod"em.st
spent one month in Bosgton invesvigoting a prc‘wiem of urinalysi fu.ch was
3ncountcrea at Doverly and ILI.T, % was Lounu thaet there was a more than
vsPage incidence of a slignt reduction of Benediet?s zolution vwher a querltelive
tegt for suger wag dons, re“ow" c: “olisht trace® or “grace® of
reduction viich ig usually indorp: 5 due o suger. lr. Cobn found however
that, by fercentziion, th‘ N tence was not suger. i wias it con-
“*v*onu 1y sorrslaled with nere Pt nltromﬂnouq vasts produ,ts. Ixamination
of six urize specinens for Vranium -b.r)'*eg that there was less than 02 mg oer
C.Cej 1072 sensitiva tagts were outlined and work hezun oo them ab w.I.D. I3
chn's conelusion that Hhors was some correlation ovetwser the Wreducing

T.71'35 ok i
S‘i,anca oin "u_le urine and inhaletion oyposure vo mebnllic uranivm dues, More
nui Tive vests for whe pres iwn in the urine, and in nsi:-, Wers

A
;eco:.mendec; 25 urgently nee seg, as previcusly stated, wiat ve now
’:

iiave these tesvs ovailadl

It is of iantorest 0 analryue the radistion effects uwon the Hlood of
werconncl ir relabion %o She origla of ihie radiation and the wyre of oIl
congexrncd.

Thise Blood Oount Delcow 7000: In Sowtenboer, one paysiclst wmg found %o
Lave a count or 2500, Jue o over-cxposure 50 radiwi and ovan Rleliecoite g
prior o0 coudng on the Freject. o weoeovesroed zatlsfactorily wlthin it veoss

=nd has a;r* ained 2 cavislactory l3ve
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White Blood Qount 3000 - ,000: Three physicists sustained a fall in
count to below 4000; two fron handling sources; one from cyclotron exposure.
One chemist developed a count of 3500 from exposure to radioactive chemicals.
All of those low counts were jransient with the exception of one man, who
required five nmonths %o reach a stable nommal level and who has besn rewoved
from work with radiation.

White Blood Count 4000 -~ 5000: Eigh{ physicists developed a count below
5000 from the handling of radium sources. All of these were transient leukopenias.
Two chentiste and one physicist developed a count within this renge frou cyclotron
exposure. On physicist had a low white count frowm previous exposure at the time
he came to the project. He has nad no exposure on the nroject and his count is
now normal. Three physicists in Tthe electronice group huve at ons time or another
had a count below 5000, although they were not using sources of high streagth
in their work. \ie have attributed these periods of leukopenia to a too close
proximity to sources of radiation, in the neighborhood of vork.

Full in VWhite Blood Count but Repaining above 5000, or Reversal of
Jeutrophilic and Iywmvhocytic Ratio: Five physicists sustainod a recognizable
Tall in count or reversal consequent to hardling of sources. Tais was transient
in four, and in omne the reversal has been intermittent despite his giving up
handling of sources and all wwork involvingz poscible exposure. The total vhite
count is satisfactorys Five chenists had a nobiceablo fall in cownt or »cversal
which was transient. In two this was due to work with a radium source: in two
to cyclotron work; in one 0 working with radioactive chemicals.

Sunmaary: It will be seen {that the radium sources have boen the greates
factor iz nroducing low blood counts. The majority of these overaexnposures
occurred nrior to October 1942 and came in the work of groups concerned with
neaguremonts in pavaffin or grephiite geometrics, waber bank experiments, ¢ic.,
vhich experiuents were leading up to the compleiion of the first cneraiimg wils,
Gince Octover a=nd November the incidsncs of overeexposure from radium sources
has greatly improved.

The cyclotrer effects were largely among the chemists vho-were irradiatisz
sawples. This has been checked and exposure poagsibilitics reduced. A separaie
report on cyclotron probtection froi the standnoint of beta ray emissicn in
Arradisted sazples will be shorsly couplsted by Parker and Penneman.

In 2ll but two instances the laukonenia cr reversal have been br-nsisnt.
These two cases were discussed in Report CF=-356.
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