1.

17
Tosisn -\

Matallurgicsl Project 71735

A. . Conpton = Projeet Director
R. S. Stone, M.D. - fissociate Project Director for Heolt

* ¥ ¥

Metallurgieal Leboratory

Se Ko Allizon = Laboratory Director -;.=

HEALTH DIVISIONW

Re S. Stone, }M.D. ~ Division Director-
C. T. Watoon, M., = issociate Division Diracior

* ¥ %

CALIFORNIA PROJECT

T, G, Hamilton = Project Director ‘

* % %
. HATIONL], CAICER TNSTITUTE

merositony L/ J\ESI/\L-EO / 1&.’;&:{-
o

R. R. Spencer, Chief
’ coLLecTioN Ceyifeal Fl¢s

* & % %
) BOX Ne. CcH~ 142

REPORT FOR MONTH ENDING MAY 31, 1944  FOLBER

Teble of Contents Peaep
1. Abstrocts - _ 3
II. Rediation Mecsurement = L. A. Pardus, Acting Section Chief &

A, Poclket cherbors and ££ilm meters
B, W source czlibretion

Ce Iﬁundry

D. Tew Equiprent g

L., Slow Ibutrons ' e —————— e SRS
F. Swrveys I A , :

Report Recelved: J‘\:m g, 1944 - Figures received: June 20, 19441 ' |
Teswd: N 271944 . 4
P | | | : o - -
iii8g00 = A-00l&3 =

-
oo Hunan Subjects Project

-

L



i

I1l.

V.

Vs

111880

Eo

Biclogicsl Researsh «~ L. S, Cole, Section Chief
A, Rediocactive materiels -~ maymols :
1. Xenon -~ preparation
2; JTodine - preparation
3« Rutheniim tegsoxide = preparation
4, foTOZ0L - Srg3 axposure
He Aeggaol - Z7"Y exposure
6., Sr
7 ngs = tracer injeciions into blood stirean
B Fiii&on n - rots
9o Bgo™ - B¥ :} ~ hematology - rats
10, F~ Homotology ~ niice

B. Redioactive materisls « goldfish
_ 1. Fission nmixture & Sr uptake by mature fish

Ce X=~roy affects
1. Daily doses on rats ~ survival
2. Tests of therapeutic agents
3« Homatology
4. Histopathology
Se Physiology

D. Migcellansous

-1, Bffect of single doses of fast neutrons on rabbita
2, Extraction stack sunp ennlysis
3. Tuantitative histopathology

Clinical Madicine & Medieal Research - C. J. Watason,
' Aggociste Director
1o Effect of radiation on proteins, enzyme systems and cellular
metabol iam :
2. Metellurgienl laboratory Health Ssrvice
3, Madleal industrial hezards
4, ¢linfesl laborstery exominations
5. Biochemieal group

Associatad Projacts
I. Me Co Ta =~ Re Re SIBanr' Chief
1. Continucus exposure for 8 hours daily
2, Continuous exposure for 24 hours daily
3. Single acute exposure (300 r in 7% minutes)
4, Pathology
- B, Hematology

II. U. of C. Radistion Leoboratory = J. G. Hemilton & Associates

1: Radio~autopraphic studies '
2. Decontamination studies
3¢ Tollurium

4. Projected studies for the next two monthsa

19

bdy




CO8artr

T E_dr)ql‘l_-l?uérltut‘.ﬁiimiri;;in;wa;:ig;‘"'-&; T
iglfcw oFthe Uniced.S ton .decting the natiouel
EXa Avs, U §: G, 50; 51 gl a0 [ocibing of

*

Redistion Maasurement

The percontage of off-scele rwadings of pocket chembers has inerensed
from 3.68 $0 4,75 in the last two months. A comparison of pocket chumber and
£11m mater readings show differences due for the most part probaobly %o non—
simultansous wearing. 14 sources have been calibrated for W. 10 others, mixed
sources, have been partially calibreted. Contomination of laundry as obserwed
to dote is removed in the laundsring process. /.. Lindemann electrometer has
been assembled in & vaewmm tight box. The new £ r pocket chamber shows readings
which are about 307 high in X~ray region. The electrometer for the new chamber
mekes ordimary pocket chambers pood to 0.4 r. leasurements indicate that
pocket chambers monitor slow neutrons.

Biologicel Research

Rets with ligoted esophagi and exposed to Srag migt through & trachesl
commula gave a distribution essentially the same as for normal animalse
Active moterial was removed in & few hours from lungs ond bronchi; intestinal
XYV éon was congidercble. Nomel and operated rats were similarly exposed
to Zr° mist; activity in the lupg 4id not drop significantly during 2 days,
and intestinagl excretion was negligible,

Mice injected with 5r5% in doses from 0,016 to 2 x 1'.0"6 C/om are being
maintained for chronic effects, At sevon wwaks no retardation in growth is
apparent.

Mature female goldfish concentrate fission mixture in the ovaries 10 - 15
times, whieh is similar to concemtration by skeletal tissues. Strontium is not
so goncentrated by the ovaries. _

89 | -
Mig~lethal dose of Sr for rats is 6.5 x 10 8 ¢/em by injeetion and
8.5 x 10'5-2/@1 by stonaech bube. 1Mid-lethal dose of fission mixture for raots
is 15 x 107° C/gm by stomach tube, )

_Deprossion of white cell count wos found in ratg, poceivige 27,6 x 1078 ¢/en
of fiagion mix‘burgaby stomach tube, or 10" C/em of Ba - I by injection;
or 10™° ¢/am of PY* by injection.

The microscopic dcmepe in rabbits after 100 r has boen surmarized and
sugpasts that some effects may be apporent after 25 r, but probably not after.
& smaller Gose.

. A aa:ﬁple of water from the extraction stack gump ot Clinton indicates
that it can be used for o ggurce of carrier-Tree Il L. lore thon half of the
activity remained alfter I:L extraction, end this was found to be due to a

nixture of fission products which may have been carried as sgpray.

wilnical ledisine and ii28icol Reccoreh

Rate radiasted with a single dose of x-rays {500 r) showed no change . e
in the serum protein concentration up to the appearance of gastro~intestinal pﬂ
symptoms, when the serum protein and the N.P.N. values rose considerablye. Tho.e«-" o
Q0, values of liver slices from rats treated with x-rays Woaa from
to 200 r) showed some diminution when measured in the pre )pﬁﬂe’licpi_
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end pyruvate. This inhibition was observed when a single dose of 800 r and
400 r were spplied to the rats., With 200 r the effect was insignificant,
Myosin {adenocsinetriphosphatase) in borate buffer wos larpgely inhibited by
application of 5000 r at 0°; in veromal buffer it was completely inhibited.
Partislly inhibited myosin was resctivated by addition of glutathlone.

All necessory pre-employment examinations were dope during the month.
Color photography of hands was begun., Fingerprint impression studies have
eontinuad, Product excretion studies were started., Product laboratories In
Hew Chemistry contimue to show high plubte readings. TFilm badges have been
supplied to the Cyclotron crew at St. Louis.

A resume of the c¢linical lsboratory examinaetions during the period from
April 15, 1944 to Moy 15, 1944 is given. A %otal of 5074 lsboratery procedures
were done. A totel of 83C abromitlitiss were found. Three individuels were
thought to have bleod obnomalities az a result of overexposure to irradiation,

A graphically exposed sumery of the biochemical studies on project
personpel is presented, Porphyrin metabolism is definitely offected in indi-
viduals exposed to heavy metals. Oxyfluoride exposure produces an elevated urins
coproporphyrin value. Serum sulfur is elevoted in individuals exposed to
tuballoy. The fluorescence technique permits the estimation of cconsiderably less
then 1/10 gemma of tuballcy in urips.

N, Co To

Thore nore no essential changes in the blood picture of &ll experimental
mice since last month7s report. Only the mice of the & r per & hour level have
8 constoantly lower than norme) white count, not counting, of course, those
animels that developed mclignoant lymphoma. All animals on the lower levels show
an essentially normal bloed picture., The dose of the 8 r per 8 hour level has
roached 3500 r to date. Cf the original 48 animals of this level, 33 are still
alive at an sge of approximatcly 17 months. There is alsc no essential change
in the blood picture of the experimental guinea pigs since last month's report.
On the 8 r per 8 hour level, two of the first series are still mlive {total
dose 3500 r); one of the cecond series {totsl dose 1500 r); none of the male
inbred guinea pigs {family 2). 211 female guinea pigs of the fanily 2 are
gt111l nlive (total dose 1050 r). TFour male and four female inbred guinee pigs
of femily 13 are expossd cn this level since the beginning of the month. Those
guinea pigs that came to cutopsy during the month due to moribund condition oxr
died, showed all severe anamia, with the excaption of one, s low total white
count, low platclet count, and a peletive lymphocytosis. The lethal doge of
the inbred male guinea piss ronged from 1200 to 1600 r, and that of the hybrid
guines pigs of the second series (one still living) from 625 to 1300 r. The
puinea pigs of the 4 r per 8 hour level show persistont low values of all counts.
One puinsa pig of this level was killed during the nmonth on account of snemia
{total doss 1700 r}. So far, 6 out of the 18 guinea pipgs of this level were
killed apd sutopsied with lethal doses renging from 900 to 1700 r. The guinea
pies on the lower levels show an essentially normal blood picture. The Vlood
picture of the rabbits is normal with the exception of thet of the three animals
on the 8 r par 8 hour lerel vhich show a lowered total white count with lympho-
penia (total dose 2700 r).

The lungs of male nice used in the breeding experiment show suggestive
evidence of a .slight Increase in lung Lumor incidence with dosos sbove 1000 r.

This doctinent contains informatio affecting the national
defonse of the United Seates with!iln the meaﬁ:g of the
pronage Act, U. 8. C. 50; 31 and 32. Trs transmission

or the revelation of its contents in any manner tO &n SECRET
[}

dnauchorited person is prohibited by law,



SECRET 5.

A pew experiment wos set up on the 8 r per 8 hour level for the study of lung
tumor incidence following dosss of 2000 r or rmore. TFor this experiment, Strain
A mice were used as their susceptibility to lung tumors is higher than that of
Wl mica,

In nice approximately 50 r, vhen given as an acute exposure sarly in life,
rosults in disappearance of all follicles from the ovaries at old age, wWhereas
this result is not found when = comparshle total doss is given chronieally at
the ratc of J.1 r per day.

Tagtes will recover corpleotely from an ncute exposure of 50 re

Another malignant lymphoma has boen observed in a male rnouse that had
been exposcd on the 8 r per 8 hour lovsl for a total of 3000 r.

Guinea pigs of the 8 r or 4 T por 8 hour lewel thaot come to autopsy con~
tinue to have patchy ecchymoscs of the small intestine. Testiculaxr atrophy is
extreme while ovaries contain numorous smell and larpe follieles. Dome marrow
atrophy is slisht to moderate in amount, :

Two mele guinsa pigs of the 8 r per 8 hour lovel examined after a total
dose of 250 r failed to show any testicular strophy. It has previously been
reported that animals receiving a total of 500 r at this lewel showed narked
tubular atrophy.

U, of C, Redintion Loboratory

Redio=autographie =nd decontamination studies cre being continued., Tracer
studies with £ 4 telluriuwm up to 32 days indicate that no striking degree of
localization tokes place in any of the organs with the exception of the kidmey.
Following intrapulmoncry edministrotion the lung retention was found to be
rolotively smell, At the end of this intervol approximately 90% of the tellurium
in the body was eliminnted. Other work being done by the Barkeley group appears
elsevhera.

This dowruamt comtuys Hturaizion sifecting the astional
defonse of tine Uuited 3:azes wichin the meaning of the
Espiasuage Act, U S. C. 50: 31 and 32.  Its tranemission
or the revelation of itz contents in any mannet t& &R
unathorired perscn is prohibiced by law.

11880 SECRET



= SECRET

RADIATION NEASUREMENT SECTION

L. A. Pardue, Acting Soction Chief
E. 0. Vollen, Consulting Section Chief

A. Pocket Chambers and FMilm leters

These activities have been carried vn us usual. It may be pointed
out that the blackening in new developer is ubout 1G5 low. After a few days
it comes back to the value of old developer and retains it indefinitely.

A summary of the readings for the psst two months is included:

Pocket Chambers

Total number of readings (daily) 9342
Nunber of off-gcale readings 433
" " readings 150 mr ~ 200 nr 82
" " " 100 mr - 150 mr 186
" " " 75 mr - 100 mr 180
" " " B0 ar -~ 75 mr 490

Film Meters {weekly)

Totsl number of readings 3030

Rumber of readings above 500 mr ig
A n " 400 mr - 500 mr 13
n " " 300 mr - 400 nr 28
L1 ™ "

200 nr - 300 nmr 53

The total exposures for the two month pericd for those individuals (approximately
275) having both meters have boen tabulated. The results for 26 people chosen
st random from the list are pgiven below:

POCKET PILY
CHANMBER © METER
READINGS RRADINGS
ST mr 730 mr
B20 14Q
1730 910
700 140
730 100
910 2130
50 180
31C 300
1080 . 390
50 hin g 280
Ny el of e Gn B mtion sfcring ca
WACL_U-S. . 31 ‘h‘mﬁnmgd'ﬂ'
180 at the revelation of | and 52,
1300 “urborised penon is paghibired o L, DATIRE (O &
760 2000
-830 170

1116805
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POCKTT FILM

CHABRYR MRT -2
READINGS RYADINGS
550 520
760 830
390 2560
2030 1370
840 560
800 G680
530 - 920
GO 176

340 220

Besides the errors inherent in the instruments und those committed in
rouding there are other reasons why the totals differ. Perhaps the nost ime
portant of those is that the metors are not always worn sirultansously. How=
over nmaking the assumption that workers wear onc or the other or both vhen
their jobs are "hot" - this is borne out fairly well by obscrvation - it

is clear that the exposure of workers dues not reach hazardous levels. The
fact that the pereentage of off-seale readings has increased from 3.58 to
4.75 since the last tabulation two months apgo may be due to higher humidity.
1t should be pointed out that readings mre taken st 24 hour intervals.

B. T Source Culibration

Brown, Vesenbery and Lester have continued the calibration of sources
for ¥. Also adequate and convenient shields have been provided for them.
When the job is finished 32 gources will have been measured - 16 RaPe sources
and 16 unmixed sources. The Ra content of all and the neutron emission of the
mixed sources are to be determined. During the month the following measurec-
ments were made;

Source No. Nominal Ra Content Measured Ra Content Neutroq/sec.
68 500 mg 513 mg 6.68 x 10°
69 500 my 515 6.56 x 106
74 ‘ 10 10.95 Hot yet measured
75 10 10.94 "
76 10 10.82 o
77 10 10.84 "
18 10 10.78 n
79 10 10.74 "
80 10 10.7C "
81 10 ' 10,52 "
82 10 10,71 "
83 _ 10 10.33 "
88 1 .889
89 1 ~985
90 1 - 950
91 1 .888
92 1 - 974
83 1 - 9354
PHLEE80o
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Source Ho. Nominul Ra Content Heasured Ra Content Neutroq/sec
94 1 - 952
95 1 . 928
96 1 . 949
97 1 - 353
98 1 0971
89 1 .80989

A now clectrometer designed for source calibration hus been constructed
by Pandsverk. It has rather pood proportionality between intensity nnd rate
of movement of fibre. '

Tn addition to the source measurements, the facilities of the calibra-
tion room were used further by the calibration of survey instruments. Some of
this work was 4 service to other sections. Requests for repairs to Lauritsens
anu the projection minometer have been larger than usual.

C. Laundry

A rather encouraging result came cut of un experiment te determine
to what oxtent ordinary laundering decontaminates garments. 689 contaminated
items and 37 non contaminated were sent to the leundry. 3000 counts/min. was
chosen as the line separating the twe. Of the 93 pieces returned at the
time the second ocount was made, 91 werse not contaminated nnd 2 pieces had
counts of 1100/min. and 1300/ﬁina It is very doubtful if these counts
inuicate a hazard.

D. New Equipment

The Instrument Section is about ready to supply neters for the hand
counter and shoe countor assembled in our group for Test Stands. It is hoped
they will be reedy for usc in the noar futurs.

After sone delay due to shop concentration on othor work the vacuum
box for a Lindemann electrometer has been completed. Goldsteln and (Crane
have completad the electrometsr system snu are testing it. It hus been
determined already that 3 Ug or less of Uranium in the chamber can be
detected. The system can ba used tu measurc the activity of dust samples
collected in the precipitron. It has been designed for double chamber
work and parts have been constructed. The vacuum box shoulu eliminate
insulator troubles in the electrometer. Such troubles in the chamber insulator
are not removed. If they should predominate, the system may not be as bip an
improvement over the Dershem electromster as was hoped. However, the new
system is adaptable to several ty,.rs of messurcments. FPFor exumple all the
missing parts for an extrapolation chamber huve been constructed and it sheuld
be easy to put one in operation,

The new 2 r pocket chumber hus been put through more tests. The
insulator has now a leukagze less than .05 r in 40 hours and is improving.
There is no reason for it to regress as it is protected from outside air.
1t has been investigated for wave length independence. Readings nre about
307 high in the Xeruy region (BOKV to 100KV) by compurison with a Victoreen



thimble chember. The results could be better or worse - one would expect

the former - since the roeadings were taken on a 26 r Victoreen instrument and
only the first two divisions of the scale were used, In connection with
these tests we compured the resuings with some 0.2 r chumbers, some having
the graphite removed from tfe central electrode. In ths X-ray region the
chambers without the graphi<e ran about 107 higher.

The new projection electrometer containing a Lansverk type
electroscope hus been tested with some 0.2 r chambers. Tith it the
charbers ars found to Le good up to 0.4 r as the following; uata will indicate

lxposure (r) Klectrometer reading {(volts)
0 178
| 156.6
02 149.2
] 135.2
4 122.0

After the .4 r exposure the chamber still has a potential difference of
approximetely 40 volts which should be encugh for seturation. The probability
that this instrument will hold its characteristics recomuend it strongly.

T: Slow Neutrons

Viilson (ClI84) has shown from theoretical considerations that the
capture radiation due to slow neutrons incident in the body have a fairly
constant irtensity for the first 4 cms in the body und then fulls off. A
pocket chamber worn in the usual way should therelore give adequete monitore
ing of slow neutrens. To test this a paraffin block was constructed to simu-
late a secticn of the body. Ionization chambers were placed at different
depths in the block. Some time ago this systen was exposed to slow neutrons
at the Chicago Cyclotron end more recently at ths Argonne. At the Cyclotron
three sets of readings were taken; one without any shisld around the parafflin,
one with a Cd. shield and one with a Boron shield. The Cd shield was omitted
at the Argonne. Figures I and I1 show the results graphicully. Thile the
curves depurt somewhat from the theoretical curve and differ at the two
machines the difference curves between the Boron and ne shield pgive strong
evidence that an ordinary pocket chamber does monitor slow neutruns. It
mizhkt be peinted cut that waile the Boron absorbed all the slow neutrons
some pamna radistion is given off by it.

F. Burveys

Goldsteir and Crane have made frequent surveys at Site B, the Cycleotron
and T'ost Stends. The proceedings of the Limison Committee contain many of
the details. New Chemistry is now being serviced in thia regard by their
own group. It is anticipated that Test Stands will come into thélir orbit
shortly as it is expected that this laboratory will soon do chemistry almost
exclusively. It is believed that the bust way to inculcate protection of
scientific personnel is to get the worksrs interested in achieving it for
themselves., This can be brought sbout Lest if it is encournged by the
administrative supsriors of the workers. T'ithout such stimulation the
results will fall short of hopes.
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BIOLOGICAL RESEARCH SECTION

K, S, Cole, Section Chilef

A, BRADJOACTIVE MATERIJALS - MAMMALS

1, Xenon - Preparstion

A number of compounds heve been investigeted in the quest for a sub-
stance that will release gaseous fission products. These include U(OH),,
U(0H), coprecipitated with A1(OH)z and Fe(OH)., ammonium uraznate copreci-
pitated with A1(OH); end Th(OH),, and finely 3iv1ded UO4 hydrates, In all
cases tested, eging at 100°9C slowly destroys the emanating power,

The Th(OH), coprecipitate and the U0, hydrates seem the most promising.

2. Iodine - Preparation

The sump water from the bage of the extraction plant at Site X hes
heen investipeted as a source of 1131. The solution is concentrated in
the presence of Cr0; to keep the iodine present as IOz, After addition of
oxelate to the soluiion, the I, is distilled cut, The lodine content of
two batches was 0,08 mC/11 and 0,03 m0/11 at the time they were sent to
Chicago, Their past history is unknown here. It is possibls to obtain 907
yields of garrier-frae iodine,

3. Ruthenium Tetroxide - Preparation

A number of coxidizing apgents have been tested to be used in
genereting Ru0,. Persulfate seems to be the most satisfactory. A prelim-
inary test indicates that it will be possible to keep RuQ passing through
a glass chamber without loaing more than 50% on the wslls,

: To check on the pogsibllity of RuC4 distilling off during the die-
solving of the slugs, we tried to distill wu from concentrated 1NOz,
Then 98 Y were added, 32 Yy distilled out,

In looking for sources of radioactive Ru, carrier was added to sump
water from the extrastion plant steck and Ru distilled out, Yield was low:
1,33 x 1074 mC per 14, '

4, Aerosols - sro? Exposure

The tracer sxposures rsported last month were repeated using anes-
thetired animels breathing through & tracheal cannula and havins either
soversd or ligated esophagi, The results were essentismlly the same as those
reported for mormal animls, Within two hours the Sr in the lung dropped
from 50.67 of total body netivity down to 5.6%, while bone rose from 14.4%
to 36%, Excretion into the gut is significsnt, emounting to almost 10%
immediately after exposure and remaining essentially constant for the 15-
hour duration of the expariment. An interssting observation was that Sr was
elimineted from the trachea end large bronchi st about the same rate as from
the alveoli, Yet no liquid was observed to leave the open end of the cannula,

RN
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Thus Sy is probebly absorbed from these lorge passages, elther by direct
cbasorption through the epithelium or by phagoeybosis.

03
5., Jlerosol - Zr ~Exposure

Since Z:t*93 vas available in trecer quapntities, a group of rats
ware exposed oxactly &5 had been dome with 5189, Fifteen nommel animals
wore used while four had ligated esophsgi and bresthed through tracheal
cannulas. This experiment is still in progress and only partial data are
avoilable, Unlike Siv, after 48 hours, the esctivity in the lung has not
dropped significentlys Activity of the kidvey, liver, and skaleton 1s
slowly inereasing over the 48-hour period. There is practicelly no excre=
tion into the gut. lMore complete resulis will be presented next month.

6o Sr89

&, Carrier=Tree Preparation

a9 A method hag bean perfocted for the recovery of large smounts

of Sr°° from fission mixbures without added carrier. The main step involves
the removel of lead s plumbate. The mpthod imvolves only one plsce of appa=
rotus {thus ninimizing loss contemination and hazerd) and is expacted to
vield a high recovery and a purer product.

b, Aeute Raliotoxleity - Rabs

The mid—-iethal dose of Sro° appeers to be 6.5 x 1075C/mm ot 15
days vhen ddminiaigmd intraperitoneally. At 55 deys, the mid-lethel dose
is sbout 4.5 x 10" °C/gm. This value approximatee the velue obtainsd in mice
vory clocely. When iven by stomach tube, the lethel dose is gbout 8,5 x 10-6
C/gne in rats.

¢, Chronic Radiotoxicity ~ Mice

Mice in 2 chronic series (1.6 x 207 to 2 x 1075¢/em) are
gaining weight nomslly ot saven wecks, Female mice appear to retala more
injocted setivity than do males; this is more striking emong the Carmmorth
than Bar Harbor brown strain.

7. 2% Tracer Injections Into Blood Stresm

Radio sctive zlrconium tracers were injected inbo a few rats,
intracardially and intrevencusly (tail weln). The tails of the intra-
venously injected animmls retnined 18% of the materisl. However, the
tearts of the intracardially injected snimols shoved only 1.5% of the
activity as retained. The aectivity in the blood is low by the sccond hour,
and is slowly further lost from the blood. The plasma appears to trans—.
port ebout six times as much Zr as do the cells.
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8. HMission Mizture

#., Radiotoxiclty - Rals

The mid~lethal dose was found to be 15 x 1075C/mm. when
edministered to rots by stomach tube. This is in agreement with the
voluss Breviously dobermincd, The differcnce betweon the lethal doses
for Sr and mixed fission produets indicates that the mixture acted
lorgely upon the gestro-intestinal tract; while the atrontium alse wes
cbsorbed, and the sbsorbed funetion eontributed to the damags.

The findings upon gross examination of the dead animals are consistont
weth this point of view. Those which recsived ttre mixture show much
groater gross gastro-intestincl dcmage than wes seen in strontium
animala.

b. Hemetclozy
‘ Rets were given Tission nmixture by stomach tube at 1.7, 7.0
and £7.5 ¥ 1076C/gm, T wnequivocal effect was observed sxcept o
the highest dosa., DBoth the total white cells and the sbsolute
lymphocytes ware deprosced at the highest dose.

c, Chemicel Toxicity of Slug Impurities

Unectivated slugs wore dlssolved cnd extracted with ether to
similate the preparciions of mixzed Fissicn Preducts. This inactiwe
praparation containsd 1079 of the origingl uranimm content plus meny of
tne metals {copper, nickel, maagenese, etc.) present es impurities in
the slug. The preperation was administercd to white rets of both soxes.

One tenth of a slug was given to the animels by stomach tube
end appears to be ncn=toxic. Therefore, 25 mC {bets) of nixed fission
products could be ciministersed b this roube without danger of chemical
toxicity.

One~riftleth of a aslug was fatal within seven deyes, intra-
veritoneally., 4/1000th part of a slug also appears to be toxie,
particularly to the kidneys by this route, If mixed fission products are
to be injected, the preparations must be purer than are now availa‘ble, or
studios will have to be nade ot low levels only.

9, ]33140 -La140 ~Hematology - Rels

Rats were injscted intraperitonsclly with Bal40 —1o340 ny

10'60/ . & control series roceived 0,048 mg inactive lanthoanum and 0.48
mgme inactive bariun. MNo alteration in +he white blood coll picture
ocourred in the controls, but afbsr 10°5C/gm. a reduction in lymphocytes
mae detocted at 48 hovrs; lymphocytes reached 2 pinimum at 14 days and
returneé to normal by 35 deys,

L)



12 Hematology - Mige

P52 in dosés of 8.35, 4.15, £.08, 1.04 cnd 0.52 x 10°5¢/mm was
injected into mice, Ixcopt with ths smaliest doss, & depression in the
total white cells por mm° oocurs. The degree of tbis reduotion s
largely & factor of dose, After 8435 ond 4,15 x 107 6Cc/gm decth oceurs
before any appamnt cttempt in recovery., 'With tho other doses, 2.08
and 1,04 x 106 ¢/am. & tendency toward a regovery is apparent after
408 hours. The absclube heterophiles por mm® have been completed in
only the controls and the 3 highest doses. ith these doses, a mild
deprescion occurs. Meturn to the normal range is seen by 720 hours
after & Gose of 2.06 x 10~60/em. Tho abeolute lymphocytes showr &
precipitious fall bebimen 24 @md 27 hours with the three highest doses
and behave easenbiaily as the heterophiles.

Bs RADIONCTIVE WATTIRTIS -- GOLDFISH

1. Fission Mixture ond Sro° -Uptals by Mature Fish

Towts with largs ripe femule moldfish show that overics concentrate
fisslor nixture 10 to 15 timps, This is about the sew
ce the skeleton cpd skin and seclos, less than pills and intesiine but
nmore than mugele, Ovaries do not conceniroate stroptimm appreciably.
Teates apprar nov {9 concentrate either type of cetivity.

C. X-RAY EFFECTS

1, Daily doses on Rats - Survival

Rate recelving £5r have accumwlated 3,675r. Thome roceiving 12,0»
hawe s_xccxm:lated 1825r». No deaths hawve occurred.

2. Toats of Therapoviie Agonis-

Rebbits: The effects of injections of pentnucleotide, ascorbic aeid,
yellow bons marrow extract, and certain phonol derivatives on recovery of
leucocyte lovals have been lnvestigated. Preliminary data indicate that
pantnuclectide, ascorbic aeid, and phonol derivatives stimulate recovery of
loucceyte counts vhesn administored after exposure to x-rays. The phonol
derivatives have ceused transitory spastic paralysis at the site of injeetion
{intramuscular in tLigh}.

Mice: 1Initial experiments designed to test the effects of pentnucleo-
tide on mouse survival indicnte thut injections given afte: exposure have no
protactive effect, Injections aduinistered for seversl days prior to oz~
posure mey have protective action,

3. Yemetology

Anslyais of the distribution of normal white blood cell counts in
rabbite haos yielded some sugpestions as to leucocyte dynamics. The s tudy
is being extonded to determine the welsbion betmen radiation effecta and
normel laucocyte dynaomics. .

BEEERE
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4, H;stopathology

te Sumary of Effects of 100r on Rabbits

Snall lyrphoeytes, whether in the spleen, lymph nodes, thymus,
lung or gastrointest:.nsl tract ave sensitive to 100r irradiation to the

extent that many of them, but certeinly not a ncjority, are destroyed.

The debris is c¢leoned up by the reticular macrophages usually by 24 hours.
Death of small lymphoeytes may be noted ns early as 50' {spleen and thymus),
may be neximm enyvhore from 3 to 14 hours efter irradlation (3 in the
spleen, 14 in the tlymus). IMitosis is always depressed at 1 and 3 hours,

- axd may still be depressed et 8 hours (lymph node), There may be am in~

crease of mitoses abowve nomel (spleen at 8, 14 hours} resulting (in most
locations) in & rapid repopulation with smell lymphocytes. This homo=
plastic type of lymphopoiesis is in contrast to the prominent heteroplastic
formation of new lyrmbocytes observed in the highor dose animnls. Reticu-
lor celle inerease i prominenca smd show slight nuclear changes {“guinoa
pig" type) in the early stoges. Simitar changes are seen in a fow of the
lerge and mediwn lymrshocytes. :

The bone marrow shows e few dead cells, mostly erythroblasts,
oceasional "guines pig" nuclei and rare megamyelocyltos. Tho pencress
shows slight chenges in the nuclei of the islet cells as well as the usual
dopression of mitotic mctivity. The same dopression cccurs in the gastyo

" intestinal epithelium. Otherwise suggestive nuclear changes and occasional

doad epithelisl cells zre tho only evidence of offect here. Great vari-
ation in the mge and maturity of the rabbits used obviates conclusions
which might bs drawn from the ssctions of male or female repreductive tracts.

Lung, kidney, adrenal, heart and nerwvoug tissue show no changes
except those in the lymphatic tlissue present.

"hen the dose given to & rabbit is as low as 100r, definite
qualitative differences appear, which are not evident when we compare 400r
and 800r. After 10Cr enough normal free cells remain in 11 locations to
repopulate the organs plastically, TFurthe:more, thers ia very 1ittle
evidenca of a secondaxry weve 0f degensration following the early recovery

whese, The unusually high ineidence of involution in the thymus of the long
- interval experimentzls (100r) might be regarded as evidence of a secondary

degeneration, but on the other hand the lymph nodes, spleen, bone marrow and
gut are indistinguisheble from the conirols after the first rapid recovery.
The anowrd of demers secn at this level sugpests that some change is to be
expocted ot lower lewvels, possibly as low as 25r, but probsbly not much
lower, '

b. Summary of Effects of 800r on 3wk and 11wk 014 Chickens

Chickens have been used extensively in our preliminsry work,
Thelr uniformmity of development, case of handling, aveilebility and relae~
tively low cost make thom a useful additionsl biologicel object in any case,
but their histological siructure is peculiarly advantageous for study of the
blood formming organs. The sites of rod cell and pgranulocyte formation in
the marrow sye spatislly seporated. In cddition the marrov eavity contains
true lymphatic nodules for direct commarison of effects in identical eir-
emstonce, Also the %wk chick peinits obssrvation of effects on still
developineg orsana {e. g. the retamephrorenic tubulesl,
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The 1llwk chicken reacts to 800x radiation in & manner very
gimilar to that of thie rabbit. The lymphatic tissue of the spleen, bons
marrow, thymus, lung ond gastrointostinal tract shows severe damege to
sreil lymphocytes, loss damasge o rediwm ond large lymphoeytes and a resis-
tent, thoush definitely affected reticular cell network. This affect on
tt> reticular calls is evidenced by "guines pig® nuelel and dbizzare matu-
rebion ané eventunl Jegoneration of the ¢ells erising from this irradiated
etienlim. The depcoerative emd ropuir procesgses are extrerely rapld in
tl's ehicken coampared %o the memmel. 1 3~5 hour stego in the former cor:m-
sponds %0 2 24 hour stags (or later} in the latier. -

Bone marrow '~ The process hore is sgain very rapid. There is
siriking drpeneratica of erythrobleosts within 14 hours, complete deplation
a3 8 hours, more deixyed bubt olsc complete dopletion of myelopoiesis.

T: ig in the chicken bone morrow that the secondary wmve {or waves} of
degeneration in both red ¢911 and granulocyte serdiez is most clearly
demonstrated.

Gut epithelium ~ The damsge here is much preater than in the
robbit, probably comparnble to that seen in the rat., /Jgain the colls
pldly dividing are thse hordest hit.

Other orgomns were relative resistent to irradiation at this dose,
shotrlng in this respact a furthor rosemblence to mermelien organs.
Tuee tostis moy prove to be on oxceptlon. It was mot affected im the 1liwk
¢hicken. Ths date on mature mommole i not yet avellable for comparison.
The onlv changes geen in mature ckickens after BOOr thet were not found
11 rablbid:s wore death of Schwann cells in the nerve panglic and inereased
pragoeytosis by the liver macropheges at the height of eell destruction
taroughout the body.

The 3wk chickena differ from the chove deseripiicn as follows:
T:@ motancghrogenic ereas in the kidvey are severrly demaged, ae well as
the epitiolivm of the ureter and rensl »elvis. Jdrenal “cortical® and
"medullar;" cells stow secelte ed depgensretion end possiviy the bronehial
ositheliw. of the luvng 18 well, Spematogensais is wiped out in the
duveloping testis. Severe hemorrhages secn in the gut of tho 3wk chicks
are not seon im the 1llvwk chickens.

5¢ P?ggiolgﬂ
- 8. Veight Chanres - hat

Analysis of mat weisht data indicates that after 100r the rate
ot grawth is dopresesed relative to both the preirrediastion rate and the
rate of prowth of cintrols of comparable afe.

b. DPeripheral Circulation - Rabblts

Total body radiation {800r) causes z fall in blood pressure of

50 per cent at 1F hours; irradistions of hind legs only causes a fell in blood

pressure of 35 ~ 40 per cont, Histaminsse {2 units) prevent-d the fall in
pressure in $wo rab! its vhich raceived 800r on the hind logs. Ibthods are



bveinz developed for measurement of toxic producte which may be liberated into
the blocd stream. ’

Do MISCELLANROUS

1. The Effects of Single Doseg of Fost Neutrons on Rabbits

Current data indicate 509 survivel of robbita after epproximately 145 n.
Since tho medien lethal dose of X~rays is approximately 900r, the X/n ratio is
noar 5.5.

2. Extraction Stack Sump Actlvity

-Both Ip end Ru wero removed frem the sump water from the base of the
extraction stack at Clinton, snd it wap found that the major part of the -
sctivity romained behind, An ebsorption curve indicated sevoral componenise
A partial onalysis by Mr. insberg indieated 17% of tho activity vas Ce and
that other rore earths comstituted 11%. We have found that Sr is 10fs of the
anetivity. Thus it becomes evident that a sproy from the dissolver is msaching
the stack. In tho secrples e have had, the bete activity has been as high
as 5044 C/1i. There is also alpha aetivity in the solution, most of which
seoms to be uranium. The possible hazard from this source requires further
invogtigation, .

3. ‘uentitative Histopathology

It has become almost irperative to express smch of the histological
observations in quentitative form. Ths group has spent a considerablc paxrt
of the past month in working out practiccl approximate methods :nd hos apolied

- them particulerdly teo the B800r chicken bons marrow,

11881
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CLINICAL MEDICIMNE ARD *TEDICAL RISHARCH

. J. Tiatson, M.D., Associate Director

L. O. Jacobson, M.D., Section Chief

1. Effect of radiation on proteins, enzyme systems and cellular
metabolism ~ E. S. Suzman Barron, MM.D..

A. Changes of the Serum Protein Contont of Rets Treated with X-Rays. -=- In
order to see il radiation has any efrect on the protein forming function,
rats were oxposed to 900 r. The serum protein and blood non-protein nitrogen
were determined at different intervals of time after rauiation. Both values
remeined unaltered 4 and 24 hours after radiation. In tho samples taken

48 hours after, there was slight diminution of the serum protein and slight
increese of the blood W.P.N. 72 hours later, the scrum proteins rose by
46%, and the blood N.P.W. by 300 above the normal values. The increase in
gerum protein content must be due tu loss of water by the diarrhea which
starts 48 hours later; the high N,P.N. value must ba due to kidney and
liver mlterati ms produced by radiation (Table I).

B. Effect of Radiation on Tissue Metabolism. =~~It has been shown in pre-
vigus reporis LHAT massive Singlc radiationg--from 800 r to 200 r--produced
inhibition of respiration of the small intestines, the thymus gland anc the
gplesn. The inkibition was nost pronounced in the Op uptake in the presence
of vyruvaete (Pyruvate oxidase ia an -Si enzyme). We present in Teble I

data on the effect of radiation ovn the 0z uptuke of liver slices of rats
treated with x-rays. With 800 r, the Op uptake of the liver was slightly
inhibited 4 hours after radiation. The inhibition increas.d to 257 in the
successive daeys after irradiation. The results obtained in the presence of
succinate {an ~SH enzyme) weve varisblo. In the first series of
3xperiments the Q0p succinate valucs remained within normal values up to 48
hours alter irradiation af‘ter which they diminished by 23%. In the second
series of expceriments there was a rore constant inhibition of the QO0z succinate
values. The QU, pyruvate and the Q pyruvate values showed also some decrease.
The same results were obtainud with 400 r. Then rats were trauted with 200 r,
although the totsl 00z velue of the liver was slightly Lelow normal, the QOp
succinate and the 0y pyruvatc values were within the normal limits. From
theso experiments it can be concluded that single raudiationse~from 800 to

400 r--applied to rats produced an alteraetion in the metabolism of the liver
manifested by a aiminished QUp value as well as a diminution in the ability to
oxidize succinate und pyruvate, both ~Sl enzymes.

¢, BEffect of X-Rays.on the Activity of Adenosinetriphosphatase (Myosin). --
‘yosin (three times precipitated) seems to possess enzyme activity. It acts
in the dephosphorylation of mdenosine triphosphate to adenosine diphosphate,
as shown by ¥ngelhardt and Ljumubova.(l} The enzyme is an -S[ enzyme as
shown by Barron and Singer.(2) The enzyme activity is proportional to myosin
concentrativn within large limits (Fig. 1). This property, as well as the
purity of the protein, make myosin an excellent systex for testing our theory
of =51l engymo demage by radiation.

PHigeig



2 e

Myoein was propared from the hind legs end bock musele of rabbit
according to tho rethod of Bailey. (3) Tt wes stored at 3° in 0.5 M KC1,
the concontration of the protein being 22 mgs. per cc, as deiermined by the
micro~-Kjeldahl method. The Ba salt of sdenosine triphosphate was converted
to the ¥a sait (ATP) and made up to contain about 0.12 mze. of "7 minutos P*
per 0.5 ec. of solubtion. The asctual zvailable P tas determined by hydrolysing
0.5 ce. of this solution in II HCl at 100° for 7 minutea ond determining the lider-

atsd P by Comorits methed (4) 0.5 ce. of ATP solution was equivalent to
96.9 mievograme P (7 nin. P}; one~half of this, 48,24 microgrems wes availcalle
for emzyme activity: ATP 22 /DP # PO H_. The concentrated ryosin solu-
¥ion was diluted with borate omd vorondlobuffers to 1:1003 1:150; 1:200; end
1:250. The buffer solutions contained 0.5 II KC1, the pH value boing 7.4.

The activity was measurad by pubtting into each of a series of test
tubes, 0.5 cc, of the ATP solution and 0.05 cc. of 0.18 7 CaCl  and equili- .
broting ot 38, To eanch tubo 1 ce. of enzyme was odded at 30 gocond intervals
end the tubes were incubated for 10 ninutes at 38°. The rosction was stopped
by cddition of 1.5 ce, of 105 CCY _COQH, After addition of 1 ecc, of wutex the
tubos were centrifuged ané the ingrganic P was determined. The blanks coni~
t2ined /TP, enzyme, ond all other ndditions except that CCL COOI vras added
first. The lovw activity of the enzyme ir wveronal nmust be dﬁe to mithdrawal
of ionie esicium through fomation of the Ca barbiturate salt.

The enzyme solutions wore irradiated with 5000 r {Table IV]). The enzyme
in voronal was ccmpletely inhibited at all dilutions, In borste buffer it was
inhibited by 85 in dilute solutions; by 447 in more concentrated soclutiomns
{Teble III).

To the irradisted ond control samples, 0.2 cc. of 0.01 M glutathions

was added {pll 7.4} in order to determine the degree of roactivation. Table IV
ghows that when the enzyme was half inhibited by radiation it could be reacti-
vated completely on addition of glutathione. TVhen the enzyme was inhibited
more then half, the reactivation was only partial, lhen the enzyme was com-
pletely inhibited (in veronal buffer) ths reactivation was nil. It may be
concluded from theso exporiments that radiation Drodused 4w this enzyme two effects:
. oridation of the ~SH groups—a Teversible phonomenon——and dematupation of the

protein molecule possibly through rupture of the II bonds of the moleculs=—an
irreversible phenomenon.

(I} Tngelhardt, U. A., end Ljumubova, !1.N., loture, 144, 508{1929).
{(2) Barronm, E. S. G., end Singer, T. P. Science, 97, 356(1943}.

{3) Bailey, K,, Biochem. J., 36, 121{1942).

{4) Comori, G., Journ. Leb. Clin, led., 27, 955{1942).



21.

TABLE 1

Bffect of X=Reys on the Serum Protein Content of Rats Treated with 900 r.

.Time enimal was sacrificed Tion-protein Nitrogen Serum Protein
hours ngs. % 8 G
4 33 6,78
4 42 5.72
24 30 6.72
24 41 6474
48 83 5,20 (Diarrhaa)

48 57 6440 .

72 110 10,16 hd
7e 167 9.58
Jormel Values 38 .80
42 5460
41 5.62

o —




Blo

&=L 3T-01 -2 T =0T SANTVA ‘TVIRION
go*s 466 G* %1 8'g 04
6¥°8 21t gL* 01 96 L%
#3*01 e 0*$1 2°8 23 .
T8 8°01 9°ST 0801 2 I 008
8°8 G2°8 '9°81 e 031
g*ot G3* 01 T 99°9 9
gzt 9 40°0T e N 356 34
18°L 901 " $8°8 67°6 e%
96°G 18°s T N 93°8 8
geL 8°1T 0*eT £2°0T 4 I 00v
Lo 9 FAS: 6*01 438 03T
ag's 06 2°0T 8 o3t
BOULIeT( 2*9 FALS 99 2°8 96
BOGLIBE(] AUBUIOLI F0°9 TS 6°& g 9%
- - 11°9 8'v 9°g [
(eoqLIBIq) LBY6 6901 86°6 19°6 3L
G6°¢ 86 T° 1T 68°8 8%
9*9 $°8 9°0T 164 8%
o*ot 86 6.°8T A 3
T°6 - %9 96°4 ¥
e*4 6 S*4 ¥e's ¥
0'6 6°6 6°6T 9L*6 ¥ X 008
e.. g . 8 (8Inon)
TIVANEL SIVAMHAI 00 EIVNIDons “0d HS00NTD 00 UOT4BTDBL I64J8 SNEL WOTHRIPSY JO JUNOWY

* (89075} JeATT 30U JO WHTTOQUIGT OU§ UO sfed-X JO 300JFE

IT THVL

¥+



TABLEL II1
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Effect of X~rays on the Activity of sdenosin Triphosphotase (Myosin).

Tha protein was treated at O° with 5000 r.

Amount of protein Buffer P liberated in 10 minutes Inhibition
' mgs. per ccC. Control Irradiated %
(micrograms)

0.220 Veronal 2.1 0 complate
0.220 Borate 3l.2 17.4 44,2
0.147 Veronsal 14,5 0 complete
0.147 Borate 2.0 7,50 64.4
0.110 Veronal 7,50 0 complete
0.110 Barate 15.8 2.20 86.1
0.088 Veronel 5,96 0 complete
0.088 Borate 1l.8 2.75 75.4




s

YA RARE

- - 0 - 6°G TOUOIDA 880°0

4*62 48°C L2 6°61 3°T1 ejeIog 880°0

¢ a*0 0 - [ TouoIes 0TTI*0

g e 8L 33 T°¢8 g*at 8q8I0g oTI*C

: g*0 0 - 691 TomoToA 10

L°87 g°aT S* ¥°08 012 e4uI0g L¥T°0

¢ T4°0 0 - "9 TaUOL6A 033°0

L6 g°3s po 4T 9°c8 318 equog 028°0
queo Jod 059 f PO3BTPBIIL DOJGTPBIIT H5D £ TOIqU0p TOIUOD JoyIng *00 Iod .m.wa

TOT4BAT OB 6% 7% “uTW O Uf PoguIeqyl d FUGTTOTOFIL wpegoad Jo Junomy

*{< 000g) BABa~y £q PeITATWUT (Uysody) ecsjeudsoudizjursouspy Jo (R 10°0) {15D) euoryu3ein(d £q UOTIBATIORE]

AT TIGVL



23.

FA2Zny m\"\
oco £330 02°'0 $ro oro - Soo

O/ NI GTUYYIENT o SWVEXOCWOIIN

f

7 IO uRTmR»ﬁbhm, SO INNDWY TL0L T

2t /-HO

1188zt



2.

S

Vetellurgical Leboratory Health Service ~ E. Clay, M.D. end J J. Nickson, 1%.D.

' During the month ending lizy 14, 1944, 207 pre-employment examinations
were done. 159 vere on non-acadamic personnel, 48 on academic porsonnel.
& parsons mere rTojected on the bapis of the pm-_-employmen‘b examination.

Bsdical Industrial Hagards = J. J, Nickson, 11.D., Section Chief

A+ Color Photographs of the hands were taken on 3 individuals with various
skin conditions. 1ir. MacIntosh is working with D, Margaret llickson in
carrying out this program and setting up equimment for routins photographs
of selected porsonnsl.

B. Finger Impression Studies have contipusd. ~pproximetely 400 sets of
impressions mere sent in during the past month. Dr. llarveyt!s readings on
the previous impressions have not shown anyons on thes project with umequi-
vocal evidence of damage due to radiation. It is planned te continmw thass
studies in the futurs by obtaining prints at intervals on exposed p::ojact
parsonnel.

C. Spubum and Urine Studies for product were begun during the past month.
The work has not progressed sufficiently to report the resulte in detail.
IMr. Ruzsell of llr. Asheraft's Section has been vory helpful in devsloping
the techniques uvsed.

D. Metallurgical Lsboratory Surveys -— New Chemistry: Am 0.8 eurie slug was
dissolved in lew Chemistry during the past month., The shielding during the
dissolving was satisfactory. Shielding for storage and workup of portions
of the solution was initizally unsatisfactory. Meny individusls received
grenter than tolersnce emounts of radiation for 2 period of about 1 week,
fdequate shielding wos eventuanlly inetalled. le evidence of blood count
abnormal 14y has boen found, '

A 1,6 curie slug (spproximote) was dissclved in Room 28, New Chemistry,
during the week of $=22-44, The sghielding for most of the operation was
edequate. The elpha ionization swrvoys in lNew Chamistry indicate that the
situation is still umsatisfactory. The majority of the rooms surveyed gave
off-scale readings. This indicstes greater than 1.2 ug product por 120 sg.
centimeters of surfoce measured. 4L major difficulty le the lack of diensrs.
Tt has proved 4o be extrmordinarily difficult to obtain men for this position.

Site B Annax - leekly surveys have been dons in the Site B Annex. The
goneral level of redistion has been below 100 milliroentgens, except forthe
hot lab. Here, lewels of activity considerchbly greater than tolerance have
boan found consistently.

Beta hand comts Lave continuved to be dons on a weekly basis in New
Chemistry., The incidence of honds with counts greater than 300 per minute
has baen low. In all bub a feowr instonces, ordinary washing of the hands
has baen sufficient to reduce the counts to below 300, :

B8 surveys on individuels with low blood counts were dons during the
month. o instonce of over exposure was found. .

104 surveys were done on persons whose pocket meters read 100 milli~
roentgons or riora, o7 roadings were felt by the survayor to be due to ex-

-posure to active materinls.
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Tlogt Stends = The conditions in the semi-works, Vlest Stands, produ-
¢ing hipgh shoe counts have omeliorated somevwhat during the past month.
Dr. Pardus has set the upper limit for shoe counts at $000 ¢/m with the
present counter. '

E. Industrisl Surveys: On May 9, 1944, 2 plant febricating tuballoy rods
was inspectod at the request of the Du Pont Company. Results and recommende
tions will be found in MUC-HG=-479, On May 25, 1944, the Ames projects were
visited. The details of the report are in MUC-HG~503. On ey 27, 1944, &
plent concerned with the canning of slugs was visited at the request of the
Du Pont Company.

F. Weshington University, St, Louis

The blood counte for the month of April showed the following avnormal~
ities: Out of a total of 14 counts there were 4 white blood cell counts less tham
5000, 8 lymphocyte counts less than 1,500, 1 polymorphonuclesar less than
2500 and 4 monocyle counts greater than 6%. The exposure records iclon with
poclket maters ranged from 0.1 to 4.0 r for the mopth., Inguiry has revealed
that the values measured repressnt less than the individual hos received for
two reasons. Tirst, the metors are not always worn vhen exposure is taking
place, and second, the range of the meter is too limited to measure the higher
edposures. To correct the latter fault, f£ilm badges have been issuwed to the
men. The £ilm will be developed ot weekly intervals in Chicago.

4, Clinical Laboratory Examinations - L. 0. Jacobson, !M.D,

: A resume of the cliniecel laboratory examinations made from April 15,
1944 to May 15, 1944 is given below:

Number Done  Mumber Abnoymal

Homoglobing gge 108
Ped counts 607 75
thite counts ' 1064 115
Differeontisals 1064 250
Plateleta an a2
Urinss 790 145
Reties : a7 3
Hlood for ‘essarmemm 29
Miscsallapsous 47
Sedimantation rates 47
Hematoerits 43
New patients with abnormalities 138 out of 211 or 65%
Controls with abnormalitios 54 out of 100 or 54%
Viork hazard group with abnormslitiss 244 out of 896 or 27.2%
Totel persons with abnormalities 436 out of 1207 or 6%

In the larch report CH-1562 (A-2232) & reswme of the routine criteria
for claseifying lsboratory abnormalities wos given. The aspecta of the peri-
-pheral blood which we follow most closely are the total leukoeybte count,

» lymphocyte~polymorphonuclear ratico, the cbsclube numbors of these latter
constituents per » monocytosis and eosinophilia. Tommel individuols with

|
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no known or detecteble exposure to chemical or physiczl agents or with
vorious diseases will show cbnormelities in these constituents. ZXach

individuel that presents such obnormalities are followsd closely in an
attempt to evaluate the relationship of such sbnormalities to the work

hazard.

During the past month three individuels were found to have blood
abnormalities consistant with over exposure tosradiationg Two of these =
abnormalities were low leukocyte counts per ym“, the third had a lymphocyte-
noutrophil raotio reversal. Surveys of the work arens 414 not show radiation

levels exceeding 100 mx/8 hr. dey in the first two instances. The third

_porson has exposurs cbove acespted tolerance standards on frequent occasions,

Biochemjical Group ~ S. Schwartz, M.D.

A, Rood and/or urine studies on over 300 project members and medical
students have been corpleted to date. The resulis are swrmarized in figures
1 through 8 bdelow. (See Feb, report for basis of test scores. O = nommal
range; 1 = borderiine; S=4# ® increasingly positive reactions.)

There repeated studies have been done on the some individunl, only
the first study is included here in order not to unduly weight the data, _

Each individusl is c¢laseified according to his predominant exposure,
though 1% is clearly reslized that other exposures may posaibly play &

dsterminate role in the test score. It is believed that chemicsl exposure
may be of major importance in the workers in the radiation groups exhibiting
increased scores. Tor eaxample in the scores for the erythrocyte proto—
porphyrin (Fig, 3) it is seen that the individuals. in tha group delieved to
have received relastively hezvy radistion exposure wers gll entirely normal,
while severel of those in the group believed to have received less radiafion,
novertheless had increased values. The significance of this 1s not clear,
but the expianation may be in an assocliated chemical exposure in the latter,
It is believed that the tubslloy workors, except for the oxyflurcide group
(Fige 2) are less asubject to mixed chemicsl sxposure. It may be noted that
the contxol group in thess studies is open to eriticism on the grounds

that about holf of the individuals mey have had chenmical or matal exposures
incident to previous oceupations,

Flans are under way to control our data by studying other industrial
workers with chemicsl and non~tubelloy metol exposures similar to ocurs.
From the studies chorm in Figs. 1-8, the following conclusions may be drovmd

{1) In ponersi ihe toinl scome is the most commonly positive index of
exposure.

{2) Porphyrin metabolism is definitely affected in the metal exposure
EI0UD.

(3) Serum swlfur appears to be elevated more in the tubslloy exposure
group than in the non=-tvballoy metal group, 1.6, lead, mercury,
bross, and tin, Howsver, we have no adequate control series for
the higher aged members of the fommer group as compored te other
groups - which we have studied.

Recent studiss (mostly not included in the grephs) indicats thet oxy-
fluworids exposure especislly produces sn alevated urine coproporphyrin value.
Thus 25 determinations dons on 13 individuals with varying amount of oxy=
fiuoride exposure at Site B showed an aversge excretion of over 15 gemma
percent (3 plus). 7 of the 13 individuals had @ 4 plus coproporphyrin
excretion on at least ons test. ’
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By Proliminary studiss of urine tuballoy indieate that the fluorescence
tochnique suggested by Dr. BHloor of Rochester, New York, will permit the
estimation of considerably less than 1/10 gamme., This method is based on
the fluorescence of tubslloy in fuced sodium fluoride, Detectable amounts
of tuballoy have bsen found in 2 cc, aliquots of urins from highly exposed
Ames persommel ., '

Ce A study of rodlation effect on five patients with polyeythemia is under
way in cooperation with Dr. Jacobson. Two have been treated with total body
rediation and three with radiocactive phosphorus,
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ASSOCTIATED PROJECTS

I. N.C.I. - R. R. 8pencer, Chief

BIOLOGICAL ACTION OF GAMMA AND X RADIATION

A, B. Eschenbrenner, i, B. Shimkin, W. E. Heston, il. K. Deringer
and E. Loremnz

I. Continuous exposure for 8 hours daily,

Approximete doses up to date (mice and guines pigs 1st series) 3500 r,

1750 r, 875 r, 440 r, and 49 r (acute exposures of 12,5 r or 50 r not added),
Approximete dose up to date (rebbite) 2700 r, 1350 r, 675 r, 340 r, and 32 r
(acute exposures of 12,5 r or 50 r. not added). Approximate dose of male
inbred guinea pigs (family 2) up to death of last pig exposed on 8 r per 8 hour
level 1600 r 2nd of female inbred guinea pigs (femily 2) 1050 r, Approximnte
dose up to date of hybrid guinee pigs (2nd series) exposed on the 8 r per

8 hour level 1500 r., Approximate dose up to date of mele and female inbred
guinea pigs (family 13) 250 r,

A number of mice about equally divided smong the different levels were
killed and autopsied due to intercurrent disesse (tumor formation, pneumonia
or infections). Two female control mice, one female mouse had received an
acute exposure of 126 r and one femule mouse hed received an acute exposure
of 50 r; and 3 femle mice of the C.1 r / B hr level, 2 of which had received
in addition 12,5 r or 50 r respectively, were killed and sutopsied. This was
done to verify the finding {see April report, page 6) that an acuts dose of
50 r in 5 hours glven at the approximete age of 6 months showed st the age
of approximately 16 months, ovaries devoid of follieles with extensive invagin-
ation of the germinel epithelium, This finding wes confirmed {gee IV) and
it indicotes that an acute dose of 50 r in 5 hours in eerly life will show
in late life extensive damage to the ovaries while epproximately the same
dose glven at the rate of 0,1 r per 8 hours will produce no damege in som=
parison to controls, One . more mouse {femmnle) of the B r per 8 hour lsvel
developed malignant lymphome {gross observation) bringing the total of
animals with malignant lymphoma on this level to 9. One mouse exposed to
an acute dose of 50 r in 5 hours also showed malignant lymphome at autopsy,
This is considered of spontanecus origin, So far, 3 ceses of malignant
lymphoma, congidered to be spontanecus, have been found in mice of the
lower levels, none in the controls, This is not surprising, however, s the
number of control mice is much smaller then the number of experimental snimsls,

Two pulnee pigs of the first series of the B r per 8 hour level are
still alive, after a totcl dose of 3500 r, All guinea pigs of the second
series died or wers killed in moribund condition {lethal dose ranging from
625 r to 1300 r} with the exception of one female having received so far a
total dose of 1500 r, All male intred guinea pigs (family 2) either dled or
were killed in moribund condition, the lethsl dose ranging from 1200 r to 1600 r,
Az only 4 male gulnse pigs of this series have come te autopsy, (the females
have not reached this dose level ns yei) it is difficult to say whether these
inbred guinea pigs are somewhat more redioresistant then the hybrid guinea
pigs and whether this radicsensitivity is wmore uniform es evidenced by the
comparatively narrow range of the lethsl dose.

One female guinea pig of the 4 r per & hour level wag killed during the
month in moribund condition (dose 1700 r}, So fer, 6 sut of 18 guines pigs

[116631
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of this level were killed in moribund condition, the lethal doses ranging
from 900 to 1700 r, On the 8 r per 8 hour level, 13 gulnmes pigs out of 18
died or were killed and autopsied in moribund condition for au lethal dose
renging from 600 to 1700 r, This seems to indicete thet the amount of
recovery due to the grester dilution of the dose of the animals on the

4 r per 8 hour level is comparatively slight in comperison to those of the
8 r per B hour level,

The guinea pizs on the other levels are still comparable to the controlsa
{weight and blood picture).

All rabbits are alive,

Breed ing Exgeriments

Aside from some deta on lung twsors which are presentad in this report,
there is nothing to add to the last renert,

All mice of the breeding experiments heve been observed for the presence
of lung tumors at autopsy. The nodules that wers found have later been
sectioned for histologle verification. The results of these findings-sare
tabulated as follows:

Lung Tumors in Irradieted and Control Mice of Breeding Experiment

Irradiated Control
Dosage Age at M, of = Num, with Age at Num, HNum, with
sutopsy lung autopsy of lung
- Males months mice " tumor months mice tumor
600 r - 4r/day D to 8 15 1
800 r - 4r/dey 61 to 8 15 0y
1000 r ~- 4r/day 9 to 12 15 7-/
600 r = 2r/8 hrs, 11 8 2 11 8 1
600 r = 4r/8 hrs, 6§ to 9 12 1 6 8 )
800 r - 4r/8 hrs. 7 to 9 12 1 73 8 0
1000 r - 4r/B hrs, 9 to 10} 12 3 9 7 0
800 r - 8r/8 hrs. 4% to 6 12 1 & 8 0
800 r - 8r/8 hrs, 5 to 9 12 1 34%04% 8 0
800 r - 8r/8 hrs, 4] S - 0 '
1000 r - 8r/B hrs. 6 to 9 12 zi"-/ : 5 8 0
1600 r - 8r/8 hrs, 74 to 12 13 5
1000 r - 8r/8 hrs, 5 8 1
Femalea _
800 r ~ 8r/dey 7 to 8 5 2
800 r - 8r/day 6 to 7 14 1
500 r - 8r/day 6 to 7 15 1
400 r - 8r/day 5 to 6 15 0
300 r - 8r/dey 4% to 6 15 0 4l to 62 15
500 r - 4r/dey 7 to 8 14 0
400 r - 4r/day 6 to 8 14 0

| 118e3s
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Continustion of table

Dosage ~Age at M, Num, with Aze at Num.  Num, with
autopsy of lung autopsy of - lung
months mice 6 tumor months  mice tumor

300 r - 4r/day m 15 z 6to 7 Ib 1

200 r ~ 4r/day 5 to 6 15 1 5to7 15 0

100 r - 4r/day 4 t0 5 15 0 4 0 5 14 0

500 r = 2r/day 10 to 12 9 1

400 r - 2r fday 9% to 11 13 2

300 r « 2r/fdey 24 to 10 15 %3/ 8l to 9 14 1

200 r - 2r ey 7 to s%,- 15

100 r - 2r/day 5 to 6 14 0

300 r - 1lr/dey 121 to 17 10 1 11} to 183 13 3

200 r = ir/dey 10 to 11 14 0 9 to 11 14 0

100 r = 1r Ada 6 to 8 15 1 65 to 8 15 28/

100 r - o.s:%w 11 to 12 13 0 '

300 r - 4r/8 hrs, 6 to 6} 14 1

400 r - 4r/8 hrs, 7 to 8 T i

500 r -~ 4r/8 hrs. 8 to 13 10 3

500 r - Br/8 hra, 6 to 7 8 1§/

400 r - 4r/dny g to 10 6 !

400 r-- 4r/day 8 to 11 8 0

400 r ~- 4r/day 10 to 11 8 1

1/ Two have not been sectioned for histologie verificetion.

One has not been sectioned for histologic: verification.
" Lid "

'3' One " n n o

one 11 " " 1w " L] "
Has not been sectioned for histologic verification,

The lung tumor jncidence of the irradiated females 18 not considered signifi.
esntly different from thet of the control femeles, The meles which on the whole
received larger total doses than the females geve results which suggest that there
mey e an inerense in lung tumor incidence in the irradiated males over that of the
controls. N

The evidence is far from conclusive, but it does suggest the advisebility of
e more complete test. Accordingly, an additional experiment hes been started,
using the highly susceptible lung tumor strain A, Twenty-five male a2nd 25 female
strain A mice between one and two months of age have been placed on the 8 r/8 hr.
level, and 25 mmle and 25 female littermtes have been set aside for coantrols,
It is planned to run this oxperiment for B to 10 months, depending upon how
well this strain tolerates the irradiation, and after the irradistion, the
lung tumor incidence of the experimentel mice will be compared to that of the
control, This strein hes an incidence of mround 507 at 12 months of age.

As no blood counts are to be taken on these animels, 20 strein A male
mice are mlso reing irradieted on the 8 r/% hr,. level and their blood counts
are being followed, These will serve as safeguards against deaths due to
irradiation in the lung tumor experiment,

Only rarely lung nodules were found in animals of the 8 r per 8 hour level
not used in the breeding experiment which were killed and autopsied since Januery 1,
These animnls ranged in age from 12 to 16 months and had received doses from
2500 to 3400 r. This finding is, however, not in contradiction to the atove
statement &s the number of enimals is small, the enimals were sick prior to
autopsy, snd no coantrols of comparabie age were availsble,
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11, Continuous exposure for 24 hours daily.

Nothing new to report,

III, Single acute exposure (300 r in 7§ minutes)

The animals of this experiment {femsle LAF.) nre still alive and have
remtained sterile since the birth of one litter Bpproximetely 5 months ago.

v, Pathologx.
Mice

One mele mouse that had received approximately 360 r on the 1 r per 8 hour
level was autopsied because of poor general conditlon, There was hemorrhagic
neerosis of one lobe of the liver, apparently due to torsion and occlusion
of the venous return of that lobe; 8 condition oceasionally seen in untreated
mice, Testes nppeared normal, as dld other organs,

One mle wouse that had been exposed on the 8 r psr 8 hour level daily
for a total of 3000 r had enlargement of all lymph nodes, enlargement of the
spleen and infiltration of all organs including the bons marrow. This has
been designated a malignent lymphoma, type unclassified. There was extreme
atrophy of the testes., No spermatogenic elements could be identified., Another
m:le mouse exposed on the same level for a total of 3100 r had similar etrophy
of the testes., Lymph nodes were very small and composed of a single giant
follicle, The spleen was slightly larger than normal and compisedof conglomerate
Melpighian corpuscles, There was no bone marrow atrophy,

A group of female mlce that hed received & smell total chronic or mcute
exposure was autopsisd, The condition of the ovaries is shown in the table
below, The downgrowths of germinal eplthelium was similar to that previously
reported for animels receiring larger amounts of radirtion, The difference
between the effects of acute and chronieally administered radimtion over a long
period of time of approximately the seme totn] amount is apparent., It hasg
proviously been reported thet male mice that received 50 r as an acute dose under
the same conditions had normal testes,

(11gsLg
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Age in Chronic Chronic Acute Total Follicles Downgrowths
monthe level totel totel ohronic germinal epithel.
inr in r in r & aocute '
in r

18 0 0 0 0 Plus minus

lg 0 0 0 L] plus minus

16 0 ¢ 12.5 12.5 plus minus

18 0 o 850 50 minus plus

16 0.1/8h 45 0 45 plus minus

16 0.1/8h 45 12,5 57.5 plus minus

14 0.1/8n 35 50 85 minus plus

18 0.1/8n 45 50 95 minus plus

Acute doses given et approximate-m_'_e of 5 months,

Guinea Pigs

One fernle guilnea pig on the 4 r per B hour level was autopsied because
of poor general condition (R, B. C. 1,06 million) nfter receiving o total
dose of 1500 r, Ovaries contained numerous small and large follisles., There
was moderate bons merrow atrophy, no fibrosis, Lymph nodes contained numerous
very small and seversl giant follicles, The spleen was smell, containing very
small Malpighian bodles, .

Ons male end one femzle guinea pig (2nd series) of the B r per 8 hour
level which had received a total dose of 900 r were autopsied because of
poor condition and marked snemis, There was moderate bone marrow strophy.
Lymph nodes conteined smrll end glent follicles, Malpighian bodies in the
spleen were gmall end few in number. There were patchy extravangations of
blood in the submucosa of the praximel half of the small intestinee, Ovarles
contained numerous large and small follicles, There was extreme besticular
strophy, no spermtogenic elemants beinpg identifiled,

. Two male hybrid guinea pligs that had been exposed to 8 r per 8 hour
deily for a total of 250 r had apparently normal testes, There was active
spermatogenesis and the tubular~intarstitial proportions appeared normel.
These gulinea pigs were killed to establish a dose which does not produce
damage to the testes., As previously reported, 500 r, produced marked tubular
demage . '

Two male inbred guinea pizs thot had been exposed on the 8 r per 8 hour
level for & totzl of 1200 r were cutopsied heocuse of poor general condition
end anemia, There were patchy submucosal extravasations of blowd imr the
proximal portion of the small intastines. Spleens were smell ond contained fow
end small Malpighien bodies. Lymph nodes were smell and contained numerous
srall and a few gient follicles, There »as moderste bone merrow atrophy.

Tastes were extremely atrophic, no spermatogenic elements being identified
in the tubules.
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V. Hemmtology.

Wo significant changes have occurred in the blood pieture of the
snimels since the report of last month, A few experimentsl mice thet showed
sudden high total white counts with a relative lymphopenja showed ot autopsy
sigas of intestinal infection {gross observation). Only one more mouse
developed mnemia (dose 3200 r on the B r per 8 hour level), In all other
mice of this level the red and platelet count is still within normal lmits,

The guinea pigs, which ceme to autopsy, showed the previously deseridad
low red, platelet and white cell count with o relative lymphocytosis, with the
exception of one inbred mele guinea pig, which had a red count of 4 million
but a total white count of 500 with no polys. In this guinea pig the ecchymosis
of the small intestine, stomach and heart were absent.

The blood count of all rabbits is ~ithin normal limits, with the exception

of the white cell coun%, of the animals on the B r per 8 hour level {total
dose 2100 r) wrich is lowered. These animnls also show lymphopenis,
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I1. T, of Co Radiation Isboratory
_ Je Go Bamiiton and Assocletes
TECHNICAL PROGRESS REPORT QN THE JIRTABOLIC STUDIES OF FISSION PRODUCTS

1. Radio-Autopraphic Studies

The lung radio-autographic studies with long 1ife fission products
are noy essentially couplete and a detailed report contalning both the results
and full descriptions of methods is being propered by idlps Axelrod. Suitable
celloidin imbedded bone prepurations sre mov swvailable and will be cut as soon
as we reccive our sgliding microtome for which the promised delivery date is
August 1, 1944,

2. Decontamination Ssudies

The snimels for the long tern decontanination studies with cerium,
yttrium and strontium have boen sacrificed and the tissues are now being
assuycd. Results of these exporiments will be available shortly.

3. Tellurium

The intramscular and oral studies with £4 carrier free tellurium have
been almost completed by Professor Chaikoff und his associates for the 1, 4,
16, and 32 doy intervals. Approxiwately 25% of the aduinistored dose is aboorbed
by way of the digestive truect. The rute of elimination following both routes
of administration is guite ravid. Approximustely 25% is excereted during the
first day, 40% at the end of 4 doys, T0% at 16 days, and 90% at 32 days. These
values indicate the haelf-time of retention of the absorbed portion in the body
to be of the order of 10 days. The highest uptake per gram of wet welight was
in the kidney while the groatest uptake per organ was found to be in the blond
for all four tiue intervals. Othervise no striking sclective localization took
place in uny of the tissues assuyed including the skeleton. Jlamg experiments
were qone btui the interpretations of the resulis were somevhat confused by the
relutively high absorption in the digestive tract. TFrom the gualitative point
of view tlic pulmonary retention of £4 tellurium is epparemtly relatively small
and cun be considercd %0 be of slight importance as o health hazard when come-
pared to the more abundunt long lifo fission products which show a high degree
of lung retantion. It is of intercst to note in passing that the high recovery
of sdministercd tellurium in the tissuses apd excreta which ranged from 90% to
93%, indicated that no large fraction of the aduinistered dose was excreted by
way of the lungs following either intramuscular or oral aduinistration. It
will be reecalled that it hac been stated frequently that following tellurium
poisoning in humans come excrotion does take place by way of the lungs through
the exhulation of volatile tellurius compounds.

4Le Projected Studies for tie Noxt Two Lionths

Tracer studies end decontamination studles are to bs concluded.
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