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The .percentage of off-scale madings of pocket chembers has increased 

14 sources have been calibmtod for TI. 

from 3,60 to 4,75 in the last tw months. A comparison of pocbt charaber an8 
fUm mter readings shm dfffsmnces due for the ms$ part probably !io non- 
sinultaneous ;maring. 
sources, have been partially calibrated, Contamination of laundry 3s obsemd 
to dote is mmmd in the laundering process. 1: Lindem electmtor has 
been assembled in a vacuum tight box, ThO new 2 r pocbt chmber ehm rcodiw 
which are about 30$ hi@ in X-my recion. The electrometer for the new chmber 
makes ordinary pocket chcmbors .good to 0,4 ro T%as-.zremnts indicate that 
pocket chamborn monitor slov neutronso 

10 otlmrs, mix& 

Y 

Dialogical Tiesearch 

Rats with lQpted eoophwi and exposed to SrO’ mist throu@ a tracheal 
emnula g3m a distribution essentially the S~EI as for 110mdL mbKiLse 
Active material ms rexncmd in 8 few hours from lunes md bronchi; intestinal 
excre No& and operated rats I~IV sinilorly exposed 
to 23’’ mist; activity in the lung did not drop significantly durine 2 bYs, 
md intestin&& excretion ms negligible. 

on ms considerable. 

Mice injected With SI!@ in doses from 0,016 to 2 x lo4 c/e;m am bel= 
maintained for chronic effec*s. 
apparont 

times, aich is siuilw to concentration by olieletal tissues, 

At sewn neeks no retardation in eromth is 

kbture foWe goldfish concentrate f isoion mixtun3 in the ovaries 10 - 15 
Strontium fs not 

so concentratod by the ovaries. - 

89 -6 
Mid-lethtLL dose of Sr for mts is 6.5 x 10 C/gm by injection ad 

8.5 x lo* Clgm by star,ach tube. Ilia-lethal doso of fission ni.lrture for rats 
is 15 x IO“$ C/gm by stDmch tubo. 

of ffs -Ion n.btu.r&bby stomach tube, or 10 C/ep of Baffl- LaiE by injection; 
or 10”’ C/gn of P 

a-sts that som effects nay be apparent oftor 25 rpp but probably not after 
e smaller dom. 

hprossion of white cell count ms$und in rat ceiv 27.5 x lo* C/ep1 

by injection. 

The microscopic dmqp in rabbits after 100 r has boen surrmnrfzed and 

A smple of mater fron tho extraction otaclr mp at Clinton indicstes 
that it can be used for a, 3purce of carrier-fme 
activity ronainod aftor l? 
nixturo of fission products nhich nay haw been carried as sprayo 

1.lore than half of the 
extraction, and thia rms found to be due to a 

Glinical T4dfclzc ad I%XcZ &zcc,-zh 

Rats radiated with a single dose of xb.r~ys (800 r) showed no chw . ” 
in the serum protein concentration tzp to the nppamnce o t m‘nte 93 fxol 
symptms, when the serum protein and the N.I?,N, values rb 
QO, values of liver slices fron rata tronted crith  x-ray^ 

to 200 r) showed sane dininution rhb meammd in the pre 



4. 

and pyruvate. This inhibition nms observed when a single dose of 800 r and 
MO r mere applied to the rats. 
TJyosIn (adenosinstriphosphatase) in borate buffer v.7~6 largely inhibitod by 
application of 5000 r at Oo; in veronal buf'fer it ms c-letely inhibited. 
Partially inhibited myosin mas reactivatod by addition of glutathione. 

Color pliotopaphy of hands was begun, Fingerprint impression studies have 
continusd, Product excretion studies wem started, Product laboratories in 
Neiv Cherxliatsy continue to show hi@ auto madings, Film badges have been 
supplied to the Cyclotron ere7 at St. Louis, 

Vith 200 r the effect ms insimificmt. 

All mC8SSq P~~mplOgrPSnt 8X32tli~tiO~ tern dOIB during the mntho 

A resume of the clinical laboratory exminations during the period fram 
AprU 15, 1944 to 1.ltiy 15, 1944 is given, A total of 5074 laboratory procedms 
viere dome A total of 8% abnormlitiea 77em found, 'I"hr00 individuals were 
thomt to have blood abnomdities CLS a result of ovemxposw to imdiation, 

A Wphically exposed surmnc~ of tho biochemical studies on project 
peraomel is presented. 
viduals exposed to heavy r;;etals. Olcyfluoride exposure produces an elmrated urim 
coproporphyrin value. 
tuballoy, The fluoresconco technique pennits the estimation of considerably less 
th& 1/30 gamm of tubalcy in urine. 

Porphyrin metabolism is definitely affected in incli- 

Sem sulfur is elevated in individuals exposed to 

No C. Io 

There ~ra no essential changes in the blood picture of dl1 experimental 
mice since last mnthvs mport. 
R constantly lomr than mrnal white count, not cormtine, of course, those 
anime3.s that developed malignant lympham. All anWs on the lovmr levels show 
an esoentially noN blood picture. 
=ached 3500 r to date. Of the original 48 animls of this level, 33 are still 
alive at an age of approximately 17 months. 
in the blood picture of' tke experimental guinea pig6 since last month's report. 
On the 8 r per 8 hour levc1, two of the first sories am still alive (total 
dose 3500 r); om of the second series (total dooe 1500 r); none of the nab 
inbred guinea pies (fanflr 21, 
still alive (totnl dose 1050 r)(, FOW male and four feme inbred minee pies 
of family 13 am eqosed cn this level since the beginning of: the mnth. 
guinea pigs that cam to autopsy during the month due to moribund condition or 
died, shmd all sevom anemia, with tho exception of one, a lovf total white 
count, low platQlet count,, and a relative lymphocytosis. The lethal dose of 
the inbred mnle guinea pigs mnpd fmm1200 to 1600 r, and thzt of the hybrid 
guinea pigs of the second sories (one still living) from 625 to 1300 ro The 
guinea piga of the 4 r per 8 hour level show persistat lorr wlwa of Ell1 countsz 
One #pima pic of this level ems killed during the nonth on account of amnia 
(total dose 1700 r). So farl 6 out of the 18 Guinea pigs of this level mre 
kflled an8 autopsied with lethal doses ranging from 900 to 1700 r. ??le guinea 
pies on tho loner Levels uhow an essentially norClcZl blood picturc. 'ko blood 
picturn of the rabbits is nonnal with the excoption of that of the three animal8 
on the 0 r per 8 hour leml vhich show a lowered total rhite count zith 1mhO- 
penia (total dose 2700 r) 

Only the nice of the 8 r per 8 hour levo1 have 

"he dose of the 8 r per 8 hour level has 

Them io also no essential change 

S4.1 fenale guinea pigs of the fa-y 2 me 

Those 

The lungs of We rdce used in the bmeding experiment show sugGestive 
evidence of a slight increase in lung tunor incidence with dosos abom 1000 re 

ThirdocmramtcontainsMannationa&eainsthsirattaDll 
deihm of tb. United  sate^ within the msaniag of tbr 
&pionage Act. U. S. C. W. 31 and 32. 
or the revelation of its contents in any manner to a 
uiirtudmckyd pehon ir prohibited by law. 

Ita 
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SECRET 5, 

A nev experbent m sot up on the 8 r per 8 hour levo1 for the study of lune 
twir incidence follovslw doses of 2000 r or nore. For this exporimnf, Strain 
A mice mer0 used as their swcoptibility to lung tunors is lii&her than that of 
LAFl mice. 

rosults in disappearance of all fo~llcleo fron the ovaries at old age, mhereas 
this result is not found rThen a canparable total dose is givon chronically at 
the rate of 3,l r per day, 

In nice approximtely 50 r, when given c1s m acute e&osure early in iife, 

Testes ail1 rocover completely fron an acute exnosure of 50 ro 

Another lnalignant l~ymphom has boen observed in a nale muse that had 
been e-xposod on the 8 r per 8 hour lovol for a total of 3000 ro 

Guinea pf&s of tho 8 r or 4 r pr 0 hour level that cam to autopsy con- 
tinue to hmc pctchy ecchymoses of the snall intestine. 
extreme Trhile ovaries contain numoroua sx3.l and larp follicles. 
atrophy is sli@t to rmdoratc in mount. 

Testicular atrophy is 
Bone 

Tppo nale guinoa pigs of the 8 r por 5 hour love1 examined &or o. total 
dose of 250 r failed to show any testicular atrophy. It has previously been 
reportad that animals receiving G total of 500 r at this level 8hotmd marked 
tubular atrophy, 

U, af C, €&iliaticxi laboratory 

Rodio-autographic End decontamination studies am being continued, Tracer 
studies vith . 
localization tabs place in any of the organs nith tho exception of the kidney, 
Following intraplnonory administration the lung retention ms found to be 
relatively mdl. 
in the body ~ms eliminated, 
el sewhe m 

4 tellurium up to 32 days indicate that no striking degme of 

At the end of this interval approximately 90% of the tellurium 
Other work beiw done by the Eerkeley 6mUp alrpsnrs 

SECRET . 



HADIATI 011 IWASIJRl!3.KIG SECTION 

L. A. Pardue, Acting Suction Chief 
Eo Oo Tollan, Consulting Section Chief 

A. 

out that the blackening in now developer is about lqg Zm. 
it cones back to the vhlue of old developer and retains it indefinitely- 

Pocket Climbers and Film !deters 

These activities have been carried on as usualo It may bo pointed 
After a few days 

A smary of the retidings for tho post two months is included: 

Pocket Chambers I 

Total nuxnber of readings (daily) 
Nurilber of off-scale readings 

9342 
433 

82 rsndings 150 mr - 200 m 
18 5 100 mr - 150 mr 

11 lt 11 190 
75 m - 100 mr 

11 ?I 490 60 mr - 75 

'* It 

(1 11 tI 

W 

Filn Veters (weekly) 

Total number of readings 3030 

18 Number of reaclings Rbovo 500 mnr 
13 

II 11 28 300 mr - 400 rw 
11 I1 It 53 200 mr - 300 m 

400 - 500 mr 11 1) 0 

I1 

The total oxposuros for the two month period for those individuals (approximately 
275) having both meters have been tabulated. 
at random from the list are given bclowi 

The results for 25 people chosen 

970 mr 
820 

1730 
700 
730 
910 
50 

310 
1090 
50 

1000 
880 
180 

1300 
760 
930 

730 mr 
140 
910 
140 
100 

2130 
180 
300 
3 90 
2 80 

2000 
170 

SECRET 
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5.50 
7 50 
3 90 
2030 

840 
900 

530 
00 

, 340 

520 
830 
2 50 

1370 
560 
G80 

920 
170 
220 

%sides thc errors inherent in the instrumonts tinu those comaittod in 
rotading there am other reiisons why tho totals differo Perhaps the 

portant of tncso is that the rwtorc uru not always worn sirwltuneouslyo IIow- 
over making tlic assumption that workers wear one or tho other or both when 
their jobs arc "lmt" - this is twrne out fairly well by observation - it 
io cloar that the exposure of workars doas not roach hazardous levels- Tho 
fact that thc pcrccntade of off-scale readings hm increased from 3,68 to 
4,75 since the last tabulation two months ago clay bo due to hi,;her humidityo 
It shuuld bc pointed out that rimdings are tnkan ut 24 hour intervalso 

im- 

Bo T: Source Calibration - - 
Brown, Cesenbcrg and Lester have continudd the calibration of sources 

for p.. Also adequate mu convenient shields have been provided for them, 
Yhen the ,job is finishod 32 sources will have been measured - 16 Ra?e sources 
and 16 uImixe(; sources, The Ra content of a11 and the neutron emission of the 
mixed sources are to be cietcrmined, During the month the following moasuro- 

Source Noo 

68 
69 
74 
75 
76 
77 
7 8 
79 
80 
81 
82 

83 

88 
89 
90 

91 
92 
93 

Nominal Ru Content - 
500 
500 mg 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
1 
1 
1 
1 

.1 
1 

Measured Rti Content 

513 m~ 
51 5 
10-95 

10 94 
100 82 
10 84 
10 D '16 
10,74 
10 70 
10052 
10 71 
10.33 

0 889 
965 

0 930 
u 888 
n 974 
0 934 

Neutron/soc 

6-68 x lo6 
6=56 x 106 
Not yet lt measurod 

' It 

11 

0 

n 

I1 

II 

It 

I1 
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Source No, Nominal Ra Gontont l!uasured Ra Content Moutron/sec 

94 
95 
96 
97 
98 
9s 

1 
1 
1 
1 
1 
1 

952 
929 

0 949 
* 953 
971 
,899 

bY 
of 

A ncvr eluctrometor desi6ned for source calibration has been constructed 
tnndsvcrk. 
novoment of fibre. 

It his ruther. good proportionality between intensity Rnd rate 

In addition to the source neasurenonts, the facilities of the calibra- 
Sone of 

Requests for repttirs to Lauritsens 
tion room were tisod further by the onlibration of survey instruments, 
this work was a service to other sectionso 
and the projection minometer have been larger thun usual, 

C. Laundry 

A rather encouraging result cme out of an experiment to determine 
to what oxtent ordinary laundering decontaminates garnents. 
items and 37 non contaminated mer0 sent to tho laundryo 
chosen as tho line separating the two. 
time tile second mint was made. 91 wero not contmintited tind 2 pieces had 

counts of 1100/min, and 1300/,min, It is very doubtful if these counts 

inuicate a hazard, 

69 contaminated 
1000 counts/mino was 

Of the 93 pieces returned at the 

The Instrment Section is about rcauy to slipply rneturs for tile hand 
countor and shoe counter assomhlod in our group for T':est Stands. 
they will be ready for USC in the nwr futuro" 

It is hoyad 

Aftor sone dulay due to shop concontration on other work the vucuum 

It has beon 
box for a Lindemann electrometer has been completed, 
have completed the elec5rometor system ttnc tire testing it. 
deterrnined alroady that 3l& or lese of IJraniim in the chamber can he 
detected, 
collected in the precipitron, 
work md parts huve been constructed, 
insulator troubles in the electrometer, 
are not removed, 

improvcment over the brshem electrometer us was hoped, 
system ia adaptable to severcll tyl,i:s of recrsiircmontsu 
missing parts for an extrapolation chmber lmva been constructed and it should 
bo easy to put one in operation, 

Goldfitein und Crane 

The systex can bo usad to neanurc tho activity of dust samples 
It has been dosigned for double chmber 

The vticuum box shoulu eliminate 
S\lcil troublcs in the chanbur insulator 

If they should predominate, the cystern may not be as big an 
Howevcr. the new 

For oxmp1a all thc 

The new 2 r pocket chwbcr hlis been put throiigh nom tests- The 

insulator ha3 now a loukags less than ,05 r in 40 hours and is improving, 
Thore is no reason for it to ret;ress as it is protocted from outside air, 

3% high in the X-ruy region (50KV to 100KV) by cornprison with a Victoroon 
' It has been investigated for wave 1oni;tli independence, Readings &re about 
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th:mblo chamber, 
the former - since the rerldings were taken on R 25 r Victoreen instnirnsnt end 
only tho first two divisions of the scalo were usedo 
these tests we compurcd the rea\Jin(;o nith some 0,2 r churnbers, some having 
the t;raphite removed from tft: ctmtral electrode, 
chanbers without the ,;rctphitc ran ubout 10% hiC;hero 

Thr? results coulu bo better or worse - on0 woulu expect 

In oonncction with 

In tilts X-ray region the 

The ne% projection olectronetor containing A IAneverk type 
electroscope hws beon tested with some 0.2 I- chanborn, 
chmbors are found to Le goou up to 0,4 r as the follonin,; cratti mill indicate 

Kith it the 

Exposure (r) Electrometer readini; (vo Its ) 

0 

.n 
02 
03 

,4 

178 
lG5,6 
149,2 
135,2 
.122,0 

After the ,4 r exposuro the clinmber still htis'a potentid difference of 
approxiraately 40 volts Yjhich should be enough for saturation, 
that th5.s instrumerit will holu its characteristics rocom.iend it strongly, 

Tile probability 

E. Slow Neutrons 

L'ilson (C1184) has shown frorn theoretical considoratic,ns that the 
capture radirition due to slow neutrons incident in the body have a fairly 
constant intensity for the first 4 cms in tho body und then r"ti1ls off, A 
pockot chornbcr worn in the usual way shoulu tilerofore Give adeque.1,e monitor- 
ing of slow neutrons, 
late a section of the body, 
depths in tile block, 
at tint: ChicaGo Cyclotron and more recently at tho Ari;onne, 
three sets of ruadings were taken; one without tiny shield arounu the paraffin, 
one with a Cd, shield and one wvith a Boron shield, The cb shield was omitted 
at the Argonlie. ?%le the 
curves deptirt somewhat from the theoretical curve anu differ at the two 

machines the difference curves between the lloron and no shield G5 ve strong 
eviucnce that an ordintiry ;locket charnbor docs monitor slow neutrons, It 
might be pointcd out tliat w.iilc the noron abnorbad nll the slow neutrons 
soinc ,ymia radiation is given off by it, 

To test this a paraffin block was constructed to simu- 
Ionization chanbers were placed at different 

Some tine ago tniu systep. nas sxposcjd to slow neutrons 
At tho Cyclotron 

Figures I and 11 sliorv the results graphically. 

F Surveys 

Goldstein and Crane ~RVQ m8ue froquent surveys at Site 11, the Cyclotron 
EPdI;ost Stands. The proceedings of tho Liaison Committee contain many of 
the detailsr New Cllernistp is now bein;; serviced in this ro,;ard by their 
own Group- It is anticipated that Gcst Stands will come into their orbit 
shortly as it is expected that this laboratory will soon do chonistry drnost 
exclusively, It is believed that the: best way to inculcate protection of 
scientific pc?rsonnc+l is to get the workers iptcrested in achieving it for 
tfiamselves, 
achinistrative superiors of tho workers, !:'ithut such stintulution the ' 

results will fall short of hopes 

.I 

This can be broii;ilt about Lest if it is encouraged by tho 

. 
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BIOuxfICAL RESEnXH SECTION 

K. S, Cole, Section Chief 

1 I Xenon - Preparation 

A number of compounds have been investigated in the quest for a sub- 
stance that will release gaseous fission products. 
U(OEI)4 copreaipitated with Al(0H)s and Fe(OH)3 , amnonfwn uranrrte coprecfz 
pitated with Al(OH)3 and Th(OH)4, end finely divided U04 hydrates. 
case8 tested, aging at lOOOC slmly destroys the emanating pmer. 
The Th(OH)q coprecipitato and the U04 hydrates seem the most promising. 

These include U(0E) 

In all 

2. Iodine - Preparation 

The sump water from the base of the extraction plant at Site X ha6 

After addition of 
been investigated as a source of I131. 
the presence of CrO to keep the iodine present as Io3. 
oxalate to the solu ion, the I2 is distilled out. The lodine content of 
two batches was 0.06 mC/lIr, and 0.03 &hi at the time they were sent to 
Chicago, It is possible to obtain 9% 

yields of carrier-free iodine . 

The solution is concentrated in 

Their past history is unknown here. 

3 ,, Ruthenium Tetroxide - Preparation 

A number of oxfdieing agents have been tested to be used in 
generoting Ru04. Persulfate seems to be the most satisfactory, A prelim- 
inary test indicates that it will be possible to keep RuO4 passhg through 
a glass chamber without losing more than 50% on the walls. 

To check on the possibility of Ru04 distilling off during the dis- 
solving of the slugs, we tried to distill KU from concentrated IINO3. 
When 98 )' were added, 32 Efdistilled out , 

water from the extraetion plant stack and Ru distilled out. 
1.33 x lo4 mC per li. 

In looking for sources of radioactive Ru, carrier nas added to sump 
Yield was low: 

4. Aerosols - Sr8' Exposure 

The tracer exposures reported last month were repgated using anes- 
thetized animals breathhg through a tracheal cannula and havin.; either 
severed or ligated esophagi. The results were essentially the same (1s those 
reported for nom1 animals, %thin two hours the Sr in the lung dropped 
from SO,@ of tots1 body nctfvity down to 5.65, while bone roae from 14.4% 
to 36%. 
immediately after exposure and rermin5ng essentially constant for the 15- 
hour drwation of the experimsnt. An interesting observation was that Sr was 
eliminated fromthe trachea and large bronchi at about the same rate as from 
the alveoli. Yet no liquid was observed to leave the open end of the cannula. 

Jkcretion into the gut is significant, amounting to almost 1% 

. 
c 



Thus Sr is probably absorbed from 
absorption throw the opithblitpn 

93 
5. nsrosol-zr -'Egposure 

those largo pasm@s, oither by direct 
or by pha@cytosis. 

Since Zrm pm9 milable in tracer quantities, 8 group of rats 
were expo~ed exactly aa hod beon do= with S@g. Fifteen normnl anMs 
mere used while four had ligated esophagi and bmathed through tracheal 
cannula, This expe:--imnt is still. in progress and only partial data are 
availableQ Unlike S-*, &ter 48 hours, the clctivity in the lung has not 
dropped significantlyo Ac'civity of the kidnsy, liver, and sbleton is 
slowly increasing ovtm the 443-hour period, There is pracficdlly no excre- 
tion into tho gut, Nom complete results aill be pmscntQd no& month, 

8e Carrier-Tme P~p~tlO~ 

A mthod hm been yerfocted for tha recoirery of largo amunts 
of Sr8' from fission mixtur%s rfithout addod carrier. 
the removal of lead as plumbate. 
ratus (thus xninimlztg loss contunination and hazard) an& is axpsetsd to 
yield a hi& recomqr and a pmr product, 

!I?m nain step inmlms 
The nethad imrolver; only om piece of a?)pa- 

bo Aaute Radiotoxiclty - Rats 

The mid-lethal aoso of Sr8' &ppars to be 6.5 x 10"GC/m at 15 
soya when &minist rtzd ~ntroperitoasal&yb At 55 days, the nid-lethal dost3 
is about 4,5 x 10 C!c~n" This value approximates the value obtain08 in mice 
very cloaely, 
c/gm, in rats. 

4 
Vhen ,ziwn by atomnch tube, the lethal dose is about 8.5 x IOo6 

c* chronic iiadiotoxicity " Nice 

14Ice in 3 chronfc series (le6 x loo8 to 2 x lO%/@n) are 
gatnine might nomlly at semn er~cks~ %male mice appoar to retain mom 
lnjocted activity than do males; this is nom ntrfkii?.! among the Cmrth 
than Bar Harbor brown strain, 

Radio activo zirconiun tracers r7em injected into a few rats, 
intracardially and intramnously. (tail vet.1) 
venously injected anWs re-l;Eined 1% of the nateri.A.o Romver, *the 
ke&s of the intracardially injectod mbnds shmmd only le$ of the 
activity a3 rotainad. 
zmd is s20~3.y further lost fmm the blood, The plcxsmn appears to trans- 
pmt ciooat six tines as much Zr as do the cells, 

The tails of the intra- 

The activity in tho blood is lour by tho sccond hour, 



6. Fission tlixt-m 

a. Wiotoxfcity - Rats 
The mid-lethal dose mas found to be IS x 1OD6C/€pe rjhon 

administorod to mto by stomach tube. ‘This io in agmemnt vith the 
vdues revfeusly dotermimdo Tho diffemnce betrmen the lethal dosois 
for SI@’ md mixed f‘issfon pmduc$s indicrtes that tho nSrtUr0 QCt9d 

lcrgely upon the gzstro-intestinal tract; tfiile the strontium also ~nta 

obaorbod, and tho absorbed function contr3uted to the dam3go. 
The finding upon gross examimt;ion of tho dead animals are consistent 
rth this pint of viou, 
gmater cross gastro-intestind d~~agc? than 8013 seen in strontium 
E3.nimaa. 

Those which receimd the mixturn sha7 much 

Rats rmm given fission dxturw by stomach tube at 1.7, ?,o 
and 27,5 x 10-sC/@no PSo unequivocal effect rMs observed except at 
the highest Case. Bath tho total ~~Iiite cells and the absolute 
lymp?~ocytos mre depressed at the hfghest dome 

eo chemicrrl 

One tenth of n slug Y,EU eiwn to the ~~nlmls by stomach tube 
rztd ap-cm to be ncn=toxico Therefore, 235 mC (beta) of nixed fission 
products could be ntministemd b:. this mute vi+Aoi.t dawsr of chemical 
toxicity D 

0ne-fif-I ieth of a slug mas fatal within semn dags, intra- 
peritoneally, 
pnrticulzrly to the kidneys by this routeo If mixed fission pmducts are 
to be injected, the preparations must be purer than m now available, or 
studir)s vrZU have to be nade ct lw lomls only, 

4/1of1oth part of a slue also appears to be toxic, 

9. mlQ0 =I,€l1@ -&~tOlO~ - Rats 

Eats mm injected intraperitoneally vrith Ba14* at 
l0%/e;lt ,2 control series received 0,048 rug inactive lanthanum and 0,48 
mgm inactive barium. 
occurreh in the conl;mls, but RfLt3~ lCr’%~@~,, a reduction in lymphocYt;os 
me detected at 48 1101~s; lymphocytes reached n nininmu at 14 days and 
mturmtd to normfil by 35 dqs, 

710 alteration in tplo white blood coll pictm 



loo P32 Hemtolorn - Xice 

+2 in doses of 0.35, 4.15, 2.08, 1,04 and 0052 x 10°Gc/€p IRS 

injocted into mice. mcopt with tho 8mall.est doso, a depmssion in tho 
total trhite cells psr nn3 o~curs. The de- 02 this reauction IS 

l8rgel.y Q factor of do-, Mber 8.35 and 4.15 x 10‘%/@ decth occurs 
befose any apparent ettcmpt in mcovery0 7ith th9 other doae8, 2&8 
md l804 x 106 C/mz 8 tendency tomu4 a i%covery is apparent after 
408 hoQrsc The absolute heterophilos per ma3 have been completed in 
orrly the controls an6 the 3 hiaest doass, Xth these doses, tl mild 
deprescion occurs. 
after o doso of 2.08 x 1,0-6C/@no 
precipitious fall bs‘;tmen 24 and 27 houm ;.:ith tho thmo hiaest doarre 

L’eturn to the nomd range in seen by 720 hours 
Tho absoluto lymphocytes show a 

ad beham OSS8IItiay as the hdbI’OphfhS, 

T08tE; With 13x0 rip femde Goldfish ShW that OVariCS COUCSll%IYite 

fission nmm 10 to 15 t*s, 
fie tho slmleton cad skir, ad scalos, loss than Gills and intostins but 
mre than wasCleo 
Tostes a3pmr no% ta coxentrate either tm of r?cti9ityo 

This is about the sane 

Ovmios do not concewcmto stmntium appreciably. 

2* Tests of !t%erapeutic Agents 

Rebbita: Tkie effects of injections of pntnucleotide, ascorbic acid, 
WllOV? bon3 maM GXtroBCt, and certain phenol derivatims On FOCOVW?y Of 

leucocyte levels ham beon investigated. Preliminary data indicate that 
pentnucleotide, ascorbic acid, and pbnol deriontlvos stimulate mcomry of 
leucocyte counts v:bn administorod &or oxpsurs to X-lXly80 Tho phenol 
derivatives ham caused transitory spastic paralysis at the site of injection 
(intramusc~lm in tkigh) ,, 

tide on mouso survi~al indicate thtit inJoctiom given aftoq exposure have no 
protective effout, 
poeure may hnvr, protective action, 

- hUue: Initial experimnts BesigneB to test the effects of pentnucleo- 

fnjections administered for scvoral. days prior to ex- 

3, IXematologg 

Amlysia of the distribution of normal uhito blood cell counts in 
rabbits has yielded some swstions as to leucocyte dynamics, The study 
is boiw &ended to detormim the mls%ion between radiation effects and 
no& leucocyte dpmnics, 



n 

4, Ria topatholo= 

0. Sunmary of Effects of lOOr on Rabbits 

a lymphocytes, nhother in the spleen, lyra& nodes, t-, 
lw or pstrointest:xd. tract are sensitive to lOOr irradiation to the 
extent that nany of then, but certainly not a nzjority, are destroged. 
The.debris is cleaned up bjT the reticular mocrophzges usually bg 24 how. 
Death of sna3.l lymphocytes may be noted a8 early as 50' (8 Zeen and t-1, 
may be nmimum mywhore fron 3 to 14 hours c9t8~ irradiation --+ 3 in the 
spleen, 3.4 in tho tn;lmus). rJitosie is always aepmssed at 1 and 3 hours, 
arLd may still bo depmsscd ct 8 hours (lymph nc)de)o Them my be an in- 
crease of dtoses above nonnt3.I (spleon at 8, 14 hours) resultirg (in most 
Itacatioxm) in G. rapid reppulation vith s~J1 Pnphocytes. This homo- 
plmtic typ of lppbopoiosis is in contrast to tho gramfnent heteroplastic 
formation of nom lyrqhocytes observed in the hl&m dose ani~ld.8. 

lar ce~s incmase 2:i pmmineace and shorj sU&t nuclear Chm~0s ("mima 
pig" type) in tho enly ata@e, Similar changoe arc seen in a few of the 
large and medium lpr.3hocytesQ 

Reticu- 

The - bone mrmw ahov~s c. few dead cells, mostly erythroblasts, 
occmional "guinea pip nuclei and =re mgayelocytos. 
shm cli&t changes in the nuclei of the islet cells as rm3.l us the usual 
depression of mitotic activity, The sam ~~~IVEIE~O~ occurs in the eastro 

&lad epithelial cells am the only evldence of' effect home Gmat vari- 
ation in the age rind maturity of the rabbits used obviates conclusions 
which night be dmm from the soctions of male or female repmductim tracts. 

Tho pmcmos 

'intestinal t4pithelim. Othemlse su(ge8tfve nuclear champs and occasional 

&, kidney, adrenal, heart and nervous tlsaus shov~ no ch-s 
except those in the lymphatic tissue present 

!7hen tho dose given to a rabbit is as low as 100r, definite 
qmlitative dif'ferences nppar, which am not evident when we compare 400r 
and 800r. Mter 1Wr enough mzpnal free cells remain in all locations to 
mpopulate the orgw plastically, Furthe;mns, them is verg little 
evidence of a secondary mwe of degeneration following the early recmry 
7hasee The unusually hi& incidence of involution in the thpnW of the long 
interval exprimentals (100r) mi@t be regarae& as evidence of a secondary 
degeneration, but 011 the other hand the lymph nodesp spleen, bone marrow and 

??le mrpt of dmqe seon at this leva1 suggests that SORB change is to be 
expected at laver levels, possibly tm lorr as 25r, but probably not much 
lomr, 

@lt are indisti~ufshable flm th0 COn%rOl8 after the first rapid ~c0v8~0 

bo SMnarJr of EfTects of 800r on 3wk and llwk Old Chickens 

Chickens have been used extensively in OUT pmliminary norlc. 
Their uniformity of developtlent, ewo of hmdliz, availability and mla- 
tively low cost make then a useful additional biological object In any case, 
but their histological structure is peculiarly advantageous for study of the 
blood fominc orgmao Th0 sites of rod cell and ~ulocyte formation in . 
the EUUTOTJ am spatially separated. 
true lymphatic nodules for dimct cwison of effects in identicd. cir- 
crwstmm, Also the 3~2~ chick pinits obsemtion of'effects on stin 

I;n addition the nam~ cavity contains 

8 tj demloplI&? organa (a, e,, the netanephm,renic tu'bUb36)o 
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Gut epithellmn - The damage here is much Greater than in the 
nibXt, probably cmgarable to that seen in the r3to :gain the colla 
~-G.~idly dividiw am the hardoat bite 

I a, 

Analysis of mt mI@t data indicates that after lOOr the rate 
of &m&h is depmsE:ed relative to both the pmirradiation rate and th~ 
rake of g;omth of contmls of comparable age. 

R3riphes.d Circulation - Rabbits 
To%l. boay radiation (Wr) causes ;1 fall in blood 

50 per ce3t at l$ houra; irradiations of hind logs only cause8 
pressure of 35 - 40 por cent. Ristminase (2 units) prewntA 
pressure in tym mbl its chich receive3 800r on the hind logs, 

pIw3ouro of 
a fall in blood 
the fall in 
%3sthOds aro 



demloged for measurement of toxic pmducts which may bs liberated into 
ths blood StXOOIL 

Do 

1. TbO EPfoots of SinPJe Dosos of Fnst IWi%rona on Rabbit8 

Current data indicate 50$ surPival of rabbits eer appmxinatoly 145 n, 
Since tho median lethal‘ dose of X-rays is approximately 9OOr, thc, x/n ratio is 
mar 5.5. 

20 Extraction Stack Sump tat ivit.9: 

Both 12 and Ru wero rexnma from the sump water kwn the base of the 
extraction stack at Clinton, and it t”~ found that the mnjor part; of the 
activity mnalnad bohind. An absorption cur08 indicated sevord cmponents. 
A partial adlyais by Ur. Yinsborg inclicntsd 1% of tho activity vas Ce and 

activity. Tlius it becomes evident that a spray fron the dissolmr is machin& 
the stacko 3.n the sm;lples rm have had, the beta activity has been ~18 high 
as SaA C/li. There is also alpha activity in the solution, noat of rPich 
s80m to be umnium. Ths possible hazard from this source requires furthor 
inmatigatlono t 

Otbr rCre e&hs comtituted hElW fo-d that Sr iS lwd Qf the 

3. ‘Wnkitative Ristopathologr 

It has became almost imperative to oxpxwss much of tho histoloeical 
The group has spent Q coneidomblo pOrt obsemtions in quantitative fom. 

of tho past month in m&iw out practical appmxiaate nothods Lnd has apllied 
them particularly to the 800r chickon bow rmxrrom. 
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FXfect of radiation on protoins, enzyme systems and cellular 
metabolism - Eo S, Cuzmcin Barron, lrluIJ0. 

A4 Changes of the Serum Protein Contcmt of Rats Treated with X-Rayso -- In 
order to see if radiation has any effect on the protein forming function, 
rats were cxposoa to 900 ro 
were determined at different intervals of' timo after ruaiution. 
remained unaltered 4 and 24 hours after radiation. In thn samples taken 
48 hours after, there was slight diminution of' the serun protein and slight 
increase of the blood N.F.MD 72 hours later, the scnirn proteins rose by 
46s. and the blood N.P,IJ. by 300;: cibovo the normal valuaso The increase in 
serum protein content imst be due to loss or water by the diarrhen which 
starts 48 hour6 later; the hi& NUP.N. iralue must be due to kidney and 
liver alterati ns pro(iuceci by ratiiation (Tabi-s 11. 

The-serm protein and blood non-protoin nitroLen 
noth values 

B? Effect of RadtatFon on Tissue ?!eta'uolism, --It has been shown Fn pre- 
vious reuorts that massive sinbtli? radiations-from 800 r to 200 r--producod 
inhibitih of respiration of tKe snall intestines, the thymus gland anu the 
spleeno 
of pyruvate (Pyruvate oxidase is an -SU erizyrno). \';e yroscnt in Tuble I1 
data on the efl'ect of radiation on tlie 02 uptake of liver Rlices of rats 
treated with x-rnys. 
inhibitad 4 hours aftor radiation. TIio idiibitiun increast u to 2q.: in tho 
siccessive days lifter irradiation. The results obtained in the prosence of 

succinate (an -31 ezizyrne) WOA'C~ variable, 
3xperiments tho QO2 succinate va1uc.s remained within norm1 values up to 48 
hours after irradiation after wliioti they &finished by 235, 
series of expcrimrtnts there was a riore constant inhibition of the 
values, The Q02 pyruvato and the (2 pyruvnte vHlues showed a160 some docrRasea 
The same results were obtained with 400 ro Then rats were treated with 200 rr 
although ttw total C02 value of the liver was slightly below normal, the (202 
succinate and the Q02 pyruvatc values were within the normal linits, Prom 
thoso experiments it can im concluded tiiat sing& radiations-from 800 to 
400 r--applied to rats producaa an alteration in the metabolism of the liver 
manifested by R aiminislied 02 value as well us a dirdnution in the tlbility to 
oxidize succinate and pyruvate, both -SI1 enzymes 

Co EfPect of X-Rays. on the Activity of Adonosinetriphosphatase - (:,!yosin) -- 
:+?isii-ee times precipitated) 8eoras to possess enzyme actTvity, It acts 
in the dephosphorylation of adenosine triphosphate to adenosine diphosphate, 
as shovm by Enplhardt and Ljumubova,(l) 
shown by Rarron and Singer,(Z) 'The enzyme activity is proportional to myosin 
concentrati1.n within large limits (Pigo l), This property, as well as the 
purity of the protein, make myosin an exccllant systex for testing our theory 
of -SI? enzyme damtip by ruiiation. 

The in).fbition was nost pronounced in the 02 uptake in the presence 

!;ith 800 rs tho 02 uptake of the liver was slightly 

In the first series of 

In thc second 
succinate 

The enzyme is an -SI1 enzyme as 



.3 

Myoein ms prepared fronthe hind leG8 and back muscle of rabbit 
according to the ncthod of Cailey. (3) 
the concentration of the protein being 22 %a. per CC. aa defenzined by the 
micro-Kjeldnhl method. The Ba salt of adenosine triphosphate ma comrted 
to the 193 salt (ATP) and made up to contain about 0.12 ws. of *7 minutOD F 
per 03 cc. of solutioi. The actus available P vas &tomined by hjdrolyzing 
08 cc. of this nolution in - IT IlC1 at 100' for 7 ninuteo os8 determining the liber- 

oted P by Canmri's nethod (4) 0.5 CC. of I;Tp solution ms equivclent to 
96.9 ~icroernms P (7 nip., P); one-hnlf of this, 48,4 nicmgrro3 ms aV~il~2lC 

for enzgma activity: ATP e P,DP Po H ,, The concentmtod nyosin 601U0 

tion was diluted with borate an8 voron%.%WferS to 1:lOO; 1:150; 1:200; and 
1:SO. the pH value boiw ?,6. 

It WBB stored at 3' in 03 IEl, 

The buffar solution0 contained 0.5 - I? 

The activity man nensured by putting into each of a aeries of test 
tubes, 0.5 ccd of the iZlT solution md 0,05 cc . of 0.18 2 CaC1 
brcltiw at 30 . 
and the tubs were incubated for 10 ninutes at 38O. 
by addition of 1,5 cc. of lC$ CC1 COm. 
tuboa ~IV contrff'uged and tho idrgznic P was dotomined. The blanks cod- 
tcined 
first. The low activity of the enzyme in vcrond must be de to rrithdmwl 
of ionic cnlciuu throw fomtion of the Ca borblturate salt, 

and equill- 
To each tubo 1 cc. of enzyme was add86 at 30 gocond internal8 

The reaction was stoppa 
lifter addition of 1 CC. of rrntor the 

enzyns, and dl1 other odditiohs excopt that CC1 COOII was added 

The enzyme solutions '17010 irradiated with 5000 r {Table Ip) The em- 
In borate buffor it rm8 in mronal vas conpletoly inhibited at ill1 dilutions, 

inhibited by 85$ in dilute solutions; by M$ in nore concentrated solutiom 
(Table III), 

To the irradiated an8 control samples, 0,Z cc. of 0.01 E glutathiom 
was added (@I 7.4) in order to detolmine the de- of reactivation. Table IV 
ahom that when thct enzyme ms half inhibitod by radiation it could be reaoti- 
vated completely on addition of glutathiom. 
more than half the reactivation t7a~ only pr-tiol. 
plotoly inhibited (in voronol buffor) the reactivation rm~ nil. 
COnClUdod fmrl theso exporimsnts thRt radiation ?&'OdUaed 4nthis em- tm0 effects: 
oxidation of tho -SI groups--a reversible phonomnon-on8 denaturotion of th5 
protein molecule possibly through rupture of the I1 bonds of the noleCule--an 
imve rs ible phenownon 

Then the enzyme was inhibited 
!']hen tho snzgms YXUI com- 

It my be 

(1) 
(8) 
(3) 
(4) 

Zngelhardt, TI. A,, and Ljmubova, ITeN., IJatUre, - 144, 60G(1939)0 
Bamn, X. S. C., and S-r, T. P. Science, E, 356(1%3). 
Bailey, R., Biochem. J., 36, 121(1942)0 
Gomri, G., Jourm. Lab. Clin. Md., 27, 955(1942), 
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TABLE I 

Effect of X-Rays on tho Sorun Protein Content of Rots Treated nith 900 r. 

. Tfms aninal mo sacrificed 

hOurS 

4 

4 

24 

2% 

48 

48 

72 

72 

,monnal values 

33 

42 

30 

41 

63 

57 

110 

167 

serum PFoteln 

LI 

e. $ 

6 e78 

6 e72 

6 072 

6 e74 

6 e80 

5 062 

. 
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The protein ms treated at @ with 5000 ro 

hunt of prOte3n Buffer P liberated in 10 minutes 
=so per CC. Control Irradiated 

(miCrO€W€UQS) 

Inhibit ion 
$ 

0 0220 vema 

0.220 Bomte 

26 Cl 0 complote 

31 02 17.4 *e2 

0 -147 

0 e147 

0.110 

0 ello 

Vemnal 14.5 0 complete 

Borate a a0 7.50 64e4 

VOrOnal 7 050 0 complete 

EQrate 1508 2.20 86.1 

0 a088 VerOn8.l 5.96 

0 .os Borate 1 11.8 

L 

0 comIJlete 

2 e75 75 e4 
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2. Lletallurgical Labowtory €bath Service - E. Clay, M.D. and J. J. Mcbon, N.Do 

During the month end* blsy 14, 1944, 207 pre-employmnt axminations 
mere done. 159 -re on non-academic perso~l, 48 on academic pornomel. 
6 persons rrem rejected on the baois of the pre-employmnt exmination, 

3. lEedical Industrial Razards - J, 3. Uickson, f,l.D., Section Chief 

A. Color Photographs of the hands wm taken on 3 individuals vith various 
skin conditions. 1.k. IJacIntosh is working with Dr. T.largaret IUcltson in 
carryiw out this program and setting up equiwnt for routins photompM 
of selected personnel. 

Do Fi-r Impression Studies have continued. Lpproxinately 400 sets of 
imprOssions mm sont in during the past month. Dr, IImy's rendiws on 
the previous impressions have not shm anyone on tb project with unsqul- 
vocal evidence of dmnae;e due to radiation. 
studies in the future by obtaining prints at intervals on exposed pmject 

It is plonned to continue these 

personnel. 

C, Sputum and Urine Studies for product were begun during the past month. 
The wrk has not prornssed sufficiently to report the results in detail, 
I&. Russell of 13. Ashcraft's Section has been vory helpful in developing 
the techniques used. 

t 

D. Metallurgical Laboratorg Smys - Hew Chemlatrg: AnOo8 curie slug ms 
dissolvod in 13ew Chemistry during the pt month, The shielding during the 
dissolving was satisfactory, 
of the solution was initially unsatisfactory, 1.Iany individuals received 
greater than tolerance mounts of radiation for o pori04 of about 1 tmek. 
idequate shielding WQS eventually installed. 130 evidence of blood count 
abno-ity has boen found, 

Shielding for storage and norlcup of portions 

A 1.6 curie slug (approximate) rms dissolved in Roam 28, I?em Chemistry, 

The alpha ionization smys in T?ew Chemistry indicate that the 
during the week of 5-22-44. The shieldixg for nost of the operation vas 
adequate. 
situation ia still unsatisfactory. The majority of the roo3118 smpd gam 
offyscale readings. This indicates pator than lo2~g product por 120 sg, 
centimsters of surface memured. 1~ major dif'ffculty la the lack of dieners, 
It has proved to be extraordinarily difficult to obtain mn forthis positiono 

Site B Annex = TheUy surveys have been done in the Site B Annsx. The 
general level of radiation has been below 100 nilliroentgens, except forthe 
hot lab. Rere, level8 of activity considerably mater than tolorace have 
been found consistently. 

Beta hand counts have continued to be done on a weekly basis in New 
Chenistry. The incidence of hmda with counts greater than 300 per minute 
has been low. 
bas been sufficient to reduce the counts to belm 300, 

In all but a fen instances, ordinary mashing of the hands 

8 surveys on individuals with lw blood counts were done during the 
nonth. 110 instance of over oxposure was found. 

104 surveys vrore done on prsons whose pocket meters road 100 nilli- 
mofitgons or rimas 
posure to actin mtarir;ln, 

3 madin@ t.iem Zeit by the swayor to be due to ex- 
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Vest Stands - The conditions in 
cing high ah- counts have meliorated 
Dr. Pardue has set the upper limit for 
present counter. 

the semimrb, :'Jest Stands, produ- 
samsmhat during the past month. 
shoe counts at 5000 c/m with the 

E. Industrial Surveys: 
ms inspected at the requsst of the Du Pont Cmpmy. Results an8 recomnda- 
tions mill be folmd in nUC-w79. On May 25, 1944, the Ames projects wera 
visited, The details of the report am in TIOC-RG-503. On lhy 27, 19M, a 
plmt concerned with the cannirg of slugs ma0 visitea at the request of tho 
Du Pont Compaqy, 

On 1,by 9, 1944, 8 plant fabricating tuballoy rods 

The blood counts for tho wnth of April shamd the follol'7lng abuomal- 
ities: 
5000, 8 lgmphocgte counts less than 1,500, 1 polymorphouucleW less than 
2500 and 4 monocyte counts pator'than 6ge The exposure rocor& tzbn with 
pocht meters ranged from 0.1 to 4*0 r for the month. Inquiry ha revealed 
that the values rnsasured mpmsent less than the individual has received fbr 

First, the meters am not always morn rhen expOsur0 is t&i% 
place, and second, the range of the meter is too limited to msasuro the higher 
e&po8ures. To correct the latter faat, filn badges have been issued to the 
men, The film will be developed at mslslg intervals in ChlcQgo~ 

Out of a totdl of 14 counts them mere 4 white blood cellcounta less than 

rp1~sons~ 

Clinical Laboratory Exminations u L. 0. Jacobaon, 1C.D. 

A resum 
1944 to May 15, 

of the clinical laboratory exoninntiom made from April 15, 
1944 is given below: 

Hemglobins 
Red count8 
mite counts 
Diffemntiale 
Platelets 
Urines 
Ret ics 
mood for YJassermann 
Niscellansous 
Sedtmntat ion rates 
Hematocrits 

822 108 
607 75 
1064 115 
1064 250 
271 22 
790 145 
97 3 
P9 
47 
43 
43 

New patients with abnormalities 138 out of 2U or 6% 
Controls dth abnomalit iee 58 out of 100 or 64$ 
Vork hazard group mfth abnormnlities 244 out of 896 or 270s 
Total persons trlth abnormalities 4-36 out of 1207 or 36$ 

In the 1,J.ch report CH-1562 (A-2232) a resm of the routine criteria 
for olassifying laboratory abnonaalitiea mas given. The apcto of the pri- 
phe- blood which om follonnost closely nro the total leukocyte count, 
lymphocyte-polgmorp$puclear rat io, tho absolute nua;ibers of these latter 
constituents per mm , mnocytosis and eosinophilia, TTod ixrdlvidudo vith 
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no known or detectable expoi3uro to chemical or physioal agents or with 
variour; dieeasos will show abnormalities in these constituents. Each 
individual that presents such QbnOrmnlitiefJ followd Closely in an 
attempt to evaluate the relationship of such abnormalities to the work 
hCiZard* 

During tha paot month three individuals wre found to have blood 
abnormnlities consistent with over expoem to radiation, 
ttbnormalitiee mere lorr leukocfie counts par the third ha8 a 1ynphocgt;e- 
neutrophil ratio reversal. Surveys of the work areas did not Ghw radiation 
levels exceeding 100 m/8 hr. day in the flrst tFI0 instmces. The third 

parson has exposure rbove accepted tolerance standards on froquent occasiOnS. 

Biochemical Group - S. Schimrtz, ILD, 

A. Blood and/or urine atudies on offer 300 project fOBmber6 Euld medical 
studento ham been coqletod to dote. The results €us sumuarized in fi-a 
1 thma 8 below. [See Feb. report for basis of test scores. 0 = nomtal 
range; 1 borderline; 24 increasi@y positive mactions.) 

Tmo of these 

~lher~ mpeated studies htm been dons on tb 8- individ9, onfy 
the flrst atudy is included hem in order not to unduly might the data. 

Each individual is claosified occoriling (Go hi8 pmdomfmt emosure, 

It is beliewU that chemical exposure 

though it is clortrly realized that other 0xPOSuxle8 my PosDiblY PlaS 8 

detemAnate role in the test lscore. 
may be of major importance in the wor-kars j.n Vie raaiation groups exhibiting 
increased scomss ror example in the scores for the erythrocyte proto- 
porphyrin (Figo 3) it is seen that the individuals in the group believed to 
hove received relatively heavy radiation exposure mre dl1 entirely nomml, 
while several of those in the group believed to have received less radiation, 
nSVWthe10SS had increaood values. The significance of this is not clear, 
but the explanation may be in an associated chemical. exposure in the lattor. 
It is bellcmd that the tuballoy rrorlpgrs, except for the oxypluroide group 
(Fig. 2) aro less subject to mixed chemical exposure. It my be notod that 
the control group in these studies is open to criticisna on the grounds 
that about half of the fndividuals my hove had chenical or metal exposures 
incident to previous occupations 

(1) In general the total scorn is the met cannnonly positive index of 

(2) Porphyrin metabolism is definitely affected in the matal exposure 

(3) Serum sulf’ur ~ppom to be eleked more in the tuballoy exposure 

exposure. 

4Pup. 

group than in the mn-tubdlloy metal group, 1.e. lead, mrcurg, 
brass, an8 tine IIuwever, m hove no adequate control series for 
the higher eged members of the former group 08 compcmd to other 
gmupe.mhich QKI have studied, 

Retcont studies (mstly not included in the gaphs) Indicate that oxy- 
fluoride exposum especially produces on elevated urine copraporphyrfn value. 
Thus 25 detolminations dons on 13 individuals with varying amunt of oxy- 
fluoride exposure at Site B showed an iivorage excretion of over 15 gannna 
prcont (3 plus). 7 of the 13 individuals had n 4 plus coproporphyrin 
excretion on at least one test. 



29. 

De Preliminary studieo of &ne tuballoy inaicote that the fluorescence 
tochniqm euggeste8 by Dr. Bloor of Rochestor, Nen Pork, mill permit the 
estimntlon of considerably less than l/lO gapra~, This mthod is baseb on 
the fluorescence of tuballoy ir, fwed sodium fluoride. Detectable mounts 
of tubnlloy have been found in 2 CC. aliquot8 of urine from himy exposed 
ha perSO~10 

C. A stdy of radiation effect on flm patients rzith polycybhenia is del. 
way in cooperation with br. Jacobson. Two ham been tmated with total bo@ 
radiation (md thme with radioactive phoaphom. 
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ASSOCIATED PROJE'CTS 

I. N.C.I. - R. R. Spencer, Chief 

BIOLOGICAL ACTIOX OF @W AND B FMXWl!I~ 

A. Be Zachenbrenner, U. B. Shimkfn, W. E. Heston, id. K. bringer 
and E. Lorem 

I. Continuous exposure for 8 hours daily. 

Approxixmte doses up to date (mice and guinea 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), 
Approximate dose up to date (rabbits) 2700 r, 1350 r, 675 r, 340 r, and 32 r 
(acute exposures of 12.5 
inbred guinea pigs (family 2) up to death of last pig exposed on 8 r per 8 hour 
level 1600 r and of female inbred guba pigs (fmily 2) 1050 T. 

dose up to date of hybrid guinea pigs (2nd series) exposed on the 8 r per 
8 hour level 1500 r. Approximate dose up to date of mole and female inbred 
guinea pigs (family 13) 250 r. 

& or 50 r. not added). Approximate dose of male 

Approzbmte 

A number of mice about equally divided smong the dj.fferent levels were 

Two female control mice, one female muse had received an 
killed and autopsied due to intercurrent disease (tumor formation, pneumonia 
or infections). 
acute exposure of 125 r and one female mouse had received an acute exposure 
of 50 r; and 3 fenale mice of the C.1 r / 8 hr level, 2 of which had received 
in addition 12.5 t or 50 r respectively, were killed Etod autopsied. This was 
done to verify the finding (see April report, page 6) that an acute dose of 
50 r in 5 hours given at the approximite age of 5 months showed st the age 
of approximtoly 16 months, ovaries devoid of follicles with extensive invagin- 
ation of the germinal e?ithelium. This finding was confirmed (see N) and 
it indicates that an acute dose of 50 r in 5 hours in early life will show 
in late life extensive Samge to the ovaries while approxirnntely the same 
dose given at the rate of 0.1 r per 8 hours will produce no damage in aom- 
parison to controls. Om more mouse (female) of the 8 r per 8 hour level 
developed atalignant lymphom (gross observation) bringing the total of 
animls with nrsligaant lymphoma on this level to 9, One mouse exposed to 
an acute dose of 50 r in 5 hours also showed rrtalignant lymphom at autopsy. 
This is considered of spontaneous origin. 
lymphoma, considered to be spontaneous, have been found in mice of the 
lower levels, none in the controls. 
number of control mice is mch smller than the nullber of experimental anhls. 

So far, 3 cases of malignant 

This is not surprisingo hmver, 8s the 

Two guinea pigs of the first series of the 8 1- per 8 hour level are 

still alive, after Q totrl dose of 3500 r. All guinea pigs of the second 
series died or were 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 inbred guinea pigs (family 2) either died or 
were killed in moribund condition, the lethal dose ranging from 1200 r to 1600 r. 
As only 4 male guinea pigs of this series have come to autopsy, (the females 
have not reached this dose level. BE yet) it is difficult to say whether these 
inbred guinea pigs are somewhat more radiornsistnnt than the hybrid guinea 
pigs and whether this radiosensitivity 
comparatively narrow range of' the lethe1 dose. 

is more uniform 8s evidenced tqr the 

One fenale guinea pig of the 4 I" per 8 hoar level was killed during the 
* month in moribund condition (dose 1700 r je SO far, G of 18 guinea pigs 

I1 1083l 



4 

$ 39, 

of this level were killed in moribund condition, the lethal doses ranging 
Pram 900 to 1700 r. 
died or were killed and autopsied in moribund condition for D lethal dose 
rang- from 600 to 1700 r. This seems to hdieate thet the amount of 
recwery due to the greeter dilution of the dose of the animals on the 
4 r per 8 hour level Is comparatively slight in comparison to those of the 
8 r per 8 hour level. 

QI the 8 r per 8 hour level, 13 guinea pigs out of 18 

The guinea pits on the other levels are still comparable to the controls 
(weight and blood picture) 

All rabbits are alive, 

Breeding Experiments 

Aside from some data on lung twnors which are presented in this report, 
there is nothing to add to the last report, 

All mice of the breeding experimnts have been observed for the presence 
of' lung tumors at autopsy. 
sectioned for histologic verification, The results of these findings. are 
tabulated as follows : 

The nodules thgt were found have later been 

Lung Tumors in Irradiated and Control Mice of Breeding Experime& 

Irradiated Cont r ol 

Dosage 

- Males 
600 r - 4r/day 
800 r - 4r/day 
1000 r - 4r/day 
600 r - 2r/0 hrs, 
600 r - 4r/8 hrs. 
800 r - 4r/0 hrs b 

1000 r - 4r/8 hrs. 
800 r - 8r/8 hrs, 
800 r - 8r/8 hrs. 
800 r - 8r/8 hrs. 

1000 r - 8r/8 hrs. 
1600 r - 8r/8 hrs. 
1000 r - 8r/8 hrs. 

Age at 

months 
5 to 8 
6; to 8 
9 to 12 

11 
6 to 9 
7 to 9 

4; to 6 
6 to 9 

6 to 9 

autopsy 

9 to 10; 

4; 

7.; to 12 
5 

7 to 8 
6 to 7 
6 to 7 
5 to 6 
4; to 6 
7 to 8 
6 to 8 

Hum. of - 

15 
mice 

15 
15 
8 
12 
12 
12 
12 
12 
8 
12 
13 
8 

Num. with 

lug 
' tumor 
1 

!Y 
2 
1 
1 
3 
1 
1 

3- O2 1 
3 
1 

Age at 

months 
autopsy 

11 
6 

9 
73 

3; 
3 to 44 

5 

Num. 
of 
miee - 

8 
8 
0 
7 
8 
8 

8 

5 2 
14 1 
15 1 
15 0 
15 0 4;- to 6& 15 
14 0 

14 0 

1 
0 
0 
0 

.O 
0 

0 



Dosage 

300 r - 4r/day 
200 r - 4r/day 
100 r - 4r/day 
500 r - 2r/day 
400 r - Er/dny 
300 r - 2r/doy 
200 r - 2r/dcy 
100 r 9 2r/day 

Age at 

autopsy 
months 
6 to 64 
5 to 6, 
4 to 5 

10 to 12 
9.1 to 11 
0% to 10 
7 to 8'- 

f? 5 'CO 69 
122 to 17 
10 to 11 
6 to 8 

11 to 12 
6 to 6; 

8 to 13 
6 to 7 
9 to 10 
8 to 11 

10 to 11 

7 to a 

m. 
of 

mice 
T 

15 
15 
9 

13 
15 
15 
14 
10 
14 
15 
13 
14 
7 

10 
6 
6 
8 
6 

Continuation of table 

Num. with ASe at NU%. 

lm5 autopsy of 
t, tumor months mice 
2 6to7 

1 5 to 7 15 
0 4 to 5 14 
1 
2 

0$ to 9 14 

0 
1 11; to 16s 13 
0 9 to 11 14 
1 6; to 8 15 
0 
1 
1 
3 

1 

Num, with 
lung 

tumor 
1 
0 
0 

1 

3 

a 

0 
1 

Two have not been sectioned for histologic verificetion. 
One has not been sectioned for histologic. verif iontion, 
b" n ft W N n n 

one I' " I' 

Has not been sectioned for histologic verif icntion. 

tl n I1 n 

The lung tumor incidence of the irradiated fomales is not considered signifi- 
cantly different from that of the control females. 
received larger total doses than the females gcve results which suggest thnt there 
my %e an incrense in lung tumor incidence in the irradiated males over that of the 

\ controls I 

The ma-les which on the whole 

The evidence is far from conclusive, but it does suggest the advisability of 
a more complete test. 
using the highly susceptible lung tumor strain A. Twenty-five male and 25 female 
strain A mice between one and two months of age have been placed on the 8 r/8 hr. 
level, and 25 male and 25 felnale littemtes have been set aside for controls. 
It is planned to run this experiment for 8 to 10 months, depending upon how 
well this stmb tolerates the irradiation, and after the irradiation, the 
lung tumor incidence of the experimental mice will be compered to that of the 
control. 

Accordingly, an additional experiment has been startedi 

Thfs stroin has an incidence of around 5~ at 12 months of age. 

L 

As no blood counts are to be taken on these animls, 20 strnln A male 
L 

mice are also V-ein;: irradiated on tho 8 r/6 hr. level and their blood counts 
are behg followed. 
irradiation in the lung tumor experiment. 

co 
h- These will serve as safepnrds against deaths due to 
L--. 

+a 
Only rarely lung nodules were found in aninrals of the 8 r per 8 hour level 

not used in the breeding experinent which were killed and autopsied since January 1, 
These animals ranged in age from 12 to 16 months and had received doses from 
2500 to 3400 r . This f indin& is, hUNever, not in contradiction to the n5ave 
statement as the munber of animals is small, the animals were sick prior to 
autopsy, cnd no controls of' conparable age were evallable. 

. 



11. Continuous exposure for 24 hours daily, 

111. 

nothing new to report. 

Single acute exposure (300 r in 78 minutes) 

The animals of this experiment (female LAFl) nre still a'live and have 
remained sterile since the birth of one littsr npproxinately 5 months ago. 

N. Pathology. 

Mice - 
One mle mouse that had received approximately 360 r on the 1 r per 8 hour 

love1 was autopsied because of poor generzl condition. There was hemorrhagic 
necrosis of one lobe of the liver, apparently due to torsion and occlusion 
of the venous return of thst lobe; a condition ocaasiomlly seen in untreated 
mfoe. Testes appeared normal, as did other orgms, 

One mile Touse that had been exposed on the 8 r per 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 >one marrow, 
been designated a malignant lymphoma, type unclassified. 
atrophy of the testes. 
-le mouse exposed on the same level for a total of 3100 r hod sinilar atrophy 
of the testes. 
follicle. The spleen was slightly larger than aoml and compX3c3crof conglomerate 
Malpighian corpuscles, There was no bone marrow atrophy. 

This has 
There was oxtrexm 

No spermntogenic elements could be identified. Another 

Lymph nodes were veqr small and composed of a single giant 

A group of female mice that hed received a smll total chronic or acute 
exposure was 8UtOpS58d. 
below. 
reported for animals receiving larger amounts of radiction. 
between the effects of acute and chronically administered radiation mer a long 
period of time of approximately the same totnl amount is apparent. 
previously been reported that male mice that received 50 r as an acute dose under 
the same conditions had normal testes, 

The condition of the ovaries is shown In the table 

The difference 

- 
The downgrowths of germinal epithelium was similar to that previously 

It has 

c 



Age in Chronic Chronic Acute Total Follicles Downgrowths 
months level total total ehronic germinal epithel. 

inr inr in r & acute 
inr 

16 
16 
16 
16 
IS 
15 
14 

16 

0 

0 
0 
0 

0,1/8h 
0;1/3h 

0*1/8h 
0.1b 

0 
0 
0 
0 

4s 
45 
35 
45 

0 
0 

12.5 
50 
0 

12.5 
50 
50 

0 

0 
12.5 
50 
45 
57 -5 
85 
95 

plus 
plus 
plus 
minus 
plus 
plus 
minus 
minus 

minus 
minus 
minus 
plus 
minus 
minus 
plus 
plus 

Acute doses given ct approximate.aze of 5 months. 

Guinea Pigs 

One femle guinea pig on the 4 r per 8 hour level was autopsied because 
of poor general condition (€3. B. C. 1.06 million) Rfter reoeivhg a total 
dose of 1500 r. 
was moderate bone marrow atrophy, no fibrosis, 
very small and several giant follicles, 
small Wlpighinn bodies . 

Ooaries contained numerous srnall and large follicles. There 
Lymph nodes contained numerous 

Pile spleen ms smll, containing very 

One male and one femr-le guinea pig (2nd series) of the 8 r per 8 hour 

There ms moderate bone mrrm atrophy. 

There vm-e pstchy extravansations of 

level which had received n total dose of 900 r were a.li.topsied because of 
poor condition and mrked P-nemirJ-. 
Lymph nodes contained sm11 End giant follicles, 
spleen were small and few in nmhr. 
blood in the suhcroaa of the proximal half of the small intestines, 
contained nunerdus large md mi11 follicles. There was extreme testicular 
atrophy, no spermtogenic elements bebe id8~tf.f ied . 

Ualpighian bodies fn the 

Ovaries 

Two male hybrid guinea pigs that had been exposed to 8 r per 8 hour 
daily for a tutal of 250 r had apparently normal testes. 
spermatogenesis and the tubulnr-hterstitial proportions appeared normal, 
These guinea pigs were killed to ostablish a dose w%ich does not produce 
damage to the testes, as previously reported, 500 r, produoed marked tubular 
domge 

There ms active 

Two male inbred guinea pigs thct had beon exposed on the 8 r per 8 hour 
level for a tote1 of 1200 r were autopsied beocuse of poor general condition 
and anemia. There were p3tchy submucosnl oxtramsations of blood the 
proximal portion of the smll intestines. 
and small Rnlpighian bodies:, 
snall and a few glant follicles, There ms maderate bone mrrOtv atrophy. 
Testes were extremely atrophic, no spennatogenlc elements being identified 
in the tubules. 

Spleens were m~ll and contained few 
Lymph nodes were small and contained nwrous 



V, Hemkology, 

140 significant changes have occurred in the blood picture of the 
auimels since the report of list month. A few experimntnl mice that showed 
sudden high total white counts with a rclwkive lymphopenia showed at autopsy 
signs of intestinal infection (gross observetion). 
developed anemia (dose 3200 r on the 8 r Fer 8 hour le-el). 
mice of t5is level the red and plnkelet count is still within normal Emits. 

Only one more mouse 
In all other 

The guinea pigs, which came to autopsy, showed the previously described 
law red, platelet and white cell count with a relative lymphocytosis, with the 
exception of one inbred mle guinea pig, which h=c! a red count of 4 million 
but a total white count of 500 with no polys. 
of the small intestine, stomach and heqrt were absent. 

In this guinea pig the ecchymosis 

The blood count of all rabbits is -5thin nom1 limits, with the exception 
of the white cell count, of the animals on tho 8 r per 8 hour level (tOtQ1 

dose 2100 r) w?ich is lo:.rered. These aninrr-1s also show lymphopenin. 
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XIo U. of 0, Radiation Laboratorg 

J. G. Hamilton and Associates 

! 1. RadiO-;lutO#'aPhiC Studies 

The lung radio-autographic studies with long life fission products 
are no.:l essentially coLipleto and a detailed report containing both the results 
and f'ull descriptioqs of r:ie-thods is being prcparod by ~~SDB Axelrod, 
celloidin imbedded bone preparations r?re now anilablo and will be cut as soon 
as ae reccive our sliding microtom for vIiich tho prozised delivery date is 

Suitable 

hgust 1, 1941;. 

2. Decontmination S%udies 

The ~~s for the long Lcmi dccontcuination studiec 7,:ith cerium, 
yttrium md strontium have bcm sacrificed and the timueS are no71 being 
ansuyed. Results of these cxpcriuen-tG vi11 be avoiloblc shortly. 

3. Tellurium 

The intrmscular and ord studies t.;ith {4 carrier free tellurium haV6 
been almost coupletod by Professor Chaikoff uad his associates for the 1, 4, 
16, and 32 day intervals. 
by my of thc digestive tract. 
of ack-dnistration is quite ranid. 
first day, 4% at the end of 1, dqyt;, 70$ at 16 days, and 9@ at 32 days, 
values inucate thc half-time of retention of the absorbed portion in the body 
to be of the order of 10 days. 
in the kidney :;hfle the greatest uptake per organ vas found to be in the bloDd 
for all four tiue intervals. 
place in my of the tisfiues nssqed including the slcoleton. 
:rere done but the interpretations of the re,ults vere soruewhat confused by the 
relatively high absorption in the digestive tract. E~G~R the qualitative point 
of vier the puhonory retention of +4 tcllurim is appcirrmtly relatively small 
and can bo consiciorccl to be of slight i.ugort;mco a6 ii health hazard YJhen cm- 
pmed to &he uore abundant long lifo fission products ahich show a high dopee 
of lung retantian. 
of uduinistercd telluriuu in the tissues aztd excreta -2rhich mgsd from 96 to 
93$, indicated that no largo fraction of the adninlstered doso was excroted by 
may of the lungs f01101;~ing either intramuscular or oral aduinistratlon. 
xi11 be recallad that it lies been stabed frequently that folloving tellurium 
poisoning in liumns sone excretion does take place by :ray of the lungs through 
:he exhaluLion of volatilo tclluriuu compounds. 

Ap]~m~~ately ?5$ of the aduinistorod dose io absorbed 
The rate of eliuination i'ollovring both routes 

Approximutely 25$ is excreted during the 

The highest uptake par grm of wet r.rei&t tras 

Other,iiao no striking selective localization took 

These 
# 

Lung experiments 
-I 

It is of interest to note in passing that the high recovery 

It 

4. Projected Studies for the Next PJO Uonths 

Traces studies end decontruirination studies arc to be concluded. 


