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ABETRACTS

CLINICAL MEDICINE AND MEDICAL RESEARCH

During the month of March 16 to April 15, 1945, 200 physical ex-
aminations were done; 25 were academic and 175 were non-academic personnel.
71 pre-employment physical exsminations were dcne; 5 persons were rejected
because of findings om clinical or laboratory examinations, During this
seme period 4550 clinical leboratory examinations were made, This includ-
ed laboratory work on 60 new personnel, 248 controls, and 644 in the work
hazerd group. Abnormalities considered on the basis of the white blood
count alone showed individuals with abnormslities in these groups of 14,

74, and 147 respectively.

T in agueous solutions at pH values above 6 behaves as an anion and
does not pass cellophcne membranes on ultrafiltration. Passage occurs
when an electric current is applied as in electrodialysis experiments.
Electrodialysis of T is proof that T is not found in ultrafiltrates be-

cause of its electronegative charge. T in protein solutions does not pass
cellophane membranes because it has comwbined with the protein molecule; as

a consequence T does not pass the merbrane on electrodialysis. T is excreted
in the urine beceuse of ultrafiltration of the T~bicarbonate complex, Evi-
dence for the suggestion is given in experiments on wltrafilir-tion of T in
the preserce of bicarbonate and in the presence of dialyzed plasma plus bi-

carbonate.

Low coproporrhyrin values have -been found in the urines of dogs treat-
ed with product end total body x-ray. A green pigment (rrobebly biliverdin)
has been found in these doge one to two weeks after radiaticn administra-
tion, Studies of T fluoresence in scdium fluoride have been completed in-
dicating that the cuenching problem can be solved by eitner suitable dilu-

tion or by suitzble correction factors, ‘

BIOLOGICAL RECEARCH SECTION

The condensed spark has been tested as a method of producing aerosols.
It has the advanteges of the arc of smaller particle size, no.cerbon mon-
oxide vroblem, and loy iemperature which may make possible aerosoliz.ticn
of molecules other than axide. As yot, however, the reproducibility and

yields have run lower than with the arc.

He have previously expcsed rats to a vapor of carrier-free 330 day
RuO,, In order to determine the effect of valence state on absorption
from the lungs a group of rats was exposed to an aerosol of Ru which was
probably in the <3 or +4 valence state, Aralyses are as yet inccmplete
but indicete = much lomer initial absorption rate for the aerosol as ccm-

pared to the RuQA vapors
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v Sheets of proliferative septal cells in the lungs of rats secrificed
68 days after inhalation of radio-cerium were distinctly abnormal in
appearance and configuration but showed no definite evidence of neoplesia,

Splene;&nmized;mice treated with Sr89 became anemic whereas in unoper-
ated mice Sr89 causes a leucopenia but no anemia.

In 3 week chicks at early intervals following 100r of X-radiation
there was slight demage to bone marrow, spleen, thymus and nerve sheath
cells only. All these tissues had returned to normal by 48 hours with
the exception of the bone marrow which showed depletion of hematopolesis
of questionable significance as late as 12 days, but not at 17 days.

Many smell lymphoeytes in the rabbit appendix, epleen, lymnrh node
and thymus were destroyed by 50r of X-radiation; the damage was greatest
in the appendix and less in the other organs, in the order nzmed.

A dog which received total body x-radiation of 50r daily survived
18 days after the beginning of treatment. It showed a rapid decline in
welght, food and water consumption, in white blood cell count and a slow
decline in red bdlood cell count. Total rigment excretion was . .diminished.
Terminally heart rate and rectal temperature were elevated. At autopsy
the dog resembled animals which die after a single dose of x-radiation,

A single dose 10r x-rzdiation does not affect the peripherzl blood
of mice,

WDICAL AND IMDUSTRIAL HAZARDS SECTI N

acouisition of new high radiation level monitoring devices have
shown that the skin exposure hazard in rocm 172, Site B Anmnex, Is much
more serious than earlier, more sersitive instruments had indicated.
Remote control handling of active solutions is being developed. 4670
pocket reter readings were made during the month. 0.43% were greater
than 1CO mr., 2200 films were handled, Three readings were greater than
0.6 r for one week. The decontamination scuad has completed its work in
the service building, Decontamination of off=-project University areas
has begun.

RADIATION LABORATORY

A large number of pea plants were harvested that had been grown in
W top-soil containing frem 0,1 to 0.2 micrc-curies per gram of Sr, ¥, Zr
plus Cb, and Ce. The most significant observation is that marked destruc-
tion of the roots took place, presurably from radiation effects. FPlant
studies with carrier-free radio-Tellurium show this material to be select~
ively deposited in the roots to a very high degree. Radio-Tellurium is
absorbed very effectively by clay and in this resnect resembles the corres-
ponding behavior of the alkaline earths, rare earths, Zirconium and Colum-
bium, An investigation cof the blccking action of inert Icdine in redusing




the uptake of 1131 by the thyroid gland has been started. A single
dose of 100 mgms., of inert Iodine reduces the uptake of 1131, when
both Iodine isotopes ars given simultaneously, to from 0,2% to 0.3%
of the administered amount of radio-Iodine.

UNIVERCITY OF CALIFCRNIA

Five patients receired from 280 to 300 r of x-ray to the total
body at 10C0 K.V.; 20 r per day wes given. No clinlcal signs or symp-
tons developed but definite hematological alterations occurred,

NATIONAL CANCER ICTITUTE

mice sinal experiment. Total doses at present: (4.7,
© + 2,2r,1ldr, and 0,1 r per 8 hours per dsy) 3350 r, 1675 r, 840 r,

and 88 r, The blood picture of the surviving animals is comparable to
that of the controls with the exception of the 4 surviving enimsls of
the 4.4 r per 8 hours level in which the red count is somewhat lowersd.
Incidence in malignant lyrphora is now increasing in the lower levels .
(1.1 r, and 0,11 r) and in the controls. New cases of malignant lymphoua
have not been seen orn the 2.2 r and 4.4 T levels. Thie seems to indicete
that redistion merely decreases the latent period of spontaneous malignent
lyrphoma in mice, the decrsese in latent period being a function of the
total dose., Overiasn tirors sre now cbserved in all mice that come 1o
autopsy with the exception of the controls and these exposed to J.11 »
per 8 hours per day.

Strain A mice experiment. The exeminztion of the histologic sections
of lung tumors observed grossly confirm the grous findings of raported
lest month. For ihe sverage age of 11 months the lung tumor incidence
in the control animals is approximately 50% while it rises in the experi-
mental animals. (totzl dese of 2800 r on the 2.8 r per & hours level) o
approxirately 75%. In any attempt to rancrose these resulis to the situs-
tion in men one must hear in mind that strein A mice are extremely suscepi-
itle to spostanecus pulronary tumors us coatrested to the low susceptibiilty
of man. -

Hybrid guinea pigs ¢ orisinel experivent. Total doses are the sare
as for mice of the criginal experiment. ™ith the exception of the animals
exposed to 4.4 r, and 2.2 T per & hours rer day, the dlecd nicture of con-
trols and experimental animsls 1s the scme. Scome of the anirals of the
2,2 r per 8 hours level show lowered courts, while in the anirels of the
L.4 T per 8 hours level all counts are lomered, especially the platelet
count (26,000 to 10C,CCC).

Rabbits. The tlcod pieture ¢ ths controls and that of the experi-
mental animsls uo to ond ineludi: © the .4 r per 2 hours level is essentlully
the same, there is homever an im 'case .1 percent noutrcphils with inersac-
ing total dose. In the cnimalz * the (.8 r per 8 hours level the red
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count is slightly lowered. Two animals show a decreased platelet count,
in 8ll animals the differential count is reversed.

Counts of premordial, growing and atretic follicles in serislly
sectioned ovaries of animals which had received doses of 880 r and 770 r
on the 8,2 r per day &nd 8.8 r per & hours per day levels end 770 r on
the 4.4 r per day level geve a reduction in the number of follicles
present indiceting that the reduction in litter size in these experirents
could be due to the decrecase in the number of follicles in comparison
with the number of follicles of a normal ovary rather than to chrorosomal
changes (dominant lethal mutations).
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CLINICAL MECICINE A

A

S

L, O. Jacobson, Section Chief

March 16, 1945 to April 15, 1945

A, Total physical ex:minations

a) recheck physicals

¢) transfers

b; pre-employment physicals

d) terminal examinations

e} academic

f) Non Academic

B. Rejected

C. Routine Office Cslls
a) first industrials
b) return indistrials

¢) blood abnormslities

d) personal calls
D. Refers to Billings
a) industrials

b) substantiatirg diagnosis

¢) personal

Employees Health Service - J. Garrott Allen

200
115
7
7

7
<5
175
5

50
87

9
660
48
7

7

34

806

F. Total number of visits of personnsl to Drexel louse .

1CCé

Cliniecsl laborstorr Examinations - B, K, Marks

A resume of the clinical leboratory examinetions during March 16

to April 10, 1945 is as follows:

Hemoglobine
Red counts
¥hite counts

Differentials
Plztelets

Urines

Retilcs

Tassermans

Misc,
fedimentation rates
Hematocrits
Stippling

inmature cells

694
529
g92

898
119
654,

38
230

<0
221

221

Number of Laboratory Procedures rexicrzed

Yurber of conormal findiscs

114
100

belew 5000 g1
above 100CC /A
456
below 150000 21
252

OO0 CO

W\
~3JO O



Number ndivid ed Rumber b cl 8l laborat abn

New Personnel 60 14 or 43%
Controls 2,8 7, or 33%
Work hazardous group 644 147 or LL¥
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Section I L. O, Jacobson, Section Chief

On The Combimation Of T With Proteins -- E, S. G. Barron

In a previous report it has been shown that T in agueous solutions,
at pH €,5 and above, 1= not ultrafiltrable through the pores of a cello=
phane beg membrane, while at pH values below 5 it goes through readily.
This peculiar bshaviour of T must be dus to the change of electrical
charge of T3 TO> ++ at low pH values acts as a cation whils et pH values
above 6 it acts as an anion, According to the double layer theory of
membranes, the membrane inside {in contact with T) is pegatively charged;
therefare T in the anion form will be repelled and the centrifuged force
used for ultrafiltration is umable to counteract the electrostatic forces,
This assumption has been confirmed by electrodislysis, An aqueous solu-
tion of T02(NO3)2(0.001 M) wes neutralized to pH 6.5 with HaOH, The eol-
ution wes placed in the center compartment of aen electrodialysis apparatws
of the Paull type. The electrode compartments were filled with a solution
of dialyzed serum instesd of ¢ salt solution to avoid precipitation of T,
An electric cwrrent was applied to the electrodes, the intenisty being of
60 mA. at the beginning of the experiment. The current fell off rapidly
so that at the end of four hours it was only 10 mA, Sauples were with-
drawn at intervals for T analysiz from the center compartment, As can be
seen in Figure 1, the arocunt of T in the aqueous sclution in the center
compartment diminished by 75 per cent during the first 3C minutes. At
the end of one hour, 90 per cent of the T in the center compartment had
migrated through the membrane. In conirast to the ready passage of
T0,(NO3), through membranes under the influence of an electric current
when in soueous solutions 1s the lack of effect when T is in a solution
of serum albumnin, Here T has lost its negative charge and has beccme
bound £0 the protein ferming a cemplex ccmpound, 773(R03)p was mixed
with a solution of one per cent serum albumin and the mixture was sub~
mitted to electrodialysis under the same experimental conditions as those
in the agueous solution. At the end of cme nour no T had migrated from
the center ccompartment; it was only at the end of one and ons=half hours
that 10 per cent passed through the membrane, T i3 thus firmly bound to
protein, and the failure to find T in the filtraie after ultrafiltration
of dialyzed serum protein must be due pertly to corbination with the
protein, It has also been repcrted that when undliazliyzed plasma 1s sube
jected to wltrafiltration at about »d 7.8, 50 per cent of the added T is
found in the uldrafiltrate., This wss attributed to combination of the
excess T to plasmg bicarbonate, lacitatz, citrate, ete. In other words,
bicarbonate, lactate, citrate, etc., compete with protein for combination
with T, and the fact that about 50 per cent of the added T is found in the
filtrate is proof thut this competition was partially successful, This is
posaibly the mechanick o” T exc-etion in the urine, T bicarbonate, T lactats,
T citrate, ete. muat be filtere throuzh the gloreruli lenving the T protein
in the blood. As szoc:a a2: orgar ¢ acld complexes of T have been ultrafiltered.
a8 new equilibrium must be » ot isied whereby T-protein dissociates to form
lesser amounts of T-rroted . plt  orpanic complexss of T,

biigaud
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The property of aqueous solutions of T at pH values above 6 of not
passing through a merbrane on ultrafiltration might be utilized for the
determinmation of the dissociation constants of T complex compounds, The
total T will be equal to the ultrafiltered T complex plus the non filter-
able anionic T. The experiments plotted in Figure 2 give data fram two
kinds of camplexes. In the first, (1) mixtures of neutrsl 1'02(!!023 and
RaHCOy were prepared so as to give a ).))1 ¥ T solution and a definite
molar ratio of NalCO:. Thus one mixture contained 0,001 ¥ T and 0,001 ¥

T and 0.001 ¥ NaBS0; (raticm of 1); another, 0,005 M BaHCO; and 0,001 ¥ T
(ratio of 5), etc. These mixturee were submitted to ultrsfiltration and
the filtrate analyzed for T, Half of the total amount of T was ultra-
"Piltration and the filtrote aralyzed for T, Hslf of the total amount of
T was ultrafiltered at a ration of 9, i.e. when the system contalined
0,009 M FaHCO3 and 0.001 M T, In the second, the system contained di-
alyzed human plasma, BaBCOy and T. Here, half of the total amount of

T was ultrafiltered at a ratio of Na of 15, i.e. 0,015 ¥ BaHCO; and
0,001 M T. The increassed ratio had to be expected &s the non-filterable
fraction is made up of anionic T, and T~protein., In both cases 75 per

cent of T was found in the ultrafiltrate at a concentration of KaHC
of 0.02 M to 0.03 ¥, the NaHC03 concentration of the blood which ins

the rapid urinary exeretion of T,

P11gaL?
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1, Studies of Urinmary Coproporphyrin in Irradiated Dogs

5

We have heretofore reported that radistion has no significant
ef fect on the excretion of urinsry coproporphyrin in irradieted rahbits
or humans. Recent studies in dogs, however, leasd us to modify this
conclusion. In each of four dogs studied there has bren a significant
decrease in total coproporphyrin excretion.

Heretcfore, attention has always been focused on conditions assoc-
iated with elevatea values such as are encountered with metal exposures,
(Rise due to coproporphyrin I11). Several months ago, hovever, we re-
ported that a group of seven leukeria and polycythemia patients being
studied exhibited uniformly low concentrstions of urinary coproporphyrin.
The decrease in these cases was found to be limited to the coproporphyrin
I isorer; the coproporphyrin III remzined essentially normal. Since such
a Pinding is unique in the porphyrin literzture we were unprepared to
evaluate the reeson for this chenge. In view of these dog studies it
is of interest to note that these patients had 211 been receiving x-ray
and/or radio-active phosphorus therapy for several months ci years.
Since, however, we do not have adecuste control data on untreated poly=-
cythemis and leukemia patients, it is impossible to completely evaluate
these findings as yet.

It should be pointed out too that coproporphyrin I excreticn is
increased in asroclation with increased erythropoetic activity. It
should, therefore, be reasonable to expect & airinished excretion of
coproporphyrin I coincident with the cirinished erythropoesis which
follows radiation,

The results of the dog studies are plottad in Figures 1 through 5
in terms of the total urinary coproporphyrin excreted per day. Though
in most cases determinations were done on daily samples, the data In
general is plotted in terms of averzge values for three day periods,
It might be noted that in the 23 ccombined control camples in the four
treated and one control dog, the values ranged from 13.0 to 29,8 gemma
per day., Following radistion 24 of the 50 ccmbired saxzples hed values
of less than 13 gsamma per day.

Isomer studies have not yet been done,
11, Studies of a Green Pigmont in the Urine of Irradisted Degs

The excretion of & green pigment in the wrine of dogs receiving
either intornal or externzl rsdisticn was first called to cur attention

by F. Painter of the Biology scction. This pigment hss now been noted
in the urine of seven dogs recelving lethal or sub-lethal docses of x-ray
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(4 dogs) and of product (3 dogs). It has generally apreared one to two
we~ks after the radization administr=tion. It wes most concemtrated in
the urine of the dog receiving 50r total body x-ray daily (#29) and in-
creased steadily 1n amount up to the time of death., In the three animals
that recovered, the excretion of this pigment wss only transitory. The
other two dogs were treated less than two weeks ago and sre excreting the
pigment at tbis time,

Spectropotometric analysis (Beckman) shows this pigment to have
mexirum absorption at 635 to 640 mu in isobutyl alcohol; acetic solution
into which it is extracted from the urine, It 1s sirilar to, but has not
been proven identical with biliverdin.

It might be noted that the presence of a green biliverdin-rich bile
in animels has been described in associastion with a decrease in liver
glycogen, According to E. Painter, however, & green urine is not excret-

ed by starved dogs.

One further observation might be pertinent: The final 1¢ HCl extract
obteined from the urine for coproporphyrin analysis in Dog #29 likewise
had a blue-green color. The only similar color ever seen by the author
was found several years ago in studies with C. J. Watson and I, Pass on
dog and human urine following the injectlon of either axyheroglobin or
crystalline hematin, The possible significance of this observation is

not yet clear,

III, Studies of T fluorescence

A preliminary report has just teen coampleted summarizing our studles to
dete of the microfluocrsmelric aralysis for tuballey in a sodium fluorids

flux,

In addition to apalysis of scme of the data reported in previous
monthly reports, considersble attention is given the problem of fluor-
escence quenching, since its occurrence has lozg been one of the chief
objections to the use of the mothod, The nmature of the quenching
phenomena has never been elucldatcsd and papular opiclon still subscribes
to the belief that the ratio of cuencher to T is ths crucial factor in-

volved,

Our own studies are based on the assumption that this is not so ==
that under the conditions employed the only significant factor is the
rato of quencher to sodium fluoride, It 1s becanse of this that we are
able to either eliminate the quenching factor by the use of a suitably
small sample or else to correct for it by adding a knorn amount of T to
g similar-sized sample and noilng the decrease in expected fluorescencs,

The pertinent data is plotted in Figures 6 through 8 belcw. Figure 6
demonstrates tho constancy of cuenching found wher varying smounts of T
ere added to constant amounts of eitker urine {o.lce) or chromium, ( 10
micrograms). The ordinate is plotted in tarms of &the ratio of the fluore
escence in the quenched sauplo to the fluoresceace of the same amount of T

l118aub
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in an unquenched sample {"quenching coefficient® , Qa = 1 in the
absence of quenchingf.

Figure 7 illustrates the variation in quenching produced by
varying the amount of quencher, The result is essentially the same

whether the T content also variss or remains constant.

The mixed quencher solution used contained equal amounts byweight
of iron, lead, copper; calcium, magnesium, bismuth, alwminum, and
chramiwm in nitric acid solution. Iron was similarly studied, Analyses
were made of progressively diluted samples of an Fe:T solution in &
ratio of 1000: 1 by weight, Im addition to the above, 0.1 micr
sanples of T were added to progressively diluted samples of the i T=free)
quencher solution, and of thorium nitrate and chromium nitrate solutions,

In this figure 7 the axes have all been shifted horimontally to
make them coincide with & theoretical curve at the point of 50% quenching,
It is seen that quenching inereeses rapidly when quencher concentration
exceeds a certain point, Thie point varies for different quenchers.
Thus, chroemium quenches apprecisbly at lower concentrations than do the

othsr subsiances studied,

Thoe derivation of the thecretical curve is too lengthy to be given

here in full detail, Briefly, an expression
1 ~h(ay 4 G-;\
[ - «
Qo -
hilany44s )

1z derived for quenching by light absorption, where Qa is the ratio of
the "average® light transmission of a quenched preparation to the "average"
1i-ht trensmission of a pure ¥ preparetion, h is the thickness of the
Tela? vhosvhor, 23 is the absorption coefficient of the phosphor and a5

is the absorption ccefficient for emi‘ted fluorescent light.

From this,in order tc correlze the behavior of different substances
13 derived the equation

= | — <
QQ« ]. 5 93658

where a 1s a concentration coefficient, being the ratio of the amount of
quencher in the preparation to the amount of quencher that gives 50%
quenching. This equation was used in plotting the thecretlcal curve.

-1l 553s

In Figurs 8 is plstted the data on the quantitation of fluarescence
of pure T, of T plus iron and of T plus mixed quencher. (Progressively
diluted aacplos of T plus quencher were studied in all cases; therefore,
the ratio of T to quencher recmaine@ constant, but the ratio of quencher
to NaF varied markedly). It will be noted that the flucrescence emitted
in the T plus quencher sampl-s approaches that produced by pure T in
NaF as the dilution incremsed. It follows, therefore, that the effect
of quenching agents can be practically eliminated by the analysis of

adeguately small samples,

The amount of quencher necessery toc yield 50% quenching is indicated
by the point of in‘ersection of the 50% quenching ¢ rve and the curve

of T plus quencher,



L= "
It should be pointed out that the choice of analytical method and the
degree of sensitivity required is governed largely by the quenching
range at which one works, if one is to avoid laborious preliminary
chemical purification and the use of special quenching correction
techniques., Thus, for urine, quenching becomes a significant factor
when more than about 0.05 cc portions are analyzed., If we require i a,

method that is sensiiive to at leas$ 10 micrograms per liter, then it
must be able to detect a total of 0,0005 micrograms in the 0,05 cc sample

of urine,

It is because of this that.ie have endeavored to markedly increase
the sensitivity of our analyticsl instruments,

During the pest month a new photoeletric fluorophotometer, Built
for an associated project, has been compl ted., It 1s the most sensie
tive of the four models constructed to date., The instrument is capable
of detecting fluorescence from less than 10~ 11 grams T, but high and
somewhat variable sodium fluoride blanks make accurate work at this
level impossible at the present time, At best we have thus far been

able to work with suitable accuracy "only" down to levels of almost
10~ 10 grams,

11169438
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H-I1I Biological Hesearch Section

K. S. Cole, 3ection Chief
C. Ladd lrosszer, sassoc.Section Chief

- 244 ¥LH 2101 - Uevelopment of Inh:1lation Technigues

“e have spent much time this month in testing the congensed spark as an
aerosol source. This m:ans of aerosol ;roduction has certain potential udvantages
over the arc--the low temperature msy make pos sible zerosplization of molecules
other thun t.e oxide,and there is no carton moncxide or cyanogen problem because
the carbon does not burn a: precicbly. Rerorts in the literature (both project
and otherwise) have indicated that it migsht be ;ossible to quantitstively remove
an added ingrcuicnt from & rorous grarhite electrode by me ns -f a spark. Je
have carried out a serics of exrcriments using & 15000 volt spurk with 0.005 F
across a dmm gap. The electrodes used were cither ordinary srectrographic
graghites or torosified grachites. The latter were made porous by heating at
500% for 1 hour. The following variations were %tested.

1. «ctive material evaporated on surface .f ordinary :leetrode

2. Lrop of active materizl allo.ed to ascak into rorous clectrods
immedi:.tely before use.

3. znd of jorous electroue away from the spurk is immerscd in a
solution of active material,

4. Lrop of active matcrial allowed %5 soak into spark end of -orous ele
electrode vhils other ond 1is immersed in solvent.

5. Lirop of active material ailored to somk into spark end of i1orous
electrode while head of citric scid is tut on o:rosite end to
produce : constcnt flow of citric amciu tnroush the electrodo,

To date our results :vith those various rrogedures in the 1.4 1i ch.~ber have
bcen vari ble, renging from ~ pareeit to 15 prcent of the muterial on the eloctrode
being aercsoli.ed. .ork is continuing to increase vields and repredeetbility. It
might be noted th-t clectrusn microscore :hotogrurha ravs shown 2 distinet
difference betwsen spark and arc :u:rticlcse. ln the case of the arce cne tends
to get particles consisting ¢f chains or sgglomerates "f smaller units s that
many particles ere in the 0.5 to 1 micron range altho they obviously consist
of smaller units, This results from the fact thut volatilization occurs at
the high temp rature of the urec, and the rezuiting vapor reaches coale¥ but
hivhly ionized resions and condenscs before any significsnt dilutions can
occur. In this coiwnection it micht be noted thut the aerosol yield is
doubled if one uses & 12 li chumber with o stresm of air bloving throush the
arc in place uf the static l.4 li chamber). The spark, on thc other hénd,
does not produce hizh tumpercturce and oas zets cnly ‘discrete :articies :aich
rarely cxceed 0.1 to O.Zu in size,

244 LH 2111 - Inhalation of Ruthenium serosol

a3t month vie rerorted ths resulis of exposinrs rats to truacer amounts
ef Ru Q4 vapor {carrier-fr:e 3%0 doy 3u), The mctive material left the lungs
rapidly at first (over £0 r.rcent in the first duy) anc then more slowly so thay
after a month the averasze helf time for zbzury tion is over IO days. This tyre of
phenomenon-an initiai very rarid absory tion fTolloved by a SLomar'one--had bzen
previously observed in cases where My meterial as administered was rorpidly
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absorbed but simultaneously = fraction of the msterial in the lung wes reduced
to a relatively non-absorbable valence state. To test th:t possibility vith
Ru, we have exposed rets to an aerosol of ruthenium chloride in which the Hu
was in the $3, ¢4 stute. The acrosol was i(roduced by atamizing & neutral
solution of Bu and Adrying the subsecuent mist by admixture with dry sair.
440 ue of Ru were atomized over a period of 2.5 houfs, and the rats breathed
from the manifold described in previous reports. Analyses of the lungs of
rats sacrificed at 0.1 and 5 days after exposure indicate that the Ru®4
gerosol left the lung less than half as fast as the &u® vapor.

246 J1H 2536 Histopathologic effects of Radb-Cerium administered By Inhelation

Two acditional r-ts were sacrificed at 68 days from the series exposed by
inhals tion to radio-cerium and rreviously reported as far as the 33-day sacri-
fice interval. The changes seen vere similur to but more intense then those at
33 days. At 68 days there were many groups of hypertrophied sertal cells ex-
tending in layers of single cells or thick masses along the surface of the septa
and alveolar ducts. These masses scemed to radiate from foci and were not
distributed throughout the lung. Nor were they arranged in such a pattern as to
suggest their derivation by metsplasia from the bronchiolar epithelium. None
of the numerous mitoses emong the hyrertrophied cells wes distincily ubnormal.

The areas of acute and chronic inflsmmution of the pulmonzry tissue were
much more extensive than at e.rlier intervals. In places the inflammstion was
50 intense as to obliterate the normul structure of the lungz.

Althoush the areas of hypertrophic celle rere distinctly abnomal in zrrear-
unce and configuration, they showed no definite evidence of neoplasia. Turther
stages should be rrocured for study.

246 VLH 27214 - Late nffects of Radioactive Strontiuﬁ

It is now just a year since the original rilot series of 350 mice wes
injected, and certain fiandings may aprropristzly Te detailed st this tinme.

The mice were divided ecually batween 4BC (brown) ang CFl mice, In each
strain, four groups cf 1D mice were ¢reated by single doses and four group of 20
mice each by monthly injection. Two control grou:s of (5 and 20 mice huve slso
been maintained. The dosage levels in GLoth single and revauted injzetion were
80, 10, 2 and 0.4 microcuries gper mouse, Or aprroximately 2, 0.4, 0.03, and 0.016
microcuries y:r gram. An attempt has bzen made to meke definite cdicmnoses on all
mice wt death, but finzl dieznoses will have fto be uweferred until hiatologic stuay
can be completed. Uicgnoses -iven in this reoort z2re, therefore, tentitive except
in the c¢c:se of osteogenic sercoma, which esulc be re gonebly well verifled vy radic-
graphs apd gross a penrance,

The ABC {mule) mice have kezn relativelvy very little reactive, #nd no findings
of stutisticel significame izve vet bren snccuntersd. f4side fr m o scaltering of
lymphoma, leukewia, =nd lung sumors {(vhica are commoa in muny strzins of mice)
one osteogenic sarcoms Tas s:en in Lhe grour reccivimng 10 microcuriss monthly and
a maliznant tumor, not yet di-znosed, in the grourn recsiviig L0 microecuries at a
singie injection.
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In the CF, mice, there is a hig. incidence of osteogenic sarcoms in the
highest levels} a modercte increase in incidence of lymphoma, and no &p parent
influence on the incidence of lung tumors. In the accompanying teble, the three
highest dosuges (50 microcuries in single injection znd 10 microcuries and S0
microcuries in monthly injections) are grouped together, and lower levels are also
combined. All incidences are expressed as rercent of mice surviwing the 180th day
after first ingection, as no animuls cied vith tumors before that time.

89

Table 1. Tumor incidence in high and low level strontium™ " mice, CFl strain.

Number of mice T'ercent with

in group lung tumors lymphoma and osteogenic
leukemia sarcoma
‘highest levels 39 15% 20% ' 26%
others 75 2% 54 o
controls 29 10% 7 K7

Radiocautograrhs of four of the bone tumors have bcen msde. In one the radio=-
active material was as concentrated in the tumor as in the ends of the bones, while
in two there was very 1little radioactivity in the tumors. The two with high tumor
radioactivity has bsen receiving reinjections.

The second table indicates the survival of tie two strains of mice es a
funct ion of dose. The figures indicate desys ©o de th for one-hulf{mediun) and
one-fourth {guartile) of tne mice in each grour,

Table 2.
Dose group 4BC mule CFl female
caartile medien guartile median
50 microcuries
repeated icn 185 125 120
60 single 555 - 207 240
10 repeated 348 - 0z X7
10 single - - 3lz T
2 repeated - - 202 -
2 single - - 234 3c5
0.4 repeated - = Z46 -
0.4 siangle - - 275 327
controls - - 92 -

Doses of 10 microcuries given at one time #nd of 2 microcuries repeszted monthly
in mice do not appcar, after cne year, to hsve rroduced zay effect on survival
or tumor incidence, in constrast to the nishor doses udministered. Thesz findings
»i11l be rresented in greater Zoteil in an interin renort.

246 V1H 2721C ~ ..ffeets of roadio-strontium anc Yitrism .n the skin

Slace Strontium sulfate disappza-es ra-idly from the <ite of arpliccstion and
since the dosuge can not reudllv bLe ecatroiled, = szries of ruts hus bien given
yterium chrloride by tattcolns.  Jention wiclop nny india ink have beoi usged @s
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markers; the former does not persist satisfactorily in the area of application.

The technigue of a;plicution is as folloxs: one or more single point arplicutions
are made with a cammercial tattooing machine under controlled conditions as regerds
diration of aepplication and derth of nsedle thrust. The immediate distribution of
the injected mat:rial is in & volume not exceeding one cubic millimeter and extends
into the dermis. The ten rats in the present group were measured by external
counts and were sacrificed at the end of Tourteen days, when the skin at the site
of injection (mid-back), the inguinal and axillary lymph nodes, and thc rest of the
carcuss were zshed for amalysis.

Total retention in the body ut two weeks was dbout 24-40 percent of the amount
administered, and a;proximately one-half of this was found in the srea of application.
Thi s area was receiving several thousané times as much radistion es was the body as a
whole. lersistence of the radioaciive material in the injectcd area showed a half-
life of sbout five days; loss accurred through both absorption and desquamation.

In only one rat were gross -kin lesions observed; at the end of a week small
excoriat ions appeured at the sites of tro tattoo mrks anu disapresred during the
gecond week. Dossge celculations buses on extsrnul sna ash counts and on the
assumpt ion that the radioactivity was evenly distributed through S cubic millimeters
of tissue, show thzut the locsl areas received about 75,000 r during the first week and
15,000 r quring the seconz v ek, when healing occurred., Cbvicusly, the dose at the
center of the area of a plication was probubly still higher.

Rats given various -mounts down %to one-tenth of thet noted above, uniformly
showed at autopay a single dilated vein cntering each area, drainiag in the direction
of the scapulae, These observztions were not noted in control rets given the morker
slone, In the three highest level rat3s s smzll circuler ares of erythemz appeered
between the third and eighth days around each injection site; No muarkcd imrair-

meat of hair growth was scen, but this vill be further investicated in sections of
trezted skin.

Radiocactivity cf the lymph nodes was never mcre thzn ten times {on a veight
basis) that of the carcass a3 & ‘holy, and in several instances was iédeatieal or
nearly so.

246 1LH 2421 - The Effect of Srag und Splenectomy on ‘ouse Blood

4 previous exgpriment was done on mice with Sp ziven by intrareritoneal
injection. The hzematological date from tais ex;ericent iniicatgd thatl cherens @
strikinz nd sustained derression of the totnl lsenecocviss er —m occurrzd {both
lymphocytes an. heterophiles), little or no ¢h: q% ras s=enq in the henoglodin in

gms percent or in the number of red cells prr mm

A comparable groun of mice studied histolowicully shoved strikine degenerstive
cheanges in the bone marrov, but an early onset of incresxced hemopoletic sctivity
in the spleen, es;ecially erythropsizsis. Thz feet thit znemie {reduction in lighl
and 7BC'S)did not develop vas icrefore considerced 4o be due tu the relstively
long life of the erythrocyste =nd to any eurly correncsation by the spleen.

=n experiment to test this njyrothesis was carried cut as follows:
a grour of splenectomized mice ves siven 404c¢ of opted intraperitoneally per mouee,
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a group of non-splenectomized mice was given YO pc of sr89 intraperitoneally, a group
was splenectomized but given no Sr89 and a control group was neither injected nor
splenectomized. These groups have now been followed for 112 days.

The total leucocytea per mm’ and the differential blood picture are esaentially
similar in both groups of animals receiving srf9, The hemoglobin in grams per cent
and the erythrocytes per mm> have remained within the normal range in the groups
with splenectomy alone, Sr89, alone and in the untrsated controls. The splenectomized
animals injected with sr89, however, have become progressively more anemic up to 70
days, and thereafter recovery has been gradual.

Ju2 MiH 2370 - Mouse Survival of Daily X-Ray

The method of analysis used for Drosophila survival and acute mouse survival
shows that the demage accumulates with the exposure accurulation &t ssch value of
the daily dose and that the damage accumulates in the same fashion at 20, 80 and
200 r/day. The behavior at YO r/day is typlcal, leading to the suggestion that
at a given dose rate only those dose rates are effective vhich have reccvery times
equal to or longer than the mear survival time.

142 MLH 2510 ~ Histopathology of Single Zxposures to X-Rays

The effects of 50 r x-radiation con ratbits vere evamined for compariscs. =ith
the effects at lethal levels. Thisz series was nads up of eight experimental end four
control racbits, all of them malcs. Two experimental animals were sacrificed at
esach of the following post treatment inicrvals: 1, 3, 10, and 27 hours.

The small lymphocyte was the only cell type arffected. It wus not equally
sensitive in all organs; alwost all ths zmall lymphocytes wers destroyed in the
germinal centers of the eppendix, a smallsr number in the >jymph noce and white pulp
of the spleen, and practically nons were destroyed im the thymus. The medium and
lsrge lymphocytes were not injurcd and ncne of the cells of the bone marrcw wers
destroyed.,

Lymph Node

One hour after treatment a few small lywchocyies were dead. -Meximum celluler
destruction was at 10 hours when epproximately 20% of the small lymphocytes were
dead, Damags was greatest in the germinsl centers. Kegeneration had begun at 27
hours but all the cells had rot been replaced. :

Spleen

The only cells damaged in the spleen were the smpall lymphccytes. Only a few
were dead at 1 hour but epprouirately 503 of them were desd or dying at 3 to 10 hours
and there were very feow signs of rsgeneration at 27 hours.

Peyer's Patch

At 3 hours the germinal corters of the Fayeris rateh conmtelned wany deed s;alil
lymphocytes. 4at 10 hours thove .ere wery few  .mall lywphoeytes left ip the germinal
centers. Kegeneration had vob vegum 2t 27 rovrs. Ths smell lymphocytes elsewhere
in the Peyer's patch and the meciwn and lzrge lymphocytes were not dameged.
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Appendix

The small lymphocytes in the germinal centers of the appendix wers more
severely dumaged than were those in any other region of the body. Dead small
lymphocytes were present at 1 hour post-treatment time. At 10 hours there were
large areas in the germinal centers which were made up almost entirely of dead
cells and at 27 hours there were very few living small lymphocytes left. The
other cell types were not damaged. ,

Ihymus

This dose must be considered near the border line to produce visible
alterations in the thymus since only occasional cells were damaged.

f

There were no changes in the bone marrow, lestes, gut epithelium, lung, heart,
kidney, adrenal, periphereal nervous systcm, skeletal muscle, bome and cartilage.

362 MLH 2520 - Histopathlogy of X-rayed Chiclers

Three week old chickens were treated with 1C0 r toiel body x-radiation and
sacrificed in pairs at the following post treatment intervals: 3%, 2, L, 8, 13,
24, 30, 48, 72 hours and 5, 8, 12, and 17 days. Significent changes were seen only
in the bone marrow, spleen, thymus and nervous tissue. Damage wes in general less
than that previously reported after exposure to YCO r.

Bope lMarrow

Mitotic activity was markedly reduced st # hour after treatment but st two hours
had returned at least to normal. There ware a few dead young erythroblasts and
myelocytes at eurly intervals but this cemege was slight compared to that following

4oo r.

There were two pericds of ccllular depistion with no concomilant dabris.
The first such period was from 13 to 72 rours and & second and more severe on3 was
seen at 8 to 12 days. Both erythroblasts ong myelecytes were affsctad.

The significance of these reriods of dopletion if guesticasble for tno Teasuns:
1)  Occasionally sections of marrcw from the un-treetzd chickens were nearly as
aplastic as those of the experimentals in guestion. This similsr "dspletion® in ths
untreated chicken marrow is presumably due tc the uneven distributior of hematopoizs-
gis in the marrow cavity, and to the lack of uniformity in the regicn of femur
marrow sampled at autopsy; 2) Depletion following 400 r cecurred imuch earlier and
was acccmpanied by considerable deoris.

On the other hand depletion following a lower dose might be expscted to occur
at a later interval.

§gleen

At one-half hour, and more clearly st 2 hours, there was an lncreased number
of dead lymphocytes in the white pulp. Tiis dsbris was principally in the active
nodules and in the margins of the sheaths. Debris was still in excess of normal
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at 4 hours and 7 hours but not at subsecuent intervals.

There was "clumping™ of large lymphocytes at 2 hours; i1t appeared in varying
smounts at subsecuent intervals up tc 18 hours,

There were no significaent effects after the 18-hour interval.

Thymus

There was more than a normel amount of debris in the thymus at early intervals,
especially in one 7-hour specimen. There were no significant changes after the 1ll-
hour interval.

Nervous Tissue

Very occasional dead Schwann cells were present from 2 to 30 hours in the
peripheral nerves and ganglia adjacent to the adrenal. Thelr number was greatest
in the two 18-hour specimens. But, in the same specimens, the nerves near the
thymus showed no chenges.

At 48 hours und twereafter, the nerves appeared normal.

142 MIH 2410 - The Effect of 10r X-Ray on The Blood Counts of Mice.

Dougherty and "hite at Yale University have rerorted previously that they have
obtained a lymphocyte cepression within the first 24 hours in Strong (BA mice with
X-ray doses as low as 10r. Their findings und explenation of the mechanism lnveived
have already been rejorted in MUC-RSS 368 and “UC-RS35 384.

It secemed vorthwhile to check the velldity of such blosd changes with doses of
this low range on the strezins of mice used in our luboratccy. Hale ABRC migce vers
used. In order not to influence the tlcod nlcture by the blood loss involved in
bleceding the same animuls at all the counting periods iavolved, serazrsate groups of
5 mice each were used to establish the individual hourly pericds, Counts were taken
at 1,3, 6, 9, 12, 1% and 24 hours after the mice were ziven 10r total body. The
controls were boxed and trested in an iuentical manner as the experimentalis, vith the
excertion of actual x-raying. ‘ '

The lymphoeyte curve obtained by Dougheriy and “hite vithin the first 24 hours
was U-shaped, the greuatest deprression being at the 6~3 hour veriod with a return to
normal by 24 hours. ur mice failed to shor this depressicon., There was a gradual fall
in lymphocytes until 3 hours, then & steady rise until 15 hours, aft<r which the counts
returned to0 normal.

However, the control curve is identiecal -ith that jroducsd by 10 r (except for one
roint, the 12 hour count), which lsads to the conclusion that the effeets exhibited
certainly cennot be credited to the 10 r irradistion, out more lilkely to the handling
of the mice, confining in boxes, etc.

142 MLH~-261)1, 2411, 2670, 1301 - =ffects of Laily Loses of X-radiztion nn Lars

Clinical Fhysiology - C. L. Trosser, L., L. Taintcr

One dog wes given ually toisl body x-rediction of 90 r. Luring the some 1eoriod
blood samples were taken {roa & contrel deog nnd this doy rirecd in the expesure
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shamber without having the x-ray machine in operation. The treated dog survived

for 18 days after the beginning of treatment and accumulated 850 r. It lost weight
steadily after the beginning of treatment and at the time of death its body weizht

had decreased by 28.3 percent. Food intake declined to near zero on the third day,
rose slightly during the 4th to 6th days and from then on was very low., “ater intake
decreased from a control level of 800 cc/day to about 200 dc/day., Urine and feces
output vraralleled the declime in water and fsod consunrtion. The weirht of the control
dog increassed by 500 gns during the three weck observ: tion period.

The dog wshich received 50 r dsily muintained a constant rectal temperature until
he 16th duy when the temperature rosé abruptly to asbove 40 9C. The heert rate grad-
ually declined from a control rate of 80/min to £5/min on the 15th dey. Thereafter
the heart rate rose raridly end was esbove 200/min on the day of desth.

The plasma volume remained essentislly constant as judged by geterminations
mude before treatment and 4 and 14 days after treutment began. The blood volume in
the treated dog did decrease, however, by 20 percent, uue to a decrease in hematocrit.

I'lasma protein c¢oncentration =nd hematocrit waluse slowly declined by about
27 percent during the jeriod of trestment. Hemoglobin values declined by 34 percent
and the red blood cell count b: 0 percent. Sediment:tion rete was relatively
constant but clotting time lensgthemed freom 150 seconds before treatment to 340 seconds
on the 16th day.

Hemstology ~ L. 0. Jacobson, R. ldwarca.

The totel number of vhite bhlood cells per mm3 decrecesed rapidiy and the white
cell count on the 15th and 17%4h duyvs vere 50 and 2¢ cells per mm“., The number of
heterophiles fell from a control cwunt cf 4000 to sero on the 17th day. The
lymphocytee decreased in number more rapidly than the heterophils durinz the first
few days but thereaft r the lym:hocyte curve fell more slovly. Tke contrcl dog
from which the sume amounts of blood were remcved as from the trested doe showed
no significant hematological chunges.

Histemine - C. V. Hagen, Jr.

Tlasme histamine determinctions rere made on both thie treuted and control dogs
and showed no increase sbove c:nirol lavels at any time. -

Blood Chemistry « a. . Brues, &, Iranca,

Won protein nitroren 1in %he tlood remained constant in the treated dog until
the eleventh day wihen it decrsaced to nalf the ccontrol velue and rem&ined low until
death. Nitrosen and rhosrhorus b:l nce stucdles wers made. .13 the food intake of the
treated dog decreased the output of voth nitrogen end rhosphorus cxceeded the intake
so th.t the animal wus in nez:tive bulance.

‘iement ixcretion - S, Zchwariz.

Ve
From the urinc samples ~cesurements nerc "wdse of urime corproporrhyrin excrastion,
urobilinecgen excretion anc exeretion of other ri-ments. Urine coprororphyrin sxerstion
decreased murkedlr during treatment and inerzused on the dayv before ceath., lUrinery
urobilinegen excration alsc increasex just beforc demnth. « grzon pisment was
excreted in the vrirne 'of the trestea .og. This iigment shoved a maximum sbsor ticn
at 632 mp. 1its lderntity iz vninovrn,



il

Fecal samples were annlyzed for porrhyrins, urobilinogen and hemochrumogen.
The percent concentr-tion of the prophyrins and urobilinogen increased during treat-
ment but because of the merked decresse in feces {44 to 7 gms dafily) the total daily
pigment excretion sctually decreused. Blood was identified in the feces during the
last week of life by a strong hemochromogen resction,

autopsy - H. lLisco

At autopsy the folloring observations were made:

Disemminated hemorrhages in skin, subcuteneous tissue, lym:h nodes, skeletal muscles,
diaphragm, myocardium, bladder and urethra, kidney pelvis, stomach and intestinal
tract. Multiple ulcers in duodenum ami jejunum, acute ulcerative and necrotizing
ileitis with hemorrhages. lultiple thrombi in both lungs. Severe edema of right
side of face and neck (ith extensive hemorrhages in subcutuneous tissue. Fatty
infiltration of skeletal muscles anc diaphragm. Lxtreme emasciation.

23
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Section III - ljedical Hazards Section

J.J. llickson, Seetion Calef
J.E. Roge, Associate Section Chiof

2/1 MIH 3310 Building and Equipment Surveys For Beta Radiation -
ROSQ, W&lla“o

241 MH 3320 Bullding and Equipment Surveys For Gamme Radiatlon -
ROSQ, 37&1]3090

« During the past month the promptness of decontamination
has diminished somewhat, 43 a result, the overall backzround of con-
tamination has risen, The situation has been discussed with Chemistry
Division personnsl,

Arzonng. The CP-3 room shows numerous areas of above tolerance
radiation, These are gusrded by appropriate signs or are ropad
off, Judging by the personnel monitoring devices, over=exposure
is infrequant,

Eekhart, A comélete survey of the bullding was done during the menth,
Above tolarance activities wers noted in rooms 9,10,12,107,117,121,

gggm surveys showed above tolerance activitles in roons 50,152,
256,351 and 352,

Vest Stapds surveys contirnue to show many regions with high 191";:13 of
activities of the routine working ercas. Room 217 contimuaes to be
the warst offendex,

Site B. Throughout the month reom 103 hus shomm akove tolerance
activity levels. I, Greninger has boca netified, .

As a result of new monitoring dovices it has been
shown thet the radiation levels in rcom 172, the hot lzb, may bo as
hich as 500 r per hour, Ths golutlons giving these activity levels
have in the past been ocnly partin)ly hondled with remote control
dovices. In the light of tlese ncasurcments, over—expocure of per-
sonnel to the beta cctividy is covtain., Because of this {inding,
instruments are boing nmede vhich will permit sukstantisliy ell of
thw work to be done withcubs exposing tie hands to the sclutlcns, It
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1p enmphasized that this condition was detected only after suitable
ionisation chambers for measuring soft beta energiecs were developed.
Surveys with earlier .nstruments failed to indicate even the order
of magnitude of the hazard,

As before, many of the animls, their excreta, or their cages, show
radioactivity. For the most part the levels do not exceed 30 mr/hr,
In a fow instances, particularly from excreta, readings of several
hundred rx/hr have been obtained. . :

Armory, A tuballoy fire occurred in 101-D on 4/4/45. It started
when a box containing tuballoy serap was dregged across the floor,
Over-exposurs of personnsl is not kmown to have occuwrred. Alr

measurenents made in the r om after the fire was out did not exceod
the present permissible le..:l for tuballoy in air,

241 MIH 3350 Personnel lLonitoring of Beta Radiation - Rose, Wallace,
241 MIH 3360 Parsonncl lonitoring of Gamra Radiation - Rose, Wallace.

- 4670 pocket meter readings were mads during the four week period

ending April 10, 1945. 20 over-exposures were noted, This is
0.43% of the total nucber of readings. Eight of these readings,
in the opinion of the exposed person or of the Health Division,
were caused by radistion, Four are from the West Stands parsonnel.

It is of interest to compare the nunber of instruments worn in the
variocus buildirgs of the labaratery. The figuros for Fetwunry and
March are given: - :

New Chemistry 786 799
West Stands 328 466
Site B 1879 1608
Eckhart-Ryerson 187 184
Argonne 1313 813
4563 4670

2200 films were developsd and read. Three persons bad chield
readings greater than 0.6 for one week,

1280 hand counts for bete or gamma activity were schoduled. 1017
or 7% wore dons. 23 or 1.8% high hand counts were recorded. 13
were from Hindmanls and Stumartls groups in the Chenpisisy Division.
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All laundry continuss to be monitared for beta or gamma radicactivity
before it is sent to the laundry. Those articles which show greater
then 800 counts per mimite are sent to another site which is equipped
to launder contaminated clothing, During the paet month approximately
20 erticles were sent to this site.

000 MIH 3300 Decontamination Squad - Gerdner, Nickson,
During the past month the folloving areas were decontaminated:

Service Bullding

Kent 101,104,109,112 and 301
Jones 401, attic

Armory 203

Bekhart 2,9,10,11 and 12
Ryerson 256
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CONTRACT # W=74C5-eng=48-A
Joseph G, Hamilton, M.D,

A, T p ¢S REPORT ON THF. MFTABQOLIC STUD FISCION FR
1. Soil Studioe

On april 2, 1945, pea plants which had been grown in active
¥ topsoil were harvested. The plants were approxirstely three months old.
Soils activated with the following radio-elements had been used in the
experiments ¥, Ce, Zr + (b, and Sr. Each plant was growmn in a pot con-
taining 2.5 kg. of soil, The mean activities of the various soils for the
three months period was as follows:

Y- .450¢/em
Ca - ,212 n c/mm
Zr + Cb - 125 n c/gm
Sr - 166 3 c/em

' The plants have been separated into roots, stems, leaves,
pods, and seeds and quantitative determinatlons of activity are being
‘made, Qualitatively it can be sald that all plants showed radlation
injury. This wes particularly merked in the cese of both the roots and
tops of the Sr plants, This was probably dus to the large absorption of
Sr by the plants., The Y, Ce, and Zr +Cb plants showed definite signs of
root injury, particulerly the Ce plants,

A sampla of radio~tellurium was received from X~10 and
purified. The absorption of Te* from clay by barley planis was studied.
Barley plants vwere imrersed for 24 hcurs in 0,01% Ca-bentoniie suspensions
;ontaining radio-telluriwm, The fractional uptake of activity was as

ollowst

Jumber FActivity in Lesves hetivity in Roots

1l 0472 31.2
2 0397 ' 41,8
3 G377 38.5

On the basis of these results, it appears that the behavior
of Te is similar to that of Y and Ce in its absorption by plants, Longer
term experiments are in progress, The abscrotion of radio-tellurium on
Ca bentonite clay was measured with the following results:

Conc. of Clay : % of Activity
8 nzicn (% Adsorbed
.01 30.2
202 $5,8
-C5 8.1
«10 87,0
S0 89.8
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These results show that Te 1z similar to Sr in its adsorption
on clay although its absorption by plants from clay suspensions is marked-
ly different from that of Sr,

Experiments dealing with the decontamination of active soils
and the migration of radio-elements in soil are being continued,

2, Redio-Iodine Studiep

Recent studles were underteksn to determine the blcfging
effect of inert Iodine uvon the uptske by the thyroid gland of I+, free
from inert carrier. Rats were the experimental animals employed in these
studies, there belng three animals used far each group, Two series of
experiments were decne, employing four groups of rets for each serles,

Three dosage levels of the inert Iodine were used, namely 1, 10, and 100 mg.
per kg. of body weight. In each series, a fourth group received only the
carrier-free lodine and thus served to act as & control, The inert lodine
and carrier-free lodine were given by intramuscular injection at the same
time, the animalalgicrificed four days later, and tre thyroids assayed for
their uptake of I-°*, The following teble summarizes the average results
obtained in these two series of experirents,

TABLF I

The % Uptake of I%>T by the Thyroid Gland of the Rat A Daye After
+he Intramuscular Administraticn of Carrier-fres I3 and I Contain-
ing 1, 10, and 1C0 mgm per kg. of Body Weight.

Garrier=free  lumgm 13%7xz. 10 mem 1327ke. 100 mem 13%7kg,

Series A 482 2,06 296 «20
Series B 7.46 3.C6 »99 32

As can be seen from the table, a very sharp decrecase in the
amount of Iodine accumnlzted by the thyroid takes place as the dosage of
of inert Iodine increases. However, it is rather significant that even
with as much as a 10C mg. of inert Icdine per kg. a quite significant
amount of the labled Iodine is capable of enterine the thyroid gland,
Another interesting observation is te te made from these results, nemely,
that the amount of Icdine taken up by the thyroid of the animals receiving
no inert Iodine is surprisingly lcw when comparad to figures given by
Chaikoff (CH-2257). These relativsly low uptakes by the thyrcid of carrier-
free Iodine are comparable to the figures secured at Chicago in studies
where carrier~free Iodine was administered by inhalation. Te susreet that
this factor is due to the possible presence of gquite zappreciably quantities
of Iodine in the diets employed here end at Chicego. The uptake cbserved
in the other groups receiving verying amounts of inert Iodine sgree sur-
prisingly well with the compiled dots glven in CH-2257. Ye gre now setting
up new groups of animals which w»ill receive at weskly intervals the three
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dosage levels of inert Iodine employed here for & period of four weeks,

One week after the last administration of inert lodine, the animals, to-
gether with the appropriste number of controls, will be given the carrier-
free Iodine. These experiments are being set up for the purpose of determin-
ing the blocking effect of repeated doses of inert Iodine. This will dup-
licate the situation which would normally exist where personnel exposed to
this substance would be given prophylzetic protection by the administration
of inert Iodine.

3. Smoke Studieg

A series of smoke studies, in which mercscls containing fission
product have been produced by a new procedure, are reported in ancther sec-
tion. In addition to those experiments, a8 series of studies are now under
way in which Uranium~free fission products without inert carriers, will be
volatilized by means of & carbon arc and rats exposed to the resultent
eerosal in the usual manner,

4o Projected Studies

The soil, smoke, plant, and radio-Ilodine studies are to be
continued, °
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April 20, 1945

N. c. 1.
R. R, Spencer, Chief

BIOLOGIC ACTION OF X AND GAMMA RAYS

1. Continuous exposure for 8 hours daily
o ( daily doses 4.4 Ty 2.2 T, 1.1 7,
and 0,11 r).
Appraximate total doses: 3350 r, 1675 r, 840 r and 88 r,
(4cditional acute exposures not added). -
Rabbitg (deily doses 8.8 r, 4.4 r, 2.2 T, 1.1 v, and 0.11 r),
Approxirate total doses: 5500 r, 2750 r, 1375 r, 680 r and 68 r
(adaitional acute exposures not added).

Term experimen

‘Mice: (daily doses 8.8 r, 4.4 r, and 1.1 r),

16 and 14 months: total doses 1C20 r, 510 r, and 120 r.
12 and 10 months: total doses 620 r, 31C r and 7C T,

8 and 6 months: total coses 90 r, 45 r, and 12 r,

Inbred guinea pigs of family 2 (daily dose 8.8 r) total dose 740 r.

The followine table gives the survival data on the sxperimental and
control LAF, mice.

Due to the small number of animels in each group it is difficult
to draw conclusions especially as infectious and sever eczema favoresd
certain cages., 1t seems, however, thet up to end including the 1.1 r
level the average life span of both sexes is not shortened. It is
surprising that this seems to hold true for the 1.1 r level, &s there
exists an increase in the incidence of malignant lymphoma and as ovarian
tumorz are induced in all sroups of this level, The life span of the
groups on the 2.2 r, 4.4 r, and 8,8 r levels is definitely decreased,
this, however, is meinly due to the increasing incidence of maligrant
lyrphora and overian tumors, Due to this increase in tumor inciderce
it is extremely difficult to draw genersl conclusions from these data
as to the effects of chronic radiation cn life spsn if no tumors are
induced,

Survivel data for tihe hybrid guinea pigs of the original experi-
ment are essentially the same as those given in the February report.

All rabbits are alive cxcept onc (exposed to an acute dose of 50 r)
which died of intercurrent disease as previously reporied,

Durirg the month 3 mice 2ied nad & were killed in moribund conditicn,
Two of the 3 which died had scvere eczema and one had polycystic kidneys.,
A11 wsre males, 2 exposed cn the 1.1 r lovel ard one on thz 0,11 v level.
Three males and 3 females were killed and autopsied, One of the males

6atl
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Init.ialls

e Animal Group Sex | number [Survivors Age
Control (I) m 8 8 2
Control (I) £ 8 4 2
Control (II) o 8 3 26 3/4
Control (II) £ 8 2 26 3/4
Acute exp. 12,5 r m 8 L 29 %
Acute exp. 12.5 r L ¢ 8 2 29
Acute exp, 50 r m 8 none (29 %)
Acute exp. 0 r £ 8 1 29
0.11 r m 8 5 28
0.11r f 8 3 28
0.11 r plus acute exp. 12.5 r m 8 5 28
0.11 r plus acute exp. 12.5 r f 8 € 28
0.11 r plus acute exp, 50 r n 8 1l 28
0.11 r plus ecute exp. 50 r £ 8 3 28
ldr m 8 3 26 3/4,
l.lr £ 8 2 27 4+
1.1 r plus acute exp. 12.5 r m 8 none | (26 3/4)
1.1 r plus acute exp. 12.5 r £ g 4 27 +
1.1 r plus acute exp, 50 r n 8 5 26 3/4
1.1 r plus acute oxp. 50 r £ 8 3 26 3/4
2.2 r m 8 2 27 1/4
2.2 r f 8 6 27
2.2 r plus acute exp, 12,5 7 m 8 none (27
2.2 r plus acute exp, 12.5 ¢ f 8 1 27 1/3
2.2 r plus acute exp, 50 r m 8 2 27
2.2 r plus acute exp, 50 r f 8 1l 27 &+
bob T m 2 1 27 +
L T f 8 1 27 2/3
L4 r plus acute exp, 12.5 r m 8 1 27 1/3
Lo r plus acute exp., 12.5 ¢ £ 8 none (27)
Le4 T plus acute exp. 0 r m 8 none (27)
4od T plus acute exp. 50 r £ 8 1 27
8.8 r (300 r) m 8 2 27 2/3
8.8 » (300 1) f 8 1 27 2/3
8.8 r (680 r) n 8 1 27 2/3
8.8 r (680 r) £ 8 2 27 2/3

The last animel of the 8.8 r grours, continuously exposed, was
killed in moribund condition at the age o 243 months,

8012
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was exposed on the 1.1 r level, it showed at autopsy malignant lymphoma
of the spleen. 7The second vas exposed to 680 r on the .8 r level at
the age of 3 to 5 months, the main gross finding was polycystic kidneys.
The third had received an acute expcsure of 50 r in 5 hours at the age
of approximately 5 months; it showed grossly at autopsy eczema, nephritis
and an abscess of the preputial gland comron in old meles. One cf the
females that was killed and autonsied was exposed to 0.1l r, it showed
grossly malignant lymphoma; the second one was exposed to 0.11 r and an
additional acute exposure of 50 r it showed grossly ovarian tumors and a
subcuteneous tumor of the left pectoral region; the third was expeosed %o
1.1 r and an additional acute exposure of 12.5 r. It showed grossly bi-
lateral ovarian tumors,

It was reported last month that the experinental strain A mice ex-
posed on the 8.8 r level and killed and autopsied at an average age of
11 months after a total dose o 2500 r, showed an increase in lung
tumor incidence over that of the controls of the same age, The exam~-
ination of the histological materiel confirred this. The lung tumor
incidence of the controls wus approximetely 50% (corresponding to that
found previously by Heston for strain A mice of approximetely the same
age) while that for the experimental animale was approximately 75%.
Turthermore the average number of nodules of the controls with tumors
was 1.23 while that of the irradisted mice was 1,73, This differernce
is statistically significant, It must ve emphasized that strain .
aice are the most susceptible animals known for spontaneous lung timors
and that the incidence of lung tumors will increase considerably when
e, g., carcinogenic hydrocarbons are injected subcutansously in doses
of a fraction of a milligram. It is impossible in this cass to detect
the presence of the hydrocarbons in the lungs of these mice by speciro~-
graphic analysis although this method will show the presence of as little
as 10°° gm., in one pair of mouse lungs. The chronic dose to which these
nouse lungs were exposed wes 25CC © given within apprexirmately 200 days,
a dose to vhich lungs of man will hardly be exposed chronically, Con=
sidering further that man is considerable less susceptible to spontaneous
lung tumors than mice it can te stated with reasconable certaimty that the
incrzase in lung tumor incidence preduced by chrenic irradiation in men
will probebly be ax¥iremely light and may not even bz detectable,

17, Breeding experiments

Counts of praemordial, growing, arnd atretic follicles in serially sec-
tionad ovaries were made to ascertain whether the decrecase in litier size
in certain groups of irradiated breeding LAF) females was due to a decrease

in the number of follicles present or to chramoscmal changes {dcminant
lethal nutations). Counts were made on the following groups, groups rs-
ceiving total doses of 880 r and 77C r at the rate of 8.8 r per day and

at the »ate of 2.8 r per 8 hours per dey and the group receiving a total
dose of 770 r at the rate of 4.4 r per day. The resulis are presented in
the following table and indicate that the reductiom in litter size in the
prezent experiments could be due to a reduntion in the number of follicles
present. For comparison counts vhich have been made on normal rat ovaries

EERENE




Sy

Table 1I
Dose Total %.1::59 No, of Age }%m%ro:- itretii 2
Rate Dose | Size Animals (¥onths){ di=l ing
8.8 rfdey {880 r | 2.6 6 7-9 0.16 2.5 0.66
" n ——- 92 12-14 0 0 0
" 0 | 6.1 8 7-8 0.37 9.9 0.75
n ' w - 12 13 o 0 0
8.8 r/8 hrsJ.SSO r 2.5 3 4=7 0 4.6 1.6
" 770 r 5,0 2 7 0 2.5 2.5
L.4 v/38y |70 T 2.6 2 £-9 0 4.5 3
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indicate the presence of approximately 35,100 ova in both ovaries at
birth, 11- 10,CC0 a% 23 days and €3 deys, 6,600 at 70 days and 2,000
at 31 months. (Blology of the Laboratory Mouse by the Staff of The

Roscoe B, Jackson Hemorial Laboratory, Chapter 2.

1I1. Hematology

The blood picture of the surviving control ard experimental LAFj
mice is the same as previously reported., Differences observed are
slight and may be due to disease or tumor formation rather than a radia-
tion effect on the hematopoietic system. The red ccunt in all groups
varies between 7 and 10 millicns with the exception of the 4 surviving
mice of the 4.4 r per 8 hours level in which it is slightly lowered
(5.6 to 7.6 millions). The platelet count of the controls and most of
the experimental animals lies between 800,000 and $00,0CC, Some snimals
of the 1,1 r and 2.2 r groups have counts es low as 500,000, on the other
hand the four surviving mice of the 4., r groups (total dose 3350 r),
have platelet counts within the 1limits of the controls, Totel white
counts are high in many anirals especially the males (10,0C0) frequently
associated with a high neutrcphil count. A few animzls show high total
white counts (30,000) with a lymphceytosis indicating leukemia.

The blood picture of the surviving control and experimental hybrid
guinea pigs is as follows: The 0.1] r ard the 1.1 r groups and those
exposed for 1 or 2 months respectively on the 8.8 r per 8 hours level
show a blood picture comparabie to that of the controls, The slight
decrease in number of platelets of some of the znimals of the 1.1 r
groups repcrted last month was not observed this month, Two of the
animals of the 2.2 r groups show lowered red counts (3,0 to 3.6 millions)
and lowered platelet counts (150,000); in the remaining animals sll counts
sre normel to slightly below normal. In the 6 surviving guinea pigs of
the 4.4 r per & hours level counts range as foliows: Red count 3 to 5
millicn, platelet counts 26,000 to 140,000 and total white counts 2000
to G3CO.

The inbred guinea pigs, exposed on the 8.2 r per & hours level (Lotal
dose 740 r) show normal red counts, lowered platelet counts (1000,000) and
total white counts between 3,000 and 4500.

The blocd picture of the rabbits is 23 follows: Control animals
and experimental aaimals up to the 4.4 r group have compzrable counts:
rod count 5.8 Lo €,4 willions, rlztelet count 200,000 te 300,030 and
Lotal white ecount: of 4500 to 7000. In the enimals of ths 8.5 r group
the red count 1s uilghtly lowered 5.2 to 5,6 millions; in two animals
the platelet count is lowersé 100,0C0 and 140,000 in the third it is
normel. The total whiie count is 3300 to 7500, Ik 21l experimental
animals of the 1,1, 2.2, 4.4, and 2.2 » groups there is an increase in
seresnt neutror-ils, irereasing vith totel dese and rasulting in reverzal
of ¢he diffevential coundt in the animals cof the 8.8 r group,
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IV, Patholopy

Tissues have become available for histologic study on the follow-
irg mice. One on the 8.8 r per 8 hours per day level (total dose
approximately 5800 r); three on the 4.4 r per 8 hours per day level
(total doses 2800 to 3000 r); five on the 2,2 r per 8 hours per day
level (total doses 1400 to 1500 r); two on the 1,1 r per 8 hours per
day level {total doses 700 to 750 r); two on the 0,11 r per 8 hours
per day level (total dose approximately 80 r); and three control
animals,

Earlier in the experiment lymphomas were seen most frequently in
animals exposed on the 818 r, the 4.4 r and the 2,2 r per 8 hours per
day level, while the incidence in animals exposed on the 1.1 r and the
0,11 r per 8 hours level was approzimately the same as in control ani-
mals, This order of incidence is now reversed, supporting the thesis
originally set forth that the effect of the radiation is to decreass
the tumor development time or "latent period" and hence cause them to
appear at an earlier age than they would spontaneously. This suggests
that these lymphomes may not be primarily induced by the radiation, This
is in contrast to the hypothesis that leukemia in mice is primarily in-
duced by the radiation. The possibility exists that a mere reduction of
tumor development time of “spontaneous® leukeria plays an important role
in the induction of sc-called radiation leukemia.

Loss of follicles in the ovaries witk the development of ovarian
tumors continues to appear withcut exception in animals exposed on the
8.8 r, the 4.4 r, the 2.2 r and the 1.1 r per & hours per day levels,
These changes heve been obsevved on the 0.11 r per 8 hours per day level
only in those animals that received in aduition an acute exposure of 30 r
and recently also in those animsls that received in addition the acute
exposure of 12,5 r,

Definite testicular strophy cortinues to be seen only in animals
exposed on the 8,8 r and the 4.4 r per 8 hours ver day levels. One mouse
{hat had been exposed on the 8.8 r per 8 hours per day level for a total
dose of approximately 50C0 r and hed been removed from the field three
months before autopsy showed active spermatogenesis in the testis. This
indicates that this tissue, though severely damaged over an extended period
of time, can recovzr.
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CONTRACT # W=-T7405 - eng - 48

B. V. A. LOW-BeeI‘, PA.D.

Four patients with arthritis and one with chroniec myositis were ex-
posed to total body x-ray at 1000 KV. Approximately 20 r at the surface
of the body was given daily until thrce of the patients received apprex-
imately 300 r and two patients received approximately 280 r. In additiown
to careful eclinical observation complete blood counts were done on the
patients before, during cnd after the sbove treatment. No untoward symp-
tons resulted. Clinical and lahoratory observations are still in progress.

The xeray therapy in this group of 5 patients was comnleied only in mid
November 1944 ,but a few significant alterations in the hemetologicel pic-
ture have occured., In all a moderation reduction in the leukccyte per mm
was apperent at the time the therapy was completed or within two weeks
theresfter, This represented a reduction in both neutrophils and lympho-
cytes but particularly of lymphocytes. In nore wms a reduction of leueo-
cytes per alarming., The lowest figure reached was 38CO.

A moderste shift to the left occurred in the neutrophils of only one of
the patients studied. The number of monocytes per mm> were st the upper
1limit of normal during contrel observation and varied considercbiy during
and after treatment, In one case however an absolute monocytosis occurred
rear the end of therapy and persisted for several weeks, This monocytosis
probably does not reoresent the "clascical® monocytosis reported by various
authors after chronic exposure to x-ray or radium, but rather tha response
of thz underlying disease process to the x-ray therapy. Dr. R. S. Stone. in
orovicus sumrary reports on patients trezted in a similar menrer bat with
200 KV x~rays, and observed for move than a year, found comparable hema~

tological changes with recovery, The post irradiation mcnocytosis referred
to above was a frequent observation in the patiernts he recorted, and persist-

ed for long pericds; the patiente were largely srthritics.

No clear cut effect was seen upcn the number o7 platelets per mm® in the
patients reportod here., The effect of the x-ray therapy upon the erythrocytes
per mn’ and hemaglobin in grsms per 100 ce of blood is rother difficult to
evauate., In only one patient wes the reduction of the erythrceytas per ¢
significant. This recduction tecsme apparent six weeks after cessation of
therapy &nd reachsd its maxinmum three menchs after completica of %he xX-ray
therapy.

Thece patients are continuing under observation and a subsecuent Teport
will e given.




