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HIEALTH DIVISION REFORT FOR JUNE 1945

CLIMNICAL MEDICILE alD MEDIC.L KESHARCH - L. O. Jacobson, Section Chief

During thc pust month, Hay 15 to June 15, 1945, 245 physical exumin-
ations were done; 61 were acudemic &nd 184 non-ccedemic personnel. 91 pre-
employment physical exuminations were done; 6 individuals were rejected
beczuse of findings cn clinicel or laboratory ex..inations. During this
same period 4035 clinical laboratory examinations .ere made. This included
laberatory work on 85 new personnel, 144 controls und 595 in the work
hazard group. Abnormzlities considered on the basis of the white blood
count showed individuals with abnormzlities in tiis group of 33%, 46% and

- 45% respectively.

A compzr:tive study on the snalysis of T in tissues by means of
electrometric and fluorinztric methods has shown the iethods to be com-
parable in accuracy.

Dogs given total body x-rey os well as those given internal emitters
have consistently shown a decrease in urinary coproporphyrin excretion
dovn to as low as 20% of the average control values.

A relative increzse in the ultraviolet absorption at 243 mu and at
330 mu has been found in the urine of irradiated do;s.

In dogs treated with plutonium (intrcvenous or subcutaneous injections)
there appears at the end of 7 to 10 days a diminuticn of albuidn snd an in-
crease of the ¢t 2 -4 globulin componenbs. The same chunges haye been

obcerved in dogs t¥eated with lethal doses of X-ruys and of Sr&7.

BIOLOGICAL RESZARCH SECTION - . 5. Cole, Section Chief

Radio-ruthenium administered by tracheal intubation to rats is absorbed
and distributed much as when administered as an aerosol, At 15 days 4.5%
remained in lungs, 5.6% in skeleton, 2.2% in skin, 1.5% in kidney, 1.2%
in liver, 4.8% in remaining soft tissues; over 70 percent had been excreted,
largely in urine.

Rats which inhaled a dose of 118 uc of radio-yttrium aercsol lost
weight rapidly and 15 out of 21 died between the 7th and 33rd days.
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The mortality ot L5 deys «fter injection of sr89 at 8 uc/gm dim-
inished in small groups of different strains of aice iIn the following
order: black ABC > white ABC) black aF-1 > brown ABC. The MLD in all
of these strains at 30 days was between 8 and 10 uc/gm and 2t 45 dayg
between 6 and 8 uc/gm. In rats the distribution and exeretion of Sr 9
was the same when injected intravencusly as when injected intraperitoneally.

Six rats which huve rcceived 400 uc of vadio-yttrium by stemach tube
daily for a month showed no weight loss or other observible sign of damage.
One rat was given 35.7 uc. of YU by sicmech tube; four hours lster frozen
cross sections were taken for dosigraphs which gave doses of varying from
0.6 to 8,0.r/ hour. to intestinal tissue.

One dog died 13 days after injection of 5x89 «t a retained dose of
1.67 u ¢/g 2nd another died 9 days =fter injzction at a retained dose of
2.23 u ¢/g. These dogs excreted 48 and 32 percent of the injected dose
before death. Exeretion was largely comuleted by thres days and was greater
in the feces than in the urine, Essentially all of the S 9 in blcod was
in plasma; saliva was in ecuilibrium with plasms. No soft tissues contained
an appreciable concentrztion of 589 but the lervnx end trochos were nearly
as high as teeth and bone. Cliniczlly both degs resembled animals given
acute lethal doses of x-radiation in all respccts except that hemorrhages
were not as extensive, '

‘ Histological damege from 5 u ¢/g of ingested radiec~yttrium in rats
was severe only in the colen ot 3 days and recovsry wns complete at 8 days.

-A statisticzl Znelysis shows that growth changes conse uent to chronic
irradizticn contain two components, =z rapidly sccweulating and rapidly re-
covering comronent cnd a slowly zecusulating and i~ recovery couponent.
These components are in the ratio of 2.5 to L, The rapidly reccvering
component behaves like an inertiel system sith = tronsient overshoot of
weight loss,

Three dogs which received 50 r_ daily dled a2iter accumulating 850,950
and 950 2L, Their ciliniccl behavior resembl:d that in dogs treated with a
lethal single dcse of x-radistion. PFond 2nd uater consumpiion were low,
body weignt, counts of red and white c:lls, and the plaswa MPH decreased,
sedimentation rate increzsed. 3eversl days bsfovs daath eoach dog entered
a terminal acute reacticn of 2ievated teaperwture and heart rate, low blooa:
pressurs, zero count of leucccyhes cad extonsive local hemerrhages.,

The X/n rotio for rsbbit bloed re

responses 1s pproximazaly 6.0, There
are small differencas cetween haterophil

s and lymph. cytes.

The histological affect of 5207~ on tha hemopcistic tissues of
rabbits, vitally stoined with trypen Dlue 5id czsshoribed dron oxids wa
similar to the effect of this : 2 sizsues in obherwice untreated
rzbbits,
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Recovery in testes of rats 132 days after 600 s varied from negligible
to virtually complete. Lvidence for decrease in primary ova remained incon-

clusive at this intervsl.

M¥ice receiving 10 . showed no change in lymph nodes or thymus not
paralleled in non-irrzdizted control mice, :

No residual damage wzs evident from histopathological study of rats
given a second dose of 43U . six weeks after zn original dese of 4O -,

Pu (+4) nitrate administered by tracheal intubustion killed 90 percent
of rats at 1.0u g/z body weight, 41 percent at 0.35 n g/g and 5 percent at
0.12 u g/p. Lungs were enlurged, hemorrhagic, consolidated and soaetimes
abscessed. The white blocd cell count wes derressed. Only a small amount
of the Pu was zbsorbed from the lung,

A dose of 6.2 mg (275 u g per g body ut.) of Pu (+4) nitrate was not
lethal to a mouse when given orzlly. The mouse became dyspnoeic, failed to
eat, and was lethargic for 48 hours and lost 25 percent of its body weight
within 6 days. By 15 deys weight loss was 30 percent but by 20 days normal
growth rate wes resumed. A bloed count on the £ifth day was normal.

Radium decreased the red blood cell count in rets at doses from 4.0
to 0,02 u ¢/g. The eflect 2t 0.02 and 0.06 n c/g on the red count was slight,
but the dose of 0.32 u ¢/f ccused a 25 percent fall in white cell count.
Doses of 0.125 u c¢/g and zbove had a maximal effcct upon the white cell count.

An extensive analysis of the radicautographic distribution of plutonium
in mice has been mzde, The distribution did not follow exactly the pattern
resulting from intrsvenous injection of India ink, vitcl dye, or calcium, but
exhibited some features of eczch. .ith the exception of bone marrow, damage
did not correlate ex.ctly with deposition of ;:lutonium but reflected rather
the sensitivity of the vuarious tissues. :

Histological dammage from plutonium in rets, mostly taken when moribund
from doses cf 2,0 to 8.125 u £/g, was in general more severe than in serially
sacrificed mice and involved liver, thymus, adrencls and lungs in addition to
the orgens rreviously reported as dam: ged in wmice zt 1.25 a g/g.

AMIDICAL alD IJDUSTRIAL MAZARDS SECTICH ~ J. J¢ Nickson, Section Chicf

Routine perscanel urine assay for plutoniwc has continued, Ne U L
specimens with activities indicszting wore than two micrograms of plutonium
stored in the body have been noted. During the pust month there has becn
considerable discussicn about the limits of sensitivity needed in these de-
terminations. It has become clear that the present method must be revised
to have much greater sensitivity. Jiork on this roint is now in progress. Vork
on the citrate complex of plutonium indicates that no complex exists at a pH
of one. On aApril 22nd, 6.5 micrograms of plutonium were injected into a patient
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with a diagnosis of incurable cancer at the Billings Hospital. The urinary
excretion levels have been followed for :«lmest two months, At the present
time the daily rate of excretion is about 0.01% of the amount injected.
Total urinaery excretion is approximutely 3.7% of the amount injected. A
plutonium injected dog died during the past month. Analysis of the tissues
show that the majority of the material is in the bone, confirasing an earlier
study.

2127 films from badge imeter personnel monitoring devices were developed and
read during the month. One total body over-exposure was noted. 4096 pocket
meters were read during the month. 29 over-ex;osures were noted. 7 persons

in the Chemistry Division were e¢xposed to z radioaciive isotope from, probably,
an impurity in alw.inum. Measurements of the beta and gamua sctivity in sputum
indicated that the activity was probubly present in the lungs. No symptoms
have developed.

NATIONAL CANCER INSTITUTE - Egon Lorenz

LAF; mice of original experiment. Total chronic doses at present:
(4Loty v, 2.2 T, 1.1 r and J.11 r per 8 nours per day) 3640 r (last animal
killed 6/14/45) 1820 r, 910 r and 95 r. 1In about 40% of the control
animals the blood picture shows a lowered red count (5 to 7.5 million),
with the other counts as previously reported, The picture of the experi-
mental animsls is similar, No clearcut evicence of radiation damage to the
hematopoietic system is evident. Malignant lymphomas are still belng found
especially in the low chronic exposure grours, the zcute exposure grou.s
and the controls. These lymphomzs are considsred spontaneous rather than
induced as they appear at eapproximatoely the samge age as in the control groups.
Ovarian tumors zre now veing found in the control group {gressly) the O.11 r
groun and the O0.11 r group with an additional zcute exposure of 12.5 r. These
are at present considered spontcneous, while in 311 other groups they have to
be considered induced.

Hybrid guinea nigs of original experiment. Total doses and exposure
levels are the same 2s {or mice of the original experiment. Radiation damage
is now observed in the animals of the 1.1 r level zlso, in which a sicnificant
lowering of the platzlet count is found. In the surviving animals of the 2.2
r group there is a significsont lowering of &1l counts, in the surviving animals
(5) of the 4.4 r group 311 counls are consicerivly lowerea especiclly the
platelet counts,

Inbred cuinea nigs of family 2 cxpesed to 3,€ r ner 8 hours per day.
All animzls were removed from the Tield atv coses of 850 to 1000 r. All
anirals with a red ccunt lower thin 2.8 millions died of aplastic znemia
within 2 weeks after reasovel froxm the field. Three animals with red counts
of 2.3 to 2.9 willicns -<re &live ot praseni, 3 Lo L uecks citer reioval
gy

from the field. 3o far no recovery hog been obsarved. This fuilure of re-
sovery of the Lemsto oistic ~yster mizht ex:lain the findings that the lethal
wnza rifs is depsndact woon the Lotsl dose rather than

{ .”
Az
‘eh the dose iz dindnictoersd,
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Rabbits of original experiment. Total chronic doses at present: (8.8 r,
L r, 2.2, 1.1 T, and O.11 r) 6100 r, 3050 r, 1520 r, 760 r and 76 r.
Beside the previously mentioned reverscl of the differentlal count dependent
upon total dose there is a slight lowering of the platelet count in the ani-
mals of the 8.8 r and 4.4 r groups.

A nuantitative worphologic analysis of testes of mice exposed daily
to 10 r of x-rays given in approxim:ztely 1 1/2 minutes, 5 times per week,
revealed that the zmount of interstitizl tissue is not increased. It probably
shows a slight decresse.

Contract 4 W 7405-eng=-48a
A. LETABOLIC STUDIRS OF FISSION PRODUCTS

The soil and plant studies have been concluded for the present and a
final report is being prepured. The long term aerosol studies are being
continued, A special series of smoke studies appear in a separate report.

A method for the isolation of Pa233 free from fission products, uranium, and
thorium is being developed.

B, ¥ETABOLIC STUDIES OF PRODUCT

The retention of piutonium by the lungs of rats exposed to the inhalation
of PuQp smokes was found to be spproximately 5% of the originally inhaled
activity, 256 dsys after exposure. The rate of elimination of the retained
activity in the lungs at the end of the 8% months interval was approximately
0.5% per day. The benavior of both plutonium and fission products following
inhzlation of PuQp smoke containing fission product was found to be very
similar 64 days after exposure,

A patient suffering from carcinoma of the stomach, received, by intra-
venous injection, approximstely 5 a gms of plutcnium as Pqu(NO3Sz, }
enriched with Pué38 so that the activity was equivalent to 50_u gms of Pul3,
Four days later, as a result of surgery, specimens of bone, spleen, tumor,
omentum, and skin were obtained, The distribution pattern of these tissues
were very similar to that observed in rats., The highest degree. of deposition
within the bone was present in the trabeculzr portion of the marrow. The
rate of urine elimination was low falling below 0,01l percent per day at the
end of 16 days.

4 new method for the relatively rapid @nalysis of lcrge specimens of
urine and feces has bzen developed, “hereby it would be possible to detect
2 x 10°_u gms of plutonium in each days outrut of urine or feces. A de-
tailed description of this method is being forw:rded to the appropriate
parties in all cperzting areas,
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Contract # W 7405-eng-48c
BLOOD STUDIES ON TCT.L RODY IRRADIATED PATI:NTS -~ Be V. Low-Beer

Ten of the 25 previously treated pztients were studied and 2 new
patients were trezted, One hundred and forty-five complete blood
counts and one sternal marrow study were done.

Patient No. 26 received a totzl of 300 r at the rate of 10 r per
day on the 1000 kv x-ray machine, finishing June 19th. At that time
he was in good genersl condition and showed only an insignificant drop
in total 45C. Patient No., 27 is under treatment on the 1000 kv apparatus,
receiving 10 r daily and to date shows no change.
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NATIONAL CANCER INSTITUTE REPORT FOR JUNE 1945 - *

Drz, Lorenz, lleston, Eschenbrenner and Deringer

BIOLCGIC ACTION OF X AND GillA RAYS

I. Continuous exposure for 8 hours daily
II. Breeding experiments (continuous exposure for 8 hours and 24
hours daily) :
III. Hematology
I7, Pathology

I. Continuous exposure for 8 hours daily. Surviving original
LAFy mice and guinea pigs (daily doses: 4.4 r, 2.2 T, 1.1 r &and 0.11 r).

Approximate total doses: 3640 r (last animal killed 6/14), 1820 r,
910 r and 95 r. (Additional acute exposures not added). Rabbits (daily
doses 8.8 r, 4.4 T, 2.2 ¥, 1.1 r and 0.11 r). Approximste total doses:
- 6100 §, 3050 ¢, 1520 v, 760 r and 76 r (additional acute exposures not
added}.

Yern Experiments

LAFy mice: (daily doses 8.8 r, 4.4 r and 1.1 1)
16 and 14 months experiment: 1560 r, 790 r and 200 r
12 and 10 months experiments 1160 r, 580 r and 145 r
8 and 6 months experiment: 620 r, 210 r and 80 r
4 and 2 months experiment: 300 r, 150 r and 37 r

Inbred guinea pigs of family2(daily dose 8.8 r) all removed from field at
doses ranging from 850 r to 1000 rga

During the month 3 of the original LAF, mice died and 10 were killed
and autopsied due to moribund condition or tumor formation. The animals
which died were distributed among the different groups as follows: 1 control
male, 1 mule exposed to 1.1 r and 1 female exposed to 2.2 r.. The cause of
death was obscure in the msle animals, as «ll orguns sppeared grossly nor-
mal. The femzle had a smsll ovarian tumor, & l.rge subcutaneous tumor and
nephritic kidneys. The animals which were killed and autopsied were dis-
tributed among the different groups as toliows: one control femzle with
malignant lywphoma and an enlarged ovary (probatly early ovarian tumor),

One male, exposed to 12.5 r at the age of approximstely 5 months with mslignant
lymphoma, Two females, exposed to 0.11 r: both showed one ovary enlarged
(probably early ovarian tumors). One female exposed to 0.11 r and an addi-
tional acute exp:surz of 12,5 r, it had grossly lirmphoma &nd a probable
ovarian tumor. vio {emales exposed tec 1.1 r and an additional acute ex-
posure of 50 r. Bothimd malignant lymphoma and bilateral ovarian tumors,

One male, exncsed to 2.2 v with malignant lysyhoma, two femeles, exposed to
2,2 r, one v th melignant lymphome and Ath zn sverizan tuamor, the other with
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an ovarian tumor and 2 subcutaneous tumors. One male exposed to L.L r
(the last animal of this level) in moribund condition but without any
gross lesions. '

The following table gives the datz on the surviving animals of the
different groups.’

Initial
Animal Group Sex  Age (months) number  Survivors
Control I m 30 1/4 ' 8 A
£ 30 1/4 8 2
Control IX m 28 1/2 8 2
£ 28 1/2 8 1
Acute exp, 12.5r m . 311/4 8 3
£ 31 1/3 8 2
Acute exp, 50.0 r m 29 2/3(last animal) 8 0
£ 31 1/4 8 1
.11 r» m 30 1/4 8 3
f 30 1/4 8 1
0.1l r + 12.5 r
(2cute) m 30 1/4 8 I
- £ 30 8 4
.11 r+ 50 r -
(acute) m 30 1/4 8 1
£ 30 1/4 8 1
1.1r n 28 2/l g 1
- f 28 3/4 {last animal) 8 0
1.1 r + 12.5 r{acute) m 26 1/2 (last animal) 8 "0
f 29 8 3
1.1 r + 50 r(acute) n 28 3/4 8 2 ‘
£ 28 2/4 8 1
2.2 r m 29 8 1
t 29 (last animal) 8 0
2.2 r + 12,5 r{acute) =@ 25 1/2 (last animal) 8 0
£ 29 1/4 8 1
2.2 r + 50 r(acute) o0 23 3/4 8 1
£ 27 (last apimal) 8 0
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Initial
Animal Group Sex Age (months)- number  Survivors

L4 r (211 groups) m 29 (last animal) 21, 0
: g 28 (last agimal) 24 0
8.8 r (all groups) m 24, 1/2(last animal) 24 0
£ 24 (last animal) IN 0

8.8 r (term exposure
300 r) m 29 1/2 8 2
£ 28 (last animal) 8 0

8.4 r (term exposure
680 r) m 28 1/2 (last animal) 8 0
f 29 1/2 8 1

Data of the table are not clearcut as there exists other factors
influencing the life span besides irrudiation, This is evidenced
the fact that there are fewer surviving mice in the second {younger
control group. It seems that the following conclusions can be drawn:
The life span of the males is not affected in the acute exposure groups,
the 0.11 r groups, most likely not in the 1.1 r groups and the limited
exposure group of 300 r on the 8.8 r level. In some of these groups in
which the number of surviving aninals is smsller then the number of the
control group, there has been evidence of acute lethal infections. The
life span of the femsles is not affected cnly in the 12.5 r acute ex-
posure group, the 0.11 r group and the 0,11 r group which received in
addition 12.5 r zcute exposure. In all cther grous including the 50 r
acute exposure croup there is a lovering of 1life span. Contributing
factors to this lowering of the 1ife span in the females mny be the
higher incidence of induced levkemia in ccumparison to the mzles and per-
haps, -also the induction of ovarisn tumors.

‘The first ovsrien twaors have been observed in the mice of the 0,11 »
group, the 0.11 r group exposed in adcition to 12.5 r (acute) and in one
control (grossly)., These tumors in the Z sroups of irradiuted mice,
occurring st approximutely the same age zs in the contreols are considered
at present to be spontznecus,

One guinea pig of the original series, exposed to 2.2 r to a total
dose of approximavely 1520 r was killed and sutopsied on account of
aplastic anemia (terminal R.B.C, = 300,000). It showed at autopsy the
tycical gross picture of patchy ecchymoses of the smzll intestine, So
far 2 animals of this level have come to autopsy on account of aplastic
ansmia after having been ex osed to doses corres_onding roughly to the
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lethal doses found for the 4.4 r and 8.8 r level:z. OCnly 3 inbred
guinea pigs of family 2 (out of 12) are alive, the others died.

- A1l were rcmoved from the field =zt doses ranzing from 850 to 1000 r
(8.8 r level)., See hematology (III). All rabbits are alive.

IX. Breeding experiments
Nothing new to report.

III. Hematology

Changes in the blood counts of the control mice recently observed
consist mainly in a lowering of the red count and are perhaps attributable
to old age. In the nine surviving control mice of both. sexes, 4 show red
counts between 5 and 7.5 millions, in the remainder the red count lies
between 8 and 10 millions. The white count of the controls is unchanged
from that previously reported. A similar picture is found in all surviv~
ing experimental animals and there is no clearcut evidence of radiation
damsge to the hemetopoetic system. :

The blood picture of the surviving guinea pigs is as follows: Those
exposed to acute exposures of 12.5 r and 50 r, those exposed to 300 r or
600 r respectively on the 8.8 r level, and those of the 0,11 r level have
blood pictures compzreble to that of the controls. The guinea pigs ex-
posed to 1.1 r for & hours show normel bhlcod counts with the exception of
the platelet counts which lie between 200,000 znd 250,000 {normsl 250,000
to 300,000). The surviving guinea pigs of the 2.2 r level show red and
platelet counts lowered in varying degrees, with the white count approx-
imately normzl. One guinea pig of this luvel wnich came to aubopsy during
the month had a drop in red count from 4.3 millions Lo 800,000 in 4 weeks
while the platelets dropped from 44,000 to 7,70C0. All counts are lowered
considerably in the 5 surviving guinea pizs of the 4.4 r level (total dose
at present approximately 3640 ). In these znimzls the platelet count i
considerably belcw 100,000, '

Blood counts of the inbred guinea pigs expesed to 8.8 r-to total doses
of 850 to 1000 r are summarized in the table. It shows that animals with
a red count of 2.8 millions at the =nd of the exposure will die of a-
plastic anemia within 2 1/2 weexs. Animals, shich were remcved from the
field with red counts of 2.85, 2,9 and 2.35 zre alive &t present, 3 ~ A4
weeks after the terudnaticn of the exposurz; in all of them the red ccunt
has continued to drop znd the other counts show either little or no recovery.
This apparent lack of recovery seems to explzin the not very significant
diffecrences in lethel doses ror the hybrid guinea ;izs on the different
level, i.,e, the totcl dose in chronic sxposure is apparently of Jreater
importance than the rate of zdministration of the dose,
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The blood picture of the rabbits shows beside the reversal of the
differential count dependent upon totul dose as previously reported, a
lowering of the platelet count in the rabsits of the 8.8 r level (total
dose approximstely 6100 r) to 150,000 - 225,000 (normal 250,000 to
300,300) and to 180,000 to 200, OJO in the rabbits of the 4.4 T levcl
(totul dose approx1m¢tely 3050 r)

IV Pathology

Kice: Tissues have become available for histoleogic study on the
following mice. One on the 4.4 r per 8 hours per day level (total dose
approximately 3550 r), four on the 2.2 r per 8 hours per day level (total
doses from approximately 1700 to 1740 r), six on the 1,1 r per 8 hours
per day level (total dose f{rom approximately 830 to 860, end four on the
0.11 r per 8 hours per day level (total dose approximately from 08 to 70 k.

Several additional ly“phonas have appearec and their occurence in
relation to total dose is in keeping with the genczral remzris regarding
the occurrence of these tumors made in recent rernorts,

All females exposed on the 4.4 r, 2,2 r, zud 1.1 r levels have ovarian
tumors. Subcutaneous sarcomas were present in 2 of 10 femules., These
tumors have been observed only in {emales, and cnly in those having ovarian
tumors, they arise in the mammary glands. None has been observed in con-
trol animals, .

Recognlzable demage to spernatog*nlc elements of the testes are apparent
only on the 8.8 r and the 4.4 r 2evels so far,

A quantitative morphologic hn“¢ rsis of testes of mice axposed daily
to 10 r given in spproximately 1 1/2 min., live times per week for a total
dose of 2300 r has been completed., This cxperinont was cenducted to de-
termine whether there is zny change in the quantity of interstitisl tissue
in the testis accoupanying miried damaze of sperrwmtogenic elements. The
mice were LAF: nyb*ido an were 2 months of =zge ot the sturt of exposure
and 3 1/3 months of ags when autopsied the Jay f51loving ths last exposure,

- Nine experirmentel znd ten control aanim-is of the same zge were cvallable
fer study. at auitopsy the endididyius zand zssoclated {at was carefully
dissected from the testes and the fresh yeisht of both cobtained., Following
fixction in Zenker-rormol, :3sh‘ng in "ut ry and partizl dehydraticn in
70% alechol for tuio dajs, each ruir of tcuto w3 opein weihed. ‘The
testes wera imbedded in Pdf&lf.n ,rd were sccticned threouzh their approximate
maxirnm disneters,-cne teing usecticned trensveraely snd ths other longitud-
inally. They were stained with MMLlor"’s aJili?s wlue with acid fuchsin
as az counterstain, the laztter heing found to he a useful differential stzin
for inberstitial cell orteoolasm. Usine wie methed of Challiay (J. lat,
Cancer Inst. &4: 47-32, 1943) sne zectiza of cath dostis wes znalyzed for

3 (f)
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the ratio of aree cf interstitial cells to the area of other tissue
(spermatogenic elements, connective tissue, blood vessels). The measure-

ments were made with a 47.5 X objective und 15 X eye-piece.

They were

made on a series of random.fields traversing the entire section and a

totzl of 1,000 random fields were covered on each section.

Measurements

were done by two individusls snd repeat runs showed a maximum error of
2%. The data are presented in the table, and show that interstitial
tissue is certainly not increased and probably ls decreased.
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05092 220 168 31 0.71  4.38 9.65 7.37
D5093 210 162 32 0.66  4.52 9.50 7.33
D509, 202 168 21 0,70 4.32 S.41 7.26
D5095 204 155 31 0.56  L.ub 9.1 6.92
D5096 208 158 31 0.57 5.19 10.79 8.20
D5097 221 168 3, 0.53 5.15 11,37 8.64
D5098 226 172 36 0,63 5,21 13,13 3.99
D5099 180 135 33 O.B4 5,92 10.65 7.68
D510 212 1€&5 33 0,63  4.68. g.721 7.72
D510l 200 1588 3C  0.67  4.33 3,67 6.85
Average: 210 161 32 9,55 4,88 10.2 7.83
DL841 94 81 29 0,32 7.84 7.37 6.35 .
pL8L2 0 72 27 0.33 8.53 7.63 6. 14
DLBL3 86 T 27 0.32 8.63 7,402 6,12
DLBLY 72 53 28 0,256 1il.31 8,14 $.56
DL3LS g1 76 28 0.32 8.21 747 65624
- DLBL6 114 91 29 90.22 &.50 9.65 773
DaeL7 100 7 27 0.37 .33 9.33 7.37
DLaLe 88 73 27  0.33 9.39 8,26 6.85
DL8L9 gl 4 20 0.21  9.21 8,38 0,81
Average: 32 75 28 0,07 6,39 3,21 5.68
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With excessive damzge of spermatogenic elements following irradia-
tion, examination of a section of a testis without mking measurements
gives the impression thot the interstitial tissue is increased. The
literature on this subject is much confused, most observers feeling that
there is an absolute increase of interstitial tissue, and the more conserv-
ative suggesting that this apparent increase may be only relative and not
absclute. None appears to have considered a decrease in interstitial
tissue. This experiment 1s being repeated but with an exposure of the
mice to a total dose of 600 r, the results of which will be reported at

a later date,
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Report for June 1945
TECHNICAL PROCRSSS RﬁPCRT ¢ THa MeT.BOLIC STUDIN: OF PLUTONIUM
Joseph G, Hamilton

1. FRadioautcgrsrhic Stucdies

Additicnal bone radiozutographs, including samples from a
rib of a human subjeet, are in varicus stutes of preparation. A large
series of specimens from snimals supjested to the decalcification-calcifica-
tion cycle of treatment will soon be available Jor radicautographic study.

2. Tracoer Studies

The two anim'ls exposed to PuQp swoke were sacrificed 256
days later and the results obtzined with these two animals appear below.

lore animals exposed both to Puf)p smokes and PuO2(NO3) 2 aerosols are being
carried along., Since with only two animals, these results can only be con-

sidered jualitative in char:icter.

-3

TABLE I ‘

The Percent Distribution of Plutenium in Two Rats 256 Days
After Inhzlation of Pu0, Smoke

Tissue Rat #1 Rat #2 Average
Lungs 6.18 3,38 4.78
Liver . NOIFA Q42 .028
Kidney - X15 .0005 .01
Spleen . 0023 .0039 »0031
G. I. ' .022 .0070 .015
Head <.05 ¢.05 <.05" 7
Skeleton .16 < .20 & .20
Balance .932 014 .023
Urine 2.34 2.42 2.38
Feces 91.2 93.8 92.5

In Table II there is presented the rate of excretion per day
of the activity remaining in the animals at the indicated time intervals.
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The percent sxcretion of Ret ined Plutonium From the Rats
at the Indic:zted Time Interv 1s.
Total Percent
Txcrebion Lung Excreted
Day rer Dayw activity® Per Day
8 (4-16) 139.9 2604 5.25%
16 (8-24) 59.5 1896 3.14%
32 (24~40) 11.9 1531 .78%
64, (4,0-80) 10.77 1244 87%
g6 (72-112) 7.53 918 .82%
128 (102-144) 7.20 737 .98%
192 (LhL-"24) 2.47 446 «55%
256 (200-256) 1.29 362 36

xIndicatec =s the averzge number of counts per
second for the two animals.

The three rcot significant facts to be noted in this experi-
rent sre as follews: First, a very significant amount of the originally
inhzled Fulp is retained by the lungs after eight and one-half months in
the rzt. OSecond, there iz conly a very slirht degree of absorption from the
lungs, with depositicn in other tissues. Third, a very significant rate of
joss of zaterial frowz the lungs continued at a dirdinishing rate for the
256 dey interval., Xore precise eviluation of tne values for lung retention
and rotes of excrotion ot this prolonged interval #111l be avsilzble later.
Howsver, I doubt i the present figures for the rat will hzve to be revised
at that tive by more hhen ¢ factor of &Swo.

The results zre now available from a group of three rats
secrificed bl days following exposure to PuQp sToke prepared from neutron
irradiation piutonium mebil and the salient facts are sumnzrized in the
following table,

* TAEEE III

The Distributior of Flutonium and Lonz-lived Fission Froducts in
the Same Rats 6L Days after Exposure to PuGp Smoke Prepared from
Neutren Irrzdizted Plutonium Metal,

Tissue . Plutcnium Fission Products
Lungs 2.38% 9.51%
Liver Z.01% 02
Kidney <,01% .033%
G L. Troct .09% .088%
Spleen <.01% .014%
Usad < 0% a
Skeleton < ,50% W 27%
DPalance ¢ .20% . 012%
JrIne 1 W kB m
Feges 90,40% 87.60%

ot
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It is lnu,rexuing o0 compsre these results with the corres-
ponding data for the O, :, und 16 day intervels which appear in the April
1945 Monthly Report. On: inconsistency appe:rs in the relatively lower
skeletcn values ut the &i day intsrvel for fissioa product deposition, Other-
wise the pattern is ccnslistent and the distribution of the tuwo types of active
meterizl remcined -suite similer. The retes of excretion (chiefly lung activity)
per day were ,29% for plutonium and 1.90% for fission products of the corres-
ponding meterial remsining in the body at the end of the 64 day interval. The
plutonium excretion rate, zt the saue 1qtervul, was greater in the other ex-
periments noted zbove. Those figures in Table III indicate the similarity be-
tween the two types of active material but certain :ualitative differences,
such zs the grester degree of absorption through the lungs, and the more rapid
excretion of the fission products are avident.

Longer term animals exposed to this type of PuOo, smoke are
on hand and will be sacrificcd =t the appropriate intervals,

sy 14, 1945, a human subject, suffering from a czrcinoma
of the stomach, rec=ived approximately 5 a gm of plutonium as Puﬁg(d03)2 by
intravenous injectlon in a solution gf isotonic NaCl at Phi. This sample -
of plutonium contzined sw ' ficicent Pu<>8 to increzse the s eclfic activity of
the injected material to the evuivalent of 50 n gms of Pu239. Four days
later, the patient wzs operzted upon and specimens of rib, spleen, tumor,
omentux, subcutanccus tissuz, and skin were obtained. At the same time, a
sample of blood was alse secured, Unfortun.tely, the surgeon failed to secure
a specimen of liver. The ratient is 2 50 yesr old mele, weighs 58.1 kilograms,
and is in good general pliysicel condition, aside from the tumor. All excreta
hos been collected at daily intervals since the time of injection of the
plutoniwz.

The contert of glutonium in the different tiscues in terms
of percent of the admirnictered dose is given in the following table together
with the excretion per duy. Due to the surgical procedure, the patient
was on & very restricted dist with the result that for the first two and
one-hc1lf weeiks, little fcc;l ellm;nmtion took place. The per organ content
of skeleton and blood were taken on the basis of these structures, represent-
ing 15% and 10% respectively of the patient's weight. The sample of rib was
carefully slit open, the m.rrow remcved by gentle washing with normal saline
and then the trzbecular Lonz znd endosteum were scraped avay from the cortex.
The periosteum was likewiss renoved from the cortical bone and all four com-
compopents assayed for their plutonium content.

The relstively high content of olutonium in the sepur:ted
trabecular material from the speciien of rib, which also contzined the
endnstecl tissue, is correlited sith the raedioiutographie studies in ani-
mals, It will be rec:lled that bone radiozutographs showed the bulk of
the plutonium to be concentrated in the endosteal region and about the
trabecular bone, The relatively low values for cortical bone and periosteum
likewise follow the pattern indicated by the snimzl studies. However, the
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high pilutornium conbtent of iuoe aurrow in man was surprising since no indica-

~ tion of this fact ras evident from cur animal studies. The possibility of
entrapment of plutorium in the colloidal state by the phagcoeytic cells in
the marrow is rulsd out in our opinion for two reasons. First, animal
studies done concurrently by iatravenous injection of aliquots from the
same solution of plutcniua given te the patient showed no excessively high
concentri.tion in either the liver or the spleer.. .hken the material is
colloidal in chearacter, vary hign uptake values for these two organs have
been consistently cbserved. Second, the plutorium content of the spleen
of the patient was -uite ilcw. The nessibility of leaching of the plutonium
from the endosteum, when the marrow wzs washed cut from the bone, is very
unlikely due to the fact that under the fer more rigorous conditions surround-
ing decalcification of boae with dilute zcid, very little leaching takes place.
.ie have not received radioautogrzphs from rats receiving plutonium by in-
travenous injection and further more, all bone radicautographs available
at present from Berkeley have been f{rom animals that had received the material
wo months or longer before they .ere szcrificed, During this interval,
the plutonium may have wd; rated frow the marrow to the trebecular bone and
the endosteum. Because ol these two gaps in the picture, we cannot state
that under the conditions of this human study, the same type of marrow con-
centrztion does not exist in the rat. YWe are now going to secure bone radio.
autographs from rats under comparable conditions in an attempt to settle this

pOinto
ABLE IV
The Distributicn of Approximately 5 u gms of Plutonium in a
Human Pstient, ., Days Following the Intravenous Administration
of the Mzterial as PuOp(NOC3)p. The Excretion Dzte for the First
18 Days Following Administration is Included.
4 per Organ % per gram
Cortex L3072
sarrow 019
Spicules .032
Periosteum : « 0048
vhole Bone 87.2 »Q10
Spleen .22 ,0019
Tumor .0011
Omentum 200043
Skin 0048
Subcubznecus Tissue »00037
Blood : 7.L9 - 0013
Flasma »0023
REC .00028
“Prrenst



rrerp=ticn Data

1 2 3 Lo s 5 7 8 ' 9 10 11
Urine .43 .15 .12 021 037 LO0l4 Q4 .016 .069 .026 ,036
Feces »31 .0092

12 13 1 15 i6 17 18 19
Urine .029 .017 .017 .03 .l16 0056 ,010  ,0062
Feces L0117 .010

The human excreticn deta Indicates that the rate of urinary
elimination is almos! the same for rats given a portion of the same solution
of plutcnium, see Tabie V. : :

TABLE ¥V

A Comparison cof the Fates of ixcretion of Plutonium in the Rat
and Man Followinz the Intravercus ddministration of Pu02(NO3)2

RAT AN

Day ¢ Dose per Lay % Dose per Day

Urine Feces Jrine Feces
0-1 325 1.39% .8z 0
0 - 2 ol5z 2083% al5% 2 0076%
2-3 L0613 1.54% .12% [
3-4 .033% 1.52% LIO31% ¢
5-8 .023%  1.35% »J20% ,(
9 - 16 ,031% e ,028% [ ,0026%*

Also includes feces through 19 days.

The fecal excretion in the patient was far less but perhaps is
related to his operation and subseruent lack of fecal cutput. More speci-
mens will have to be accurulzted before any conclusive opinion can be reach-
ed in regard to thz rate of fecsl excretion of 3lutonium by this patient.

It is planied tc continue the daily collections of both urine and

feces frog this patient fer an indefinite periodl. In addition, there is
encuzh Pu“for another huran study when a suitasle patient is available.
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Tt should be pointed cut that = foel the use of Pu>36 as a tracer for
2 limited number of selected p ticnts is desirable since it is possible
to use from 1 to 5.u gms of plutenium, which is the range of dosage in
man thut is of greatect i: terest, due to the hish specific activity of
this material,

Mr. 3cott has recently developed a method for the reasonably
rapld and juantitative extraction of plutonium from 24 hour collections
of beth urine and .feces, The materizl is ashed and then the pilutonium
extracted from the ash by means of Hexone., From 75% to 80% recovery has
been consistantly obtcined. The entire procedure of ashing, extraction,
and counting c:n beé done with an average expenditure of 2 hours per sample,
providing adequate facilities for ashing are available. This method is
readily aduspted to handling up to ten days accumulztion of urine. The
final precipitate is mounted on platinum dishes 5 centimeters in diameter
to reduce self-absorption but even under these conditions our background
of the counter is approximately one count per minute. On the basis of
using 10 day urine samples, it should be possible to detect a daily ex~
cretion of 2 x 107 ° u gms per day., Difficulty of securing alpha particle
free reagents, particularly zirconium and lanthanum, presents a serious
problem and rust be kept in mind, Mackay's 1anthanum and zirconium are
particularly bad in this respect. The alpha activity from these reagents
follows very closely the chemistry of plutenium in this type of separation.

Qur work vith nlutonium has been greatly facilitzted by the ex-
tensive cooperztion glven to us by differenv members of Doctor Latimer's
zroup znd in partic%%gr, by Doctor Connick who supervised the preparation
of the sample of Pu“~* and assisted lr. Scott in developing his method for
assaying larce camples of urine and feces.

2., Decontamination Studies

Preliminary results indicute that the technique of overlayering
the endeostezl repion of the bone by the decalcification-calcification cycle,
descrived in an carlicr report mzy be successful., Additional data to either
substintiate or deny tais most hopeful procedure will shertly be available,

L., Soil Studies

Experiments were conducted to determine the degree of fixation
of precduct in its three valence stctes, on cliy, For preliminary experi-
ments, a hydroren clzy (Death Valley Bentonite) was sispended in distilled
water at ph 4.5. Although preoduct in the 43 and 4+, states tends to pre-
cipitate at the hydrogan icn concentrztions used, it is believed thut the
data nonetheless show :roncunced adsorpticn of these states on the clay.
The percentage adsorption of the three valence stutes on hydrogen clay
suspensions of various strengths is given in the following table:




Percent Conc. Percent Misticn Percent Fixation Percent Fixation

- of Clay of ¥3 of +4 : of 46 ~: . , |
»O1 94,2 66.0 18.6 Froe
+05 98.5 9. & 68.0
»10 G2.7 —— 95.0
50 99,9 — 99.1

. 1,90 99,3 — 79.4

. Additionzl expceiments are being carried out to determine the
fixction of product on clay under conditicns of grezter ccidity znd electro-
lyte concentrztion. It is of interest to note th:t a promounced difference
in the beh:vior of +3 znd +6 plutonium exists in the higher dilutions of
clay which then vinishes =t the higher clay concentr:tions. The lower
affinity of clay for +6 plutohium is rrobubly due to the fact that +6 pln-
tonium exists in colution as the plutcnyl (TuCa7”) ion while in the +3 state,
it exists zs Pu™7". The arfinity of clay for cutions is proportional to the
number of positive cherges carried by the ions in solution.

Ixperiments z2re in progress to ascertain the availability of the
three velence states of plutonium to plants.

5, Projected Siudies

The tracer, soil, plant, smoke, radioautographic and humzn studies
are to be continued for the next two months,



