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6.

RADIUM ANALYSIS OF MUNICIPAL WATER SUPPLIES
Jd., B, Hursthnd A, Gates

Backeround: The radium analysie of source and tap water obtained
from clties in the Unlted States has been continued and a2dditional results
have been obitained. TFor a description of the background of this study and
the methods of analysis used, see report UR-152.

Results: The results to date are listed in Table I (pagze 7).
Tt will be noted that repeat analyses of samples from the first 15 cities
show rather poor reproduclbility in some cases. During the period in which
the first measurements on samples of this group were made, minor improvements
in the apparatus and in the measurement technique were introduced, The
results of these improvements are evidenced in the better reproducibility of
the later repeaf measguremente, as well as in the third run checks of the
dlvergent valuas referred to above.

Distilled water blanks gave "radium content" measurements of
0.19, 0.19, 0.22, 0,23, 0.20, 0,15, and 0.21 x 10"‘16 grame radium per ml.
In order to get net radium content of the public water samples, 0.20 x 10"16
should be subtracted from the ueasured valuss ss listed in the table,

Diecussion: It should perhaps be pcinted out that the radium
values listed pertain only io the single sample which was analyzed, and
that seasonal variations unguestionably occur, pafticularly in supplies
using rivers as the source,

It may be of interest to note that when the projected analysis of
municipal water supplies is complete, the water consumed by 20 per cent

of the population of the United States will have been sampled and studled.
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TABLE I

Radium Analysis of Municlpal Water Supplies

Radiun Content in Unite of 1 x 10-16 gm radiun/cc*

City First Analysis Repeat Analysis on Same Watar Sample
Spurce Tap Source Tap
Salt Lake City 1.58 1.06 0.43 0.6
Bismarck, N.D, 3.02 0.42 2.07 0.31
"Denver, Col, 0.86 0.68 0.%0 0.50
Boise, Idaho 1.06 1.24% 1.23 0.90
Sacramento, Cal. 0.32 0.34 0.27 0,17
Los Angeles, Cal. 0.51 0.46 0.26 0.20
San Francisco, (al. 0.63 0,32 0.37, 0.30 0.18
Tacema, Wash, 0.25 0.51 0,13 0.10
Portland, Ore, 0.48 0.21 0.13, 0.21 0.09
Phoenix, Ariz. 0,37 0.35 0.40 0.29
Pierrs, S.D. 1.59 2.41 0.76, 0.74 ¢.23, 0.32
Wichita, Kan. 2.47 2.00 2.62 0.86, 0.89
Omate , Neb. 18.9 1.20 16,5 0.68, 0.63
Oklahoma ity 1.52 2.78 1.11 0.58, 0.49
Memphis, Temn. 3.13 2,88 2.20, 2.18 1.83
Dalles, Tex. 0.98 0. 0.93 0.43
St. louis, Mo, 11.3 0,40 10.6 0,33
Chicago, I1Ll. 0.3 0,42 0.37 0.40
Charleston, S.C. 2.03 1.60 1.84 1.50
Iouisville, Ky, 0.90 0.52 1.03 0.56
Indianapolls, Ind, 1.49 0.99 1.50 1.00
Detroit, Mich, 0.36 0.28 0.41 0.33
Buffalo, N. Y. 0,46 0. b2 0,48 0.1
Cleveland, Ohlo 0.4s5 0.35 0.1 0.37
Birmingham, Ala, 0.33 0,41 0.39 0.46
Cincinnati, Ohio 0.74 048 0,71 0.4
New Orleans, la, L,o8 0,30 b, 56 0.30
Atlanta, Ga, 0,29 0,19 - 0.29 0.26
Baltimore, M4, 0.31 0.20 0,35 0.23
Boston, Mass, 0,25 0.27 0,28 0.31
Charleston, W, Va. 0.59 0.56 0.49 0.59
Richmond, Va, ol 0,36 0.47 0.36
Faleigh, N. C. 0.37  0.37 0.33 0.41

*Dietilled water blanks which average 0.20 x 10"16 gramsfcc have not been -

subtracted from the values reported above,
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CYTOLOGICAL STUDIES ON THE BLOOD OF SALLY, AN INDIAN ELEPEANT

by

M, Ingram, L. Coonsn, J. Jespersen, G. Nielsen, D. Piatt, M. Wright

Background: Studies carried out in this laboratory have indicated tbat:

an incremsed incidence of lymphocytes with billobed nuclei in the peripherg;;t

blocd is & sensitive indicator of exposure fo extremely small doseg of 1onig#ég;
radiation in dogs and man {1, 2)}. The 2bnormal lymphocytes are hoted in sm;ji;;.
of peripheral blocd very infrequently. The "normal" incldence in a group °fé:,.
111 cyclotron new hires during a two year period ending October, 1950 was a?;\
follows: 3.7% of all blood smears examined contained one or more of the ab
normal lymphocytes. This corresponds to 0.022 lymphocytes with bilobed nucléi
per 1000 leukocytes or 0.07 lymphocytes with bilobed nuclei per 1000 lympho-
cytes examined. Even an increased incidence may represent very few cells on;fqg
an absolﬁte vasis, For example, in the group of 1ll new hires menticned abqyg,
0.15 lymphocytes with bilobed nuclel per 1000 leukocytes, or 0.5 per 1000
lymphocytes was considered to e a high incidence.

A reference by H. Fox to an unususlly high incidence of cells with bi-
lobed nuclel in elephant blood was called to our attention by Dr. W. B. Mason :
(3). According to Fox, 24f of the leukocytes were of this type and were des-
cribed as follows: .

"The cells called bilobed are unusual and can prokably best be asccount-
ed for as directly dividing small lymphocytes. The staining properties and
shape of the nuclei of the bilobed éells are most closely related to the
lymphocytes. They are not always regular, however, but may be almost as ir-
regular as the polynuclears. In practicelly every instance, however, & éon—
necting isthmus may be found between the spherical muclear portions. Ho

I EERTHEVI
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mitotic figures seen. The vrotoplasm is homogenous and pele blue or lilac
in relatively large amount. No granules were ever geen,"

It was decided to check this remarkable finding if the opportunity could
be found, as it wes eventually through a suggestion of Dr. W, H. Strain, who
suggested that Mr. Strassle of the Seneca Park Zoo might be of assistance in
the matter. Mr. Strassle was contacted, and agreed to make the Indlen elephant
and ex-circus performer, "Sally" available for the undertaking.

Procedure: On June 27, 1951, the entire hematology group accompanied by
E. Bay, M. Tyler, end W. B, Mason, set out for Seneca Park Zco, equipped with
several syringes varying in size from 2 cc to 30 ecc, powdered heparin, solutions
of heparin, procaine, needles ranging from No. 20 to Fo. 15, and a generoms
supoly of coveralips and blood pipetiee. The llterature offered little help
regarding the matter of bleeding elephants. An experienced zoo veterinarian,
however, bhad indicated that the ear presented the only largé superficial

readily identifiable veins.

Elephant Hendlingz: At about 9:30 A.M. the group was escorted into Sally's
two-room suite at Seneca Park Zoo. The elephant manifested considerable un-
easiness at the approach of atr;ngers.* Mr, Strassle energetically and skill-
fully meneuvered Sally into position so that she stood relatively guiet. This
favorable situation wae sustained by Mr, Strgssle’s feeding the elephant large
handfuls of candy at regular intervals, the length of the intervals being de-
termined largely by the gpeed with which Sally could swallow and reopen her
mouth. Once or twice the candy suprly ran out at crucial moments. Mr. Strassle
saved the situation in these instances by thrusting his empty fist quickly into
and out of Sally's mouth, after which Sally would swallow contentedly, sans

candy . A fresh supply of candy was procured each time before the limits of

*Thia feeling, it should be noted, was mutual,.

AEIEUE
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10.

Sally's gullibility were reached. It is estimeted that the elephant ate one
k=lf bushel of candy during the entire procedure,

Bleeding: Insvection of Sally revealed that the veins in the ears were
indeed large and superficiaml, and they would have been ideal for venepuncture
except that 1} the ears were in constant vigorous motion; 2) Selly seemed to
be cuite apprehensive about having people evenr looking at her ears, and
3) the ear veins could have been reached only with the aid of a ladder.
Farther inspection suggested that the tail might be & suitable site for ob-
talning blood, Eince it was out of Sally's range of vision. Consequently, with
one zoo aitendant steadying the elephantts tail, 3-4 cec of 1% proceine were in-
Jected subcutaneousiy sbout half-way up the appendage. No veln could be felt
through the extremely thick, tough skin, and after one or two attempis to
sepirate blood into 2 syringe, the idea of venépuncture vaes abandoned, and
blood was obtained by repeatedly sticking the tail vigorously in the vro-
cainized area with a No. 18 needle. Eech time several large drop; of blood
flowed freely from the puncture slte. The freely flowing drops were drawn
up into pipettes and discharged a drop at & time onto coversiips for blood
.ameara. Attempts were alsoc made to obtain routine dilutions for red and white
blood cell counts and hemoglobin determinations. The blood tended. to clot
very rapidly, however, and since smears received priority, not all the
routine céunta were obtained with desireble accuracy.

The bleeding procedure was complicated only by Sally's attempts to
8it down when the needle extended beyond the procainized area. This required
critically timed prodding and shouting on the part of the tall sttendant, and
gave rise to a certain wariness of the entire tall-end crew, but otherwlse

was not a serious detriment to the experiment.
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Results: Attention has been focused mainly on an evaeluation of cell types
as clessified on Wright stained =and pero#idase sfained blocd smears. Hesults
are oresented in Tables 1 and 2 (Pages 14 and 15}.

At the outset it should be noted that only after peroxidase stained
sﬁears had been examined was 11 poselble to clessify the cell typea. The
cells described by Fox were almost certainly polymorphonuclear leukocytes
with two-lobed nuclei. These cells on Wright's stnined smears very strikingly
resemble lymphocytes with bilobed nunelel, for the granmulation is not readily
apparent and the two lobes of the nuclei aprear to be spherical, unlike the
usual elongated lobes of the polymorphonuclear leukocyte nuclei, When the
two lobtes overlap to a large extent, the cells may be difficult to differ-
entlate from lymphocytes with slightly indented nuclei on Wright's stained
preparations. The peroxidase stain demonstrates that the cytoplasm of these
cells is filled with peroxidase positive granules. Morphologically, elephant
polymorphormelear leukocytes with three or more lobge in the nucleﬁs are not
remarkably different from the characteristic cell of this type in man. With
Wright's staining, the cytoplasmic gramles of the elephant's cells appear
slightly more pink then those of man, but are readily differentiated from
eosinophiles which possess the usual large globular brilllant pink grammles,

A total of approximetely U000 leukocytes were examined on fiveldiffer—
ent peroxidase-stained smears, and no lymphocytes with bilobed nuclel were
seen. The lymphocytes in general tend to be relatively large, with abundant
cytoplasm. Some of the large peroxidase-negative mononuclear cells which
were observed were difficult to classify, although for the most part, they

resemble lymphocytes and seem to belong to that serles of cells.
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A few typical monocytes were observed. These have rounded or very
slightly indented nuclei with very fine chromatin structure and finely stippled
pale lavender cytoplasm.

Discussion: This study clearly demonstrates the great value of using
peroxidase-stain in studying blood smears, particularly when there is a
guestion relative to the classification of cells as lymphocytes or grannlo;
cytes. The falrly close agreement between initial differential counts of
leukocytes on ¥Wright's steined blood smears and the differential counts of |
elephant blood as reported by Fox, and the mistaken classlfication of certain
ceils in both these studies Qhen interpreted in light of peroxidase staining,
indicates that the Wright's.stained smears may indeed be misleading in this
respect.

The presence of lymphocytes with bilobed nuclei in the peripheral
blood tends to lead to speculation regarding the sipgnificance of their
presence. One posaibility is that they may be dividing cells, This was one
reason for the interest in cerrying out the studles presented in thla paper.
If the incidence of these cells were mctually phencmenally high in the
elephant, one might entertain the notion that the huge size of the beast
plus a very slow heart rate {about 30-h0 beats per ninmite) would result in
the lymphocytes being in the peripheral blood stream for relatively long
periods, so that they would be obliged to divide in trensit, Since the in-
cldence of lymphocytes with bilobed nuclei in the blood of the elephant was
found net te be high, this assumptlion is not substantiated.

Summary: A& study of the differential leukocyte count of an Indian
elephant was carried cut for the purpose of checking & report (published
in 1923) of a remarkably high incidence of cells believed to be lymphocytes

with bilobed nuclei in the peripheral blood of elephants,
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With the aid of vercxidase staining, the cells in question were found
be gramlocytes. The differential leukocyte count of the elephant "Sally™

presented in table form and discussed briefly.
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16.

ELECTRCLYTE STUDIES IN IRRADIATED DOGS

by

W. B. Mason, M. P. Coulter and F. W. Furth

Serum sodium, potassium, chloride, and carbon dioxide content have been
determined serially on dogs receiving single nassive whole-body exposures to
x-rays. Sodium, potassium, and chloride have also been studied by a balance
technigue. The sallent obBarvations are reported briefly in the paper which
follaws.

Balance Studies

Procedure: A total of 10 dogs were studied. These were adult mongrel
dogs { 5 males, § females) previously dewormed and vaccinated against dis-
temper. The dogs were housed in individunl galvanized metabolism cages and
offered a diet consisting of 300 grams (dry weight) Purina laboratory chow
mixed with 600 ml. of tap water per 24 hours. This corresponds to en average
daily intake of 55 meq Na, 57 meq. X, a2nd 50 meq. Cl. At the end of the 24 hour
period (10:00 A.M.) the metabolic residue within the cage {including urige,
feces, uneaten food and vomitus, if any) was collected and made uniform in a
Waring blender. Aligquots (epproximately 1/200 of the entire sampls ~ usually
welghing roughly Y4 grams) were weighed into clean dry beakers, subjected to
wet combustion, end assayed for ¥a, K, and Cl. Nﬁ and K determinetions were
done by flame photometry. All determinations were done in triplicate.
Chloride was determined by & modified Cariuva procedure, using an open vespel
for the wet combustion. This procedure was shown to give chloride recoveries
sufficiently accurate for the problem at hand.

Tach dog was studied continuously during a period extending from

approximately 12 days prior to irradiaticon until death, or to & maxipum of

"UR 01783



17,

P8 days after exposure. Radiation exposure consisted of 450 r of whole body
z-irradiation (250 KV - Al parabolic and 7.5 mm. Cu. filtration) administered
et a rate of 7 r ver mimte.

Observations: Both Na and €1 sre irregularly lost in small amounts

{h-15 mea. per day) during the 3rd week after exposure. These loases correlate
well with the reduction of intake of food and water at that time. Beginning
4.5 days after exposure there is & slight increase in the Cl/Na ratic of the
netabolic residue., This is meximal during @& veriod from the &th to 18th days
after irradiation, when it amounts to an excess of approximately 5 meq. C1 per
day over the Na valﬁe. The relative increased loss of chloride parallels a de-
crease in serum Cl/Na and COy/Na ratios. Terminally, the C1/Na ratioc of the
metaboliﬁ residue returns toward normal values,

Although not & certain finding, the data alao suggest that there may be
potassium retention amounting to some 10 meq. per 24 hours during the latter
part of the first week followling exvosure, This change is overshadowed by ir-
regular potassium losses (amounting to 10-20 meq./2V hours) which occur during

the 3Ird post-exposure week, and parazllel losses in both Fa and Cl.

Serum Electrolyte Studies

Procedure: Six adult mongrel dogs {3 males, I females} which served as
a control group for therepy studies reported elsewhere were used. These
animals were housed individually, and food (Purina laboratory chow) and water
were available ad.lib. Blood wes obtailned from the juguler vein and promptly
centrifuged. Clean, dry equivment free of Na, K, &and Cl was used in all in.
stances. Na and X were determined by flame photometry. Chloride was de-
termined following deproteinization with tungstic acld by ﬁhe Volbhard

method using nitrobenzene to sharpen the end-point. The manometric Van-Slyke

BIELKRY,
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technique was employed for determination of €Oz content, using 0.2 ml serum
samples. All determinetions ﬁere done in duvlicate, if sufficlent serum was
available.

Determinations were done on three occesions during the week preceding
irradiation, and on post-exposure dsys 3-4, 7, 10-11, 14, 17.-18, 21, 24-25,
and 28, if the animal survived to that period.l Radiation exposure consisted
of 575 r of whole body x-irradiation (1 mev - Pb parabolie filter) administered
at a rate of 8.2 r/min,

Observations: (Based on average values for all living animals).

Serum Na remained normal (147 mea./1) during the first week following
exposure. During the 2nd end %rd weeks, however, there was & progressive de-
crease reaching 135 meq./l in the two animals surviving to the 21st day.. The
cne animal which lived showed a marked rise to a value above normal (161 meq./l)_
during the 4th week.

Serum K fell progressively, beglnning about the middle’of the lat post
exposure week, and reached & minimum of 3.6 meq./l (pre-exposure 4,7 meq.{l)
on the 2lst day (2 dogs). By the 28th day, the value had increased to h.ﬁ
meq./l in the one dog which survived. The serum K/Na ratio fell from & pre-
irradiation value of 0.032 to 0.028 during the first week, but showed no
further change during the remainder of the exverimental vericd.

Changes in gerun chloride roughly paralleled those of sodium, and
reached 2 minimum of 101 meq./l 21 days after exposure. The Cl/Na ratio,
however, fell steadily during the 3rd and 4th weeks, and by the 28th day
had reached 0,72 (pre-exposure 0.76)} in the single surviving animal.

Both the serum COp content and the C0,/Ha ratio showed parasllel changes
of roughly equal magnitude. A steady fall occurred during the 2nd and 3rd

weel, and by the 21st day the €Oy content was 19 meq./l (26 meg./l vre-expo-
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gure). Both the COp content and the CQy/Na rabtio returned toward normal during
the 4th week, but at the end of the experiment were still below their initial
values.

The moet striking cﬁange in serum electrolyte cccurred in the undeter-
mined acid fraction, i.e, the sum of Ha + K less the sum C1 + CO45 content,
Initially this difference amounted $o 15 meq./l serum. During the first week _
the difference decreased slightly and remained at 12 meq./l from the jrd to thlej
7th days. Thereafter, however, there was a steady, almost linear, increase and?-ﬁ
by the 28th day, the undetermined acid fraction emounted to 26 meg./l in the one."\"_
surviving dog. There was no indication that a maximum had been reached by the
end of the 28 day experimental peri;d.

Discuesion: The slight, tut probably real, electrolyte changss which have
been observed in dogs folloying single massive whole body exposures to x-rays
are in keeping with changes kmown to occur &g a result df dehydration and
starvaticn of moderate degres. 3Boeth of.these occur following whole btody exposure-
to z-rays. It would appear that dehydration and starvation provide an adequate
explanation for the observed changes. Additionel studiea will be necessary to

complete confirmation.
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EFFECTS OF Z-RAYS ON YEAST GROWTH AND METABOLISM
W. J, Balr and?g. ¥. Stannard

Background: A large store of information is now available concerning
the enzymes =nd metabolic reactions present in ysast cells. Considerably
less information is on record concerning the effects of x-rays gnd o ther
ionizing radiations on yeast metabolism. Thls is true in pari{ because
yeast is not particularly radiosensitive. More recently it hes been
demonstrated that many vital enzymatic processes in yeast reside on the cell
surface {(1). The possihiliﬁy that the presence of these surfacs reactions
might permit some diffe#entiation of "direct" (target) effects of radiation
from "indirect® (ﬁedia) effects led us to undertake background investigations
of the effects of x-rays on the metabolic processes in bakers! yeast. The
present report contains the first of our observations along these lines.

Methods: TFresh bakers! yeast obtained weekly from Standard Brands,
Inc., or yeast seeded from this and cultured 24 hours in Spiegleman's
medium (2), was used in tﬁeas experiments, Yesast removed from the center
of the cake was washed twice in distilled water, centrifuged for 2 minutee,
and resuspended in M/15 KE,PO) buffer (pH 5.6) to the desired concentration
(2 to 5 mg/ml) as determined by turbidity measurements with a previously
calibrated Rouy~Leitz Photrometer. Yeast grown in Splegleman's medium was
harvested by centrifuging and washing twice with distilled weter and
rasuspeqded in M/15 xazpob buffer to the desired turbidlty.

For lrrediation the suspension was divided into two portions; one
being placed in an Erhlenmeyer flask as a control, the other in a 25 ml
Petroff flask for irradiation. Moist ox&gen was bubbled through both

suspensions during irradiation; the control being placed in the x-ray

LRt
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room behind a 1/2-inch lead shield. The temperature of both suspensions

during irradiation was 22°C. The radiation factors wers 250 KV, 15 MA,

no filter, 2000 r/min. as measured inm air; total dose = 90,000 r in 45

minutes*, ZFollowing irradiation, the turbidity of both suspensions was

checked,

Bespiration measurements were made using Warburg-type reapirdmetera.

- Asrobic studies were made by the direct method of observing O, uptake and

002 production, Sufficisnt glucoss solution was tipped in at the beglnning

of the experiment to make the final concentration 0.05 to 0.075 M, TFor

determining anasrohic CO, production, Hé was passed through the flask and

2
manoneter for 15 minutes prior to tipping in the glucose, GShaker speed wae
110/win, and the suspensions contained 2.0 to 2.2 mg. yeast {wet weight) in
2 ml of solution. Temperature of the bath wes 26.00° + 0.30°C. Q values
(QOZ, Qggz, Qggz) were calculated as pl/mg dry weight/hour, Dry weight was
determined to be quite constant at 27 per cent of the wet weight under these
experimental conditions.

The rate of glucose uptake was determined colorimetrically in & series
of vessels beginning 2t one hour after the start of irradiation. About 6 mg
of glucdse was added to each vessel Bo that the final concentration was 0,015 M.
The total volume of yeast suspension ﬁas 2 ml. For anaerobic determinations
of glucose uptake the vessels were flushed completely with nltrogen and

stoppered. They were incubated at 30°%C and at predesignated intervals removed

for glucose analysis, Following centrlifuging to remove the yeast cells the

*The irradiations and dose rate measurements were parformed by
Mre. Florence Van Slyke, Radiation Physiology Section,

A UN
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supernatant liquid was diluted to 100 ml and the amount of glucbse in 1 ml
determined by the method of Folin and Malmros (3). At least two standards
were prepared at the same time by adding 6 mg glucose to 2 ml. of distilled
water., Assuming that the average value obtained for the standards represented
the amount of glﬁcoae added to the yeast suspensions, the glucose uptake from
the medium was calculated.

To study colony formation aiiquots of irradiafad and non-irradiated
call suspension were removed for counting by the flood plate method, Anderson
and Stuart (4), es used by Sherman and Chase (5}, The coloniss were counted.
24 hours after start of irradiation, spending the interim except for the
irradiation periocd, in an incubator maintained at 3006.

An estimation of cell death due to irradiation was attempted by
stalning with methylene blue and counting., Two drops of suspension were
mixed with two drops of G.1 per cent methylens blus in Hf15 phosphate buffer,
After 15 minutes the stained suspension was placed ln an improved Neubauer
counting chamber and the cells counted,

Besults: 1. Inhibltion of colony formatlon ve, catabolic reactions.

The relatively high radiosensitivity of certain growth and many other anabolie
processes lg, of course, well known., To begin our studies, determinatione

ware made in our yeast of the relative dosages raquired to prevent cdlony
formation me compared with what might be regarded as more characteristically
catabolic reactions (such as oxygzen uptake, fermentation capaclty, ete.),

No exhaustive study was made since this point has ﬁean amply studied by

Sherman and Chase {5). Ve checked two levels and our results indicated clearly,
in agreement with these authors, that colény formation can be completely
pravented at x-ray dosages far below those which cause little or no changs

in over-all gaseous metabolism,
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With our conditions and yeast an alr dose of 20,000 r units
completely prevented the formation of new colonies, while, as will be shown

below, even 90,000 r failed to prevent oxygen upteke, C0, produciion, or

the uptake of glucose by the cells. A.difference in radiosensifivity of these
processes was expected, but such a wide separation is especially convenient
for further experimentation,

2. (lucose uptake; The upteke of glucose by yeast very probebly

involves the cell membrane in an active process (6). It was thoughtthat
this process might be a useful indicator of any differeptial effects on the
coell surface enzyme systems, particularly by substances prcduced in the
medium, Measurement demonstrated, however, that 90,000 r of 250 KV x-rays

under our conditions did not alter markedly the disappearance of glucose from

the medium, As shown In Tables 1 and 2, this dosse, almost five times.that

necessary toinhibit colony formation, failed to ®low or inhlbit the uptake

of zlucose under either aeroblc or mnaerobic conditions, In fact, the glucose

uptake rate in fermentation seemed to be slightly increased (Table 2, page 24),

This appears to be ;he cage also under mercbic conditions but 1ls largely

limited to the first thres or .four hours and is followed by eome inhibition o

of questionable significance, N

These trends are evidenced by the averages plotted in Figure 1 (page 25).

The mathod of determination is considered sensifive to at least
10 ug (3) and while there are too few experiments to apply ordinary tests ‘:ff:~*
of significance, the differences between 1rradiated cells and controls are
regarded as real.

3. Oxygen upteke: The extraordinary radio-reslstance of catabolic
reactions in the yeast cell 1s illustrated by the data summarized in

Table 3 (page 26) and Figure 2 (page 27). An alr dose of 90,000 r units
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TABLE I
AEROBIC GLUCOSE UPTAKE BY YEAST®
Exp. # 15 Exp. # 16 Exp.

Time* Irradiated**!Control Irradiated Control Irradiated
hrs, mg ng mg ng mg

2 0.4 0.3 1.4 0.7 1.1

3 1.8 1.1 3.0 2.0 2.5

4 4,1 3.0 4.1 4,1 4,1

5 4.3 3.8 bod 3,8 4,8

é 6.2 6.1 544 5.3 4,8

24 7 T

£ Figures represent mgm. glucose dissppearing from the medium at 30°'0;;;3

There were 5 mg yeast (wet weight) in Exp. 15 and 4.5 mg in.
Exps, 16 and 17.

5
* Time after start of irradiastion., At one hour 7.1 mg glucose were added:
in Exps., 15 and 16, 6,2 mg glucose in Exp. 17. '

** 90,000 r air dose, 250 KV X-rays,

TABLE II
ANAEROBIC GLUCOSE UPTAKE BY YEASTF
1 Bxp, # 21 B, # 23
| Time* Irradtated*% Control Irradtated | Control
hrs, ng mng ng ng
2 0.7 0.7 3,0 2.6
3 3,8 34
345 2,8 1.4
4 5.0 44
5 2.6 2.2 5.9 5.1
6 6.2 5.5
6.5 3,1 2.4
8 4.0 3.3

+ Figures représent mgm, glucose disappearing from the medium at 30° O,.
There were 2,1 ng yeast {wet welght) in Exp, 21, 4.2 mg in
Expﬂ 0234!

* Time after start of irradistion. At one hour, 6.7 mg of glucose were
added in Exp. 21, 7.4 mg glucose in Exp. 23,

#* 90,000 T air dose, 250 KV X-rays

Lt
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/ Nén ‘Trradisted

Mg. Glucose Used

{lucose Added

0 1 2 3 4 5 6

Hours after Start of Irradiation

Fig, 1 Aerobic Glucose Uptake by Yeast (averages of three experiments,
sdjusted to the basls of 4,5 mg of yeast)
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TABLE III

OXYQEN UPTAKE BY BAKERS' YEAST, EXPRESSED AS QO (pl/mg dry
welght fnour) ¢ Dosage, 90,000 r, 250 KV X-Rays

_ Time* Exp, # 24 Exp, # 26 Bxp, # 27 Exp, §# 30%%
hrs. {Irrad, |[Control | Irrad, |Control | Irrad. [Control| Irrad. | Control
-1 (BAucosq added
2 69 .4 67, bhoh | 51,6 14,7 2.3
2.8 741 70.0 64, YA 13.1 7.7
3 74,7 T2 .2 68.2 68.6 6,96 2.1
3.5 66,9 59.2 66,6 58,7 11,6 9.7
4 67.2 61.0 61.5 54,3 2.3 10.4
4.5 B2.5 85.1 58.2 62,1 17.7 17.2
5 57.7 51.8 58.4 | 48,6 15.4 { 22,7
5.5 62,4 57, 56.3 | 49.0 18,5 | 15,7
6 60.5 54,8 52.9 47.7 24,6 2.7
6,5 64,2 56.2 54,3 50.2 14.7 15,7
7 54,9 48,0 52.3 42,5
7.5
8 56.9 9.8
8‘5
9 50.6 44,1
10 42,8 41,0
13,5 64,8 48,4 35.5 | 28.9

* Bours after start of irradistion

¥ 2/ hour culture in Splegleman's mediun
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0, UPTAKE OF BAKERS' YEAST

125
550.%

100 -

-25 : '
2 5 % 5 3 7 g ar
Hours after Sta:rt of Irradiation

Concentration of Irradiated-Suspenaioha

Exp, 24 ~ 2 mg/ml Exp, 27 - 1 og/ul .
Exp., 26 - 1 mgfml Exp, 30 — 2 ng/ml
(Leboratory culture)

Fig. 2 Changes in Oxygen Uptake after Irradiation

UR Q1794



28,

of 250 XV x-rays failed to inhibit the over-all oxygen uptake of bakers!

yeast respiring in 0.05 M glucose, In fact, it appeared to produce & small

but consistent stimulation. The stimulation appeared whether the cells were
cultured in the laboratory (experiment 30) or used directly from the block-_

of commerical bakers! yeast (see contrasting effect on 002 production below).

The figures for the first thres hours in experiment 30 indicate a very large-
stimulation, but are too erratic to be considered significant without -

confirmation.

L. Anaerobic C0,,_production: Comparable data for anaerobic OO

2
production are shown in Table 4 (page 29) and Figure 3 (page 30)., Yeast

used directly from the original pound block showed & decreased rata'of
fermentation after irradiation in only two instances {hours 2.4 of eéperiment
23). Othervise, this dosege produced varying degrees of stiﬁulation. Ebwefer,
2n inhibitory action is seen in experimenf 29 employing yeast cultured in
this laboratery., This may, if confirmed, indicate an effect of cultured
conditions., Sherman and Chase (5) found uniform inhibition of anaerobic
002 production by fhis dosage of xX-rays only in yeast grown in Reader's
medium and émphasized the role of previocus culture conditions on the
susceptibility of this particular process 4o radiation.

5. Dilution: The concentrations of yeast were chosen to be within
the moTe sensitive range demonstrated by Sherman and Chase (7). No effect
of concentraticn wae noted over the range presented herein, but more formal
studies of the dilution phenomenon are 1n progress,

Discussion: The preliminary experiments reported here illustrate
the ease with which frankly anabolic reactions such as colony formation can
te prevented by x-irradiation without obvious damage to the over-all catabolic

reactions, This is an expected result. Stimulation of catabolic reactions
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30.

ANAEROBIC GO, PRODUCTION OF BAKERS! YEAST

125
100
75—
50—
25
0
Exp. 29
—25-
T ;
2 3 4 s 3 7 8
Hours after Start of Irradiation
Concentration of Irradisted Suspensions
‘Exp. 18 - 4 mg/ml Exp., 22 — 2.1 mg/ml
Exp. 20 - 5 mg/ml Exp, 23 — 2.1 mg/ol
. Exp, 21 - 2.1 mg/ml Exp. 29 — 1,9 mg/ml
oy " (Laboratory culture)
ig. 3 Changes in Anserobic (O, Production after Irradlation UR 01797
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in yeast by x-rays has not been reported to our knowledge, althcugh this
effect is not unexpected either. In fact, Giese (8) has found, under certain
conditions, rather large stimulations of the endogenous respiration of yeast
by ultra-violet light, and Fenn and Latchford (9) reported a fairly consistent
increase of muscle respiration (about 30 per cent) following largé doses of -L;
unfiltered x-radiation., More recently, Richmond, Altmen, and Salemon (10)
neted stimulation of the oxyzen uptake of bone marrow efter irradiation.

The mechanism of these effects is probably complicated and indirect.
However, in view of their simllarity to the effects of'chemical,agents such
ap azides and dinitrophenol where uncoupling of high energy bound phosphorylations
cccurs, the increass in over-all catmbolic reaction rates at x~ray dosages
sufficient to prevent many anabolic reactions may be indicative of some inter-
relationship.

The fact that glucose uptoke was not inhiblited by 90,000 r of x-rays
somewhat negates the hope of separeting “diréct" from "indirect" effects of
x-reys by a study of reactions at the yeast cell surface (presuming glucose
uptake involves the cell surface directly). However, a more formal study of
dilution phenomens and of other reactions shown to occur at ths cell surface
(1) is planned before dismiesing these possibilities.

Summary:

1. X-ray dosage levels have been establisghed for complste inhidbition ';;
of colony formation by bakers! yeast without inhibition of over-all metabolism, |
A convenient level for this situation.is 20,000 r, 250 KV x-rays, This confirme
the results of Sherman and Chase (5),
2. VUnder our conditions 90,000 r, air dose, of 250 KV x-rays

usually produced a small but consistent stimulation of both oxygen upteke and

anaerobdic 602 production at this dosage level. These stimulation phenomena

PEAGS G
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have not been described previcusly under these conditions;

3. Glucose uptake was measured as a reaction involving the cell
surface. An x-ray dose almost five times that sufficient to produce complsete
inhibition of colony formation did not slow the rate of glucose uptake by
the cells, There was & slight atimulation of glucose use under anasrobice
condi tions,

4, fThese preliminary expsriments ars being extended.
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THE OZCHNOLYSIS OF SUBSTITUTED MALEIC ACID IMIDES
AND TERIR USE IN THE DEGRADATION OF PORPHYRINS
By
J. E. Richmond and E. I. Altman

Background: The need for a suitable method for the degradation of
tetrapyrrols, such as protoporphyrin and chlorophyll derivatives, for the
purpose of studying the Clh distribution after incorporation of Clu—labaled
precursors, has led to the development of & method for the degradation of
the oxidative breakdown products of tetrapyrrols, The methed here to be
reported permita the isolation of fragments of -the pyrrol nuclei in good
vields. Although the oxidative degradatlon products of porphyrins have
been further degraded by other means (1), these proceduree have not been
accompanied by good yields.

Mathods: The method to be described lnvolves the prap#ration of
crystalline ozonides of methyl ethyl maleimide and hematinic acid imide.
The preparation of one of the ozonlides, namely methyl ethyl maleimide, haa
been described briefly by Flacher and Deéelig (2). Ozonlzation of methyl
6thyl maleimide and hemstinic acid imide obtained from chromle acid
oxidation of protoporphyrin IX (3) was carried out by passing ozone
(1.8 maq,/min,) from & high-voltage type ozone generator for 30 minutes
through & chloroform eolution containing the respective substituted maleimide
in concentrations of 100 ng. per 100 ml, chloroform, Both ozonides could
be brought to crystallizetion by concentrating the chloroform solution to
a small volume in & vacuum demsiccator. The produbts were recrystallized
gaveral times from chloroform-petroleum ether., These ozonides, in contrast

to the ozonide of unsubstituted malelc acid, are quite etable and could be

characterized by melting point, elementary analysis and infrared and ultra-
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vigolet spectra.
Some efforts have been made to characterize the ogonides. First
of all, elementary analyses have been carried cut with the following results:

Mathyl ethyl malelmide ozonide

Par cent Par cent Per cent
c H )
Found 4542 5.11 7.86
Calewlated k5,00 k.83 7.50

o

infrarad absorption spectra were measured by depositing the ozonides in
question on AzCl plates*, The spectra ers shown on the accompanying figuree 1 and 2
superinmposed upon the parent compound, that is, the respective subatltuted
maleic acid imides,.
Since the decomposition of these ozonides by the usual, mild procedurea
proved unsuccesaful, 1t wae necessary to resort to more vigorous methods.
Thus, the catalytic hydrogenation of the ozonides according %o the method
of Fischer, Dﬁll, and Ertel (&), using Pd—caco3 as catalyst, led to decomposition
0f these stable ozonldes and to the isolation of the expecfed decomposition
products in good yield. The following decomposlition products were finally

isolated from.the two ozonldes,

0
773
CE3-C = C-CH,CH, CHy-C h C~CHL,CE, CHy-C=0  0=C-CH,CHj
I — [ ) P, | |
0=C_ C=0 0=C =0 Hp 0=0 =0
N 7 ~ N
B B - E N _
_ cgjcoooon
Methylethylmaleimide C 303200000H
. . 05 AN
B.~C = C-CE,CE,CO0E CH.-C C—CH,CH,, 600K CH,~C ~CE..CB.,COOH
T R |22 _Pa EI
0=C C=0 - 0=C C=0 : Hy 0=C c=0
‘g4 Ny~ \ /.
E B K \l
L H -
CH, COCOOE+
Bematinic Acid Imide cogﬂ-cHZCHz-cocoon

*We are indebted to Dr. Steadman and Mr. lLevy for these measuremontsa,
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Twenty milligrams of the ozonide were taken up in 50 ml. of dry ethyl

acetate and 10 mg. of Pd~0al0, were added, Hydrogen gas was bubbled through

3
the reaction mixture at athSphéric pressures and at 25°G for one hour.
The reaction mixture was then centrifuged and the supernatant removed and
extracted several times with ethyl acetate. The sthyl acetate solution
vas evaporated to dryness and the oily, uﬁsymmatrical imide transferred to
a sealed-fube Bystem for hydrolysis with 50 ml, of saturated barium hydroxide,
The sealed tube was shaken continously at room temperature for 24 hours,
the contents acified, and the carboxylic acids exiracted with ether., After
removal of the ether in wacuo the alpha-keto aclds were converted to their
corresponding 2 4-dinitrophenylhydrazone derivatives for the purpose of
chromatographic separation, The 2, 4-dinitrophenylhydrazone de}ivativgs
of the resulting alpha-keto acids were chromstographed on supercel, '
esBentially according %o the method of lLePage (5) with slight changes in
the relatlve proportlons of the solvents uséd for adsorption and developument
of the chromatogram, The phenylhydrazone derivatives were eluted from the
supercel column, recrystallized several times, and were then characterized
by correctness of the melting point., The phenylhydrazone derivatives could
then be degraded further by one of several known methods leading %o the
lsolation of single-carbon fragmenis,

Conclusion: A feasible method for the degradation of porphyrins
of the protoporphyrin IX type is described. Thle method is applicable to
studies of lsotope distribution mmong the carbon atoms of the porphyrin
fkeleton eince 1t permits eventual isolation of the individual carbon stoms
14

-and, therefore, measurement of the C° activity of an individual carbon

atom contained in the propbyrin ring. This method will find ite application
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in future studies with various precurosrs of hemin and chlorophyll.
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SERUM AND URINAEY PLASMIN ACTIVITY REIATED TO THE HEMORRHAGIC DIATEESIS
I§ IRRADIATED DOGS :
By

J. Colgan, B, Gates, and L, L. Miller

Fidrinolyels has been the subject of speculation as a factor in the
pathogenesis of the post-irradietion hemorrhagic syndrome in goats (1), but
no study of the relation of large dose whole-body irradiation to changes in
fibrinolytic enzymee has come to our attentien,

We have observed a close assoclation between & rise in the urine and
total serum plasmin activity and the developﬁent 0of the hemorrhagic syndrome
in doge after exposure to 450-700 r of whole-body irradiation, The change
in the activity of the ur;nary enzyme is more promounced quantitatively
and approximates a fifty to on; hundred folﬁ increase of cbntrol-base line
activity,

Of perhaps greater slgnificance is the faét that the fibrinolytic
activity increases markedly 24 to 48 hours before the dogs manifest gross
hemorrhagic lesions and become clinieally very 111, The enzyme activity
remains abnormally high in the dogs that go on to die with hemorrhage as an
outstanding, if not primary, cause of death. .

Methods: Healthy adult dogs of predominmily beagle sirain maintained
on the stock kennel diet were kept in metsbolism cages for the collection of
urines which were preserved by freezing 1ln dry ice-acetone. B3Elood was drawn
daily in amounts of 5 to 8 cc to provide serum for testing. _

The methods of assaying serum and urine were essentially those of
Cristensen (2) and Ungar (3) respectively. The level o} the urine enszyme
activity is assessed ag the maximum dilution of urina‘to which an added
standard amount of beef fibrinogen (4) fails to form a clot after incubation

for exsctly 30 minutes at 37° C, when hemostatic globulin Lederle is added,

C5b bl
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The Berum enzyme activity is reckoned as that dilution of serum which
within exactly one hour at 37° C completely lyses a standard fibrin

clot formed at the outset of the test by mixing & standard amount of beef
fidbrinogen with the streptokinase activated serum in the presence of
hemoatatic globulin, |

In the case of the serum, the plasminogen is thuse fully activated
with streptokinase (gererously supplied to us by the Lederle Company,

Pesrl River, ¥. Y., as & streptokinase-streptedornase mixtura).and the result—l
ing activity corresponds to the total of serum plasmin plus plaeminogeﬁ. Qur
attempts to fractionate dog serum quantitatively to remove natural serum
inhibitors as described by Milestone (5) and Cohn (6) have failed to glve
clean-ceut fractions, DTor this reason we have chosen to study the plasmin
activity in the presence of the natural serum inhibitors,

As alresdy noted by MacFarlane (7) we have found that the urinary
enzyme is excreted in the fully.activated state, and 1ts activity.is there-
fore measured without streptodornase activation.

Although each dog served as 1ts own control, the base llne data
obtained in the two to four daye preceding radiation show very closely
similar activities in both plasma and urine of all dogs.

Badiation factors for the X-ray machine used zre 250 kilovolts,

15 millizmperes, aluminum parsbolic filter plus 0.5 mm of copper, half-
value-layer equivalent to 2,15 mm copper, and skin target distance
36 inchas,

Besults: Six animals héve been studied to date and the results are
without exception very closely eimilar. However, for the purpose of this
raport the resulte of only two experimenis will be descridbed in detall,

Table I presents the results of ohservation on Dog D2 and Table II
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TABLE 1

Dog D-2 Femnle Beagle

Urine

Time in Serum
Days Before and Fibrinogenolytic Fibrinolytic Remarks
After Radiation Titre Titre
i Undiluted urine 1-1500 Normal
-3 shows partial 1-1700 "
2 destruction of 1-.1%00 "
1 fibrinogen after 1.1500
. 30 min. at 37%(.
700 r Whole Body Radiatlon
1 1-1600 Vomited after X-Bay
2 1.15%00 Dog eating poorly
3 1-1600 Slight dlarrhea, no food
4 1-7 1-2000 Slight diarrbea, food started
5 1-9 1-2000 Diarrhea persisting, food intake
, normal _ o
6 1. 1-.1900 Stoole solid. Unremarksble
1 1- 1-1900 .
2 1—3 1-1700 " .
9 1~ 1-1500 "
10 1-5 1-1600 "
11 1-4 11500 "
12 1-5 1-1600 Slight dilarrhea
13 1-5 1-1700 Unremarkabls .
14 1-15 1-2000 Anorexic. HBC sedimentation rate
) grosely lncreased
15 '1-1.8 1-2h00 Injected 250 ml Locke's solution
IV. Dog drooling from mouth.
Ate 1little
16 1-25 1-2500 . Anorexic. Dog drooling and weak
17 1-50 ' 12500 Dead '

Autopsy Findings in Dog D-2

Multiple scattered hemorrhages in thoracic viscera, lymph nodes, GI tract,

skln and adrenals. Pneumonia, right lower lobe. Pulmonary edema.

[ ]
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TABLE II

Dog D-3 Female Shepherd Mongrel

s

Time in Trine Serom -

Days Before snd Fibrinogenolytic TFidbrinolytic Remmrks
After Radiation Titre Titre
& Undiluted urine 1-1900 Normal
-5 some fibrinogen 1-1900 "
b destruction in - 1-2000 .
30 min.
3 Undiluted urine . 1-1900 "

completely de-

stroyed fibrine-

gen 1n 30 min. ‘
2 1.1300 » B A
1 ’ 1-1900 " B PSR A

450 » Whole Body Badiation

1 1.3 1-1500 Unremerkatle
2 1-3 . 1-2000 S1ight diarrhea
3 1-5 1..2000 Unremarkable TN BRI
1 1-11 . 1-2200 "
5 1-10 1-2100 " SRS (R
6 Contaminated 1-2200 Diarrhea PR
with feces be- N
yond use : - )
7 1.3 1-.2300 Stoole solid. Unremarkable
g 1-2 1-2300 " -
9 1-3 1-2300 RBC Sedimentation rate grossly .
: increased
10 © 1=k 1-2200 Diarrhes - e
11 1-3 1-2200 Stools solid
12 1-.25 ' 1-2200 Stools solid
1 1-35 1-.2200 Diarrhea ' .
1 1- 1-2500 Conjunctival hemorrhage. Ulcera-
_ ’ tion of 1ip with edema R
15 1-70 12600 Tdema of mouth increasing. Dog -~
N very wesk s -
16 1-75- 1-2500 Ulcer and edema severs. Dog DR
failing -
17 Dead.

Autopsy Findings in Dog D-3

Massive pulmonary hemorrhages in left upper, lower and middle lobes, and in.
right lower and middle lobes. Hemorrhages of skin, dlaphragm, intestines, lymph nodes, .

and conjunctiva. Infected ulcer of lower lip, IR
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presents thosa on Dog D3. Both dogs showed some clinical disturbance
manifest by slight malaise and diarrhea in the first few days after radiatioxn;
this was reflected in both the urinary fibrinolytic activity which reached
& pesk about the fifth to seventh day afier radiation, decreased somswhat
without returning to normal, agd then increased sharply arovnd the twelfth
to fourteenth day after radiation untlil the time of death thrse or four
days later, The changes in serum fibrinolytic activity 1n Dog D2 resembled
qualitatively the urine activity changes. In Dog D3 the early rise in
serum fibrinolytic activiiy was not as large, and the increassd level of
actlvity was sustained until three days before death when the level

finally reached was about 25 per cent above the base line contrpl. The -
final level of serum fibrinelytic activity in Dog D2 was about 50 per

cent ahove the base line level,

It is remarkable that the pronounced changes in enzyme activity
voere noted 25 or H48 hours before the dogs! clinieal condition deteriorated
and that widespread grossly recent hemorrhagic lasions were noted in both
dogs. Most of the hemorrhages In Dog D2 were smell and the immediate
cause of death was apparently a pneumonia. Ia Dog D3, however, there was
masslve interstitial pulmonary hemorrhage with terminal bleeding from the
mouth, as well as widespread small hemorrhages into almost all organs,

Diegcussion: It now appears that survival of doges from whole-body
irradiation at the 500 r to 750 r dose level is conditioned by the twin
hazards of microblal infectlon and hemorrhage. Thus, while migrobial
infection may be controlled or eliminated with antibiotics, the danger
of serious or fatal hemorrhage remains to be dealt with.

The pathogenesls of the hemorrhages resulting from radiation injury

have been analyzed in terms of (a) the loss of platelets from the circulating

ELELE
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blood, (b) damage to capillary endothelium with resuliant increage in
permeability or actual capillary rupture, (2) diminished coagulability'

of the blood presumably related by some to "heparinoid" substances in

the blood., As a resuli of our obeervations, i1t seems reasonable 1o strongly
suspect that abnormal fibrinoly*ic activity is fundamentally related to the

development of t1ssus hemorrhagze as a result of radiation injury. Tissue

factors capable of locally converting the inert plasminogen to the fibrinolytic

enzyme plasmin have been described (8)., In Permin's repori lung has the
highest plasminogen activating capacity and this coincides with the fact
that pulmonary hemorrhages are very common in the post-radiation hemorrhaglc
diathesis.

Iargely unknown are the origlin, function, and fate of serum
plasminogen and plesmin, and their relation to the urine fibrinolytic
enzyme which has been described to have properties slightly dlfferent (7)
from the serum enzyma,

In view of the demonstrated in vitre (9) and in vivo (10) action of
crystalline soy-bean trypsin inhibitor in the inhibtition of serum plasmin
activity, it seems highly desirable to test this material as a therapeutic
agent for preventing or minimizing the hemorrhages incident %o radiation
injury.

Summary:

1. The urinary and serum fibrinolytic activity has been measured.
in dogs after 450-700 r of whole-body radiation.

2, Three or four days before death both the urine and serum
fibrinolytie activity increase very significantly reaching maximum values

Just before death,

3. The relation tetwsen the enhanced fibrinolytic enzyme activity
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and the hemorrhagic lesions noted at autopsy is di scussed,
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THE EFFECT OF SPLEEN SHIELDING ON X-IRRADIATION MORTALITY IN DOGS
M. P. Coulter and F. W, Furth

Background: Jacobson and his associates have repcrted a T7.7% survival
of mice exposed to 1025 r of whole body x-irradiation with lead shielding of
the exteriorized spleen {1). A rapid recovery from hemapoiesis was demonstrated
in the surviving mice (2). This effect has been shown not to be species specific
by their other studies on spleen shielding of rats and guinea pigs (3, 4). It_

became of interest to determine whether spleen shielding during x-irradiation

- would alter the survival rate and hasten the hematopoietic recovery in' the dog.

Methods: In the initial study when methods were being worked out, 1k dogs
which had previously received 450 r whole body x-irradiation {6 weeks prior to
this study) were used (Group A). Following this, a second group (B) of 4 normal
adult dogs were studied.

The dogs were operated upon under inptravenous nembutal anesthesia. The
spleen was mobilized and exteriorized through a left lateral abdominal inecision.
One-half of the dogs had their spleens shielded with one-eighth inch lead dﬁring
the x-irradiation. The spleens of the control dogs were exteriorized but not
shielded, TImmediately following operastion the anesthetized dogs received total
body x-irradiaztion under the following conditions: 250 KV 15 ma plano-convex
aluminum filter with OfS mm. copper, target skin distance L0 inches at a rate
of 7.15 r per minute. The first group of 14 dogs (A) received %450 r and the
second group of b4 dogs received 500 r (B).

Hemafological studies including hematocrit, counts of the white bleed

cells, platlets, reticuloeytes and smears were carried out twice prior to
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irradiation and twice weekly following irradiétion. Bone marrow aspirations
were made prior to irradiation and at varying periods post-irrediation by
Dr. Marylou Ingram. The results of the bone marrow studies will be reported
later.

Results: The hematological data ere shown in Graphs I - IV. 1In
Group A, a8 shown in Graph I, the white blood cell count remained &t & higher
level in the spleen shielded dogs than in the control dogs and showed a trend
toward recovery at &n earlier period. The leukocyte count fell to equally low
values in shielded and control dogs in Group B, as shown in Graph III, but
again an earlier recovery was evidenced., The hematocrit values as shown in
Graphs II and 1V also indicate that the red blood cell.counts began to return
to normal velues at an earlier period in the shlelded than in the control dogs.
There was no significant difference in the platelet counté between the shield-
ed and contrel dogs, except “that after the 1lth day in Group A dogs the value
began to rise and return toward normal values in the shielded aﬁimala. The
reticulocyte counts did not show & response in the shielded dogs during the
28 day post-irradiation period of study.

In Group A, the.first death in the control dogs cccurred on the 8th
day post-irradiation while the first death in the shielded group occurred on
the 14th day post-irradiastion. The 28 day mortality was 1004 in the éontral
dogs; 4U% in the abielded dogs. Neither of the shielded dogs 1n Group B died.
The first control dog in this group died on the 1llth day‘post—irradiation and
the second one on the 18th day post-irradiation.

The wounds of the control dogs all became necrotic & few days prior
to death, Necrosis of the abdominal wound was noted in only two of the shield-

ed doza, Cne of these died while the other healed his wound and lived.
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Gross pathology studies did not reveal any significant differences be-
tween the control and shielded dogs that died. The major derangements were
pulmenary hemorrhage and edema, and gastro-intestinal hemorrhage.

Only the spleens of those dogs in Grouv A that died have been studied
microscopiecally. The spleens were uniformly hypoplastic and no difference
wag noted between spleens from shielded and control dogs. However, it should

be noted that all of these animala had received 450 r of x-irradiation & weeks
prior to this present study.

Conclusion: Lead shieldiﬁg of the exteriorized dog spleen duaring
x-irradiation apvears to be an effective means of reduwcing x-irradiation mortal-
ity, Of 14 rreviously irraéiated dogs, 1004 of the control animals died while
AT of the spleen shielded dogs died. Of the 4 normal dogs studied, the
2 controls died while the 2 spleen shielded animals survived. Peripheral
hematological studies of the blood smeaia and the bone marrow 8tudies are at-
present incomplete sc that no definite estatement can be made regarding an early
recovery of hematopoietlc tisaug in the spleen shielded dogs. However, the
peripheral white blood cell counts and hemsatocrits indicate that this may occcur.
It i3 realized that an evaluation of the hematopoietic tissue of the spleen
would involve & sacrifice experiment in order to compare the tissue from
living and dying enimals at the same period, post-irradiation. This type of

study is more eamsily carried out with small animals.
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EFFECT OF AUREOMYCIN AND WEOLE BLOOD, SINGLY AND IN COMBINATION,
‘ON_TEE X-IRRADIATED (57% r) DOG

by
Frank W. Furth, Molly P. Coulter, Robert ¥. Miller and Scott H. Swisher

This report is & brief preliminary summary of the results of an experi-
ment on 96 dogs that received 575 r of 1 mev whole body x-irradiation (rate
g r/min.)}, and that were treated with Aureomycin andfor whole blood transfusion.
A complete report is in the process of preparation.

ﬂethods: Following 2 control observation period to irradiation, the dogs
waere separated into U equal groups of 24, One group received no medication '
vhatever and served as controls. One group received one 250 mg. capsule
(approximately 50 mg./kg.) of Aursomycin twice daily at 12 hour intervals
starting 2 hours after irradiation; and continued for 28 days post-irradiation,
Another group received Aureomycin in an Identical fashion, and in additlien re-
celved typed, cross-matched, compatible whole blood whenever the indiv;dual
dog's hematocrit fell below 8% of the pre-radiation value., The remaining
group of 2% dogs received no Aureomycin but were given whole blood on a "demand"
~ basis as outlined above. The blood had been drawn from the donor dog intou
standard ACD solution at least U& hours before administration, stored at H°'C.
and was administered in 125 cc., amounts inte the hin& leg vein over a period
of 10 to 12 mimites,

Resulta:

1. Mortallity
The mortality rate and final mortelity in esch group is

summarized in the table on the following page.

UR 01819



53.

TOTAL DOGS DEAD

_ - Final
Days Post-Bediation 10 15 20 25  Mortality (M0 days)
¥o. ? Yo. % No. % No. 3 Yo.
Controls 7 29 18 75 20 83 21 88 21 &8
Aureomycin 1 L 13 5% 18 75 21 88 22 92
Aurecomycin + Blood 1 Y g9 38 17 71 18 75 20 83
Blood 4 16 16 67 21 88 22 g2 22 92

Note: Six doge in the blood group and one dog in the blood and Aureomycin
groun did not receive & blood transfusion becsuse death occurred before the
hematocrit fell below 80% of normal.

2. Hematology

The leucocyte count fell rapidly, post-irradiastion, in an exvonential

manner and at the identical rate in each exverimental group. The piatelet count *

decreased in a more linesr fashion and no significant difference could be de-

tected among the grounms. The hematocrit decreased in a direct linear fashion with:;

o

all the groups paralleling each other until the 9th to 10th vost-irradiation day ‘i:_-
;hen the average level had reached 80% of normal. By means of blood transfusions |

the average hematocrit in the two grouvs receiving transfuslons was between

80 and 85% of the vre-radiation value during the entire post-irradiation perilod. ;::"
In the control and Aureomycin groups the hematocrit contimmed to decrease until L
it had reached an average level in the surviving deogs of anvreximately 558 by
the 18th post-irradiatiocn day.

3. Blood Trarsfusions

All the dogs that were to receive blood transfusione were typed for the

presence or absence of the dog "A" Factor. The A positive dogs received A posi-

tive or A negative bDlood, whereas the A negative dogs were given only A negative
blood. In mddition, & minor and mejor cross-match was done immediately before each

transfusion. A donor colony of 25 large dogs was maintained. Only dogs having &
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hematocrit of 42 or above were used for donors. A total of 140 transfusions of 12§ gg'

each were administered to 40 dogs during the course of the experiment - an average of:
3.5 transfusions or 438 cc. per dog. (avproximately 50% of the estimated normal blood

volume). The doga treated with Aureomycin and blocd received on the average more.

sransfusions per dog - 4.1 trensfusions or 513 c¢. per dog - than those receivihg
blood alone. The dogs reéeiving blood alone were given 2.8 transgfusions or 350 cc:
ver dog on the mverage. This difference may be explained by the fact that more of%
the Aureomycin and blood treated dogs lived into the post-irradiation period of se;jbm
anemia and bleeding. &Six dogs in the blood treated group and one dog in the hloo;tiw
and Aureomycin treated group died before their hematocrit dropped below 804 of thi:

pre~-radiation value and therefore received no transfuesion. One Aureomycin and blboiﬂ

o wersE T
treated dog that survived had no hematocrit level below 805 during the post-irradigtiqp

g
R FES

pericd and was not transfused. No other surviving dogs maintained their hematocrit;?j

doga living irn each group and the number of transfusicns given on each of the post-

irradiation days.

Days
Post-Irradiation 7 8- 9 10 11 12 13 14 15 16 17 18 19 =20 20+

Blood Only

No. Dogs Living 23 22 20 20 16 14 12 9 &8 6 5 3 3 3 2
No, Transfusions 5 2 1 5 7 7 6 & 5 & 0 0 0 0 O

Blood + Aurso

5]
e |
929

Fo. Dogs Living 24 24 24 23 21 19 18 16 15 13 13 10
No. Transfusions O 4% 2 7 4 7 11 14 7 10 2

=
n
=
'_J
n

No hemolytie, allergic, or other transfusion reactions were observed in

any of the transfused dogs.
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4, Gross Pathology

A complete autopsy was performed on each dog that dled to determine the
princivpal cause of death. Sections were taken for microscopic examinatiion and the
remlts of these examinations will be reported later. The following iabls shows the

percentage of the dogs that died in each group which exhibited the lesiens listed.

Controls Aureomycin Aureomycin + Blood Blood Alone

Severe Pulmonary

Hemorrhage 294 184 ) Ty 4 50%
Severe Gastro- _ :
Intest. Hemorrhsge U43% 324 504 508
Severe Myocardial

Eemorrhage % 23% of 18%
Severe Urinary ) :
Bladder Hemorrhage 104 144 54 of
Dueodenal :
Ulceration 388 : 4ed 15% 238

Some of the variation in the incidence of the lesicns listed ahova’may be
due to differences in time post-irradiation when the dogs in the separate groups
died, However, the lncreased incidence of severe pulmonary hemorrhage in the groups
receiving blood transfusions appears to be slgnificant., A more detailed description
of the gross pathology will be given in a later report, |

5. Aureomycin Biood Levalsa

Aureomycin blood levels were done on & few dogs post-irradiation at one hour
intervala following tﬁe adm@nistration of the aingle 250 mg, capsule of Aureomycln.
The results of these studies show that the maxirum blood level achieved was
& mcg./cc. three hours after the administration of the drug, and that the level
was above 2 meg./ce for only a maximum of 4 hours. Beyond the 10th day post-irrsdis-
tion and 1n dogs appearing severely ill, the level did not exceed 2.5 mcg}/cc. and was
above 2 mcg/cc. for only 2 hours.. The dogs which showed the low blood levels had |

ne evidence of gastro inteetinal hemorrhage.

FP306 10
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A CADMIUM SULFIDE CRYSTAL IETECTOR MOUNTED IF HYPOIREMIC EEEDLE.
FOR IN VIVO BADIATION STUDIES

By
Samuel 6. Z2iz%o

This report summarizes progress in the construction of CdS5-type
crystal radiation detectors with hypodermic needle mounting sultable for
in vivo use in animal experiments. The use of one of these uwnits for
circulation time measurements in rate is described,

A limited number of CdS crystals have been grown wilth some difficulty-
at this laboratory by the msthod of crystallizsation from the gaseous phase
as briefly described by ¥rerichs (1), Due to the difficulties encountered,
the technique for growing crystals 1s beling further lnvestigated,

Both flat and cylindrieal crystals have besn mounted, A flat
crystal momnt ia phown 1n figures 1 and 2. A mounting methed for hollow
cylindrical crystals 18 shown in figure 3. Only the cylindrical mounting
will bq\fﬁrther described here because 1t; greaier sengitivity makes 1t the
more promising, |

For tha hollow cylindrical crystal an internal electrode was mads
by allowing a thin aquadag suspension to be drawn intermally by capillary
action. Tha end of the wire was then insesrted and the process repeated,
The outer surface of the crystal wae then aluminized by evaporation and a

" wire lead attached with aquadag. The leads were insulated by concentric
glass tubing, The crystal bad an outside diameter of 0.5 mm, and internal
dlameters at the ends of 0.2 and 0.3 mm, The crystal was supported on
leads mounted with Qﬁx at the end of a hypodermic needls as shown in
figure 3 (page 60).. A glase envelope covered the crystal sssembly. A

potential across the crystal of 60 volts caused continual diacharge.
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For counting, a slightly lower voltage was used.

for the detsction of beta particles & preamplifier and llnear
amplifier, Atomic Instrument Model No. 205 and 204-C respectively were
usa&. One crystal electrode was capacity coupled to the preamplifier,
the other grounded. Microphonics originating at the crystal-preamplifier
stage have not yet been raduced to an entirely satisfactory level, .A’
maximum pulse height of 700 p volie wae momsured at the preamplif%ir
output when the detector was immersed in & P32—Eontaining solution;
in an 1131 solution the maximum pulse was 230 p volits, Under the best
conditions the amplifier noise level was 10 p volts,

A P22 golution of 0.15 pcfee gave & counting rate of 200 counte
per minute, 50 times the background rate of 4 counts per minute,
Biological Application

An experiment was conducted on 400 gram rats which were anesthetized
with sodium barbitol injected intraperitoneally. hBlood circulation time
Btudies were made by injecting radiocactive-labeled H3P04 into the left
femqral veln and detecting the radiocactivity of the blood as it flowed
through the right femoral vein. Incisions were made along each leg thar;by-
exposing the femoral vessels, such that the ¢ylindrical counter could be
rlaced along side tﬁs one vein and ths radicactive dose injected into the
cther., Voltagze pulsee produced by bestas after the injection of the redio- .
sactive doee were amplified, fed into a counting rate circuit, and recorde#
by & graphic aﬁmeter.- A reproducible record ie given in Figure 4 (page 60).
The tima of iInjection has been labelsd by T = 0 end pesks labeled 1, Z,
and 3 represent detectlon of the administ{ered dose of 0.1 ¢t of 2 millicurles

P32 per c¢ &8 1t was diluted by the blood. In repeating this experiment
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f{en times three definite peaks were observed after P32 was injected and
the aversge circulation time between peaks was found to be 3.5 seconds,

In three cases continuous records were taken for five to nine minuteq:_;t ‘ -'---'_?'-f,.

after the P22 injection. From the date obtained, 1t was found, that the -
aversge P32 concentration in the blood decreased 13 per cent per minute .

after the first half minmte,
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AN INSTHUHEHT FOR CONTINUQUS SAHPLIVG AYD RECORDING OF AIEBORNE DUST CORCEHTELEIQEE

by
George A. Simon and Sidney Laskin

Introduction: A next step in animel inhslaticn exposure chember taéﬁniqg-

pre-détermined level, Such a device, if made avallsble, was considsrad.fa
uge on the proposed chronic UCg inhmlation study to be hegun in the nsar-

future, It 19 most dealreable in low level etudles to be awere of any tem—

a period of hourse, Such surges cr concentration pesks are egsily migsed by:
any non~continuous emmpling method, With this in mind, the 1nstrument dancr
od in this revort was designed and built,

Brief: A continuone eirip of filter paper, cne inch wide is pulled'

the depoeit ie laid down. ZRach photomliiplier circuit ig then permitted toij

trace m esparate curve cor a sirip chart recorder.
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The base curve thus established effectively divorces all variations in
filter peper density from actual variation in density of the aerosol deposit.
The stTip chart recorder is calibrated directly ln units of milligrams of
aerosol deposit per cubic meter of atmosphere sampled, A continuocus, permanent
record of aerosol concentration in the chamber is thus obtained. In addition;
the filter paper gtrip containing the deposit 1s reeled up and saved for

future check snalyses by chemical methods.

Primary Considerations. Only three instruments were found in the 1lit-
erature which meke use of & etrip to collect aifborne matter, and whose record
1s continnous. The first iz a smoke recorder used by the Socony-Vacuum labora-
tories (1) to study oil burner cperation. Smadges of gmoke appear to bewfiitared
by & moving strip of filter paper. There are no dstails of the racordera'ldasign,
snd although 'photoelectric'facilities' are mentioned, it eeems that tha_fiifbr
peper Lapes are exgmined visuaily, Ths second iﬁstrumant is one davelopod'bj
¥illis G, Hazard (2), The sirborne matter 1s impinged on a mdving atrip pf
film, which is coated with a sticky substance Just prior to the lmpingement.
A moving optical wedge suppliee compensation for variationa'in the inatrnmaht.
The third is a sampling instrument used by the Brookhaven Hational Lahorafafiea
{(3). In this instrument a filter paper strip is exposed to the atmosphere., As
it paeses across a sampling head connected to a vacuum pump, atmospheric dust
ig filtered out, and deposited orn the strip. ‘The paper strip is then scenned
by a G-M tube, and the concentration of any radiomctive material appearing on
it is recorded,

There are other instruments where light 18 beamed directly through the
atmoephera to be anelyzed, The amount of absofg}ion or scattering is then

measured photoelectrically; None of the instrumsents montioned here were
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satiasfactory for the preseﬂt application,

Since some feed mechanisms permit a variable concentration which tends
to vary abou{ a mean value, too close a scrutiny of varlations is not necessary
so long as the total mass of material to which the animals are expcsed is knomn,
Hence, a sample which is drawn for a period of from one to five minutes, and.
represenfing an aferaga of the msrosocl concentration during this period, is=
felt to be acceptable and ﬁééatréble14 By passing a filter paper strip acrosi
a sampling port at a conetant predetermined speed, we obtain a strip sample
esch increment of which repraﬁents an average sample over a period of time -
which is & function of paper epeed, port arees, and shape of the -port.

The system mmet be lsolated from atmospheric pressure, EHxpesure chambers
are operated at e slight negati;e pressure as a safety precaution., This nsgative'
pressure met be maintained up to the sampling port where an even greater drop |
in pressure occurs across the filter paper due to the vacuum pump which dravs
the sample through the filter, 7The only alterzative would be to place the en-
tire mampling head within the exposure chawber snd operate in mich the eame
way as the Brookhaven instrument, Thlis, however, entails loss in flexibility
of use of the sampling device, and presents problems in corromion prevention
and decontamination, ¥Farthermore, the filter paper strip mst still be intro-
duced into the chamber and removed from it after the sample has been deposited.

A photoelgctric scannlng cethod appeared to be the only practicable
method of contimiocuely measuring and recording the concentrétion'of asroaol
appearing on the filter tape. In addition to this, once vmriation in the
denslty of the deposit on the tape haa besn tranaformed into variation of
electrical durrant, not only are recording problems simplified, but ultimate

control of the chamber through serve mechanisms is within reach,
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Such a photeslectric circuit was evolved and the details appear else-—
‘where in this volume, For the present spplication the circuit hed to bes
designed to operate for six hour periods of time without pernitting phototnbe
fatigue to destroy the calibration.

Instruménxz The sampling head and amplifiers are illustrated i;:the
two photographs, The filter paper channel intersects the sampling tube - at- _
a ninety degree angle, It passes across two preasure-bar airlockq uhichuho;d..
leakage of room alr into the device at m minimum, Two more pressurs bars
keep the ﬁaper firmly pressed agalnst one surfgce of the paper channel and.
prevent leakage of the chamber atmosphere around the edges of the fllter-sirip,
The grid-like sucticn port 1s designed to support the paper and preventiit;_
from being torn., The sampling port is 1/4 inch wide and has an area o::iTZH-
SquAare inches, The double fan—ahaped sampling tube ie designed to coﬁdnc?} o
chamber atmosphere to the filter strip with no compression or rarefaction..ulzl
cross sectiocn tmken st any point mlong the tube displays m constant croas .
pectional area of /Y square inches, In this manner impaction effects are
held to a minimam and little of the material is found on the tube walls,
Tﬁe two 931A photomultiplier tubes are covered by light tight cans whichjloét
into slots on the sampling head, The two argen light scurces are also'cqv;r-
od by 1igh£ tight eylinders, Circular winddwa cut from glass microgcope
cover sllps provide a light path from the argon lamps to the photomultiplisr
tubes, These are sealed to the sampling head in order to prevent room air
from lesking into the mechanism through the light channels,

The filter paper etrip 1s pulled acrose the eempling port at a con~
stant speed by means of kmurled rollerp driven by a constant speed motor,

This same motor drives the take-up reel upon which the exposed paper la

)
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stored, At present, = speed of two inches per minute is used. This corres-
ponds to s sampling time of approximately 1 1/2 minutes, This spesd of travel
of the filter paper is emsily varied in order to best sample more dense or-

less denss concentrations,

Filter Paper: Whatman filter paper No, 4 is used in this instrument,
It is obbtained in rools 1 1/8 inches wide and approximately 600 feet long. . ..
Thir is subsequently cut down to a width of 1 inch before use, If is essentia1 ;‘
that the width of the peper be constant in order to prevent excessive leakage {
at the entry anq exit ports. By performing the final paper cutting operation
in the laboratory this constancy of width is assured. -

It was desired that the peper to be used be as efflcient as possaible,
be obteinszble in continucus strips, and have a sufflciently low pressure drop
across it so0 that exlsting pumps and manometers could be used, In addition
to this the paper had to have a celluloss base a8 opposed to the series of
asbeatos base papers, so that chemical analyses could be performed when de- .
pired. The paper aleo had %o possees sufficient tensile strength to withatand.
the pnlling operaticn,

Whatman No, 4 filter paper was chosen ss the result of a seriem of tests
performed on a variety of papers; this filter paper clesely approaches the idsall
for the present appllcation,

Since detailled collsction efficiency data exists for Whatman No. 41
filter paper (i), a comparison was made between the two papers, Under identi-
cal collection conditions, the No. It paper seemed to displey a elightly higher
collection a{ficiencyo A geries of ten samples were drawn from a chember con-
taining a carnotite dust atmosphere, Alternate samples were taken on No, 41

papers. The five Wnatman No. 41 papers collected an average of 101,2 milligrams
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of dust per cublec meter of atmosphere sampled, The five Whatman No. LI samples

collected an average of 103.6 milligrams of dust per cubic meter. It was known

that under the sampling condifion of 14 litsrs per minute, the No, 41 paper had

a collecting efficiency of 96%, Hence the No, 4 paper displayed an efficisncy

as high as this or higher.

It is to be noted that the accuracy of sampling with this filter paper
in continuous motlon should be higher then when drawing & semple through a
stationary filter, In the stationary filter, es the deposit bullds up, the
pores of the filter become filled and the volume of air sampled diminishes,
The sampling rate ia s ¢constantly diminishing function of time and mat be
compensated for by having an operator contimicusly observe a flow meter and
continucusly open a valve in the vacuum line in such a manner as to maintein
a constant flow rate, This msgt be done throughout the sampling psriod.I.In
addition, as the fllter accumlates dust, the pressure drop across it rises
and beth the spat wvelocity or alr through the paper and its collection effic-~
lency rise.

In the continuous sample method, equilibrium is set up after the first
few minutes, and flow rate, pressura drop, and efficlency remain constant,
There 1s no need manuslly to maintain s constant flow rate,

A three foot length was remcved from the end of esach of tweﬁty Tolle
of filter paper in order to determine its optlical density and the varimtion
in density to be expectsd. A total of 100 densitometer resdings were taken
by means of an Ansco-Sweet densitometer, The average density was found to be
1.03-1;5D and the standard deviation from this mean is 0,01Y,

Discuesion and Con¢lusions: At present the emplified output of the

vhotomiliiplier tubes can be fed to separate pens on a2 dual pen strip chart
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recorder, An slternative is to feed the outputs in an alternating manner to

a single pen recorder by means of a simple electronic switch. In thls case,
both of the curvas will appear although not simaltanecusly., There is a certain-

logs of information by using this second method of recording., The original. )

purpoese of the base curve of the blank filter paper was to refer any unusual.h%ﬁ,
peak or dip.in the millliigrams per cublc meter curve to a base line, If'thé= .
peak or dip could be explained by an unusual denslty or opacity of the filte;ﬁ' '
paper then the unusual concentration curve would be known to be false, The -
distance between the two curves gives a true measure of the denalfy of the
dust deposit, 7This alternmte method of recording permite only a limited m~-
movat of back-checking, It mst be pointed out, however, that in view of
the rather uniform denslty of the filter paper as noted above, litble trouble
is expected from thls sourcs. =
Servo control of the chamber feed mechaniem depends on the mechaniam
to be used, It could be m simple control of the speed of the fead motor in 'ﬁl*j 
the case of a Wright feed. In the case of an amerosol produced ae liquld
droplets, control of the amount of asir uaed.to move the aercsol from 1ts pro--
duction and mixing chamber into the eiposure chamher sesms to be 1lndleated, _"?.r“
In any case, the firat and major problem of converting the variation iﬁ:-‘?;'
concentration of the airborne matter into an electrical change has bseen accompﬁhi

plished, An electrical current whose magnitude varlee as the concentratlon

varies is gvail&ble.
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PHOTOMULTIPLIER CIRGUIT FOR AIRBORNE DUST SAMPLING INSTRUMENT
oy
George A. Simon

Introduction: The following circuit was devised for the filter

paper strip, sampling and recording instrument described elsewhere in this
volume. It consists of two photomltiplier tubes, each of .which feeds into
a separate smplifier, Nach output is then fed to & pen of a continuous strip ‘
cha}t recorder, One curve eo traced, represents the optical deneity of the
filter ?aper befofe an aerosgl deposit is leld down, ?hs other ecurve is
traced through the output of the circunit which scans the filter peper after
the aerosol is laid down, The diffeience between the two curves then
reprosontes density of the msrosol deposit, divorced from variations in the
filter paper lteelf.

A fundamental alm was to davalgﬁ as ﬁimpla and foolproof a ciremit
as poeselble, A minimam of calibration and adjustment was desired, Since
the device ig to be used for six hour periodas of time every work-day for
approximately five years, a constént dependabls operation was desired with
e- minimn of callibration. |

Photomltiplier Tubess 931A photomnltiplier'tnhes were sbdlected

‘becemse of the extremely high amplification gbility they possess, 23Xy

using these tubes all subsequent amplifier circuitry 1s held to a minimum,
Fatigue is the majJor problem introduced when using such tubes, During
operation, if too great a current is d#ann through the tubes, the photo~
sensitlve eurfaces become desensitized, and callbration 1s destroyed. The
roseidbllity of fatigue becomss particularly important in the present appli-'

catlon, beceuss of the comparatively long, six heur, periods of operqﬁion,
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Thig problem was solvad'simply bf decreasing‘the intensity of the light
input and the voltage on the dyhodes, to the point where the current through
the photomltiplier tubes was held %o one microampere or les2:* under these
conditions, an eight hour period of operation displays no tube fatigue, It
| should be pointed out here, that this solntion of the problem brings into
prominence yet enother factor, namely variations in the photomultiplier -
cutpat due to dark current, In the present application, this problem is not
important, since the inertia of the recording pen acis as a damper for these

variations,

Light Scurce: The light sources used are General Electriec AB-3 aigon

lemps, These possess a gtrong emigsion band centered sbout a wavelongth of
¥000 angeptrom units, The 931A photommltiplier tubes likewise possess pesk
aaﬁaitivity at a wavelangth of 4000 mngsbrom units. Hence, the lamp and

tube are well matched for optimm performsnce. In addition, the argon

lamps when operated on alternmting current, become completely darlk 120 tinmes
esch second and thus present a modglated light source., This is not true |
for filament lamps. The advantage presented here is that smplifier circmits
following the phototubes need not be of the costly, mere troublesome, and
lase flexib%e direct current type.

The argon lampe have a very low heat cutput., On a 100 hour test, the
temperature of the close figﬁing metal shield around £ha lamp never ross more
than three degrees ebove room temperature. This is most important, eince the
photomltiplier tubes are sensitive to temperature change. If a fllament type
lamp were ﬁséd; ventilation and cooling would become problems, A wvoliage

regulation transformer wag found te provide sufflcient regulation,

* The voltage per stage is approximately 70 wvolts.
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The luminous output of the lamps does not change appraciably over a
six hour period of operation,

Amplifying Cireuit and Becorder: This circuit is a simple applilcation

of the 6‘.5]‘5. Tis tu'be_ was chosen becenge of low grid current snd a one
milliampere plate current, The low grid current insures low drain on tha.-

maltiplier tube, and the plate current permiis e recording instrument wiih

a one milliammpere movement to be placed in series in the plate clrcuit.

At present the tube-ls conpled'ld.iractly to the photomltiplier as.a
almple D.C, ainplifier. The recorder movenmsnt is gufficiently lnsensitive -
to the periodic variations in plate current flow, induced by the modnlated
light source, as to trace a smooth curve. .

An Esterline Angus, model A.W. recorder ia used,

Pover Supplies and Rezulation: BRegulation of voltages is important

and can be carried to great 1engthst It was thought desireable, however,
to keep such regulafion as simple as poasiﬁle within the requiremanta of
the circult. The use of m volitage regulator trensformer and the VR tubes
a® shown, was found to be adequate,

The high and low voltage power supplies are conventional.
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"EDUCATIONAL FROGRAM
by |

J. §. Stannard

During the summer months the A.E.C. Radlological Fhysics Fellows cqmpleted
a ten week practical course with the Health Physics Division at the Brookhaven
National Lasboratory. Our other graduate students spent this peried in continuing
research- on their thesis problems. )

On September 20 a new group of twenty A.E.C. Feilows in Radiolegical Physles
registered; three A.E.C. Fellows in Industriasl Medicline began their work end sev-
eral new part-time research associates began work in various divisions of the
Project. These latter are reglstered as graduate students in Biophysics, Blo-
chemistry, Pharmacology or Physlology during the academic year. The total nﬁmber
of graduate students registered in the Department or carrying out their reaeﬁreh
under its anspices now numbers 81, |

A Tinal report summerizing our graduate training activities during the

academic year 1950-51 is being prepared (UR-188).
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