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RADIOISOTOPES AND RADIATION IN THE LIFE SCIENCES 23

Dr. ArwmeTrong. Yes. Fluoride in large amounts is toxic. There
is & confusion about toxicity., Actually, of course, there is no sub-
stance that is uniquely toxic, We always have to state the amount
of a substancs to define its toxicity. o

Representative Prace. What agout. chlorine, is it toxic ic any wayt
Could it bet N

Dr. ArmsTroNu. It could be, if you inhale large quantitiee of chlo-
rine, It was used a3a war gas im World Warl.

Representative Price So the safety has resuited from years of
research in that field to get the proper formulat

Dr. Armatrone. That is right.

Representative Price. Can the radioisotope reseerch results help
in educating the public in the use of fluoride?

Dr. ArMsTrONG. I believe so, if we can some way find some avenus
to bring these results to the public. So far they are published only
in scientific communications, What they do is to demonstrate the
remarkable ability of the body to regulate the fluoride concentration
of the body fluids, There is & general principle of hemeostasis in
that in the extracellulsr fluid, which is a8 kind of portable seed that
we carry with us, most substances sre maintained at & constant con-
centration in the blood and extraceilular fluid chiefly by the operation
of kidneys. 1In the case of flnoride this is a remarkably well-regulated

rocess, in spite of large variations of fluid intake—for example, we
d_that the blood fluoride content of people who drink wster con-
taining 0.15 parts per million is the same as those who drink water
cortaining 214 parts per million of fluoride. The persons who drink
the water with the larger fluoride content simply excrete it in the
urine.

Representative Price, Thank you very much, Dr. Armstrong. We

appreciate having your wise statement,
. ArmsTrong. Thank you.

Representative Price. The next witneas will be Dr. C. C. Lush-
baugh, Los Angeles Scientific Laboratory, who will present the paper
%} the “,Fm of Radicisotopes snd Radiation in the Diagnosis of

iseases.

STATEXERT OF C. C. LUSKBATOGE M.D., L0S ALAMOS SCIENTIFIC
LARORATQRY, UNIVERSITY OF CALIFORKIA, 10§ ALAMOS,
N. MEX

Dr. Losewavon. Thank you, Mr. Price.

May I have s lantern slide projector to show my slidea!

Representative Price. Yes. Would you prooeaf. please.
_ Dr. LusuBavan. The assignment I wasg given, the uses of radio-
isotopes and radiation in the disgnosis of diseases, I would like to
limit to the developing, new technique of whole body counting and

atheloxy,

caleer detectiva (cyiciogie and chemiesl), damuge from joniziog radiacion, add chemi
loxteplogpy and diagnostic radiolsotopology. He recelved three dagreea m tha
4 BA |lo apatemy In Ja Ph. In 1o patbelogy In wed no M.D.

£ joined the otalf of the blomedleal resenrch graup of the Los Alamoa Beleptifie
Laborstory in the spriog of 1049, He 14 o member of the Awerican Association tor the
Advyntement of Sclence, Amertean Assoclation fof Cancer Resesrch, Américan MWedieal
Association. American Society for Expsrimectal Pathology, Radistiozs Raesearch BSocieky,
aod the Society tor Experimebtal Biology and Medicive.

SBprm in q-. o ML His mein Seldn of research xpod practies involva .
putholorie bistonbatomy, cllsleal tholo{lc diszoosis, medleslstal prmlen‘l’l [[]
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24 RADIDIBOTOPES AND RADIATION IN THE LIFE BLIENCES

- its npplication to diagnosis. When I say new, I realize very well that

whols body counting was started long before I was in this field, and
much of it rests today upon the basic work of Dr. Marinelli of the
Argonne National Leboratory. At Los Alamos we have been since
1855 experimenting with & device called & liquid scintillator, and I
would like to tell you about it and whst we feel are coming applica-
tions in this field.

The Los Alamos liquid scintillation counters, known as whole body
or human counters because they are mors than large enough to acan
an entire adult man within them, have recently been shown to have
clinieal dingnostic npplications that promise to facilitate and simplity
radioisotopic diagnosip in the future. These counters were designed
by my co]fengues E. C. Anderson, W. H. Langham, F. N. Hayes, and
R. L. Schuch. Thev were constructed in order to detect and measure
minuts amounts of gamma radioactivity in the biosphere. They were
used first by E. C. Anderson to investigate the possible contamination
of milk and other foodstuffs by Cs'** from stomic fallout.

Mr. RameY. We had testimony on that in our fallout hearings sev-
eril vears ago.

Dr. LosrrausH. If we could have the first elide which shows the
originnl human counter known as Humeo 1.

It was found through their use that man himself also contained such
radionctivity, which could be guantitnted in relation to his K* con-
tent. These machines and techniques were largely responsible for de-
termining that biologic contrminstion by radioactive fallout had not
renched alarming or even potentially sericus levels in man and his
biosphere, When the atom bomb testing propram was curtailed, the
‘siubsequeut decline in this activity has been ensily followed with these

evices,

The original human counter {Humeo I) is a 140-gallon tank of
liquid scintillator solution which surrounds a horizontal well 18 inches
in diameter aud 72 inches in length (exhibit 1, p. 28). Scintillations
caused by penetration of the tank by radiosctivity from the subject
in the well nre recorded by one hundred and eight 2-inch photomuiti-
piier tubes and the usual amplifying and scaling circuits {exhibits 2,
3, 4, pp. 20-31). Here is the tank pulled out from its lead shield show-
ing some of the photomultiplier tubes. A person is inserted into the
well of that tank and hisentire body is counted. The next slide (p. 30)
shows an artist’s conception of how & person locks in the tank. You
can see that the scintillation solution surrounded him entirely, and
he is shielded from outside radiation by this lead shield. The next
slide {p. 3} shows n person in the sling being motor driven into the
tank for counting crurptms. The persons in the far corner show the
injection of the radioisctope into an arm,

A second such counter was made for the research unit of Walter
Beed Hospital where it has been in active use since 1957. The first

. extensive modification of this counter, known as the Geneva counter,

because it wes demonstrated at the second International Atoms for
Peace Conference in Genevs in 1958, by my colleagues, Dr. Haves and
Dr. Hiebert, consisted essentially of & vertical tank of scintillator
solution. The next slide (p. 32{. which 1 forgot about, shows our
emallest subject; her mother received radioactive iron 2 months previ-
ously to this child’s birth, Following its birth we were able to see
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whetlier or not iron actunlly passed this woman's placenta and whether
the baby had taken up any. We tried to get at the problem of the
baby’s need of the maternally ingested iron. We were nble to find it
very easily with this machine. The next picture is the Geneva counter
(p.33). It shows the mnna standing with his back to the liquid scintil-
iation tank. This had six 18-inch-diameter photomultiplier tubes
monitoring the tank and proved so sensitive that a second modifica-
tion has been made recently with twenty-four 18-inch photomuitiplier
tubes placed in n steel room.

The next photo {p. 3+) shows rn artists’ conception of this counter,
known now as Humeo II. It has the same motor-driven sling. A
persen is placed into the tank by this. The drawing 1s cut away to
show how the tubes look through this tank of liquid. .

The next picture (p. 35) shows this device as it actually exists in
Los Alamos today, with the door open at one side allowing you to
see the large photomultiplier tubes which make this so sensitive. In
experiments which are as yet xill incomplete as munch as a 30-fold
incresse in sensitivity has been obtained, promising here long-term
tracer studies in man, with less than a tenth of a microcurie of radio-
activity, doses which are less than one-thousandth of doses used clin-
ically today. Paralleling this series of large counters is a group of
smalier seintillation tank counters known locally as arm counters or
small animal whole-body counters.

The next picture (p. 36) shows the prototvpe of these. These
counters were developed by my collesgues, Dr. Robert Schuch and
Harry Foreman, under the direction of Wright Lnnﬁhsm. and they
have been used in research with animals. e well i3 only large
enough to secommodate the forearm of & man or a quart ice cresm
carton which contains a mouse, rat, or samples of blood, feces, or
urine. Meny tests have been found applicable to thess devices.

The next picture {p. 36} shows a man lying with his arm in this
tank, which is shielded by 900 pounds of liquid mercury from outside
radiation. He has in that picture & scintillation probe pointed at his
liver, doing & Rose Bengal liver function test.

The next picture {p. 38) shows our most modern versicn of this
device which is now shielded by disused naval armor plate, The
woman there is about to do & whole-body count on a rat.

Shortly after the instruments became operational a program was
initiated in Los Alamos to determine their clinical applicability,
Since the thyroid uptake test is the most common, and is the only one
that gives some money back to the isotopologist, this measurement
was one of the first to be studied with the whole-body counting
technique.

_ The concept that is basic to this technique is the now well-estab-
lished fact that animals excrete important materiale at rates that
gtress the turnover kinetics of the or%la.ns and systams that are utiliz-
ing these materials. On this basis it has been proven greviously that
it 18 possible to determine the thyroid uptake lodins 131 by measure-
ment of the urmnlc"y excretion of this substance. The whole-body
counter technigue determines such excretion rates by measuring the
retention of the administered isotopes, or in other words, by measur.

ing the arnount of radicisotope which has not yet been excreted by
the person.

RADIOISOTQPER AND RADIATION IN THE LIFE BCIENCESR
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20  RADIOISOTOPES AND RADIATION IN THE LIFE BCIENCES

The resulting whole-body retention curves are thus the sum of two
or more exponentially excreting metabolic compartments which are
easily determined by simple mathematical analysis.

In the next Eicture (pp- 39 and 41) we show several thyroid uptake
tests done by this method. Instead of seeing here the amount of iodine
which is picked up by the thyroid and kept in it as one does with s
sodium iodide probe, one sees here the fina! retention of iodide in the
body which is the NaI-131. Here are three examples: One a hyper-
thyroid man, with very high retention; & woman that was thought
to be euthyroid; and a man whose gland was completely removed
for thyroid cancer, according to his surgeon. Following this test it
was obvious that the surgery had not been quite complete and some
thyroid gland had been leftr{ehind, as shown by the Rattening of the

curve,
The next slide (p. 42) shows how we do iron retention studies
with this device. 1s was an experimentsl slide and today we give

the person a dose of oral iron on one day snd a week Jater after he has
passed fecally all of the iron that he has not absorbed, we then do
enother body count which takes about & hundred seconds and deter-
mine the amount of iron that is left in him.

_ In this example here one sees the retention of a normal man, which
is about 4 percent, and then efter we had determined this uptake
for a normsl man, which is gastrointestinal absorption of iron, we
had this man donate 500 <c.’s of blood to the local blood bank, and
we did it again. We can see that his uptake has increased threefold
and he then took up 12 percent of the iron.

This dexice which is so sensitive that we can only use six-tenths of
microcurie of radicactive iron, hes enabled us to make some studies
on the pregnant woman, the heavily menstruating young woman, and
the iron deficient child. There are two exzamples here. One is the
commonly seen anemic woman where the physician wonders whether
or not this woman will absorb iron. You can see she has absorbed
30 Fement of the dose given to her on that day. The iron deficjent
child in this case hes received only milk in the first vear of its life.
You can see that the line turns up st 70 percent, so this child by this
test ig shown to be extremely iron deficient. At the same time the
test shows that the child would absorb iron if it were given it.

The next slide {p. 44) shows the type of test one obtains by the
use of the arm counter, The arm counter ensbles us te study the
clearance of the blood by verious radioactive dyes. Here iodine
labeled Rose Bengsl was placed in a person’s arm while the other
arm was in the arm counter. Then the arm counter recorded the
disappearance of the dye fram his blood as his Jiver took it up. We
found (in the upper graph) that our normal persons have the
(dotted line) same liver uptake rate as our abnormal or sick persons,
but because the livers of the sick persons are functionally smaller,
much lass dye is removed from the blood and one can see increased
retention of dye much as in the ordinary bromsulfalein test. Sim-
ilarly one can test kidney function by the use of radioactive Mioran.
We can test for iron by the injecting iron. And also test for the
dise ppearance of vitamin B,, label with cobait.

In our opinion, the numercus clinical applications deseribed here
do not exhaust the possibiiities and potentislitias for these measuring
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devices in clinical medicine, and diagnosis. But their potential use-
fulness in clinical and experimental research seems to be limited onl
by the number of processes and diseases that can be studied wit
such radioactive materiais. Their increasing use in these fields seems
to us to be assured becsuse of the simplicity and the facility of their
operation and because of the great sensitivity of these machines and
their counting precision.

That ia the end of my statement.

Representative Price. Thank you very much, Doctor. I do not
think you followed your statement exactly.

Dr, Ltsesater. No,sir; I did not.

Representative Price. Therefors it will be included in the record
at this point.

(The statzment referred to follows:)

Use or Ranrolaorores aNp BapLarioN 1@ TEx Duienosis oy Diarises: WHOLE-
Boor Couxtiveg?

(By C. C. Lushbaugh, M.)., Los ilamos Scientific Laborutory, University of
California, Los Alamos, N, Mex.)

The Los Alamos liguid scintillation counters, known as “wholebody” or
“boman” counterm because they are more thon large epough to acan an entire
adult man within them. heve recently beec shown to have clinieal diagnoade
applicationa that prowmise to facilltate and slmplify radioisotopic dlagnosis in
the tuture. These counters were deslgned by my colleagues, E. C. Anderson, W,
H. Lapgham, F. N. Hayes, and B. L. 8choch. They were constructed in order
to detect and measure minute amounts of gamma radloactivity in the blosphers.
They were used first by E. C. Anderson to lnvestigate the possible contamioation
of milk and other foodstuffs by Cs'" from atomic fallout. It was found through
their ose that man himself also coutained such radioactivity, which could be
quantitated in relation to hiz E” content These machities and techniquee were
largely vesponsible for determining that blologic contaminntion by radicuctive
fallont had not reached alarming or even potentinlly aertous leveis in man and kis
biosphere, When the stom bomb testing program was curtailed, the subsequent
decline in this activity has been easily fellowed with these devices.

The origioal homan counter (Eumco §) Ly a 140-gallon tapk of liguid scintil-
lator solution which surrounds a horizontal well 158 inches in diameter and 72
inchea in length (exkibit 1). Seintillatione caused by pepetration of the tmnk
by radloactivity from the subject (o the weil are recorded by 108 2-inch photo-
muitiplier tubes sod the asual amplifying acd scaling clrenits {(exhibits 2, 3, 4,
nbd 5). A secoud such counter was made for the Research Unlt st Walter Reed
Hespital in 1957. The first extensive modlfication of this counter, known as the
(Geneva conunter, was demonairated at the second International Atoms for Peace
Conference in Geneve 1o 1858 by my colleagues, F. N. Hayes and R. D. Hie-
bert. It consisted essentially of a vertical tank of scintlilation liquid aguinet
which the subject stood in o conchllke shell of lead (exhiblt 8). The six 18-
inch diameter photomultiplier tubes that monitored this tank proved so
sensitive that & second modification wes made recently with 24 18-inch photo-
multiplier tubes o & steel room (Humeo II) in order 1o determine the maxi-
mum sensitivity of soch devices (exhibits T and 6). In experiments. which
are yet stlll incomplete, an much as a thirtyfold increase in sensicivity haa
been obtained. promising long-term tracer studlex in man with less than 0.1
a:d of radioactivity—doses leas than ooe ohe-thousandtha of dose used clinically
today.

Paralleling this series of large counters ln a group of smaller acintiliation
tank counters known locuily za “arm” or “small-animal whole-body" counters
fexhibits 9, 10. and 11). These counters were developed by R L. Schuch with H.
Foreman. under the directinn of W. H. Langham. They have been used exclu-
sirieiylby my asaocigtes, C. R. Richmond and J. E. Furchner. {n research with
AanimAls.

1Work performed under the ausplees of the U.N. Atomie Enerry Commiseion.
48428 0—81—3
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ExutmT 1.—Humeo [. a liquid awcindllation ¢ounter. shown with well open.  Panenws gel into the loading sling by the ram

ExxisiT 2. —The tank and phetotuber of Humeo 1 are shown drawn aut from the areular lead shield for maintenanc
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ExHIMT 3. —Asist’s diagram of a patient in positon to be counted within Humco 1.
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32 RADIOIBOTOPES AND RADIATION IN THE LJFE BCIENCES

Exuisir 5. —Anorher view of Homeo I,
Jor sadivactive iron which had bern

showing a new-boen infarl about 16 be assayed
§od 10 his isother 2 monthe belore his birth.
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HADIOIBOTOPES AND RAIMATION 1IN THE LIFE BCIENCES

ExHIMT 10.—A subject with his lefi arm in the Arm Counter and a callimated sodium jodide crystal sciptillometer

scanmag his liver during a Roie Bengal-17*" liver functon test.

RADIOIBOTOPEB AND HADIATION IN TIIE LIFE S8CIENCES 37

The well In thesa mackines accommaodates only the forearm of & man or & g5t
lcecrenm carion cvntalvlog mice, & rab, or sampled of blood, teces, ur urse.
Muny disgnostlc clinleal tests have been found applicable wleo to lhese !w”_.
Live devices. o

=]
]

Eximmt 9. —Original Loy Alamos Arm Counter with elecimnic wabog units. The
tank of licquid scintillator is shicided by tanks of mercury, woghing about 30U pound
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Exwmmit 11.~Mout recent version of the Los Alamos Arm Coupter, shiclded with
wrret armor plate, being wed 1o perform & whole-body retention study of a radio-
uowpe o a rat,

Sbortly after these Lnstrumpents became operstional. & program was initlated
at Los Alamos to determine their clinical applicability, Bince the rzdiclodipe
thyrold uptake test im the most eommonly done rudjolsotopic test {and the only
artuel moneyoaker), thia messurement was one of the first to be atudied with
the whole-body counting tachniqoe. The cobcapt basic to this technigue is the
now well-estabiished fuct that animals excrete metabolicaliy important materiais
at rates that express the furnover kinetics of the organs and syateme that gulise
these matertala. On this basis, it had been proven previousiy thut It was pos
sible to determine the thyroid uptake of I' by measgurement of daily uripary
excretion of I'Y, The whole-body rounter technique determines such excretion
raies by measnring the retention of an sdmidlstered lasotope or, in other words,

60133574.01
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by measuring the smount of radiolsotope which haw not yet beed excretad.
The resuiting whole-boady retentiop curvea are the sum of two or more exponsn-
tially excreting metabollc compartments, which are esaily determined by aimple
mathematical snalysis (exbibit 123.

3

°

RETENTION OF I™ (PERCENT)
- )

@ e« © & @w =
TIME (DAYS)

Exsuryt 12.—Compasite graph of whole-body retention of Nal'¥! in normal peraons
as determined with Humco 1, showing the fiducial limits of the data and the two
exponential urioary execretion rates of unbound and thyroid-bound lodine.

Yor example, following the oral admipistration of Nal'® the iodide in absorbed
totally from the intestive and excretsd by the kidoers from (wo metabolle
compartments, exch with » charscteristic rate. The Arst compartment com-
prizes tha unbound iodide in the body fluids apd bas. in & normal person, »
rapld 8 to S-honr half-timme excretion rate. The second compartment is the
thyroid-bound lodide and han & slow excretion half time of 00 days A sucewss-
ful thyroid uptake study depends upon the accurate measurement of the mets-
bollc size of this second compartmment, which sctuslly is the amount of the
tracer dose taken up by the thyroid giand. The common techniqoe of medsor-
ing the giad itself by the 2-lnch-in-dlameter sodiom lodide cryatal scintiliom-
eter often falln becuuse of Its comparative low sensitivity apd difficulty o re-
producieg the relationsblp of the gland to the crystal because of patient move-
ment and techpician error. The whole-body counter technlque has proved very
eficzcious in this regard becsuseé po allgnment of the scanner and thyroid
glnnd is required, since the whoie patiect Ls counted and patient movement doea

[P
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oot affect the measurement, which requires only 300 seconds, is reproducibla,
apd does Dot require a physician's supervision. Because of the great senattivity
of this machive, a low dose of I muat be used (Humeo I, 2.0 to 6.0 u¢; Humee
1I, 02 o 0.4 uc) and consequen:ly thyrvid metabollgm cun be studied sately
ang repeatedly with it for the first time (o infants, young girls, and chlid-
bearing wornen

Cretiniam: in the new-born and hypothyroidimm ih obese pubescent girls and
sterils young women are among the conditions that cap be studied with safety,
sape, and precizion with this machine. lp another Important sred, only partially
axplored, this tachpique affords an accurate measuramsnt of the completeness
of a thyroidectoiny for thyroid cancer and s rapld means of suwrveying for
CArCinMmatous returrence (exhibit 13),

Uslng the same machine and technigoes, the age-oid prodlsm of the relation-
ship of dletary iron sabsorption to oo anemia ¢an be attacked in individual cases
(exhibit 14). Again, small children and pregnant wommen (the two most anemlic
gronpe of patienta the world over) can be safely asadyad here Decause less than
0.8 uc must be need even with the older, loss sensitive machine Huneo I. In
this test, the person is usaiYed twice: once on the day he is glven the dowe, and
opce 4 week later afier he bas pansed fecally the portion of the dose he failed
to sbesorb. The relationshlp of the two counts after correction for laotople
decay represents the percent of the oral dose he absorbed through his intestinal
tract. We bave found i & preliminary worvey of this fleld three groups of
anemic padents thac fall to absorb irom in proportion to their hemogloblo or
BErUn iroD levels (mameiy, acuts or chronic active {nfecticos, lenkemiss in

‘relapee, And the active nephritis patients) and two groups that sbeorb iron out

of proportion to thelr hsmoglobln levels (namely, pregnant women and the
true polycythemiss). Buch ac easlly performed test sbould be a helpful adjunct
to the economic therspy of anemii Lo the future. It would seem to be the
method of cholce for testing the elatms of the pharmacentical companlas that
this or that irop-containing remedy is betier absorbed tham abother,

Whole-body counting of persons whose circulating red bicod ceils have been
labeled with Cr® simplifies the interpretation of red blood cell surrival studies
done by the nniversal method of measuring withdrawp blood samples. The
Deceasity of muking pumersus withdrawals of blood in such & study cap be
obriated by the nie of the “arm™ counter. Daily measurements of the amonnt
of Cr® radioactivity In & patiept’s arm io this device reveais the survival of
tagged REC In thﬁnclrcu.lltlon withont venapuncture. The difference between
the slopee of the Nipe representing whole-body retention of Cr® and that rep-
resenting the sorvival of tagged celis in the bloodstream has been found to
result from the fAltering action of such deep-seated organs as the spleen, Uver,
and bone marrow (exhibit 15). This diference i noticeably increased in inter-
tal hemorrhage oF in hypersplienism and decreased In external hemotrhage and
fn the presence of circulating hemplytic agents. Because the suppressive effect
of cortisone Upon bemolytic anilbodies apd reticular macrophage metivity can
thus be demonstrated by whole-body counting, this technique bas proven ex-
trernely naeful in the control of cortisane therapy 1o the leukemias and hemolrtic
anem!ss. It hes aleo been ueeful in determining and wmewsuring hemorrhane
from gastroibtestinal nicers and excessive menstruation.

The importance of the bodily content of sodium i weil known, and {o many
dinenser of the heart and kidoeys {t must be rigidly controlled by the physiclan.
Usgally this is done by determiping the godlam content of the blood end urine.
Whole-bodv counting of persons 24 bours after the oral [ngeation or intravenous
tnjection of Na™Cl gives the physiciap & messurement of the rate of turnover
of the #xchangesble sodium of the Interstitial fluids and, when vsed In conjune-
tion with measprements of the specific activity of urinary sodlom. measures
the total exchangeable sodium coptent of the bady in millisqnivalents. Ip euch

N (‘h"\,. XY a study, a young boy with rhenmatic fever wrs recently shnwn to have a sodium

ool rapldly approaching fatal proportiona doe te unsospected dletary indls-
cretions (found later) during therapy with s cortisone derivative reputedly
free from thiz sodium retention effect. This technique might prove & pructical
menns alao of testing diuretios and new pon-edema-producing cortisene-contain-
ing medicaments.

Preliminesry surveys show that tbe ume of this Aevice In meamriog the ab-
morptinn and bodily incorporstion of redioactive fat aend rudloactive vitamins
such ax Co®™ vitamin Ba alds in the diagooeis of {nteatinal tmalabsorptico eyn-
dromes and pernicious aieémia. Such & technique tay opes new avenues of
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ExHmit 16.—Typical changes in blood concentration of Rese Bengal-I'" in normal
penons and in patients with knowt hepatic disease. It is o be noted that, while
the liver uplake rates of the dye are the samc in the two groups of persons, the

injured livers fail 10 clear a3 much dye from the blood, and the rmaidual radio-
activity i higher than in the normal gEroup.



experimental approach to the problems of obegiry, wtherosclerosis, cholecystitia,

cholelithiasis, and other liver dissases.
Measurement of bloud clearance of various kinda of dyes and other substancea
by the mrm counter has proven cliaically feasible and potantially quite csefnl
In these tests, the patient reclines comfortably with bis forearm (o the arm
counter, while the dye is injectsd intravencualy o his othar arm (exhibit 10).
After intravenouns miving has oceurred, the wobsequent removal of the radie
active material from the hiood is thessured constantly by the arm counter, and
the amount of the sobetacee that fails to clear 1o determined without further
renspunctures {exhibit 18). Using [“-labeied Howe Bengal in this manner, the
. - relative efficiency of liver function can be measured lo terms of the old brom-
gt sulphalein llver functicon teat, while simultanecnaly determizing blood clesaratos
.7 rates, hepatic sise In relation 1o biood volume, and the relstive number of fune-
/ A tional bepatic cells o wetion, Bimitarly, I™-Micksn® and other like dyes ex-
v . J.-Creted chiefly by the Kidneys can bs used to messurs total renal function;
~ .. I™.labeled werum albumin can be used to mensure blood volums and subsequent
Y, 7 s ghanges; and radiocactive Iron compounds can be used to measure the need and
o i mYaridity of the bone marrow for ircn. Beajdes the advantage of not requiring
dg‘. repeated venapunctures, the srm counter does not havs to be pointsd at or
allgoed with deep-seated. dificult to locate orguns. The large volumne of cir
calating blood messured by it enables the dose of sdmiplatersd radioactrity
“tn_be decreassd five timwe or mors without altering the reliabllity of thess

% ~dlagnostic teeta

N x° In oor opinien, the aumercus clinieal applicetions described here do not
A Q.g- exhaust the posaibilities and poteotialities for thess measuring devices in ciin-
: K <~ lcal medirine and disgnosis. Their potential usefulness In clinlcal and expert-
¥ mectal ressarch seems o ba limlted only by the number of processes and dis-
g eases that can ba studisd with radloactive materials. Their increasing nse in

these flelds seems to us to be assured because of the simpiicity and facility of
\)"&‘ their operstion apod becaose of thelr great radiosensitivity and counting
precisions.

Representative Price. Where olse in the United Statea are these
whole body counters being developed !

Dr. Lusneavon. There is & whole g'mu(r_of whols Body counters
-\ that are planned on the large 8-inch in diameter—either 7-, 8., or
, a2 8-inch—sodjum iodide crystala This crystal is pointed at the Hemn

%% &' and the whole person iy counted by these. The type of scintillation
++Cr 7 counters thet I have described today exists at the present moment at
K Landstahl, Germany, where the Army has cur Geneva counter; Los
AU Alamos, where we have two, and one is this week being installed at
J Purdue University on & commercial basis by & new company that is

starting up to manufacture these liquid scintillation counters.
| Representative Price I know you have one at Walter Reed.
i Dr, Lusgnaven. T meant to mention that. )
| Representative Parce. That has been there since 1957. What is the
difference in their operstion now than in the period before! What
f b‘:; tht:y able to sccomplish that they wers not abls to sccomplish
i ore
¢ Dr. Loemsavor. They have been using this device experimentally.
f Very often one does not know what one will sccomplish until one
tries to see what the new device is going to do for him. One of their
programs which has been similar to one of ours in Los Alamos, has
besn to scan persons who have been in arees whers there has by
heavy atomic fallout and contamination in the field. Thess devices
messure such gamma rzdistion as measurable by thess devices and
the Army at Walter Reed and Landstuh] has used their device prin-
cipally for this, bringing parsons back from the operational use of
stomic devicea who have possibly been exposed. It has been o
scresning procedurs.
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. In addition to this, they have also been investigating what I think
18 & very interesting subject: How often can an Army man be used
as & blood donor without saltering his wvidity for iron or depleting
him so badly in iron storage thnt he is no longer ussble to them as a
noldier? ere are obviously many such problems which are appli-
cable to their own operations which I know are underway, but I do
not know about them in detail.

. Representative Poice. Would these machines be valuable if used
in the various medical centers that are springing up in the country,
or are they ton expensive for such use?

Dr. Lusesaven. I think it is true that these machines will be ex-
pensive. We do not know exactly how much the development of thess
machines costs us,

Rﬁpmaentative Price. Are you able to put a cost on them right
now

Dr. Luseravon. We think it is of the order of $50,000 apieca. We
think ot the present time they can be made less expensive if one
upes different tyﬁoes of shielding materials. But we alsc feel that
these are such labor-saving devices and that they are so easily oper-
ated that the $50,000 initial cost can be easily defrayed by their opers-
tion at capacity. Such a machine, for example, does a thyroid
uptake test actually in 400 seconds, roughly about 6 minutes.

is test can be done without a physician having to locate the per-
son's thyroid gland, or having to mim a sodium iodide crystal at »
talkative nervous woman’s neck. The person is placed in the tank
and immedia.telf messured by technical personnel rather than profes-
siona] personnel. There is o Inrge labor-saving possibility there.

The usual price for such a test varies but I would imas:ne is about
$15. Siz minutes of counting time for $15 in an 8-hour day can, you

defray a large _initial price for equiprent. :
epresentative Price. Mr. Ramey,

Mr. Ramer. One of the unsolved problems brought out in our 1959
fallout hearings was the problem of short-lived radioisotopes, in-
cluding iodine 181. Have you used these machines in any of that kind
of researchl .

Dr. Losasaven. In one of our accidents & year ago, for inatance,
this machins a8 well 28 the whole body counter in our steel room with
the large crystal was used to determine the amount of neutrons that
this injured man had received. Not only were we able to establish his
does o} radiation by this device, but we were also able to screen the
five security palice who were slso thought to have been expoesd and
the several men who also worked in the room with him. In a matter
of 15 minutes we had shown that only one other man had received
any neutrons but had so little sodium 23 activation that we did not
have to worry sbout him. We were able, therefore, to put his mind
at rest at once. We have done work with sodium £3 us an example
of a short-lived redioisotope. We have also tried iodine 132 which i
» shorter one, .

Representative Price. If there are no further questions, thank you
wery much, Doctor. We are pleased to have your statement.

r. Loserivon. Thank you.
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