L3

September 19, 1953

_ Sepember 19,1953 NATURE

7081 &4

: / - Table 1
A Z g »i | o - . ne i 5e ¢ ? »
| ] Expectad

§ donin Bodr- | Raspouse | Background | Effective | Activity as | normal
. welh! above abeorption P qui p | Activity above ‘gormal’ |

Ry fam.) nd | ocorrection | (8 + ) o, content

‘5% potassium (gm.!
! :.h, e - P 12 412 + 87 TR12 | 15028 143 ? = 23 gm. potessium

-~ ataca, 57 lirri1e | —63 200214 | 418 x24 ns *m 208 gm. potassium or
rd » L5 nC, oabait-6¢1 i
€ todpmag e 796 £ 12 + 88 884 £1-2 {1,085 +23 149 = 1,516 gm. potassium or |
. 0-12 4C. mesothotlum |

i

29 e mdioactivity .isniﬁmm}gzm excess
apwd from body potassium. & group
(ten moale snd three female
ubus sundeat iocsily) the mean potassiuvm
wsrinsg all the response to potassium-40,
wan « & ¢ 21 = 0-01 per cent by weight. It
ws the water phantom used for back-
awwmsn anlibeation i8 free from radio-
Tus sl » in agreement with that of
o> gmese ¢ 2], per cent, based on chemicsl
and w harmony with recent measure-
" potassium (said to be
3 pee cenit less-than total) by Edelman
@ dmt ¢ 14, pee cent (average for thirty-three
= ¢4 pre cent (average for fourteen
&l wam smrmates conflict with the value
= am gvva by Hawk. Oser and Summerson®.
1 pwm the probable error for a single 2-hr.
® wrme of the body content of a
« mmmvuly used radioactive elements ;
anem prmamible levels suggested by the
(emmenwon on Radiological Protection!®
wtuted buw wemmparwon. For y-ray emitters a
-~ s emaliey than the maximum permissible
= ®» &weried ;. but because B-emitters are
- «» wemsmrshlung. the efficiency of their
v wn much reduced.

water. T
xaoed in the shielded chambers by m
7 radioactivity is still only 045 yw em
tual background, most of whih »
vertical hemisphere. A small prrwangy
of cosmic radiation would mvetw o
iom, and for this reason chambm e
- sbove the subject. As it . th
kground is nearly equivalent and o o
he emission effect (see Table |, aphyee :
ion (2) is obtained from the caldwmsm
snown quantity (up to 5 pC. o @ ‘
amiwn-42 is administered orlly » &
i the apparatus response determmed 440
ing which period the isotope b
ntion very similar to that of e swme
assiumn. The qusnturn enerpes o
51 MeV.) and of potassium-40 (1 48 Wi
ilsr that internal absorption fumes o
ntical for the two radistions. h o
seriment, the response to s weaghm
wlar' potassium chloride in & plasses
npcnﬁith the response 10 & cobimte
potsssium-42. From these dsis W
ponse of the subjects (corrected fe
sorption) may be expressed in Freme
though this calibration procedur s e

) to the potassium contess.
5.: mn of sny other radwecns » Fable 2
iforw,, & correction msy be e ¥
- differences in attenuation snang wevm Basmen ree on 8
i e | JFTObuble hr.
sntum energies. The tots! mdmtss o= @mwmet s | obsrvation of body sctivtey
m 5 uC. potassium-42 1s 5 meep. ® :
th & typical background dosagea < : oy T T e e
r week. active ln‘llllbﬂ)nn with
Meagurements have been mad ® s meca Jrodueta) e
sqeons and on others who hondy . :? gr"ﬂ":.' :: "-:.‘R-’
aterials occupationally. Three esumgee _— Kol ) .
Table 1 to illustrate the componss -~ 1,4 sc.
sasurement. Omly those e 9.
—— i 25 ul.
SEVEN PARALLERED ,84CKRG —OFF faC. s
JONIZATION CHAMBERS lar, 05 uC.
FOUR WARALLELED msontee - .
|ONIZATION CHAMMES ey of the

Spparstus would be much
Waderground laboratory where
responsible for the
ions, would be

18— AEED KENT
ROMETER
RLGCOANDER
10864A.

rig. 2

FILE BARCODE

Wi

1047301

s gt 107 amp., for columns 8, 4 and &,

t10C. =10 C. =~ 37d.ps.

Mesars. Appleby and Taylor of this Department for
technical assistance with the construction and
sssembly of the apparatus. [June 25.

' Evans, B. D., 4mir. J. Rosnigenol., 87, 308 (1937).

' Hets, V. F., and McNIfT, W. T.. Amer. J. Roenigenol., 57, 91 (1947),

' Slevart, R. M., Ark. Fou., 3, 837 (1951).

¢ Bureh, P. R. J., Ph.D. Thesls, University of Leeds (1952),

* Bajewsky, B., of ol., StrahientAerspie, 69, 438 (1941),

" Kreba, A. T., Strahlsniherapis, 72, 164 (1042).

' Shohl, A. T., ““Minerai Metabollsm'' (Amer. Chem. Soc. Mon. Series,
Reinhold Pub. Corp., New York, 1939).

* Edelman. 1. 8., ot al., Sciencs, 118, 447 (1952).

' HBawk, P. B., Ossr, B. L., and Summemon, W. H., ‘Practioal
Physiological Chamistry’’ [12th edit., Churchill, London, 1947),

Int Jonal C asion on Radiologics! Pri 4 Brit, J. Red.,

24, 46 (1951).
t Bigvert, K. M. (privats communicatioa).

u

DETERMINATION OF TOTAL
BODY RADIOACTIVITY USING
LIQUID SCINTILLATION
DETECTORS

By F. REINES, R. L. SCHUCH, C. L. COWAN,
jun., F. B. HARRISON, E. C. ANDERSON
and F. N. HAYES
Los Alamos Scientific Laboratory, New Mexico

N the course of developing equipment for other

problems’, we have made some meagurements of
the totsl radiomotivity content of several humans
and o dog, using s technique which mey have other
spplioations in biophysics. The equipment used
consists of & liquid seintillation detestor in the shape
of a cylinder 30 in. in diameter and 30 in. high, sur-
rounded by RCA type 5818 photomultipliers, forty-
five of which were used in these meassurements.
Cylindricel steel inserts, 14 in. in diameter in one
cose and 20 in. in diameter in another, 32 in. high
and 0-013 in. thick, were placed in the tank, leaving
sn asnnular region fllled with liquid scintillator
(toluene-terphenyl-a-naphthyl pheny! oxazole). A
lead shield 5 in. thick was placed around the assembly,
leaving only the top of the insert open. The forty-
five photomultipliers were connected in parallel and
their output fed through a linear amplifier to o ten-
chaunne] pulse-hoight anslyser (eee Fig. I).

Energy caltbration. In order to determine the
pulse-height corresponding to a given y-ray energy,
& o00bait-80 source was placed in severs! different
looations in the insert and the pulse-height spectra
were messured. The results for both inserts are
shown in Fig. 2, This spectrum was independent of
position of source over the oentral half of the tank .
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Data obtained with o dog. A dog of approximately
35 Ib. weight was anmsthetized aad counted in
the mmall insert. A solution eontaining 0-1 «C.
radium in equilibriom with its decay products waa
1;1::4 in the femoral vein, and {five min. after

ion) the dog waas agein ‘counted’. The totsl
oounting-rates obtained in the interval 5-85 V.,
corresponding to 0:3-2-0 MeV., are given in Table 1.
Thetotdeountm‘-thmforuohnmwuwo»c.
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in the body is potassium-40. Information on the bamg
ful effects of radioactive isctopes is buedprmmpnlly d
persons exposed to radium poisoning. Two expe
were performed to determine the efficiency wuh
these elements were detected in the counter.
In them%r:;. sfmock human ﬁ:dpw:‘ ms::‘
ponrmg of water into a & tic
the insert. The counting-rate was determined bel
and after the addition of 460 gm. of normal po
chloride to the water. The net counting-rate f
the potassium waa 128 sec.-?, or 052 counts perf
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norms| potassium per sec. This number is to MEUDite.
oompared with the dinnugnuon-me' of 3-6 v PAnk
Pper gro.-se0., giving an efficiency of 14 par cent. Dgpating

potassium content of & 70-kgm. person’ is app®
imately 150 gm., o the counting-rate ezpooud ‘»‘ann
pouaxmnlonohsbom'lsm-‘ It wae cono .ml
that moet of the u.mvny sean in all sabjects & Shobl.
‘W. B." and ‘P. M.’ was due to potassium-40. Yoi
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The efficiency for detecting radium in this counter
~gs determuned by counting Dr. Wright Langham

". L.} holding & 0-2.uC. standard radium source

,inst his stomach, so that the source was entirely
shieided by his body as he sat in the insert. The net
counting-rate was 1,133 sec.-!, yielding an efficiency
of 15 per cent. The statistical fluctuations in the
background ( & 8 sec.-') correspond to an uncertainty
in the total radium of 10-* C. The precision with
which it is possible to determine the radium content
. | sppears to be limited by the uncertsinty in the amount
of other radioactive substances present in the body,
sad by the uncertainty in the degree of elimination
. of radon, which upsets the radioactive equilibrium
g | of the subsequent daughter products. Most of
. ¥ the gamma-rays detected probably come from
o J mdium. It is interesting that, although one of the
.4 J wbjects (‘P. H.) hes worked for many years with
ns { mdium, thorium and mesothorium, his radium
e § Cobtent appears to be not greater than about
001 uC.
P 1 Conclusions. In view of the foregoing, it is possible

s | with & counter of this design to determine the total
t § mdium content of the body at levels well below the
B of { Present set tolerance (0-1 pC.), and to make similar
determinations for eny source giving sufficiently
us § coergetic v-rays. In the absence of the radium group,
cts the potassium content of the body can be messured
e, with good accuracy, and it is quite conceivable that
on. § splication of theee techniques could yield important
, i § ®mlts in the study of the role of potassium in the
. o § metabolic process. These measurements can be made
the § B short times in vivo with little inconvenience to ths
wbjeot.

“the@  Since this counter was not designed specifically for
mal @ &¢ purpose of the present experiment, it should be
pomible to simplify and improve the system for this
type of measurement. For example, the ten-chaanel
nus  malyser could be replaced by a eingle-channel
—— fwalyser, or perhaps merely a scaler with a dis-
. ‘minator., Where good energy resolution is not an
portant factor, it would probably be possible to
4¢ many fewer photomultiplier tubes without
wrious loss of counting-rate. The size of the detector
wuld be increased considerably to accommodate the
mbjects more comfortably. If smaller animals are
1 be counted, the counter size and number of tubes
ould be reduced. Such a counter is being built at
tis laboratory for studies on doge.

The background due to cosmio rays wes by no
Deans negligible, and would be reduced materially
@ber by additional shielding or by going to sea-lovel
froen the altitude of 7,300 ft. at which these experi-
Menta were carried out.

It might be posaible to reduce background further
Vithout seriously impairing the efficiency of detection
fr the rediation of interest by & more judicious
Woics of the energy gstes.

The superiority of the counter dessribed hoce aver
counters is marked by its high efflciency,
®argy discrimination for y-rays, and relatively large

This work wes done under the auspices of the
States Atomic Energy Commission. Our
Smoks are due to Dr. Wright Langham for stimu-
Wing conversations and for his generous support,
May 20.
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Prof. H. E. Fierz-David

SCIENCE in Switzerland has sustained a great 1osa
in the death on Auguat 28, at Zurich, of Prof. Hans
Eduard Fierz-David. Born at Zurich on January 5.
1882, Fierz-David began his education in his native
civy, eventually specializing in chemustry and prose-
cuting further studies in London and Munich. In the
varlier part of his career he obtained a varied experi-
ence of applied chemistry, in particular with the
International Nickel Compeny, saiso in brewing
chemistry, and somewhat later with the firm of J. R.
Geigy at Basle. Eventually he developed a special
intereat in synthetic dyes and the technology of dyes,
dyeing processes, and textile fibree. Thus, in 1817
he was appointed to the chair of organic chemical
technology, in the Eidgenossiache Technische Hoch-
schule, Zurich—s post which he filled with distinction
over a long period, until his retirement as emeritus
professor. His field of work is reflected in a series
of standard publications, including ‘Grundlegende
Operationen der Farbenchemie', “'Kiinatliche organ-
ische Farbstoffe’, “‘Fortschritte der Teerfarben und
verwandter Industriezweige'', and (with E. Merian)
**Abriss der chemischen Technologie der Textilfasarn'’.

A cultured man of wide interests, Fierz-David bad
an internstional outlook. He was a good linguist,
and he cherished the humanistic aspect of his science.
This last feature of his character found effective
expression in the elegant historical study of aichemy
and chemistry which he published at Basle in 1948
under the title, “Die Entwicklungsgeschichte der
Chemie’’. Significantly, he dedicated this bock to
his friend, C. G. Jung ; for among his varied interests
he was a member of the Psychological Club of Zurich.
Although an apostle of progrees in chemistry and it
applications, he deplored the methods of ‘maes-
production’ and the intense specialization to which
students are subjected in many modern teaching
laboratories. Morsover, he recognized the snormous
importance of & human relationship between teachers
and students. Looking back to his own student-days,
in a letter written a few years ago, he crystallized his
feelings for a pest order of things into a single
sentence : '‘In this age, one has forgotten how to
live", Jogn RrabD

Mr. W. N. Croft

Wririan Nosre Cmort, who died on July 10 in
his thirty-eighth year, joined the Geclogical Depart-
ment of the British Museurm (Natursl History) as
palsobotanist early in 1939, and almost at once set
off on & British-Swedish-Norwegian Expedition to
Spitsbergen, mainly to investigate Devonian fossils,
reaching Engiand again just after the Second World
War broke out. Before joining the Royal Engineers,
Croft completed & paper on a Lower Devonian flora of
the Welsh borderiand, though his stratigraphical work
on this ares is still unpublished. Immediately on
leaving the army, he went to the Antarctic for a year
a8 geologi:t and palaontologist to the Falkland
Isilands Dependencies Survey ; some of the results
of this work have recently beenm published in the
Survey's ‘‘Scientific Reports”. In pelsobotany,
Croft's main interest centred on Devonian planta;
last year he published an sscount of some Devonian
charophytes known as trochilisos, and he had almost
completed a paper on blue-green algs from the
Rhynie chert. He waa an accomplished technician,
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