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SCINTILLATION COUNTERS FOR THE MEASUREMENT OF RADIGACTIVE SAMPLES
H, O, Anger

Rediation Laboretory and Division of Medicel Physics
University of Califormia, Berkeley, Californmia

. February 14, 1951

Introduotion

During'fhe feu years sinoe the papers of Kallmanl.and_Deutsohz onvsointilm
lation counting appeared; meny'investigators heve been workiug in the fieldo |
Phosphors for scintillation counting are now commercially available,5 end'aﬂ
phototube'eSPeoiallyvsuited‘fo scintillation counuingg fheiRCA‘5819,vis alsob
available,‘ In this«laboratory we have attempted to apply scintillation oounting
to some of our'problems in biological tracer research° |

The orinoipel adventage of scintillation counting from our point of view is
that it makes possible the'detection of gammaéradia%ion with much greater ofPici~
ency then is p0531b1e w1th G-M counters, This opened the possibility that we
mlght be able to measure the activity of some of our blologlcal samples by counte-
ing gammaarays instead of beta-particles as we had been doing prev1ous1yo Samples
' contalnlng Fe? or C060 are examples, Boﬁo of these isotoées emit betaapertioles
of relatively low energy. VThey each emit fwo.gammanreys with energiee"of about;
1.1 and 1.3 Mevo In the past we have counted the betaupartloles from these samples
with good efficiency but rather poor reproduclblllty because of the 1nvolved
_chemloal procedure through which the biological tissue samples had to be put in
order to prepare them for countlngo The procedure eon31sted of chemioally dlgestu
'ing the tissuesto get them into solution and then electroplatihg the iron“or‘ |

cobalt content on metal discs in order to get samples that were thin enough S0

that the self absorptlon of the beta-partlcles was low° The use of scintillation -
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counting mekes it possible to eliminate“thebeleetroplating;endﬁothe;‘chem%oal-
preparationo The activity of the samples is measured simply by placing the
tissues in glass vials w1thout any other preparatlon and then plaolng the vials
in the counter, The gamma-rays penetrate the tlssue and the walls of the vial
without appreciable loss end are counted when they are absorbed in the phosphor
of the scintillation counter, I

The countlng efflelency of the sclntlllatlon method described here 1s'about'
equal tobthe countlng efflclency when betampartlcles from eleetroplated samples
are counted by means of a mica w1ndow Gak.eounter ‘The background eount hoW;L
everg is eeveral tlmes olgherg maklng 1t‘1mp0851b1e tovcount ver& Weak samples;
vIn splte of thls the selntlllatlon method saves so much work 1n{prepar1ng the
samples and glves such reproduelble results compared to the eetampartlele eount=
ing method that it is greatly preferred in thls 1aboratory for tracer work w1th
Co 69 and Fe59 It w111 no doubt prove equally useful for many’other gamma emltw

tlng 1sotopeso

The-Ex1stence of aféountiﬁg.fiapea&:J

An 1mportap£ requlreﬁent.of a coenter for radloactlve samples is that 1t
| must be adequately stableo At flrst 1t was thought that thls mlght be a dlfflwl
.cult requlrement to meet in a 501nt111at10n eounter since a. stable oounter would
'oe very dlfflcult to construct 1f a countlng.plateau 51m11ar to that of a GwM )
veounter dld not ex1st We have found that a reasonably satlsfaetory pl&teau |
does ex1st open eountlng gammaarays w1th energles of ebout 0,3 Mev and greater »
when a sultable phosphor and e selected 5819 phototube are used at room tempera=
ture° Anthraoene stxlbene and thalllum actlvated sodlum 1od1de are satlsfaetory
phosphor matemals° Calelum tungstate cadm;um 1'.ung;sta.t:e.9 and terphenyl dlssolved
in m=iy1eoe ape mateplals from whlch we ﬁa%e:potpobteined‘goo&.piafeeps; ﬁoweﬁerg

Mayneord® has reported obtainihg a plaéeeufffmn caleium tungstate'and an RCA 1P21
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photomnltipliér et liquid nitrogen temperature,

A'typical plateau curve for a counter consisting of a large flgt ahthracene
crystai end an RCA 5819 phptﬁtube is shown in'Fige 1, The crxstal was qﬁiﬁg
large, aboﬁt 1 3/4 x 1 3/4 x 7/8 inches, but contained many flews, The flat side
was cemented to the phototube face with franSparent cement, Ihe-regf of the crys-
tal was covered with aluminum foil to reflect light from the crystal into the photo=
tubeo. The assembly was then covered with black photographic tape to. exclude ambi-
ent light from the phototube, .

Plateau curves are shown for gemme-rays from Coso,_?é59; énd.Il§1, ‘Unlike
a G-M counter, the plateau_slgpe is different for each iéotope° If an operaﬁiﬁg ’
voltage of 1850 folts is selected,.the slope of the plateau is 4 percent per

59a”and¢10 percent per

hundred v61€s for 0060, 7 percent per hundred volts for Fe
hundred volts for 1131, As will be explained lgter-in_tﬁis péper” the operating
voltage given on these curves is not the actual voltage on the phototube, It is
the voltage read on the scaler voltméter, which is about 56 percent greater than
* the phototube voltage,

59

_ The 1131 plateau is observed to have a steeper slope than the Fe glateau,

and further more, it begins at a higher voltage, This is due to the fact that
1131 emits gamme~-rays of lower eﬁergy which produce weaker scintillatiohs,, If

gamma-rays of still 1cwer'énergvaere to be counted, a‘shortér and steeper plateau

would result and this method of counting would become lessvpractical,.
It may be wondered why the plateau slope for 0060 is less than the slope
for Fe®® while the enmergy of the two gamma-rays emitted by each isotope is almost.
exactly the éame, The reason is that Co®0 emits its two gamme-rays in coincidence
while Feb9 does..not° Quite often, therefore, 080 produces tﬁo scintillations in
coincidence, This results in a bright scintillation that is recorded as & single

count over a wider range of phbtotube voltage° The net result of these coincident
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scintillations is to give a longer plateau:Withﬁ§light1ywle§é-31d9e§

The curve labeled’backgroun& in‘Fig;’l was taken witp thé’gggplgsjre@ovgd»
but with the crystal still in place, and therefore shows the baekgrdund'dué‘to=
stray gemme- and cosmic-radiation and noise pulses from thevphdﬁotubeb,'The curve

'labeled phototube noise was taken with the crystal removed andutherefore-shgws the -

contribution tq thé background of phototube noise alone, :The‘background with the
crystal in'place and with 1 1/2 inches of lead shielding is 1251countSjper minute
at the operating voltage of 1850 wolts, The contribution to this background from
phototube noise alone is less than one count per minute at this volbage,"Virtue
lally the entire background is due to stray radiation entering thevcrys%glo o

The slope and length of the plateaus obtained depends nqt:0n1y Qn the type
of phosphor and optiéal drrangement, but also:qn the sensitivity.of-tﬂe.particular
5818 photoube.used,,a less sensitive tube giving a shorter biateau with greater
slope, The'tubes'used‘to.obtain the curves given in this paper were fhé best. of
& group of eight pﬁototubes,

The resolving time of one of.the above counters was meaguredran@ foﬁnditoﬁ
be about 6 micToSGCOnds; -This‘correspondS'to the resolving time of the scaler,
;s would be exPeetea,'sincé:the decey time of anthracens and stilbene have been:
measured to be a'fraction«df'a-ﬁicrosecond,5;-The'decay time of-thallium acti- ;
vated sodium iodide is approximately 0,25 microsecond,® . - .

jFrcm.the data'presented,‘it.seems that a very practical sample counter can
be made which operates at room temperature; The existence of the counting pla=
" teau indicstes that a cownter with stable characteristics can be constructed,
The fact that the c¢ount drops practicelly to zero when the crystal is removed
 indicates fhat'photbtube noiée is not being appreciably counted, .The background )
"can be reduced further ohly by ‘'shielding the cfystal and‘phototubé or by some -

other method that will reduce the ‘number of unwanted.scintillations, -Therefore,
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it is not necessary to refrigerate the ﬁhototube or to use two pﬁototubes which
count only coincidences in order to count fairly high energy'gémmaurays.wiﬁh tﬁé
three phosphor materials and the phototube mentioned above, However, such meas-
ures may still be necessary for counting veryxlow energy ga.mma.-ré.‘ys° Othef experi;
| | 2,7,8

menters have reported on these'methdds°

The Vial Ssmple Counter

As mentioned béfore, we have found it advantagéous towgou§t s§mp1é$HWh%6hﬂ
are contained in glass vials, A drawing showing the general form of & @§unter_
of this type is:shoﬁn in Fig, 2. The crystals are arranged éround a %é%; in”which
the sample vials are placed, Thus the counting geometry is high since the phos-
iphor partiall& surrounds the sample, The aluminum housing serves as a-light tight
shield fo,prevent embient light from entering the photofubg, It also provid¢s'a
reflecting surface for the scintillation light, and prevents stray betgéﬁarfiéles
from entering the crystal, The brass absérber which fits between the.#iallahd
the aluminum housing prbvideslpért‘of the absorption path to prevent beta~particles
from entering the phosphor from the sample, and also prevents the housing'from :
becoming éoniaminated‘by'activity that may be picked up from contact with the '
sample vials, IIf the sbsorber becomes conteminated from contact with the samples,
itvcan_easily be femovea and cleaned,

Wﬁ hafe constructed counters of this type using anthraéene,'Stilbene& and
thailium‘activated sodium iodide crystals, The most satisfactory countersﬂwére
those which used thallium activated sodium iodide, They had the highest effici;
ency by almost a facfor of three, ana'ﬁhéy also had fhe longest'plafeaus with
the least slope, The enthracene end stilbene counters had piateaus which were
satisfactory only for the higher energy gammsa emitters,

The plateau curve for & typidai vial sample counter with thellium activated
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sodium iodide as the phosphor is shown 1n Fig, 3, At an operating voltage of .
1800 volts, the slope of the plateau is 2 pereent per hundred volts for 0060;
3 percent per, hundred volts for l?‘e"i’g‘9 and & percent per. hundred volts for I131
The absolute eountlng efflelenoy when oountlng 2 mllllllters of solutlon .

eontalned in a1 dram glass vial is 29,8 pereent for 0060 and 17 5 percent for

59 where the absolute counting efficiency is deflned es the sample countlng
rate reeorded by the counter d1v1ded by the dlslntegratlon rate of the sampleol
The background count when shlelded by 1 l/é inches of lead w1th an addltlonal
'1/4 inch of aluminum next to the eounter is about 220 counts per mlnute, When
shielded by about 4 1nches of lead w1th 2 lnches of steel next to the counter,
the background is about 160 counts per minute, The background when the counter
is unshielded isvabout;4000 counts per ninute° The 1mportanee of at least a.
small emount of shielding for this type of eounter is shown by the 1erge rednee
tion in baekground obtained with e‘it_her of the lead shields, -

Comparing this counter to 8 thin window G=M counter which eountslbetea‘

particles from eleetreplated samples, the‘absolute‘eounting'effieieney:fér
Fe®® is 17, 5 percent for the scintillation counter and about 16 percent for the
G=M method, The backgrounds are about 160 and 25 eounts per minute, reSpeetlvely°
Therefore;k the scintillation oounter is less sen81t1ve by a faotor of six for
Fesg It is less sensitive by a factor of three_for 0060° .

°

However, larger
samples can sometimes be'nsed or longer eounte teken to reduce theldleadvenﬁage'
for very weak samples° | v | - ‘"
The phosphor was made from two 51ngle crystals Shaped and fltted together
to form en annuler:rlng with an outside diemeter of 1 3/a 1nehes, an 1n51de dlee
meter of 3/4 inch, end & height of 7/8‘ineh9 Since sodiun iodide is'hygreseegies_
the erystals are protected from air by belng immersed in Nu 51, e,clear mlnerel

oil, after the method described by Hofstadter and MeIntyreo First, however, the
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yellow colored film which forms on sodium iodide crystals whén they are exposed
to air was removed, One way to remove the film is to immerse the entire crystal
for about & minute in acetone, end then dry it end immerse it in Nujol, -Thé;.
'acetone dissolves the yellow film and also some of the surface of the crystal leaving
it very fransparent° The crystals are then put into the al uninum holder ahd it'
is filled with Nujol, Then'a lucite disc is fitted inte the bottom of the alumi-
num holder to reﬁain the 0il, The side of fhe‘iucite disc nearest the phototube
is provided with a curvéd surface which fitsvcloseiy against the top of the .
_phototube, A few drops of Canade Balsam between the lucite disc end the photo-
tube provides a better optical path for the scintillation Iight° The:tWD parts
are then taped together with black photographic tape to complete the counter,
.Fig, 4 shoﬁs & curve 6f the éfficiency of tﬁe counter versus thq‘volume ofﬁ

sample contained in the vial, This curve is of use when counting liquid or s@ftf
tissue samples of various volumes, The efficiency remains~approximat§1y constant
until the volume reaches 1,5 milliliters, after which the efficiency begins to
decrease, It is interééting to note that sampleé which_oeéupy 1,5—millilitefg

or less can be counted at a known ebsolute efficiency without knowing the exact
folume of the sample, Thus it is possible to measure thé activit& of small bits
of biological tissue by simply packing them into the bottom éf'the'#ial and count-
ing them, It may be necessary fo homogenize the semples for the most accurate
_ﬁeasurements if the activity is very unevenly distributed in the sample,

The plateau curve for & vial sample counter using anthracene crystals is

shown in Fig, 5., At an operating voltage of 1800 volts,.the slope of the plateau

60 end 11 percent per hundred volts for

is 9 percent per hundred volts for Co
Fe59° The slope of the 1131 plateau is 34 percent per hundred volts when the
‘counter is operated at 1900 volts, The increased slope of the platesu curves

of this counter is partly due to the fact that it employs larger crystels than
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the one just described, and thus has lower optical efficiencyfj,The crystals
in this counter were shaped to_fofm an annu;ar-ring with an outsidé diameter of
1 3/4 inches, an inside diameter of 3/4 inches and a height of 1 5/8 inches, The
bottom of each érystal was cemeﬁtéd;to the phototube window with Cansda Balsem -to
obtain the best optical efficiency,

The sbsolute counting efficiency of this counter when counting 2‘millilifersb
60

of solution contained in a 1 drem glass vial is 13,1 percent for Co°° and 7,0 per-

cent for'Feséo When counting 4Vmilliiiters of solution in the same size vial, the
efficiency is 11.0 percent for Coso'and 6,4 percent for Fesgo‘ The background count
when shielded by 1 1/2 inches of lead with an additionsl 1.4 inch of aluminum
next to the counter is about 120 counts pér minute, When shielded by 4 inches of
lead with 2 inches of steel next to the counter, the background is abqﬁt 80 Qounts
per minute, The background with the counter unshielded is sbout 600 counts per
mlnute

While the plateau slopes for Fe%9 and Go60 are not quite as flat as. those .
from a good G=M counter, this counter is still satiSfacfory for the higher energy
.gamma_emitters since it is possible to control the high voltage from a good scaler
to within 10 volts, and any error due to fariatioﬁ of the high'voitage is there-.
for kept to within.about 1 percent, However, if 1331 were to be counted, thée .
error would be as much as 3 or 4 percent assuming the seme yoltage regulation,

A Directionsl In-vivo Counter

An outline drawing‘of.théfdireéticnglIin=vivo scintillation counter which
has been used in this laboratory for the localization of Feb9 in huﬁan subjects_
is shown in Fig, 6,  The phosphor is a one inch'cﬁbic_piece of'thalliumvagtivgted
sodium iodide located just behind the aperture end in contact with the p@ototube
face, Anthracene and stilbene crystals can be used as phosphors but the counting

efficleney for crystels of the same size is about one thlrd as hlgh because of
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the lower densiﬁy»énd lower atomic number of these-maﬁérials‘compgreé to»sodium
iodide, The plateaus obtained are about the same as the ones shown for the other
counters using the same phospﬁor.and & similar optical arrangement,

‘The counting efficiency when thallium activated sodium jodide is used is such
‘that 38 percent of the gemme-rays from €o% or Fe59_which go through the.apérture;
are counted, The background is about 100 counté’per minute, The efficiepcy is
higher than & G=M counter by & factor of about 55é'since the efficiency of a brass
well G=M counter to 1.2 Mev gemma-rays is approximately 0,7 percent, 10 The back-
ground of the scintillation counter is higher by a factor of about 5 assuming a‘

" normal backgroundvof about 20 counts per minute for a G-l gammaVCOuntero_ There=
fore, the sensitiﬁity of the scintillation counter to week sources is higher by a
factor of about 11 over a G=M countefu ]
| A curve showing the directionality of the Q&unfér'Whén av7/b inéh~aperture

is used is showm in Fig° 7. It shows that & sample gives half as strong =a response
when it is 15;8O off the axis of meximum couﬁting;t,Greater or less directionality
can be obtained, 6f course, by changing the size of the a;pérture° Two inches ofA
lead shielding are used on all sides of the crystal and the phototube° This pro-
vides adequaﬁe shielding for isotopes having a gemma-ray energy slightlyvabove 1.
Mev or less;

A magnetic shiéld should be provided around the photofube'tq minimize the’
effecfs of the earth's magnetic field if it is desired to point the counter in
different directions, Megnetic fields can chenge the gain of the phototube and
therefore change the efficieﬁcy of the counter,

The electfonic circuit of fhe couﬁter is deséribed in the next section, The
entire phototube circuittincluding the cathode follower is located inside the iead‘
shield in ofder to shorten the signal lead between the phototube and cathode fol-

lower, 'The cables leading to the scaler can then be several yards long if deéired,
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Circuit Details

A diegram of the phototube circuit is shown in Fig, 8, It is designed: to.
connect directly_to a scaling circuit ordinarily uséé_fqr”GémicQgﬁtingg*A';h ef-
'fect? the addition of this circuit converts the G=M scaler into e scintillation
.countero 7 _ _ _ o
In order to make it possible to conﬁgct the phototube directly to_theﬂG%I¢ﬂ
scaler without an additionsal emplifier or powér Supply,,a,high load resistence is
used in the anodeflead,of the'phototube,, Pulses are devéloped acro§svfhis_load.
resistance which_arellarge enough in anplitudg and durétion'to operate the;géaler
without additional emplification, providing the capacitence across the load resist-
ence is low, The capacitance is kept as low as possible by using a'céthbde fol=
1ower'to‘feed the signal to the shielded cable that connectsthe phototube circuit
to the scaler, The resulting pulses operate the scaler directly with less than
the meximum rated voltage of 1250 volts appiiedvtd the phototube, . .

In previously reported experiments on.-scintillation pguntinga\thé Ehototgb?
voltage is kept constant and a varisble pulse -height discriminator: is uSedltq in-
vestigate the various pulse heightsvproducédo"WQ have found it convenient for our
purposes to set the,scaler-senéiti#ity to a fixed value, usually 0,1 volt oriyéss5
and then vary the high voltage appliéd to the phototube to chenge the sensitivity
of the counter, The resultiﬁg curves are easy to interpret from a;Practieal poinﬁ
of view since they are similar to the plateau curves obteined from_GﬁM coppt§r§°

The”oPeratihg voltage as read on the scaler vOItmetef is?56.per¢ent,g;egtep
than the actual voltage appliedlto the phototube, The scaiervwe‘used cqntaips{g
1 megohm protective resistance in the high voltgge lead which cduses the voltage

at the scaler high voltage terminal to drop when any appreciable current is drawn

*
- We have used a Nuclear Instrument and Chemical Corporation Model 163 scaler,
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through ip. A‘smali smount of current is drawn by'the'vd;?age @ividér.tohwhich
the phototube dynodes are connected, The resistor was 1ef£ in the spaling cifQuit_'
partly gs a safety'precaution agdualso’because'it mekes it 51ight1y eaéier to main=-
tain a c§nstant vbltage‘on the‘photatube. - | |
An'importénf'fequifemeht for stable opération which has not been mentiéned,yet
is thét the input sensitivity of ‘the scaler must remein constant, This is & neces-
sary condition to prevent changes in the counting efficiency since a scintillation
comter is a pfoportional cqunting-ééviceg The scaler we have used is feirly satis-
factory in this respect although it has‘been:observed-that.o#er periodsfdf;Severgl
months, changes in input sensitivity have occourred which required slight ‘readjust=
ment of the scaler input sensitivity or the phototube operating voltage in order
to maintsin the same counting efficiency, Changes in sensitivityﬂgfé 6fcc§ufse?.
detected by the regular counting of & sfandard éample, :A'sc;iiﬁg ciréuit designed
fo have an input sensitivity which is constant over long periods of time should
prevent this trouble. |
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Figure Captions

Anthracene flat crystal counter plateau

Outline drawing of scintillation vial sample counter -

Thallium activeted sodium iodide scintillation vial counter platesu
Vial counter sample volume Vs, QOGO counting éfficiency

Anthracene scintillation viel counter plateau

‘Outline drawing of in-vivo scintillation counter

Directionality of in-vivo scintillation counter
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