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Scintillation Counters for the Measurement of Radioactive Samples

H. 0. Anger

Radiation Laboratory and Division of Medical Physies
University of California, Berkeley, California

August 30, 1950

Introduction

During the few years since the papers of Kallmanl and Deutsch2 on
scintillation counting appeared, many investigators have been working in the
field. Phosphors for scintillation counting are now commercially available,
and a phototube especially suited to scintillation gountiné, the RCA 5&19,
is also aﬁaiable° In this laboratory we have'attempted to apply scintilla-
tion counting to séme of our problems in bioipgical‘tracer research.A

The great advantage.of scintillation.countiﬂg is that it makes possible

the detection of gammé—radiation with much greater éfficiency'than isAposs—

ible with Geiger counters. This opened the possibility that we might be

~able to count gamma-rays from some of our samples instead of beta-particles

as we have been doing previously. Samﬁles containing Fe®? and 006_O are
examples. Botﬁ‘of these isotcopes emit beta-particles of relatively low
energy, Co60 having a maximum energy of 0.3 Mev, and Fe59 having two beta-
particles with energies of 0.26 énd 0.46 Mev. They each emit two gamma-rays
with energies of about 1.1 and 1.3 Mev: In the past we have counted the

beta-particles from these samples with good efficiency but- rather poor

reproducability because of the involved chemical procedure through which the

1 .
H. Kallman, Natur und Tecknick, July 1G47.

2 M, Deutsch Massachusetts Institute of Technology Technical Report No, 3
(December 1947)

3 Harshaw Chemical Co., Cleveland 6, Ohio.
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bioclogical samples had to be put in ofder to prepaye them for counting.
Thié'procedﬁre consis t°d of eleotrdplatlng the samples on metél discs in
order to get samples that were thin enough S0 that the self absor;tlon of
the samples would be sﬁall,T~C§uAt1ng gammawravs with a 501nt111at10n counter
makes it possible to eliminate the electroplating and all the chemical pro-
cedure leading up to it.  The activity of the samples in most cases can be
meesured merely by plaging them in glass wvizls without any other pféparation
and theﬁ placingbthevviélﬁ in tha 6ounﬁer.
Ihe gamma-Tray bDUntlﬁ eff&c¢ency with the scintillation counter ié not

qulte as hlgh as fc»'n beta eounulng w1th a u»ﬂ counter., When counting 6060
it is gbout threenfourths‘as efflclent, and when COPHtng ¥e2? the factor

ié oﬁe}half. The background éount in each case is about h ce times as high
for.éciﬁtillation countingo in séitevof thiés hoﬁever, thisl$ethod has such
.gr@df advan,;g@ﬂ over the sldef methoﬁ of m*mpl@ measurement ﬁhaﬁ it is pre-
vferred for worn w1th GCov O i Fe”g,‘énd w;ll no doubt prove useful with many

other gamma, emitting isoto opes.

Principles of 01nt1¢1ation,ﬁountin_
p g

An important'requir@meni of a counter for radicactive samples is that
it must be adeqﬁately_stabléa It was gt first thought that this might be a
difficult requirement to mest since a stable counter would be very difficult
to zonstruet if @ counting plateau of some kind.did nol exist. We have
found that a reasongbly satisfactory piateau ig obtained for gamma-rays with
engrgies of sbout 1 Msv and greater when a suitable phosphor and a selected
5819 phototube are used at room_temperaturea Anthracene and stilbene are

batlsfac+ory phosphors° Calcium unvstabe, cadmlum tungstate, and terphenyl

¥ ‘ .

di olved in mexylcnb are materxal% from @hich we have mot obtained good

,

K72
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plateaus. However, Mayneord‘ has reported obteining a plateau from calcium
tungstate and an RCA 1F21 photomultiplier at liquid nitrogen tempefature.

A typical rlateau curve for a counter consisting of a large flat anthra-
cene crystal and an RCA 5819 phototube is shown in Fig. 1. The crystal was
quite large, about 1 3/4 x 1 3/4 x 7/8 inches, but contained many flaws. The
flat side was cemented to the phototube face with transparent cement. The
rest of the crystzl was covered with aluminum foil to reflect light from the
crystal into the phototube. The_aésembly was then covered with black photo-
graphic tape to exclude ambient light from the phototube.

Plateau curves are shown for gamma-rays from Coéo, FeSg, and 1131,

.'Unlike‘a C-M counter, the piateau slope is different for each isotepe. 1If

an operating voltage of 1850 volts is selected, we find that the slope of

“the plateau is 4 percent per hundred volts for Coéo, 7 percent per hundred

volts for Fe59, and 10 percent per hundred volﬁs for T131,*

The I+21 plateau is observed to have a steeper slope than the Fe?
plateau, and furthermore, it begins at a higher voltage. This is due to the
fact that I131 emits gamma-rays of lower energy which proauce weaker scintil-
lations, If gamma-rays of still lower energy were to be counted, a shorter
and steeper plateau would result and this method of counting ﬁould become
less practical.

‘ It may be wondered why the plateau slope for 0660 is less than the slope
foy Fe®? while the energy of the two gamna-rays emitted by each isotope is

60

almost. exactly the same. The reason is that Co°" emits its twc gamma-rays

in coincidence while Fe®? does not. Quite often,; therefore, cob0 produces

4 W. V. Mayneord, E. H. Belcher, Nature, 165, 930 (June 10, 1950).

* A8 will bve explained later in this paper, the operating voltage given on ‘
these curves is not the actual voltage on the thototube. It is the voltage
read on the scaler voltmeter; which is about 56 percent greater than the
rhototube voltage. '
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two scintillati@ns in coincidence. This results in a bright scintillation
that is recordedvas.a éingle count over a ﬁider fangévof phototube veoltage.
The net result of these coincident scintillations is to give a longer pla-
teau with slightly'less élopeu'

The curve labeled bhackground in ¥ig. 1 was taken with the samples re-
moved, but with the crystal still in place, and therefore shows the back-
ground due to stray gamma- snd cosmic-radiation and noise pulses‘frbm the
phototubeol The curve iageied phoﬁbtﬁbe'noise.ﬁas‘taken with the cfystal
reﬁovea‘and théfefofe showsuthe contribution to ﬂhe backgfoundAbf ﬁhototube
noise albnén"Thé'bacRgroﬁhd wifh the crysfal in place and with 1 1/2 inches
of leaa shiélding is 125 counfs per,miﬁuté at the opefatingzvoltége of11850
?olts°‘ The contribution to this background from'phototube noise albhe is
less ﬁhaﬁﬁone count ﬁer'minute at thiétvolisgéo Virtﬁally the entire back-
_gr@ﬁnd is due to stray radiation entering the érystal.v |

From the data.presénted, it'seems that a‘very practicgl sample éoﬁnter '
can bé méde which operaﬁeé at room temperature. The existence of the count -
ing plateau indicates that practically all the scintillations of a certain
mégnitﬁdé produced in the cfystal are being'counted. The fact that fhe
couﬁt drbps practizally to zero when the cryétal is removed indicates fhat
pho{otﬁbe noise is not Being counted. The background can be reduced further
only by shielding the crystal énd bhotofube or by some other method that will
reduce the numﬁer of unwented scinﬂiliations. It is appafent that 1t is not.
necéssary to refrigerate the phototube or to use two.phototubes which count
bnly goiﬁéideﬁceé in brde% tb'count féirly highleﬁefgy gammaaréys.with the
two phosphor materials mentioned gboven It is likewise apparent that such

~measures- will be necessary for counting very low energy gamma»réys. QOther
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: : 2,5,6
experimenters have reported on these methods. ~~’

The resolving time or insensitive time of one of the above counters was

found to be about 6 microseconds. This corresponds to the resolving time of

~ the scaler, as would be expected, since the decay time of anthracene and

gtilbene have been measured to be a fraction of a microsecsond;p7 The overall
resolving time of the counter is adequate for all the usual counting require--
ments without correction for resolving time since the correction is only 0.1

percent for every 10,000 counts per minute.

The Vial Sample Counter

Asvmentioned before, we have found it advantageous to count saﬁples
which are contained in glass vials. A4 drawing showing a counter for~these
samples is given in Fig. 2. The crystals are arranged around a well in which
thevsample vials are placed. Thus the couﬁting geometry 1s fairly high. The
aluminum housing serves as a light.tight shield to prevent ambient light from

entering the phototube. It also provides a reflecting surface for the scin-

\ a,

"tillation light, and prevents stray beta-rays from entering the crystal. The

i

brass absorber which fits between the vial and thevaluminum housing prevents
the houging from becoming contaminated by activity that may be picked up from
contact with the sample vials, and also provides part of the absorption path
to prevent beta-rays from entering the phosphor from the sample., If it be-
comes contaminated from contaét with the samples; it can easily be removed

and cleaned,

A plateau curve is.shown in Fig. 3 for a counter of this type which uses

‘anthracene crystals. It will be noted that the Fe?? curve has a'élépe of

5G. 4. Morton, K. W. Robinson, Nucleonics 4, No. 2, 25 (1949).

© K, F. Taschek, H. T, Gittings, Phys. Rev. 75, 1553 L (1949).

7 George Kelley, Oak Ridge National Laboratory Report No. 366 (June 1949).
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gbout 11 percent per hundred veits and the Co60 curve has a slope of about 9
percent per hundred volts when operating at 1800 ;irolts° The 1131 curve has
a slope of 34 percent per hundred volts when operating at 1900 velts. The
increased slope of the plateau of this couﬁtér is probably due to the de-
creased efficiency of light transmission between the crystals -and rhototube,
While the slopes for Fe?? and Cof0 are not as low as for a good G- counter;
they aré still satisfactory since.it is possible to contrel the high voltage
from a good scaler to within 10 wolts, and any error due to variation in the
high vdltage is therefore kept to about 1 percent, If 1121 gere counted, the
error would be as much as 3 percent or 4 percent assuming the same voltage

. regulation. This type of scintillation counter is not as practical for the
lower energy gamma emitters. |

The absolute counting eﬁficiency of a typical counter of this type which
accepts 1 dram glass vials and uses anthracene crystals is 7.0 pércent for
Fed? and 13.1 percent for ¢o®C when the visls are filled with 2 milliliters
of solution. The efficiency is 6.4 percent for Fe?? and 11.9 percent for
Cob0 when the vials are filled almost full with 4 milliliters of solution.
The abgolute coumtiﬁg efficiency is defined as the counts per minute reccrded
by the counter divided by the disintegration rate of the sample in disinte-
gretions per minute,

,Thé background at the most satisfactory operating voltage is about 80
counts per minute when the counter is shielded with 4 inches of lead plus 2
inches of iron next to the counter, and about 120 counts pér minute when
shielded with 1 1/2 incﬁeé of lead plus 1/4 irch of aluminum next to the
counter; Thé background when. the counter is unshieldéa is about 400 counts
" per minute., kxamination of Fig. 3 shows that the background can be varied
a great deal by varying the operating voltage‘of the scaler. Since the

eounting efficliency changes at the same time, a compromise is necessary to

LY
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obtain the best condition for counting weak samples.
Fig. 4 shows a curve of the efficiency of this counter versus .the volume
of the sample contained in the vial., This curve is of use wheh counting
liquid samples of various volumes. Itvwill be noted that the effiéiency

remains approximately constant until the volume reaches 2.5 milliliters,

rafter which it begins to decrease slightly. Samples which occupy 2.5 milli-

liters or less can be counted at a known absolute efficiency without knowing
the exacf volume of the sample. Thus it is possible to count small bits of
biological tissue by merely packing them into the bottom of the ;ial and
counting them in the regular manner.

When the absclute counting efficiehcy for 0060

is known for a gamma
counter, the absolute efficiency for Fe®? can be calculated from the follow-

ing formula:

- oo

EFe
2 - Ego
Where Epe = Absolute counting efficiency for Fe29
Ego = Absolute counting efficiency for € o®0

This formula is derived from the fact that the two isotopes emit gammas

of almost exactly the same energy, the difference being that each Co60 dis-

 integration yields two gemmas in coincidence with energies of 1.1 and 1.3

Mev, while each Fe?? disintegration ylelds one gamma with a 50 percent chance

of its being either thellol or 1.3 Mev energy. The Cbéo efficiency, there-

fore, is slightly less than twice the Fe>9 efficiency, the slight loss being
60 = |

due to coincident counts in the cése of Co®~.

Circuit Details

A diagram of the phototube circuit is shown in Fig. 5. It is designed
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to connect directly to a scaling circuit ordinarily used for G-M counting.® v

In effect, the addition of the phototube circuii converts the G-M scaler into
a scintillation counter.

Two minor changes have been made in the phototube circuit as it is usually
used to make it possible to use the G-M scaler without an additional amplifier
or power supply. First, a high load resistance,‘270,000 chms; is used in the
anode lead of the phototube; Pulses are developed across this load resistance
which are lsarge enough in amplitude and duration to opefate the scaler with
no additional amplification, providing the capacitance across the load resis-
tance is low. The capacitance is kept as low as possible by using a 64K5 tube
as a cathodevfollower to feed‘the signal to the shielded cable thatvconﬁects _
the phototube circuit to the scaler. The resulting output operates the scaler
‘directly with less than the maximum rated voltage of 1250 volis applied to the -
phototube. o

No variable pulse height discriminator is used. Instead the scaler sen-
sit;vity is set at a fixed value, uéuaily at 0.25 volts, and the high voltage
applied to the phototube is variéd to Chénge the sensitivity of the counter.

| The -operating‘ voltege as read on the scaler voltme’ter. is 5 percent greater than
the actual voltagelapp;ied to the phototube. The scaler‘we used contains a
1 megohnm protéctivé resisténce inithe high voltage lead which causes the
véltage at the scaler high voltagé terminal t§ drop when any appreciable
vcurfént‘is drawn through it. A& shall amount of curréht is dréwn by the volt-
age divider to which the phototube dyﬁodes are connected.

As mentioned.before the voltage suppiied td the photofube is not unduiy
critical as long as a phosphor is used which gives a moderately good counting

plateau. Another réquirement for  steble operation which has not been

* We have used a Nuclear Instrument and Chemical Corporation Model 163 scaler.

I
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mentioned is that the input sensitivity of the scaler must remain constant.

The scaler we have used is fairly satisfactory in this respect although it

has been observed that changing the two input tubes of the scaler results

in a different input sensitivity, requiring readjustment of the scaler input

sensitivity ar the phototube voltage tc maintain the same counting efficiency.

4 Directional In-vivo Counter

An outline drawing of the directicnal in-vive scintillation counter which
has been used in this laboratory is shown in Fig. 6. The crystal is a one-

inch cubic piece of stilbene located just behind the aperture and cemented

- to the phototube face. Two inches of lead shielding are used on all sides

of the crystal and phototube. This provides adequate shielding for isotopes
having a gamma-ray ehérgy slightl& abtove 1 Mev, such as Fes9 and Cof0,

The efficiency is such thai‘about'lo percent of the gamma-rays which go
through the aperture are counted.. The background is about 40 counts per
minute, A curve showing the directionality of the counter is shoﬁn in Fig. 71
It shows that a sampie gives half as strong a response_when_it is lS,éo off

the axis of maximum counting. Greater or less directiocnality can be obtained,

of course; by changing the size of the aperture.

The electronie circuit is the same as for the counters just described.
The entire phototube circult including the cathode follower is located
inside the lead shield in ?rder to shorten the signal lead between phototube
and cathode follower. The cables leading to the scaler can be several yards

long if desired.

A magnetic shield should be provided arcund the phototube to minimize

the effects of the Earth's magnetic field if it is desired to point the

gounter in different directicns. The shield can be made of a piece of cold

rolled steel tubing with about a one-fourth inch wall thickness, and it
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should extend the full length of the phototube.
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