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Scintillation Counters for the Measurement of Radioactive Samples 

H. 0. Anger 

Radiation Laboratory ·and Division of Medical Physics 
University of California, Berkeley, California 

August 30, 1950 

Introduction 

1 2 
During the few years since the papers of Kallman and Deutsch 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 counting, the RCA 5819, 

is also avaiable. In ·this laboratory we have attempted to apply scintilla-

tion counting to some of our problems in biological tracer research. 

The great advantage of scintillation counting is that it makes possible 

the detection of gamma-radiation with much greater efficiency than is poss-

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. Samples containing Fe59 and Co60 are 

examples. Both of these isotopes emit beta-particles of relatively low 

energy, Co6° having a maximum energy of 0.3 Mev, and Fe59 having two beta-

particles with energies of 0.26 and 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 1947. 

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

3 Harshaw Chemical Co., Cleveland 6, Ohio. 
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biological samples had to be put in order to prepare them for counting. 

This procedure consisted of electroplating the. samples on metal discs in 

order to get samples that were thin enough so that the self absorption of 

the samples would be small. .Counting gamma~rays with a scintillation 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 

measured merely by placing them in glass vials without any other preparation 

and then placing the vials in the cormter. 

'The gamma~ray counting efficiency with the scintillation counter :ts not 

quite as high as for beta counting with a G~.M countero \\!hen counting co60 

it ts about three=fourths as efficient, and when counting Fe59 the factor 

is one·-half. The background cou.."lt in each case is about three times as high 

for scintillation countingo In spite of this~ howeverj this method has such 

great advant&.ges over the olde;;-- method of sample mea.surement that it is pre~ 

ferred for work with Co60 and Fe59;· and will no doubt prove useful with many 

other gamma emitting isotopeso 

Principles of Scintillation Counting 

An important requirement of a counter.for radioactive samples is that 

it must be adequately stable, It was at first thought that this might be a 

·difficult requirement to meet since a Btable counter -~·wuld be very difficult 

to construct if acounting plateau of some kind did not exist, We have 

found that a reasonably ·satisfactory plateau is obtained for gamma=rays with 

energies cf about 1 Mev and. greater 1Nhen a suitable phosph:.::>r and. a selected 

5819 phototube are used at room temperat.ureo Anthracene and stilbene are 

satisfactory phosphors. Caleium tungstate,. cadmiwn tungstate11 and terphenyl 

dissolved in m=xylene are materials from which we have not obtained good 
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plateaus. 
4 

However, Mayneord has reported obtaining a plateau fr~m calcium 

tungstate and an RCA lF'2l photomultiplier at liquid nitrogen temperature. 

A typical plateau 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 crystal was covered with aluminum foil to reflect light from the 

crystal into the phototube. The assembly was then covered with black photo-

graphic tape to exclude ambient light from the phototube. 

Plateau curves are shown for gamma-rays from co60, Fe59, and rl31. 

Unlike a G-M counter, the plateau slope is different for each isotope. If 

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

the plateau is 4 percent per hundred volts for co6°, 7 percent per hundred 

volts for Fe59~ and 10 percent per hundred volts for Il31.~ 

The rl31 plateau is observed to have a steeper slope than the Fe59 

plateau, and furthermore, it begins at a higher voltage. This is due to the 

fact that Il31 emits gamma~rays of lower energy which produce 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 would become 

less practical. 

It may be wondered why the plateau slope for co60 is less than the slope 

fo:r Fe59 while the energy of the· two gamn1a-rays emitted by each isotope is 

almost exactly the same. The reason is that co60 emits its two gamma=rays 

in coincidence while Fe59 does not. Quite often, therefore, co60 produces 

4 W. Vo Mayneord~ E. Ho Belcher, Nature~ 165, 930 (June 10, 1950). 

*As will be explained later in this paper, the operating voltage given-on 
these curves is not the actual voltage on the phototube. It is the voltage 
read on the scaler voltmeter, which is about 56 percent greater than the 
phototube voltage. 
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two scintillations in coincidence. This results in a bright scintillation 

that is recorded as a single count over a wider range of phototube voltage • 

. The net result of these coincident scintillations is t.o give a longer pla-

teau with slightly 1ess slope. 

The curve labeled background in Fig. 1 was ta~en with the samples re-

moved, but with the crystal still in place, and therefore shows the back-

ground due to stray gamma" and cosmic-radiation and noise pulses from the 

phototube. The curve labeled phototube noise was taken with the crystal 

removed and therefore shows the contribution to the background of phototube 

noise alone. The background with the crystal in place and with 1 1/2 inches 

of lead shielding is 125 counts per minute at the operating voltage of 1850 

volts. The contribution to this background from phototube noise alone is 

less than one count per minute at this voltage. Virtually the entire back-

ground is due to stray radiation entering the crystaL 

From the data presented, it seems that a very practical sample counter 

can be made which operates at room temperature. The existence of the count~ 

ing plateau indicates that practically all the scintillations of a certain 

magnitude produced in the crystal are being counted. The fact that the 

count drops practically to zero when the crystal is removed indicates that 

phototube noise is not being counted. The background can be reduced further 

only by shielding the crystal and phototube or by some other method that will 

reduce the nuniber of unwanted scintillations. It is apparent that it is not 

necessary to refrigerate the phototube or to use two phototubes which count 

only coincidences in order to count fairly high energy gamma~rays with the 

two phosphor materials mentioned above" It is likewise apparent that such 

me~sures. will be necessary for counting very low energy gamma=rays. Other 
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The resolving time or insensitive time of one of the above cmmters was 

found to be abo~t 6 microseconds. This corresponds to the resolving time of 

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

stilbene have been measured to be a fraction of a microsecond.
7 

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 

As mentioned before, we have found it advantageous to count samples 

which are contained in glass vials. A drawing showing a counter for these 

samples is given in F'ig" 2. The crystals are arranged around a well in which 

the sample vials are placed, Thus the counting geometry is 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~ 

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

brass absorber which fits between the vial an~ the aluminum housing prevents 

the housing 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 contact 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 Fe59 curve has a ~16pe of 

5 G. A. Morton, K. W. Robinson, Nucleonics~' No. 2, 25 (1949) • 

6 R. F. Taschekj H. T. Gittingsy Fhys. Rev. 75, 1553 L (1949). 

7 George Kelley, Oak Ridge National Laboratory Report No. 366 (June 1949). 
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about 11 percent per hundred volts and the Co60 curve has a slope of about 9 

percent per hundred volts when operating at 1800 volts. The r131 curve ha.s 

a slope of 34 percent per htuldred volts when operating at 1900 volts. The 

increased slope of the plateau of this cou~ter is probably due to the de-

creased efficiency of light transmission between the crystals -and phototubeo 

While the slopes for Fe59 and co6° are not as low as for a good G=M counter11 

they are still satisfactory since it is possible to control the high voltage 

from a good scaler to within 10 volts, and any error dtie to variation in the 

high voltage is there.fo:re kept to about 1 percent. If r131 were counted, the 

error wop,ld b~3 as much CtS 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,counti.ng e~ficiency of a typical counter of this type which 

accepts 1 dram glass vials and uses anthracene crystals is 7.0 percent for 

Fe59 and 13 o 1 percent :for co6° when the vials are fill~d vdth 2 milliliters 

of solution. The efficiency is .6.4 percent for Fe59 and 1L9 percent for 

co60 when the vials are filled almost full with 4 millil,iters of solution. 

The absolute counting effic.iency is defined as the counts per m.inute recorded 

by the counter divided i::-;y the disintegration rate of the sample in disinte-

f:;Tations per minute. 

The background at the most foatisfactory operating voltage is about 80 

counts per minute when the cm.mter is shielded with 4 inches of lead plus 2 

inches of iron next to the counter, and about 120 counts per minute when 

shielded with l 1/2 inches of lead plus 1/4 ir;.ch of aluminum next to the 

counter. 'l'he bc.ckground when. the cou."lter is unshielded is about 400 counts 

per m:i.nute" .f!::xamina,tion of F'ig" 3 shows that the background can be varied 

a great deal by varying the operating .voltage of the scaler. Since the 

counting efficiency changes at the same time, a compromise is necessary to 

l\ 
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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 when counting 
~ . . 

liquid samples of various volumes. It will be noted that the efficiency 

remains approximately constant until the volume reaches 2.5 .milliliters, 

·after 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 exact volume of the sample. Thus it is possible to count small bits of 

biological tissue by merely packing them into the bottom of the vial and 

counting them in the regular manner. 

When the absolute counting efficiency for co60 is known for a gamma 

counter, the absolute efficiency for Fe59 can be calculated from the follow-

ing formula~ 

EFe = Eco 
2 - F.co 

Where EFe "' Absolute counting efficiency for Fe59 

Eco "" Absolute counting efficiency for co60 

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 gammas in coincidence with energies of 1.1 and 1.3 

Mev» while each Fe59 disintegration yields one gamma with a 50 percent chance 

of its being either the 1.1 or 1.3 Mev energy. The Co6° efficiency, there

fore, is slightly less than twice th.e Fe59 efficiency, the slight loss being 

due to coincident counts in the c~se of co60. 

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.* 

In effect~ the addition of the phototube circuit 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 loac). resistance 7 270,000 ohmsj is used in ·the 

anode lead of the phototube. Pulses are developed across this load resistance 

which are large enough in amplitude and duration to operate 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 6AK5 tube 

as a cathode follower to feed the signal to the shielded cable that connects 

the phototube circuit to the scaler. The resulting output operates the scaler 
,•')-

1 ' 

directly with less than the maximum rated voltage of 1250. volts applied to the "& 

phototube. 

No variable pulse height discriminator is used. Instead the scaler sen= 

sitivity is set at a fixedvalue, usually at 0.25 volts, and the high voltage 

applied to the phototube is varied to change the sensitivity of the counter • 

. The operating voltage as read on the scaler voltmeter is 56 paroent greater i;.han 

the actual voltage appfied to the phototube. The scaler we used contains a 

1 megohm protective resistance in the high voltage lead which causes the 

voltage at the scaler high voltage terminal to drop when any appreciable 
,. 

current is drawn through it. A small amount of current is drawn by the volt~ 

age divider to which the phototube dynodes are connected. 

As mentioned-before the voltage ~upplied to the phototube is not unduly 

critical .as long as a phosphor is used which gives a moderately good counting 

plateau. Another requirement for stable operation which has not been 

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

~J • 
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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 to maintain the same counting efficiency. 

A Directional In-vivo Counter 

An outline drawing of the directionalin-vivo 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 energy slightly above 1 Mev, such as Fe 59 and C o60. 

The efficiency is such that about 10 percent of the gamma-rays which go 

through the apertu:re are counted. The background is about 40 counts per 

minute. A curve showing the directionality of the counter is shown in Fig. 7. 

It shows that a sample gives half as strong a response when it is 15.8° off 

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

of course~ by changing the size of the aperture. 

The electronic circuit is the same as for the counters just described. 

The entire phototube circuit including the cathode follower is located 

inside the lead shield in order 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 around the phototube to minimize 

the effects of the Earth 9 s magnetic field if it is desired to point the 

counter in different directions. 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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