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Method for the identification of 60Co in an industrial gamma irradiator
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This study presents a method for the identification of a set of radioactive sources of60Co, in an industrial irradiator. This identification
was requested by a Mexican regulatory authority. To fulfill this request, a method was developed to make the identification by the gamma
spectrometry technique. The problem for the identification of Co-60 lies in the fact that the source (set of Co-60 rods) has a total radioactive
activity of two million Ci, so the gamma fluence rate is very high and saturates the gamma system, preventing the corresponding photopeaks
in the gamma spectrum to be appreciated. A strategy was applied to reduce saturation, pile up, and dead time to ensure that the photopeaks
generated in the60Co gamma energy spectrum were clearly visible. A low efficiency and relatively high resolution CdZnTe detector, was
selected, which was placed in an acrylic box with a collimated lead shield to carry out the measurement inside the irradiator pool to reduce
scattered radiation and to be able to clearly appreciate the spectrum gamma of60Co.
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1. Introduction

Industrial Gamma Irradiators are widely used in the world,
they are used to sterilisation, innocuity and preservation of
food products among other applications. Generally, this type
of irradiators are composed of radioactive sources of60Co.
To achieve the absorbed dose necessary for the irradiation of
products, there are industrial gamma irradiators with typical
activities of hundreds of thousands Curies (Ci) of radioactiv-
ity.

In particular, the gamma irradiator to which it was re-
quested to identify60Co has an activity of two million Ci.
Because60Co is a beta-gamma emitter and it emits photons
with 1.17 and 1.33 MeV of energy with yields of practically
100%; the gamma spectroscopy method (GS) was used to
make the measurement, which is based on the interaction of
gamma radiation with matter by photoelectric effect. Thus,
in an instrumented GS system, the electrical pulse is of the
same amplitude when the interaction of gamma photon with
the detector is by this effect and this fact allows to identify
gamma emitter radionuclides by its energy.

The result of a counting by gamma spectrometer is a
gamma spectrum which is a histogram composed of fre-
quency of events (photoelectric, Compton scattering and pair
production) where the photopeaks of certain energies stand
out and that allow to identify gamma emitting radionuclides.
Various types of detectors are used in GS systems, the sim-
plest being scintillators and the most modern being semicon-
ductor detectors.

Basically, the identification of radionuclides by GS is a
simple process without any complications, but in this case
the high intensity of the source constitutes a problem to carry
out the identification. Since the main problem to perform the
measurement was the high intensity of the source, it was de-
cided to use a spectrometry detection system that met three

conditions: a) Low efficiency b) Good resolution c) Porta-
bility. For this reason, it was decided to use a system with
a modern CdZnTe semiconductor detector, which met the
above conditions and with which the identification of the
source was made.

2. General instrumentation

A gamma spectrometry system basically consists of: a)
Gamma Radiation Detector b) Power Supply c) Preamplifier
d) Amplifier e) Multichannel Analyzer (MCA) f) Shielding.
The detector is the main part of the system and it is gener-
ally a scintillation or semiconductor detector that works un-
der the following mechanisms. When gamma radiation inter-
acts with the detector, positive and negative ions in the form
of ejected electrons and ionized atoms respectively are gener-
ated by photoelectric, Compton and pair production effects,
these ions are collected and processed in the following stages.

The power supply provides the potential difference
(within the sensitive volume of the detector) necessary to pro-
duce the electric field that directs the ions to the electrodes (or
dynodes in a scintillation detector) and be processed by the
preamplifier to direct them to the amplifier.

The preamplifieŕs main purpose is to provide of
impedance coupling and to transform the electric charges into
a voltage pulse which in turn is directed to the amplifier input.
The amplifier shapes the electronic pulse from the preampli-
fier and, depending on the type of output selected, produces
an electronic signal of Gaussian or triangular shape to give
the electronic pulses amplitude, according to the range of en-
ergy that it is useful to handle.

The multichannel analyser (MCA) is an electronic device
that consists of an input window (height of voltage pulses
window), an analogue-digital converter (ADC), which “mea-
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FIGURE 1. Gamma spectrum containing photopeaks with energies
from 59.5 keV to 1836.0 keV for energy calibration.

sures” the pulse amplitude and sends it to a memory location
called channel, (typically 2k to 8K channels) in which the
number is directly proportional to the output electronic pulse
amplitude. The MCA contains a screen (often the monitor of
a P.C.) or its own screen, where is possible to see a chart of the
distribution of events of different energies recorded (height of
voltage pulse), called gamma spectrum, (Fig. 1).

When a gamma photon interacts with the detector by pho-
toelectric effect, the amplitude of the pulse is directly propor-
tional to the energy of the gamma photon and therefore when
this type of interactions are repeated for each energy they give
rise to ”Gaussian-like” distributions called photopeaks. The
location of these photopeaks allows the energy to be related
to the channel number of the centre of the mentioned dis-
tribution, giving rise to the energy calibration, which allows
knowing the energy of unknown photopeaks due to their lo-
cation in the spectrum and therefore the radionuclide emitting
that gamma photon.

The shield containing the detector is usually made of lead
with different wall thickness in function of the application
(for instead, for environmental analysis a thickness of 10 cm
is typical) and its function is to prevent background gamma
radiation from walls, ceiling floor, and surroundings reach-
ing the detector. Figure 2 shows the basic components of a
traditional gamma spectrometer system.

FIGURE 2. Basic components of a gamma spectrometer system.

FIGURE 3. Electronic pulses 1, 2 and 3 are the product of three sin-
gle interactions of photons in the detector, the sum pulse is product
of two single interactions 4 and 5, sum peak is product of pileup.

3. Electronic pulse formation

In semiconductor detectors, the holes (positive ions) and elec-
trons produced by gamma radiation contribute to the pulse
formation. The mobility of the electrons and holes depends
on material characteristics, strength of the electric field ap-
plied, and operating conditions. Typically, the charge carrier
mobility is on the order of103−104 cm2/(V.s). Therefore, for
a typical semiconductor detector the charge collection time
is about a fraction of a microsecond. If a second event takes
place before all the charge from the first event is collected, the
charge carriers produced by the second event will be added to
the pulse produced by the initial event, hence leading to the
phenomenon of pileup, Fig. 3. The time that must elapse be-
tween two pulses produced so that no pileup occurs is called
the resolution time.

The pileup phenomenon can occur when two gamma pho-
tons of different energies come from two different sublevels
from the same original energy level in the same nuclear de-
cay process and interact with the detector almost at the same
time. Another case is when two photons from different nuclei
interact with the detector practically at the same time.

4. Used equipment

The gamma spectrometry system that was used to per-
form the measurement is a Kromek brand integrated sys-
tem with the following characteristics and specifications:
Model: GR05+; Serial number: 150005; Firmware version:
1.0; Detector size:10 × 10 × 10 mm; CZT (CdZnTe) de-
tector Energy range: 25 keV to 3.0 MeV; Energy resolu-
tion: < 2.5% (661.66 keV, 137 Cs); Maximum throughput:
30,000 counts/s; Number of channels: 4096; Dimensions:
25× 25× 62 mm (Fig. 4); Weight: 60 grams. Energy output:
Rise time: 3 microseconds; Decay time: 10 microseconds.
Timing output: Shape: TTL compatible rectangular pulse;
amplitude: 4.5-5.0 V; Duration: 8 microseconds; Timing res-
olution: less than 100 ns.

Supl. Rev. Mex. Fis.4 011006



METHOD FOR THE IDENTIFICATION OF60CO IN AN INDUSTRIAL GAMMA IRRADIATOR 3

FIGURE 4. Dimensions of spectrometry CdZnTe detector Kromek.

5. Experimental Design and Set-up

The design of the measurement was based in the rate of
gamma emission from the source of60Co with 500,000 Ci of
radioactivity, the rate of photons emitted is3.7 × 1016 gam-
mas/s (1.17 and 1.33 MeV with practically yield = 100%).
Note: The source of the irradiator on which the tests were
performed has an activity of 500,000 Ci. The system was
calibrated in energy with a window from 60 keV to 2 MeV. A
first attempt was made to measure the source by removing it
from the pool, placing the shielded detector as far as possible
within the installation which was 4 m. The result was that the

FIGURE 5. Saturated gamma spectrum due to the high intensity of
60Co gamma rays. The saturation is reflected as a continuous curve
where the photopeaks are not visible.

FIGURE 6. Detector shielding schematic.

system became saturated, reflecting in a continuous spectrum
where no photopeaks of the 60 C o energies were visible
(Fig. 5).

It was considered to carry out the measurement by plac-
ing the shielded detector inside the pool, in addition. A con-
tainer made of acrylic was made to protect the detector and
introduce it into the water.

The detector shielding in the form of parallelepiped was
constructed to have a circular collimation of 0.5 cm in diam-
eter for the entrance of the gamma beam (Fig. 6). The rate of
photonsTpdD detected at a distanceD, without considering
attenuation due to water and considering the collimation area
(0.5 cm diameter) is:

TpdD(c/s) =
Tpe

SD
AcEfin60Co, (1)

where:Efin60Co is the intrinsic efficiency for60Co; Tpe rep-
resents the rate of photons emitted by the source,SD is the
area of sphere at distanceD andAc is the area of collimation.
The photopeak efficiency was obtained for60Co (1.33 MeV)
and it was1× 10−4.

In Table I, shown the rate of photons through the colli-
mated area of the detection system at distance D from the
source (middle), attenuated by water; then, the counts regis-
tered (net count) in the photopeak of 1332.5 KeV in counting
time of 900 s and the corresponding counting error.

TABLA I. Counts recorded in Photopeak of 1.3 MeV in 900 s of
counting time.

Col(A) Col(B) Col(C) Col(D)

2.0 1.63E+06 1.47E+05 0.3%

2.5 8.62E+04 7.76E+03 1.1%

3.0 1.66E+03 1.49E+02 8.2%

4.0 2.48E+00 2.23E-01 212%

5.0 9.47E-02 8.52E-03 1083%

Col(A) Distance Source-Detector SystemD (m). Col(B) Rate of pho-

tons/Detector area * attenuated by water (s−1), Col(C) Counts recorded in

the photopeak (900 s).Col(D) Counting Error (%).
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FIGURE 7. Experimental setup for60Co source measurement. The
detector system was placed at a depth of 2.5 m in the gamma irra-
diator pool.

FIGURE 8. Handling the detector system in the installation.

A distanceD = 2.5 m was chosen to perform the mea-
surement, considering that a count rate of 857 c/s is a low
enough not to saturate the system, and not so low to perform
a counting of a long time. In Fig. 7 the array of the measuring
is shown. In Figs. 8 and 9 the maneuver in pool is shown.

It is important to mention that the exposure speed for the
half million Ci source at a distance of 5 m inside the pool is
less than 2µRoentgen/h, so it does not represent a radiolog-
ical risk for the personnel, however all the personnel who

FIGURE 9. Introducing the detector system inside the gamma irra-
diator pool, by means of a system of cables and pulleys.

participated in the manoeuvre are occupationally exposed to
radiation (OEP), controlled through the licenses of use and
possession of radioactive material granted by the National
Commission of Nuclear Safety.

6. Results

The spectrum resulting from aforementioned measurements
(integrated counting in 900s) shown the two photopeaks
within the 1173.3 and 1332.5 keV centroids and a positive

FIGURE 10. Collected spectrum in which the photopeaks corre-
sponding to the60Co gamma energies (1.17 and 1.33 MeV) are
clearly shown.
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correlation with the comptom effect continues component,
which were found within the 0.5 keV uncertainty needed to
conclude a positive identification corresponding to the ener-
gies from60Co, indicating strong evidence of the presence of
the radionuclide (Fig. 10).

7. Discussion

The final obtained spectrum does not showed the pileup phe-
nomenon as theorized when considering the number of events
per unit time as planned, which led to the formation of the
two 60Co characteristic photopeaks. Moreover, their inter-
action energy with the detector strongly correlated with the
FWHM by exhibiting values of 20.1 y 22.0 keV, which agree
with the expected values of 20.2 y21.9 ± 3 in accordance
with the energy calibration.

Although the probability of interaction of gamma radia-
tion in the detector by photoelectric effect is higher at lower
energies, the 1.33 MeV photopeak appeared larger than that
of 1.17 MeV, which could be explained by the energy attenu-
ation caused by the path interaction with the pool water. This
phenomenon has been observed before, and it is caused by
the increased probability of interaction of low energy pho-
tons within the measurement medium.

According to the measurements performed, the imple-
mented method proved that it can be applied under measure-
ment conditions with extremely high gamma emission inten-
sities. One proposed important application is to verify the
activity of 137Cs in degraded fuel rods within power plants,
which correlates with the degree of utilization of U as fuel to
maximize plant efficiency, procedure that nowadays is gener-
ally approximated via numerical methods and lack of experi-
mental verification, among others.

8. Conclusions

The method developed for the measurement of extremely in-
tense sources for their identification of the radionuclide of
interest60Co was successful. The use of a low efficiency and
intermediate resolution CdZnTe detector, as well as the mea-
surement in an attenuated medium was adequate to carry out
the positive identification of60Co. Conditions established
for the measurement resulted in a counting rate that did not
saturate the system and allowed the spectrum to be collected
to clearly appreciate the photopeaks in only 15 minutes of
counting.
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