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a Unitat de Física Mèdica, Facultat de Medicina i Ciències de la Salut, Universitat Rovira i Virgili, Sant Llorenç 21, ES-43201, Reus, Tarragona, Spain
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A B S T R A C T

We present a new procedure to remotely calibrate gamma spectrometry detectors installed in the open air used in 
surveillance networks. The procedure includes energy calibration, determination of the energy resolution and 
estimation of the activity concentration. Our Proportional ROI-Cleaning algorithm (Cerezo et al., 2023) has been 
applied to different detector types and dimensions (LaBr3(Ce), SrI2(Eu) and NaI(Tl)). These detectors are 
assembled in different measuring configurations (direct and with particulate filter). The usefulness of our method 
as a surveillance technique was confirmed by the detection of 75Se, 131I, 192Ir and 60Co in some locations of the 
Radiological Surveillance Network of Catalonia (Spain).

1. Introduction

The Euratom Treaty requires each Member State to stablish the 
necessary infrastructures to carry out real-time monitoring of the level of 
radioactivity in air, water and soil, ensuring the compliance of basic 
standards (Union, 2000). In Spain there is an environmental radiological 
surveillance network (Alegría et al., 2023; Ontalba et al., 2022; 
Sáez-Muñoz et al., 2024), as in other Member States (Abida et al., 2008; 
De Felice, 2001; Hiemstra et al., 2009; Kessler et al., 2018; Leontaris 
et al., 2018; Madruga, 2008; Neumaier, 2017; Stöhlker et al., 2019; 
Štuhec et al., 2006; Toivonen et al., 2008). The XVRAC (Xarxa de Vig
ilància Radiològica Ambiental de la Generalitat de Catalunya or Envi
ronmental Radiological Surveillance Network of Catalonia), the network 
installed in Catalonia (NE Spain), acquires data since 1986.

The nuclear incident marked as a 2 in the INES scale in Ascó nuclear 
power plant in 2007 (Consejo de Seguridad Nuclear, n.d.) was the 
starting point of the improvement of the Network. As explained in 
(Casanovas et al., 2011), this incident revealed that the information 
obtained with Geiger-Müllers and proportional detectors implemented 
in the Network was insufficient and it concluded that implementing high 
precision gamma spectrometry in real time would provide much more 
information (Dąbrowski et al., 2017). Since then, the Network has 
expanded to include scintillation detectors.

Currently, the real-time environmental radiological surveillance 

network consists of 35 monitors distributed around Catalonia as shown 
in Fig. 1: Twenty-four direct monitors without shielding with 1″×1″, 
2″×2″ LaBr3(Ce), 3″×3″ NaI(Tl) and 2″×2″ SrI2(Eu) implemented de
tectors; ten monitors for aerosol surveillance using a particulate filter 
(RARM-F) (Casanovas et al., 2014a)with 2″×2″ LaBr3(Ce) and SrI2(Eu) 
detectors; two monitors with direct measurement using two shielded 
detectors (RARM-D2) (Casanovas et al., 2014b), where NaI(Tl) or LaB
r3(Ce) detectors are used; and, finally, two NaI(Tl) water monitors 
(Casanovas et al., 2013) for the surveillance of the water from Ebre 
River.

Each one of these 35 monitors generate, every 10 min, an accumu
lated gamma spectrum that is sent for further analysis. This means that, 
per year, the Medical Physics Unit analyses more than a million of raw 
spectra. Clearly, the large volume of data makes it impossible to 
manually analyse each one of the spectra. For that reason, in recent 
years, our group has developed and improved several algorithms and 
methodologies to stabilize, analyse the data, and derive values of ac
tivity concentration and ambient dose equivalent H*(10) in real time 
(Casanovas et al., 2012a, 2016; Cerezo et al., 2023; Prieto et al., 2018a).

One of the most tedious steps in the network maintenance is per
forming the energy and resolution calibration of each station regularly. 
It requires to visit each one of the monitor locations with radioactive 
calibration sources. For that reason, our group has developed a new 
methodology to perform these calibrations remotely, eliminating the 
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necessity of physically traveling to each one of the gamma spectrometry 
monitors with calibration sources. Moreover, these methodologies are 
useful for the surveillance networks of Argentina, Mexico, Paraguay and 
Uruguay, where we are contributing with the same very precise equip
ment designed and build by the Medical Physics Unit and supporting 
with real-time gamma-spectra analysis and data evaluation. Keep in 
mind the objective of these kind of environmental surveillance networks 
is to be able to detect presence of artificial isotopes in the environment 
(which we assume to be homogeneously distributed), without falling in 
false positive detections, and achieving MDACs as low as possible. 
Determine the precise activity concentration of certain isotopes is not 
the scope of this networks. In those cases, the network serves as a sur
veillance system, triggering alarms in case of nuclear accidents or re
leases into the environment. In those cases, other dedicated programs 
are activated for measuring the precise quantity of those, and other, 
anomalous radioisotopes (Sáez-Muñoz et al., 2024).

In this article we present the application of a new methodology 
adopted by the Medical Physics Unit to calibrate and analyse in real time 
the spectra recorded by the XVRAC monitors and other distant networks. 
Note that the procedure is not related to the ISO standardizations, e.g. 
ISO20956:2023, as the term calibration used in this article refers to a 
procedure that makes use of virtual spectra (instead of certified sources) 
to determine the correspondence between cps and activity 
concentration.

Additionally, we will study some detection events of artificial iso
topes which activated the investigation warning level, detected by 
monitors where this new procedure was implemented: Detection of 60Co 
in the vicinities of Ascó Nuclear Power Plant (N41◦12′00″ E0◦34′10″), 
detection of 75Se and 192Ir in the vicinity of the Vandellòs Nuclear Power 
Plant (N40◦57′01.8″ E0◦51′57.6″) (Unidad de Protección Civil, 2009) 
and the detection of 131I in the town of Balaguer (41◦47′28.21″N 
0◦48′39.38″E). Note that all the mentioned detections correspond to low 
activity concentrations, slightly above the monitors detection limits and 
did not pose a radiological risk for the population or the environment: 
detection of equal or higher values of ambient dose equivalent, H*(10), 
of natural isotopes (radon progeny) have been recorded during rain 
episodes.

2. Materials

For this study, a NaI(Tl), four LaBr3(Ce) and one SrI2(Eu) detectors, 
with different sizes (1″×1″ and 2″×2”), have been used, applying on 
them the new general calibration methodology, summarized in Fig. 5. 
Each one of them are in different locations. Presented below a descrip
tion of them and an overview of the locations (Fig. 2).

Fig. 1. General overview of XVRAC. All the monitors are showed with a green indication. The values presented show the dose rate (nSv/h) (http://xvrac.fmurv.cat/).
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2.1. NaI(Tl) monitor

We used a monitor with two shielded 2″×2” NaI(Tl) detectors (Model 
905-3 from ORTEC®), one pointing upwards and the other pointing 
downwards, in direct measurement configuration (Casanovas et al., 
2014b), each one of them coupled to a digital multichannel analyser 
(Digibase from Ortec®). This monitor is located in the Ascó nuclear 
power plant precinct. Only the upper detector will be considered for this 
study, in order to compare volumetric activity concentrations with the 
other monitors.

2.2. LaBr3(Ce) monitors

We used three monitors with four 2″×2″ LaBr3(Ce) detectors (Bril
Lance™380 from Saint-Gobain Crystals®) coupled to digital multi
channel analysers (Digibase from Ortec®). The first monitor uses one 
detector, and it is configured for direct measuring. This monitor is in 
Vinebre (N41◦11′6.308″ E0◦35′19.279″), a village near Ascó. Another 
detector is used in a particulate filter (Casanovas et al., 2014a) moni
toring Roses (N42◦15′47.494″ E3◦10′38.638″). The last two detectors are 
mounted in a monitor configured for direct measurement of the upper 
half-plane and the lower half-plane, separately (Casanovas et al., 
2014b). In this type of monitor, as in the NaI(Tl) one, a detector points 
upwards and the other downwards. The monitor is in Vandellòs nuclear 
power plant precinct. Only the upper detector will be considered for this 
article, in order to compare volumetric activity concentrations with the 
other monitors.

In addition, a 1″×1″ LaBr3(Ce) (BrilLance™380 from Saint-Gobain 
Crystals®) coupled to a digital multichannel analyser (Digibase from 
Ortec®) in direct measurement configuration is installed in in Balaguer 
(N41◦ 47′ 46,2″ E0◦ 48’ 36.9”).

2.3. SrI2(Eu) monitor

We used a 2″×2″ SrI2(Eu) detector (ScintiClear™ from CapeSym®) 
coupled to a digital multichannel analyser (eMorpho from Bridgeport 
Instruments®) configured for direct measuring. This monitor is located 
20 km away from Vandellòs nuclear power plant, in the village of 
Pratdip (N41◦ 3′ 3.669″ E0◦ 52′13.997″).

3. Methods

3.1. Spectra stabilization

Before processing the raw data, we stabilize spectra automatically 
using a self-developed software that applies a previously described 
methodology (Casanovas et al., 2012a) to avoid peak shifting in gamma 
spectra (Mitra et al., 2016).

3.2. Energy and FWHM(E) calibrations

Performing an energy and resolution calibration (FWHM (E)) re
quires the obtaining of spectra with well-defined photopeaks. To 
accomplish this, traditionally, spectra of radioactive calibration sources 
are registered in each monitoring site. This implies that technical staff 
must visit each monitor periodically and obtain measurements of the 
different radioactive sources for several minutes, as explained in (Prieto 
et al., 2018b). It is a time and energy consuming task, especially 
considering that many monitors are located in the Pyrenees mountains 
and require a 4-h drive to reach. To optimize this situation, we use the 
spectra recorded regularly by the monitors on site to calibrate the de
tectors (after being stabilized in temperature, as previously mentioned). 
To do so, we use spectra with the highest activity concentration of 
natural occurring isotopes in all the working period of each monitor (see 
Fig. 3). These spectra are valid to use as long as the detector acquisition 

Fig. 2. A) Location of the stations for this study. Some of the monitor locations are closer than the map resolution, and so, are grouped in one point, as indicated for 
Ascó Nuclear Power Plant, Ascó 2″x2″ and, Vinebre 2″x2”. The Vandellòs 2″x2″ LaBr3(Ce) monitor is located in the vicinity of Vandellòs nuclear power plant). B) Map 
of Spain showing the localization of Catalonia.
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parameters and the monitor location remain unchanged. If an acquisi
tion parameter or the location changes, the energy scale and the energy 
resolution need to be recalibrated with new spectra.

3.3. Cleaning equations

Once all the spectra have been stabilized and calibrated in energy 
and resolution, cleaning equations are generated to eliminate the con
tributions of the natural occurring radioisotopes in the spectral band of 
the artificial isotopes under monitoring. We developed a simple yet 
effective method, the proportional ROI-cleaning method, based on the 
analysis of regions of interest, or ROIs, as explained in (Cerezo et al., 
2023). In this case, the training data correspond to the historical 
radioactive environmental data recorded by the desired monitors to 
calibrate. The cleaning equation obtained for a certain radioisotope in a 
certain monitor is only applicable for that isotope in that monitor while 
the detector acquisition parameters and the monitor location do not 
change. As a result, we obtain cleaned ROIs, or ROINet, where the natural 
isotopes contributions have been subtracted for 131I, 137Cs and 60Co.

3.4. Efficiency calibrations

All the spectra are calibrated in efficiency to obtain activity con
centrations in Bq/m3. The efficiency calibrations are performed using 
Montecarlo simulations with EGS5 code, assuming the isotopes are ho
mogeneously distributed in air.

For the aerosol monitors, it is also assumed that the distribution on 
the particulate filter is homogeneous (Casanovas et al., 2012b) and for 
the direct measurement monitors the gamma emitters are assumed to be 
distributed forming a cylindrical source of equal height and diameter of 
500 m (‘infinite’ source) surrounding the detector (IAEA, 2018).

The objective with these simulations is to generate conversion fac
tors for a hypothetic radioactive source homogeneously distributed in 

air in case of a nuclear accident. More details about the efficiency 
calculation and efficiency curves can be found in previous studies 
(Casanovas et al., 2012b, 2014a, 2014b; Cerezo et al., 2023), where 
point sources of known activity were used to validate efficiencies ob
tained from Montecarlo simulations.

3.5. Activity concentration

The activity concentration for isotopes of interest is calculated using 
the Proportional ROI-Cleaning algorithm (Cerezo et al., 2023) instead of 
the traditional peak analysis. Translating into activity concentration 
(Bq/m3) is crucial, enabling possible comparisons with the legal limits or 
studies performed by other institutions (IAEA, 2018; Iaea, n.d.).

For the conversion of the counts per second (cps) in a ROI to the 
activity concentration (Bq/m3), we developed the so-called virtual 
spectra method. This eliminates the need to physically transport radio
active sources to each monitoring station, as previously explained. With 
these spectra we begin the activity calibration procedure.

3.5.1. Virtual spectrum
Virtual spectra help avoid doing calibration procedures on site, 

similarly as explained in section 3.2. A virtual spectrum refers to either 
an artificial isotope spectrum or a natural isotope spectrum that is 
recorded by a detector in a laboratory, which is then validated and 
added to a real spectrum recorded by a remote monitor. This process 
enables the calibration of activity concentration.

The virtual spectrum is appliable to a certain monitor if it is recorded 
with the same type of detector in the laboratory (i.e.: the spectrum 
recorded with a 1″x1″ LaBr3(Ce) detector in the laboratory cannot be 
applied in a 2″x2″ NaI(Tl) detector as a virtual spectrum, only is appli
cable to another 1″x1″ LaBr3(Ce) detector). The laboratory spectrum is 
shifted to accommodate the emission peak in the correct channel to 
match the detector on field. For that, the algorithm minimizes the 

Fig. 3. Nine hours spectrum recorded by a 2″x2″ LaBr3(Ce) detector in direct configuration located in Vinebre (see Fig. 2) used to calibrate in energy and resolution 
(FWHM(E)) the monitoring station. In the figure are presented the channels and the theoretical energy for each one of the centroid energy peaks. In this spectrum, the 
212Pb, 214Pb and 214Bi average activity concentrations were 35.1 ± 2.7, 108.7 ± 21.4 and 125.3 ± 20.9 Bq/m3.
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difference between the experimental artificial isotope energy peak 
recorded in the laboratory and its theoretical energy in the field detector 
(see Figs. 4 and 16). This procedure is referred to as validation. Then this 
spectrum is added to a spectrum of the field detector.

3.5.2. Activity concentration calibration
Finally, we obtain the activity concentration, in Bq/m3, for the 131I, 

137Cs and 60Co. We assume that the activity concentration, A, in Bq/m3, 
is proportional to the net ROI: 

A= a⋅ROInet (1) 

To obtain the calibration coefficient, a, we use the corresponding 
artificial isotope virtual spectrum to produce counts within the desired 
ROI. Fitting the peak of the artificial isotope to a Gaussian function al
lows us to obtain the height of the Gaussian, H, and the standard devi
ation, s, and we obtain the counts under a peak from the value of H⋅ σ⋅ 
̅̅̅̅̅̅
2π

√
, which is the integral of the Gaussian function over its entire range. 

Then, the activity concentration is calculated for each photopeak as: 

A=
H⋅σ⋅

̅̅̅̅̅̅
2π

√

ε⋅t⋅I(%)
(2) 

where ε is the volumetric efficiency obtained using Montecarlo simu
lations with isotopes homogeneously distributed in air, explained in 
section 3.4, t is the counting time and I (%) is the emission probability of 
the considered gamma-ray.

At this point, a caveat: if the virtual spectrum is added to a spectrum 
recorded by a field detector coinciding with a measurement with high 
activity concentration of natural isotopes, the gaussian fitting can 
overestimate the height of the energy peak due to peak overlapping and 
Compton scattering (e.g. 214Pb and 131I − 351 keV and 364 keV- or 214Bi 
and 137Cs − 609 keV and 661 keV-). To avoid this problem, the virtual 
spectrum is added to the spectrum with the lowest emission from natural 
occurring radioisotopes in the recorded period.

3.6. Minimum detectable activity concentration

Every 10 min a gamma spectrum is received for analysis. The un
certainty for each clean ROI can be propagated from the Poisson un
certainties of the corresponding raw ROI and the ones from the natural 
emitters. From these uncertainties, the detection limits for 10-min 
measurements are calculated following the ISO 11929 recommenda
tions. A deeper explanation of this calculation is presented in (Cerezo 
et al., 2023).

To compute the MDAC after 24 h of measurements we adopt two 
different strategies depending on whether the detector has a particulate 
filter or not. In detectors with a filter (like that at Roses), we report the 
MDAC recorded at 23:59 every night. The reason for this is that the filter 
is reset every midnight. With a forced air flow of 10 m3/h, the mea
surement at 23:59 has potentially sampled 240 m3 of air and is therefore, 
the most significant measurement.

In direct measurement, we could in principle let the detectors 
accumulate a spectrum for 24h. However, we find preferrable to keep 
them recording short duration (10 min) spectra for the sake of temporal 
resolution and early-warning performance. What we can do in this case 
is to average the clean ROIs of the last 24 h. Every 10 min we compute 
the (running) average of the latest 144 10-min measurements. We can 
compute the uncertainty of this measurement from the propagation of 
the uncertainties of the 144 individual measurements and obtain the 
corresponding MDAC (Table 2).

3.7. Remote calibration workflow

In order to summarize the information provided in the previous 
sections, we present a flow chart (Fig. 5) for the steps to follow with the 
objective to perform an on-remote calibration for whatever gamma 
spectrometry monitor. Notice some steps are iterative, e.g. the spectrum 
stabilization, or the cleaning equation application, once the cleaning 
parameters are obtained, are performed for each new performed mea
surement, i.e. every 10 min. Other steps require being performed only 
once, like the Montecarlo simulations. The energy and resolution cali
bration curves, as well as the cleaning equations and the conversion 

Fig. 4. Example of a 60Co spectrum recorded in the laboratory (cyan line) displaced one channel to the left to obtain the 60Co virtual spectrum validated for Vinebre’s 
monitor (dashed magenta line) and applied on Vinebre’s monitor (blue dotted line). To obtain the same spectrum as placing a real 60Co source next to the Vinebre’s 
monitor (red line), it is necessary to multiply by two the virtual spectrum (blue line). This is a zoom of a complete set of spectra plotted in Fig. 16.
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factors, need to be recalculated every six months due to seasonal change, 
as explained in the Discussion.

4. Results

The results of applying the new calibration procedure, summarized 
in Fig. 5, are presented for 6 different monitors (see Materials section): 
3 for normal natural radioactivity background monitoring (Vinebre, 
Roses and Pratdip; sections 4.1 and 4.2) and 3 for artificial isotopes 
detections (Ascó, Vandellòs and Balaguer; section 4.3).

From Figs. 6–11 we present a comparison of two different methods to 
analyse data registered during regular days for low and high natural 
isotopes activity concentration. That is, there is no presence of artificial 
isotopes and any radiological increase corresponds to natural isotopes. 
The result of subtracting an average background spectra (Simple Back
ground Subtraction method) is plotted from Figs. 6–8, while from 
Figs. 9–11 we present the result of applying our algorithm, the Pro
portional ROI-Cleaning Method (Cerezo et al., 2023). The Simple 
Background Subtraction method returns values above zero for the three 
artificial isotopes studied (see from Figs. 6–8 and Table 1 which means 
that this method produced misleading false-positive detections. On the 
other hand, the Proportional ROI-Cleaning Method returns zero activity 
concentration for the artificial isotopes, as expected.

Figs. 12–14 show artificial isotopes detections by three different 
monitors where the Proportional ROI-Cleaning Method was applied. 
Bear in mind that there was no radiological risk to the population or to 
the environment.

4.1. Analysis with Simple Background Subtraction

Figs. 6–8 show the activity concentration variability of 212Pb, 214Pb 

and 214Bi and its effect on the ROIs of the artificial isotopes if the data are 
analysed with a Simple Background Subtraction method (i.e. this 
method relates the counts in each studied artificial isotope’s emission 
peak to the activity concentration after applying a Gaussian fitting 
which only subtracts the intrinsic background and the constant back
ground, but not the contributions from natural isotopes to the artificial 
isotopes emission peaks due to Compton scattering or peaks over
lapping) for three different stations. The method has been applied on 
periods with low and high natural isotopes activity concentration, 
specially selected for each monitor.

4.2. Analysis with proportional ROI-cleaning method

Figs. 9–11 show the resulting activity concentration of the three 
artificial isotopes studied (131I, 137Cs and 60Co) once our method (Cerezo 
et al., 2023), that subtracts the contributions of the natural isotopes to 
the ROIs under monitoring, is applied to the same data presented in 
section 4.1.

In Table 1 the results obtained with our method (proportional ROI- 
cleaning method) and the Simple Background Subtraction method, are 
summarized for each detector. In Table 2, the mean Minimum Detect
able Activity Concentrations (MDAC) of the artificial isotopes are pre
sented for the three detectors.

4.3. Detections of interest

In general, our monitoring stations routinely record artificial iso
topes activity concentration values of zero (Table 1). However, in some 
special cases we have detected actual measurements of artificial isotopes 
with no radiological impact to the population or the environment with 
values slightly above the monitors’ detection limits. Some of such rare 

Fig. 5. Flow chart of the complete remote calibration procedure performed for each one of the monitors, which is divided in three main steps: 1) Every 10 min, each 
spectrum is stabilized in temperature (Casanovas et al., 2012a). 2) The historical data recorded by a monitor (natural isotopes spectra) is used to: Self-calibrate it in 
energy and resolution, to generate the cleaning equations, i.e. the corresponding cleaning parameters (Cerezo et al., 2023), obtaining the artificial isotopes net 
counts, and to obtain the detection limits in counts per second (CPS). 3) Montecarlo simulations are performed to obtain the corresponding efficiency curves 
(Casanovas et al., 2012b, 2014a, 2014b; Cerezo et al., 2023). 4) The monitor is calibrated in Bq/m3 remotely applying virtual spectra (the concept of virtual spectra 
was explained in section 3.5.1), obtaining the conversion factors, as explained in section 3.5.2.
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events are discussed below (See Appendix I for the waterfall spectra 
representation of the detections) where the remote calibration proced
ure (see Fig. 5) has been applied.

4.3.1. Ascó - Shielded 2″x2″ NaI(Tl) detector
This monitor is located in the site of the Ascó Nuclear Power Plant. 

We present two detections of 60Co recorded in short events in 2023. 
After contacting the pertinent authorities, it was determined that the 
presence of 60Co corresponded to an authorized truck carrying shielded 
paraffin canisters with 60Co inside them. The truck passed within 70 m 

of the detectors. This transportation did not pose a risk to the population 
or the environment. The detection recorded in January, generated an 
increase in the H*(10) of 10 nSv/h - from a background level of 80 nSv/ 
h, while the detection in February generated an increment of 12 nSv/h. 
Bear in mind that these occasional increases are similar to those 
generated in a rainfall event.

4.3.2. Vandellòs - Shielded 2″x2″ LaBr3(Ce) detectors
This monitor is located in the vicinity of Vandellòs Nuclear Power 

Plant. On July 27th, 2020, it was detected presence of 75Se (mainly 

Fig. 6. Raw data for the Vinebre LaBr3(Ce) detector in direct measuring configuration on a scenario of variable natural radioactivity affecting the detection of 
artificial radioisotopes if the Simple Background Subtraction method is applied. The high natural period corresponds to raining events.

Fig. 7. Raw data for the Roses LaBr3(Ce) detector in filter measuring configuration on a scenario of variable natural radioactivity affecting the detection of artificial 
radioisotopes if the Simple Background Subtraction method is applied. The high natural period corresponds to radon emanations events.
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γ-emissions: 121.12, 136.00, 264.66, 279.54 and 400.66 keV) and 192Ir 
(mainly γ-emissions: 295.96, 308.46, 316.51 and 468.07 keV). Once 
contacting the pertinent authorities, it was determined that the presence 
of this artificial radioisotopes corresponded with an authorized indus
trial scintigraphy. In this station, there are no ROIs defined for those 
isotopes. However, these radioisotopes generate Compton scattering, 
affecting the 131I (main γ-emission at 364.5 keV) ROI, producing a 
positive signal in the 131I ROI (see the waterfall in Fig. 15b of Appendix 
I). The detection generated an increase of 10 nSv/h from the background 
level (110 nSv/h).

4.3.3. Balaguer - 1″×1″ LaBr3(Ce) detector
A 1″×1″ LaBr3(Ce) direct measurement configuration monitor is 

located in the rooftop of a sports centre in the city of Balaguer. On 
January 26th, 2023, 131I was detected. On that day, there was a festive 
lunch gathering more than 200 attendees at the sports centre. Upon 
contacting the sports centre staff for additional information regarding 
the event, they informed us that some participant may have undergone a 
medical procedure requiring the use of 131I. The detection generated an 
increase of 21 nSv/h from the background level (66 nSv/h).

Fig. 8. Raw data for the Pratdip SrI2(Eu) detector in direct measuring configuration on a scenario of variable natural radioactivity affecting the detection of artificial 
radioisotopes if the Simple Background Subtraction method is applied. The high natural period corresponds to raining events.

Fig. 9. Net data and MDAC for the Vinebre LaBr3(Ce) detector in direct measuring configuration (same detector as used in Fig. 6) in the same scenarios after applying 
our developed algorithm. The high natural period corresponds to raining events.
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5. Discussion

This article presents a new procedure capable of remotely calibrating 
gamma spectrometry monitors. While the procedure has been developed 
for a general application, certain considerations must be noted, and 
others discussed.

5.1. Energy and resolution calibration

As explained in section 3.2, this step, is traditionally performed with 

spectra of radioactive calibration sources obtained using point-like 
sources on the monitoring site. As mentioned, our group decided to 
optimize this practice, using the spectra recorded regularly by the 
monitors on site to calibrate the detectors. For this purpose, we use 
spectra with the highest activity concentration of natural occurring 
isotopes in all the working period of each monitor.

It is imperative to remark that the spectra used to calibrate in energy 
and resolution are valid to use as long as the detector acquisition pa
rameters and the monitor location remain unchanged. If an acquisition 
parameter or the location changes, the energy scale and the energy 

Fig. 10. Net data and MDAC for the Roses LaBr3(Ce) detector in filter measuring configuration (same detector as used in Fig. 7) in the same scenarios after applying 
our developed algorithm. The high natural period corresponds to radon emanations events.

Fig. 11. Net data and MDAC for the Pratdip SrI2(Eu) detector in direct measuring configuration (same detector as used in Fig. 8) in the same scenarios after applying 
our developed algorithm. The high natural period corresponds to raining events.

A. Cerezo et al.                                                                                                                                                                                                                                  Radiation Physics and Chemistry 226 (2025) 112172 

9 



resolution need to be recalibrated with new spectra. Furthermore, the 
experience gained managing the surveillance network showed that it is 
recommendable to perform a new energy-resolution calibration every 
six months, prompted by the seasonal changes.

5.2. Cleaning equations

The cleaning equations, as mentioned in section 3.3, need a set of 
spectra only with presence of natural isotopes. Moreover, the datasets 
need to be created with maximum and minimum spectra due to natural 
isotopes activity concentrations among all the spectra recorded by the 
monitor. Spectra with intermediate values (i.e. natural isotopes activity 
concentrations between the max and min historically recorded values) 
can be added in the data set, which will improve the result.

However, while this last point is recommendable, creating the data 
sets with the maximum values recorded is necessary. The use of 
maximum values generate cleaning equations to avoid false positive 
detections of artificial isotopes in case of an event with high natural 
isotopes activity concentrations. For instance, let us consider the 

detection in Sellafield (Office for Nuclear Regulation, n.d.), where the 
systems produced a false-positive detection of artificial isotopes released 
into the environment that was caused by Radon emanation. Further
more, to prevent this undesired result, the maximum spectra ever 
recorded by a monitor is used as a virtual spectrum of natural isotopes to 
simulate events twice or three times more intense. These natural high 
intensity spectra are added to the data used to determine the cleaning 
equations. Thus, the procedure is capable of accurately obtaining re
sults, even in a worst-case scenario, without producing false-positive 
detections.

Note that the datasets are valid as long as the acquisition parameters 
of the monitor and the surroundings do not change. Again, the experi
ence obtained in the surveillance network showed that is recommend
able to generate new cleaning equations every six months, due to 
seasonal changes. A minimum of 3 months is necessary to generate 
enough data to obtain proper cleaning equations.

5.3. Virtual spectrum and activity concentration calibration

A virtual spectrum is only valid to be applied on monitors that use the 
same kind of detector as the one in the laboratory. i.e. it is not correct to 
apply a virtual spectrum recorded in the laboratory with a NaI(Tl) on a 
monitor with a LaBr3(Ce). Also, if the energy calibration of a monitor 
changes, the virtual spectrum must be revalidated following the steps 
presented in section 3.5.1. This will also affect the activity concentration 
calibration, therefore, new CPS to Bq/m3 conversion factors must be 
obtained.

The concept of virtual spectrum is not limited to the obtention of 
artificial isotopes gamma spectra, but also embraces the obtention of 
natural isotopes gamma spectra. As mentioned, these spectra can be 
applied to other stations provided that the monitors have the same type 
of detector. To prepare a virtual spectrum, we can use spectra obtained 
with radioactive point-like sources either with laboratory or on-field 
detectors. The recorded spectra can be used as virtual spectra for 
other equal detector types. In the case of the natural isotopes, virtual 
gamma spectra are obtained for each field monitor using periods with 
the highest activity concentration of natural isotopes, usually coinciding 
with raining events. It is not possible to apply these spectra to other 
monitors due to the difference of natural isotopes proportions from the 
surroundings of one station to another.

For each monitor, the virtual spectra library is valid while the 
acquisition parameters, the monitor configuration and/or the location of 
the monitor do not change.

5.4. Results

The procedure presented in this article, summarized in Fig. 5, has 
been applied to the totality of the monitors that build the environmental 
surveillance network of Catalonia. In this article, six monitors are pre
sented: In sections 4.1 and 4.2 three monitors are used to show the 
difference in the results of applying the algorithm developed by (Cerezo 
et al., 2023) (Figs. 9–11) or without applying the algorithm following 
traditional background subtraction methods (Figs. 6–8) in presence of 
variable natural radioactivity for low and high natural isotopes activity 
concentrations. In section 4.3 three other monitors show the potential of 
the gamma spectrometry, being able to detect the presence of artificial 
isotopes, where the obtained H*(10) increments returned values below 
the notification level (Casanovas et al., 2011), i.e., 12, 10 and 21 nSv/h 
vs background of 80, 110 and 114 nSv/h, respectively. Note that the 
monitoring network has recorded much higher values of natural origin 
correlated with rain events. For instance, the natural isotopes activity 
concentration showed in Fig. 6, corresponds with a maximum value of 
76 nSv/h.

The monitors’ volumetric efficiency curves have been obtained by 
Montecarlo simulations, assuming a homogenously distributed source in 
the air (Casanovas et al., 2014a, 2014b). The sources that generated the 

Table 1 
Mean activity concentration values for the respective artificial isotope obtained 
with the Proportional ROI-Cleaning method or the Simple Background Sub
traction, recorded in 10 min acquisitions with a LaBr3(Ce) monitor in direct 
measuring configuration (Vinebre), a LaBr3(Ce) monitor in filter measuring 
configuration (Roses) and a SrI2(Eu) monitor in direct measuring configuration 
(Pratdip) for the period of low and high natural isotopes activity concentration.

Simple Background Subtraction 
(Bq/m3)

Proportional ROI-cleaning 
Method (Bq/m3)

131I 137Cs 60Co 131I 137Cs 60Co

Period with low natural isotopes activity concentration
LaBr3(Ce) 

Direct
0.72 
±

1.05

− 0.30 
± 1.45

− 0.11 
± 0.51

− 0.02 
± 1.77

− 0.09 
± 1.64

− 0.13 
± 1.09

LaBr3(Ce) 
Filter

0.07 
±

0.27

− 0.04 
± 0.53

0.05 ±
0.41

− 0.03 
± 0.35

− 0.11 
± 0.60

− 0.01 
± 0.67

SrI2(Eu) 
Direct

0.00 
±

0.59

− 0.00 
± 0.55

0.00 ±
0.02

− 0.12 
± 1.04

− 0.21 
± 0.77

− 0.11 
± 0.49

Period with high natural isotopes activity concentration
LaBr3(Ce) 

Direct
6.48 
±

1.96

2.20 ±
1.60

0.90 ±
0.59

0.04 ±
1.73

0.09 ±
1.59

0.07 ±
1.10

LaBr3(Ce) 
Filter

3.74 
±

1.76

2.22 ±
1.24

2.44 ±
1.25

− 0.29 
± 0.47

− 0.12 
± 0.69

− 0.16 
± 0.68

SrI2(Eu) 
Direct

1.19 
±

2.21

0.82 ±
0.86

0.03 ±
0.03

− 0.08 
± 1.11

− 0.07 
± 0.82

− 0.05 
± 0.55

Table 2 
Mean MDAC values obtained for 131I, 137Cs and 60Co after the application of the 
Proportional ROI-Cleaning method on a LaBr3(Ce) monitor direct measuring 
configuration (Vinebre), a LaBr3(Ce) monitor in filter measuring configuration 
(Roses) and a SrI2(Eu) monitor in direct measuring configuration (Pratdip) for 
the period of low and high natural isotopes activity concentration.

MDAC 10 min measurement 
(Bq/m3)

MDAC 24 h measurement 
(Bq/m3)

131I 137Cs 60Co 131I 137Cs 60Co

Period with low natural isotopes activity concentration
LaBr3(Ce) Direct 7.73 5.78 3.63 0.63 0.47 0.30
LaBr3(Ce) Filter 1.30 1.85 1.79 0.006 0.009 0.009
SrI2(Eu) Direct 5.22 2.86 1.83 0.43 0.23 0.15

Period with high natural isotopes activity concentration
LaBr3(Ce) Direct 8.26 5.93 3.73 0.68 0.49 0.31
LaBr3(Ce) Filter 1.66 2.00 1.95 0.007 0.009 0.009
SrI2(Eu) Direct 5.48 2.93 1.91 0.45 0.24 0.16
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events showed in Figs. 12–14, can be treated as point-like sources due to 
the detector-source distance. Therefore, the activities showed do not 
correspond with a diffuse source. However, their activity was high 
enough to generate a signal increase above the background, being 
detectable by our systems with only 10 min measurement spectra. The 
objective of this environmental surveillance network is to be able to 

detect presence of artificial isotopes in the environment (which we as
sume to be homogeneously distributed), without falling in false positive 
detections, and to achieve MDACs as low as possible. The determination 
of the precise activity concentration of certain isotopes is not the scope 
of the network. The network serves as a surveillance system to trigger 
alarms in case of nuclear accidents or releases into the environment. If 

Fig. 12. 60Co detections observed in Ascó station (upwards detector), indicated with a red circle. The 60Co values correspond to those obtained after applying the 
corresponding cleaning equation. For an easier data view, only the 214Bi is plotted. The apparent spike in 214Bi is due to the comptonization of the gamma rays from 
the 60Co. In the February event, can be seen a wide peak at, approximately, 21:00 h. This peak is generated only by the natural isotopes’ contributions.

Fig. 13. 131I increment observed in Vandellòs station, indicated with a red circle. The 131I values correspond to those obtained after applying the corresponding 
cleaning equation. Only the pointing-up detector results are shown.
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necessary (and bearing in mind that this is not the objective of this work) 
for a specific event, Monte Carlo simulations could be redone to allow a 
more accurate quantification of the activity concentration, provided that 
realistic information on the source term is available.

5.4.1. Detections of interest
The analysis of the events showed in this section regarding the nat

ural occurring radioisotopes is very interesting. As can be observed in 
Figs. 12–14, the 212Pb, 214Pb and 214Bi activity concentration suffers an 
apparent increment in the precise moment that the artificial isotope 
activity concentration rises. In Fig. 12, the increments were due to the 
scattering produced by the resin canisters plus the Compton effect. In 
Fig. 13, we have a similar situation, with the peculiarity of the peak on 
the left, where we cannot see an increment in the 131I activity. This is 
caused by the most intense emission lines of 75Se (264.65 keV with an I 
(%) = 58.9%) and 192Ir (316.50 keV with an I(%) = 82.86%) which are 
below the 131I emission peak at 364.48 keV. The increase of 214Bi (609 
keV) is produced due to the 192Ir emission peaks at 604.41 keV (I(%) =
8.2%) and 612.46 keV (I(%) = 5.34%). Obviously, the measurement of 
214Pb (351 keV) was also affected. In Fig. 14, the 214Pb is the most 
affected, due to the 131I peak overlapping. In this case, the 214Bi remains 
invariable and the 212Pb suffers a low increase, attributed to the 
Compton effect. It must be noted that the Compton effect produced by 
the artificial isotopes generated an apparent increase in the natural 
isotopes activity concentration, which implied an increase of the MDAC. 
However, the three events were detectable and real-time identified.

6. Conclusions

In this article, we present a new methodology that makes possible to 
calibrate remotely the different gamma spectrometry detectors of the 
Catalan gamma spectrometry surveillance network (see flow chart on 
Fig. 5). We have implemented an algorithm that enables the detection 
and quantification of artificial isotopes in the environment, subtracting 
the possible variable natural radioisotopes contributions and the 

constant background in real-time gamma spectrometry measurements. 
We also obtained the corresponding MDAC for each measurement 
(Cerezo et al., 2023) and the 24 h MDAC.

The proposed methodology presents great advantages by eliminating 
the necessity to travel to each gamma spectrometry station with radio
active sources, using instead virtual spectra for the desired artificial 
isotope. This methodology has been applied regardless of the monitor 
and detector crystal types as it was implemented for four LaBr3(Ce), a 
SrI2(Eu) and a NaI(Tl) detectors, in different measuring configurations. 
Therefore, it is expected to be easy to implement in other real-time 
gamma spectrometry networks using scintillation detectors.

Studying the 131I, 137Cs and 60Co (main indicators of a nuclear ac
cident) enables to monitor other spectral bands at low, medium and high 
emission energies where cleaning equations are not specifically devel
oped, as the Vandellòs event (see section 4.3.2). When in presence of 
other artificial isotopes, the system produces a false-positive detection in 
one or more spectral bands of the studied isotopes (131I, 137Cs and 60Co) 
due to Compton scattering. In those cases, an in-depth study is necessary 
through the waterfall disposal and single gamma spectra to determine 
the origin of the anomalous values (see Fig. 15).

However, recently, new methodologies developed by our group, 
based on the stripping spectra concept, are better to obtain suitable 
cleaning equations for low-energy emission artificial isotopes, while 
obtaining similar results for medium and high energy emission artificial 
isotopes. This will be discussed in future works.
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Appendix IWaterfall dispositions

In Fig. 15 we present the waterfall spectra representation, where the horizontal axis is energy and the vertical axis is time (advancing upwards). 
This cascade representation aims to show many spectra at once, seen from above. The colour scale is the intensity of each energy channel for each 
spectrum. This representation highlights sudden increases in photopeaks, but also the enhanced comptonization at energies lower than the primary 
emitter. The waterfall is therefore useful to identify artificial isotopes that are not expressly under monitoring, but also to understand the effect of the 
enhanced emission in the ROIs of lower energy.

Fig. 15. Waterfall representation for the three stations showed in section 4.3. Figures a) and b) are the Ascó the spectra recorded with the NaI(Tl) detector and the 
corresponding detections showed in Fig. 12. Figure c) is the Vandellòs spectra recorded with the LaBr3(Ce) detector showing the 75Se and 192Ir presented in Fig. 13. 
Figure d) is the Balaguer spectra recorded with the LaBr3(Ce) detector showing the 131I detections presented in Fig. 14.

Appendix II. Complete spectra visualization

In Fig. 16 we present a complete visualization of the spectra involved in Fig. 4. The laboratory and Vinebre’s monitor backgrounds are plotted as 
well as the 60Co spectrum recorded in the laboratory, being validated and being applied on Vinebre’s monitor. As can be observed, applying and 
operating properly a virtual spectrum returns the same spectrum as placing a 60Co source next to the Vinebre’s monitor (blue and red lines). 
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Fig. 16. 60Co spectrum recorded in the laboratory (cyan line) displaced one channel to the left to obtain the 60Co virtual spectrum validated for Vinebre’s monitor 
(dashed magenta line) and applied on Vinebre’s monitor (blue dotted line). To obtain the same spectrum as placing a 60Co source next to the Vinebre monitor (red 
line), it is necessary to multiply by two the virtual spectrum (blue line). The laboratory background spectrum is plotted in the black dashed line and the Vinebre’s 
monitor background is plotted in the green dashed line. For an in-deep image between 1000 and 1800 keV, see Fig. 4.
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Analysis of 222Rn Surface concentrations in the Basque Country (Spain): a case 
study of heat waves. Int. J. Environ. Res. Publ. Health 20, 2105. https://doi.org/ 
10.3390/IJERPH20032105, 20, 2105, 2023. 
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Dąbrowski, R., Dombrowski, H., Kessler, P., Röttger, A., Neumaier, S., 2017. Detection of 
rain events in radiological early warning networks with spectro-dosimetric systems. 
J. Instrum. 12, P10005 https://doi.org/10.1088/1748-0221/12/10/P10005.

De Felice, P., 2001. The quality assurance programme for the national radioactivity 
surveillance network in Italy. Radiat Prot Dosimetry 97, 313–316. https://doi.org/ 
10.1093/OXFORDJOURNALS.RPD.A006678.
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