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ABSTRACT 

 
Since September 11, 2001, we have entered a new terrorism era. The possibility of the use of lost/stolen 

radioactive materials increases the probability of a radiological threat. The real goal intended with the use of a 

Radiological Dispersal Device (RRD or dirty bomb) or a Radiation Exposure Device (RDE) could be 

psychological in nature. Panic in the venues and surrounding area would cause more deaths than the RDD itself, 

therefore these attempts could cause chaos, injury, fear and terror, the main target of terrorists. The response of 

the national authorities with the support and aid of the IAEA served as an increase of the capability of detection 

and identification of nuclear and radiological materials. But this response could not be limited only to the MPE, 

because if the country has radioactive or nuclear facilities they also should be considered in terms of theft, 
sabotage, illegal transfer, unauthorized access, and any other malicious acts. In 2007, Rio de Janeiro, received 

the first Brazilian Major Public Event in this new era. This was the first Brazilian operation which largely 

utilized detectors (personal radiations detectors -PRD- radiological identification detectors, -RID or RIID- and 

spectral radiations scanners, -backpacks-, HPGe detectors, car-borne and air-borne systems) to protect the 

venues, the athletes, the population and the environment.  

 
 

1. INTRODUCTION 

 
 
The possibility of the use of lost/stolen radioactive materials increases the probability of a 

radiological threat. The response of the national authorities with the support and aid of the 
IAEA served as an increase of the capability of detection and identification of nuclear and 

radiological materials. But this response could not be limited only to the MPE, because if the 
country has radioactive or nuclear facilities they also should be considered in terms of theft, 

sabotage, illegal transfer, unauthorized access, and any other malicious acts [1, 2, 3]. 
 
Time line of MAJOR PUBLIC EVENTS IN BRAZIL: 
 

• 2007: Pan and Para Pan Olympic Games. 

• 2010: 2010: United Nations Congress on Crime Prevention and Criminal Justice  
and International Conference on Climate in Semi-Arid Regions (ICID). 
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• 2011: Military World Games. 

• 2013: World Youth Day and FIFA Confederation Cup. 

• 2014: FIFA World Cup and the VI BRICS SUNMIT. 

• 2016: Rio Olympic and Paralympic Games 
 

The first Major Public Event in Brazil, XV Pan American Games, Rio de Janeiro 2007 was 
the first event in Brazil to consider the radioactive or nuclear material threats [4, 5]. The 
nuclear security arrangements established and implemented for the Rio 2007 Games were 
described at IAEA publication [4] but the tests and performance check of detectors were not 
described. 
 
 

2. DETECTORS USED IN MAJOR PUBLIC EVENTS  

 
 
Logistics procedures to choose and use detectors in Major Public Events should take into 
account: different detections systems, different instruments sensibilities and capabilities, 
effects of temperature, humidity, shocks, drops, power and battery needs, stabilization and 
calibration tests procedures. Also important is training the different users of different 
instruments: First Line Officer (FLO), Experts, Bomb Squads, Training the Trainers and 
Mobile Expert Support Team (MEST members). 
 

2.1.  Most Used Detectors in Major Public Events 

 
 

• PRD: Personal Radiation Detector: different units displayed (rem, Sievert and cps), 
different types of internal detectors (NaI , CsI , GM, LaBr3 and even neutron 
detectors).  

 

• RID: Radionuclide Identification Device : powerful detectors capable of not only 
confirming the radiation field, but also make qualitative and quantitative analysis 

 

• SPECTRAL RADIATIONS SCANNERS: also known as “backpacks,” these detectors 
have a medium size/weight, neutron detector,  NaI crystal, dedicated GPS board and 
spectrometric capabilities. 

 

• CARBORNE AND AIRBORNE SYSTEMS: intended to be used in large areas 
surveys. They may have gamma and neutron capabilities.  

 

• HPGe: High Purity Germanium detectors: mainly used in identification procedures, 
when nuclear material or mixtures of radioisotopes should be identified with the 
maximum accuracy 

 

2.1.1. Personal Radiation Detector 
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They can only indicate the presence, or lack thereof, of the radioactive materials. The most 
advanced ones can show counts, dose rate, neutron counts, error (%) for counts and dose rate, 
two or more alarm set levels. The main know issues are the different units that should be 
displayed (rem, Sievert and cps), and, different types of internal detectors (NaI, CsI, GM, 
LaBr3 and others). These detectors are not supposed to be used for measuring radiation fields, 
but sometimes they are used in that way. 
 
 
Personal Radiation Detector (PRD) is a small detector, pager size, with high sensitive device 
for the search for the nuclear (some versions) and radioactive materials. The sensitivity and 
fast response time to environmental radiations levels makes the difference between PRDs and 
electronic dosimeters mainly used for the precise dose and dose rate measurements. 
The two main PRD detectors used are: Polimaster and Radeye. 
 
 
2.1.1.1. Polimaster PRD 
 
 
POLIMASTER gamma-neutron personal radiation detectors PM1703XXX, Figure 1, are 
equipped with a CsI(Tl) (for gamma detection) and a LiI(Eu) (for neutron detection) 
scintillation detectors to alert the user that the radiation levels have exceeded the preset 
threshold values. Different configurations are possible regarding the type and size of 
detectors, as showed in Table 1. 
 
 

Table 1:  Different Models of POLIMASTER  PM1703MXX 

 
DETECTOR 

TYPE 
PM1703M PM1703MO-1 

PM1703MO-1 
BT 

(Bluetooth ) 

PM1703MO-2 PM1703MA PM1703GN PM1703GNA 

γγγγ CsI (Tl)  
3 сm

3
 

X X X  X  

ηηηη LiI (Eu)   
1 сm

3
 

    X  

γγγγ CsI (Tl)   
4 сm

3
 

Increased γγγγ 
sensitivity 

   X  X 

ηηηη LiI (Eu)  
2 сm 

3
 

Increased ηηηη 
sensitivity 

     X 
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Figure 1:  POLIMASTER  PM1703XXX 

 

 

2.1.1.2. RADEYE PRD 

 

 

High sensitivity NaI(Tl) scintillation detector mini photo-multiplier. Designed for detection 
of very low radiation levels, with emphasis on gamma emissions below 400 keV. Ready to 

separate man-made γ radiation from background radiation (using NBR technique). It is not 

intend to be used as a personal dosimeter. Version GN+ has Ce doped Cs2LiYCl6 (CLYC) 

crystal. Figure 2 shows the most common version, only gamma, (PRD), gamma/neutron GN 

versions and the most advanced versions include spectrometric version, SPRD.  
 

 
 

Figure 2:  RADEYE Thermo versions PRD, GN and SPRD 

 
 
Drop test and environmental conditions for both systems, POLIMASTER and RADEYE are 
similar: the can be dropped from 0,5 meters and with special sleeve 1,5 meters, have limited 
capacity to store data in internal memory and use proprietary cables and softwares to share 
data. 
 
 

 

2.1.2. RID / RIID: RADIONUCLIDE/RADIOISOTOPE  IDENTIFICATION 

DEVICE 

 
 
Powerful detectors capable of not only confirming the radiation field, but also make 
qualitative and quantitative analysis (isotope identification and measures of radiation field). 
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These detectors should be calibrated and should be tested against low, medium and high 
energies isotopes to ensure the entire spectra (from 30keV to 3MeV) can be scanned. The 
main issues with these detectors are the utilization of “stabilization” concepts as “calibration 
procedures”. 
 
 
Units provided by ICX , Flir and Thermo. The model identiFINDER®2 has a internal NaI(Tl) 
crystal size of 1.4”x2”,3He and GM detectors. Special models with LaBr3, crystal size of 
1.2"x1.4”, has resolution of < 3.3% at 662 keV. The detector is Multi-Channel-Analyzer with 
PMT preamplifier, spectroscopy amplifier. Two different isotopes are used for stabilization: 
in the non-Ultra models there is a built-in 137Cs reference source (<15 nCi or 500 Bq) used 
for online stabilization and in-situ calibration without user interaction. Other models use a 
KCl box for stabilization. The units are capable of: nuclide identification, spectrum analysis, 
dose rate calculation, total dose display, source finding. Although the presence of 12-channel 
SiRF III GPS receiver, the unit are not able to do continuous acquisition of spectra in mobile 
spectrometry survey. Instead, static measurements are acquired with georeferencing data. 
Figure 3 shows the identiFINDER®2, also now as identiFINDER R400. The unit is powered 
by 4 AA batteries or by powerPACK with rechargeable batteries. Special care should be used 
when charge the device with a USB cable, to not charge a regular AA batteries. The user 
should not use the unit without internal batteries  and do not use the device connected to wall 
power plug.  This will cause wrong dose rate values and Identification results. 
 

 
 

Figure 3: identiFINDER®2 

 
 

2.1.3. ATAS SCANNER AT6101C 

 
 
Also known as “backpacks,” these detectors have a medium size/weight, neutron detector, 
bigger NaI crystal, dedicated GPS board, spectrometric capabilities and could show the 
results directly on a map, being adequate to make isodose mapping curves. These detectors 
are capable to identifying/measuring the radiation fields, isotope identification. Although they 
are not as good as HPGe detectors in identification, they are not dependent of cooling 
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systems or N2. The main issue with this detector is the stabilization of the gamma channel 
and the Bluetooth connection between the detectors and the PDA [6, 7]. 
 
 
Atas Scanner AT6101C, Figure 4, is a gamma and neutron spectral radiation scanner. The 
scanner works in continuous radiation environment scan mode: continuous search, detection, 
localization and identification of gamma sources; search and discovery of neutron radiation. 
When one radioactive source is detected the Scanner activates alarm and identifies the 
radionuclide. Types of identified radionuclides are displayed on PDA screen. Measurement 
results are continuously transmitted into HPC for subsequent processing by PC and can be 
plotted onto a map using the own generated .kml file or also other GIS tools. 
 
 

 
Figure 4: AT6101C Scanner. 1: NaI(Tl) detector; 2: neutron detector. 3: Bluetooth 

units. 4: palmtop TDS – RECON e 5: palmtop Nautiz-GETAC. 6: external battery. 

 

 
The system has a large gamma (Ø63x63 mm) and neutron detectors and is ready to search 
gamma radiation with real time identification and categorization (NORM, medical, industrial, 
nuclear radionuclides). GPS coordinates of measurement data allows georeferencing 
capabilities. The main use of this system includes: primary use for nuclear security 
applications, major public event protection, screening of the venues prior to the event, 
perimeter check during the event, orphan source search, protection of green border and covert 
operations. 
 
 
The initial sequence to preparing the system for scanning mode is showed on Figure 5. On 
the left, the system starts communication protocols with Bluetooth units (BTDU), request for 
gamma stabilization with 40K check source and if the parameters are correct the system starts 
the scanning mode. If the correct position of 40K peak (1460±10 keV) is not found the system 
automatically do new setup code. 
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Figure 5: Connection and warm up of gamma detector 

 
 
 

 
 

Figure 6: Connection and warm up of gamma detector 

 
 
 
2.1.3. CAR BORNE AND AIRBORNE SYSTEMS  

 
 
Systems intended to be used in large areas surveys. They may have gamma and neutron 
capabilities. These detectors should be used in a cars or aircrafts. The use inside a car limits 
the places that could be measured and the use in aircraft demands specific calibration to 
correlate the measurement in altitudes with respect to H (10). The cosmic component of the 
radiation at high altitudes should be taken in account. The calibration and correction factors 
of altitude, shielding effects of the car or the aircraft should be determinate. [8, 9, 10, 11, 12, 
13] 
 
 
2.1.3.1. AERIAL/TERRESTRIAL SURVEY SYSTEMS - SPARCS 
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SPARCS (SPectral Advanced Radiological Computer System) is a radiological data 
acquisition and analysis system designed for nuclear or radiological emergencies. It is a 
modular system that records gamma and neutron radiation spectra, performs radiometric 
spectral analysis for gamma radiation and continuously records the georeferenced coordinates 
of each spectrometric measurement using the associated GPS data. The aerial system 
SPARCS A1 (Figure 7) consists in one case, also known as pod with 4 different NaI(Tl 
detectors), the terrestrial version M1 (Figure 8) with one case with 2 NaI(Tl) detectors and 
the version M2 with two cases, four detectors, as indicated in Table 2. This system is 
produced by Department of Energy-United States (DOE-US). 
 
 

Table 2:  Versions of SPARCS System 
 

Sparcs A1 Sparcs M1 Sparcs M2 

Single pod containing:  
 

• One 2 L NaI crystal  
(5x10x40cm3 ) 

• One 0.5 L NaI crystal 
(5x10x10cm3) 

• One  25mmx25 mm NaI 
crystal 

• One 0.5 L  NaI crystal 
“look-up” (5x10x10cm3 ) 

 

Single pod containing:  
 

• Two 2 L NaI 
crystal 
(5x10x40cm3) 

Two pods containing each: 
  

• Two 2 L NaI 
crystal 
(5x10x40cm3) 

 
 

 
 

 
 
 

Figure 7: SPARCS A1 

 

Internal computer pod  NaI(Tl) detector (5x10x10cm3) 

NaI(Tl) detector (5x10x10cm3) 
“look up” 

NaI(Tl) detector (5x10x40cm3) 

NaI(Tl) detector (25x25mm) 
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Figure 8: SPARCS M1 
 
 
2.1.5. HPGe DETECTORS 

 
 
Mainly used in identification procedures, when nuclear material or mixtures of radioisotopes 
should be identified with the maximum accuracy. They are better than all the others in 
isotope identification. The steps of calibration, stabilization and embedded libraries are very 
important with these detectors. Some isotopes of Plutonium are only identified with this 
detector because of the intrinsic resolution of theses detectors. Temperature plays an 
important role here, and can cause incorrect results. 
 
 
High-resolution, high-purity germanium (HPGe) detector, Figure 9, mechanically cooled by 
miniature Stirling-cycle refrigerator. The unit has a internal built-in high range GM tube 
provides gamma dose rate. Accurate nuclide identification based on high resolution gamma 
spectroscopy .The system is capable to detect NORM, Medical, Industrial, Special Nucler 
Materials and Natural isotopes, shielded and unshielded. In search mode the scanning mode 
for location of radioactive sources, both neutron and gamma search are simultaneous. In 
monitor mode, the instrument collects one spectrum per second and runs the ID algorithm 
against an 8 second sliding average. This mode is more sensitive to sources which move 
relative to the instrument. SNM search mode is nuclide-specific search mode for 235U, 239 Pu 
and neutron counts. This is an aid to Identify mode. LCX (Low Confidence Expert) is 
intended for expert users. Displays suspected threat alarms and identifications at a lower 
confidence level than ANSI and Classify modes. This mode results in more hits on suspected 
threat nuclides 
 

Nai(Tl) Detector 
(5x10x40cm3) 

Internal pod computer 
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Figure 9: High-Purity Germanium (HPGe) detector 

 
 
 

2.2. CALIBRATION FOR GAMMA DETECTORS 

 

 
2.2.1 Point source calibrations 

 
 
The gamma detectors should be calibrated in all range of energies, low, medium and high, to 
take into account the entire spectra (from 30keV to 3MeV) can be scanned. 
 
 

 
 

Figure 10: Common point sources used in gamma calibration 

 
 
If the detectors are intended to be used in environmental survey or  for NORM measurements 
they should be calibrated in special planar sources, pads, for the calibration of gamma-ray 
measurements. This is due the fact the natural radiation field is very difficult to be recreated 
in laboratory [14]. Figures 11 and 12 show the AT6101C and SPARCS systems in the pad 
facility of Institute of Radiation Protection and Dosimetry IRD-CNEN. The IRD facilities are 
composed by 8 blocks of concrete mixed with norm materials to simulate different 
concentrations of 238U, 232Th and 40K. 
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Figure 11: AT6101C system in a planar source facility. IRD-CNEN 

 
 
 

 
 

Figure 12: SPARCS A1 and M1 system in a planar source facility. IRD-CNEN 

 
 
 
 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

3. CONCLUSIONS  

 
 

• The PRD systems are very sensitive and are the most useful detectors for Front Line 
Officers (FLO) or for securities forces with no or minimum knowledge of gamma 
detectors. Although these detectors are not intended to measure dose rate, they are 
generally used in that way. To avoid wrong decisions, they should be calibrated before 
use and distribution to non-experts users. 

 

• The RID/RIID systems are the best option for the second line of defense. They should 
be used when the FLO reports any alarm. The alarm should be confirmed by 
RID/RIID and the radionuclide should be identified and categorized in NORM, 
Nuclear Material, Medical and Industrial Radioisotopes. 

 
 

• The AT6101C system can replaces the RID/RIID units but the use of AT6101C, even 
in easy mode, are not recommended for no-training personal. The best use for these 
systems is in covert operations and for generates georeferenced maps of local 
background. Neutron and gamma sources can be identified and categorized (gamma 
sources) in Industrial , Medical, Nuclear and NORM. For measurements pre-event is 
one of the best option. 

 
 

• CAR BORNE AND AIRBORNE SYSTEMS are intending for large area survey. They 
should be used in conjunct with AT6101C system to produce more detailed maps. In 
some occasions the SPARCS systems are used as a portal, when installed in vehicles 
in some positions where the flux of cars, persons or goods can be surveyed.  

 
 

• HPGe DETECTORS: the special needs of these category of detectors limits in the 
use. Even when using electrical coolers, these detectors are very sensitive to the 
temperature. The main use of these detectors is to detect and identify mix of 
radionuclides or special nuclear materials. 

 

• Specially the RID, AT6101C and the SPARCS Systems should be calibrated using 
point sources and planar sources to take in account the NORM effect on 
environmental levels of natural or urban radiation. 
 

• Intercomparation Exercises could be a very effective tool to check all the detectors; 
 

• The results should be reported in Ambient Dose Equivalent,H*(10). 
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