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Abstract 
Subcommittee 45B "Radiation Protection Instrumentation" of the International 
Electrotechnical Commission (IEC) is charged with the development of 
international standards for instrumentation used for monitoring of illicit 
trafficking of radioactive material through international boarders and 
territories, as well as inside countries. Currently three IEC standards are in 
advanced stages of development. They are expected to be approved and 
published in 2006-2007. The international participation and the main 
characteristics of the following three standards are discussed and presented: 
IEC 62327 "Hand-held Instruments for the Detection and Identification of 
Radionuclides and Additionally for the Indication of Ambient Dose Equivalent 
Rate from Photon Radiation", IEC 62401 "Alarming Personal Radiation Devices 
for Detection of Illicit Trafficking of Radioactive Material" and IEC 62244 
"Installed Radiation Monitors for the Detection of Radioactive and Special 
Nuclear Materials at National Borders".  
 
Introduction 

Illicit and inadvertent movements of radioactive materials in the form of 
radiation sources and contaminated metallurgical scrap have become a 
problem of increasing importance. Radioactive sources out of regulatory 
control, so-called “orphan sources”, have frequently caused serious radiation 
exposures and wide spread contamination. Although illicit trafficking in 
nuclear and other radioactive materials is not a new phenomenon, concern 
about a nuclear “black market” has increased in the last few years 
particularly in view of its terrorist potential. 

In response to the technical policy of the International Atomic Energy 
Agency (IAEA), and organizations within the World Customs Organization 
(WCO) and the International Criminal Police Organization (Interpol) related to 
the detection and identification of special nuclear materials and security 
trends, nuclear instrumentation companies are developing and manufacturing 
radiation instrumentation to assist in the detection of illicit movements of 
radioactive and special nuclear materials. This type of instrumentation is 
widely used for security purposes at nuclear facilities, border control posts, 
and international seaports and airports. However, to ensure that 
measurement results made at different locations are consistent, it is 
imperative that radiation instrumentation be designed to rigorous 
specifications based upon agreed performance requirements stated in 
International Standards. 



 2

The international participation and the main characteristics of the 
following three IEC standards in development concerning the monitoring of 
illicit trafficking of radioactive material will be discussed and presented: IEC 
62327 "Hand-held Instruments for the Detection and Identification of 
Radionuclides and Additionally for the Indication of Ambient Dose Equivalent 
Rate from Photon Radiation" [1], IEC 62401 "Alarming Personal Radiation 
Devices for Detection of Illicit Trafficking of Radioactive Material" [2] and IEC 
62244 "Installed Radiation Monitors for the Detection of Radioactive and 
Special Nuclear Materials at National Borders" [3].  

 
IEC/TC 45/SC 45B 

The International Electrotechnical Commission (IEC) [4] was founded in 
1906 and it is one of the leading global organizations that prepares and 
publishes international standards for all electrical, electronic and related 
technologies. These international standards serve as a basis for national 
standardization and as references when drafting international tenders and 
contracts. 

Among more than 100 IEC Technical Committees (TC), TC 45 "Nuclear 
Instrumentation" takes care of standards development for instrumentation 
specific to nuclear applications. Its subcommittee (SC) 45B "Radiation 
Protection Instrumentation" covers all the fields of radiation protection 
instrumentation. SC 45B, mainly through its working group B15, was charged 
with the development of international standards for instrumentation used for 
monitoring of illicit trafficking of radioactive material through international 
boarders and territories, as well as inside countries. 

To develop a standard, the following general IEC procedure is respected. 
First, after discussions in the corresponding working group and an observed 
need for a new standard, a New Project (NP) is proposed. Experts from at 
least 5 countries are needed to start a new project. An appointed Project 
Leader (PL) proposes the first draft of the standard, incorporates the 
different suggestions from other experts, and is responsible for the technical 
and administrative standard development and advancement.  

The PL of IEC 62327 is Peter Chiaro (USA) (the initial PL was Klaus 
Duftchmidt of Austria), the PL of IEC 62401 is Miroslav Voytchev (France) (the 
initial PL was Geneviève Bicheron from France) and the PL of the 62244 is 
Peter Chiaro (USA) assisted by A. Komissarov (Russia) and R. Radev (USA). The 
first two standards are being developed within working group (WG) B15 "Illicit 
trafficking control instrumentation using spectrometry, personal electronic 
dosimeter and portable dose rate instrumentation" and the last one within WG 
B9 "Installed equipment for radiation and activity monitoring in nuclear 
facilities". 

All these standards projects pass through different stages as NP (New 
Project), one or more CD (Committee Draft), CDV (Committee Draft for Vote) 
and FDIS (Final Draft International Standard). At each stage, the standard 
project is sent for commentaries and suggestions to 20 participating national 
committees and for information to 12 more observing countries. Meanwhile, 
the draft is circulated electronically to experts from different countries 
belonging to the corresponding working group. For example, IEC 62401 was 
circulated between 35 experts from 15 countries.  
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At the general TC 45 meetings (once per 15-18 months) all suggestions, as 
well as the whole standard and its liaisons with other standards, are discussed 
in depth. For example, at the last general TC 45 meeting in Busan (Rep. of 
Korea) in 2005, the meeting of WG B15 was attended by 12 experts from 6 
countries, IEC 62327 (for FDIS) and IEC 62401 (for CDV) were discussed and 
two new standards for handheld gamma and neutron detection instruments 
and spectroscopic portal monitor were proposed. 

At the CDV and FDIS stages, the project standard is voted among all 
participating countries. The standard must be accomplished for less than 5 
years and it is published simultaneously in English and French. A maintenance 
period is specified for each newly published standard (generally 5 years) and 
after this period the standard is reconsidered for a new maintenance period, 
for revision or for withdraw.  

 
 

IEC 62327 "Hand-held Instruments for the Detection and Identification of 
Radionuclides and Additionally for the Indication of Ambient Dose Equivalent 
Rate from Photon Radiation" 
 
Scope and object 

This international standard applies to hand-held instruments used for the 
detection and identification of radionuclides, and the detection of neutron 
radiation.  These instruments shall also provide an indication of the ambient 
dose equivalent rate from photon radiation.   

It is recognized that front line law-enforcement officers, who are 
generally not radiation experts, may use instruments covered by this 
standard.  This requires user-friendly instrument design and operation with a 
high degree of inherent safety. 

This standard specifies requirements for hand-held photon 
spectrometers, in particular for the detectors, the electronic multi-channel 
analyzers, the identification software, the radionuclide libraries, and the 
instrument display. It further specifies general characteristics, general test 
procedures, radiation characteristics, as well as electrical, mechanical, safety 
and environmental characteristics. 

This standard provides guidelines for selecting suitable radionuclide 
libraries covering radioactive materials that have been most frequently 
detected at border crossings.  

This standard does not cover: 
– radiation protection instrumentation which is covered in IEC Standard 

60846 [5]; 
– laboratory type, high-resolution photon spectrometers. 
 

Identification of single radionuclides  
The instrument shall be able to identify and/or categorize the following 

radionuclides within the times indicated after exposure to the radionuclide:   
– unshielded, in 1 min: 111In, 133Xe, 99mTc, 201Tl, 67Ga, 125I, 123I, 131I, 

18F(PET); 
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– behind 3 mm steel shielding, in 2 min: Low Enriched Uranium (LEU)1, 
Reactor Grade Plutonium (RGPu), Highly Enriched Uranium (HEU), 
Weapons Grade Plutonium (WGPu), 57Co, 241Am, 237Np; 

– behind 5 mm steel shielding, in 2 min: RGPu, HEU, WGPu, 133Ba, 40K, 
226Ra, 232Th, 137Cs, 60Co, 192Ir. 

For the test method, the instrument is exposed to the radionuclides listed 
above. The ambient dose equivalent rate at the detector is measured with an 
independent radiation measuring device such as an ambient dose equivalent 
meter.  The ambient dose equivalent rate from each source, unshielded or 
shielded, shall be 0.5 µSv h-1 (±30%) above background. The test shall consist 
of 10 or more trials for each radionuclide. The performance is acceptable if 
the instrument correctly identifies the radionuclide in at least 90% of the 
trials. 
 
Identification of mixed radionuclides 

The following combined radionuclides shall be identified within 1 minute: 
– 137Cs + HEU; 
– 131I + HEU; 
– 57Co + HEU;  
– 133Ba + RGPu. 
For the test method, the instrument is exposed to all radionuclides in a 

group simultaneously. Each radionuclide should produce an ambient dose 
equivalent rate (unshielded) at the detector of 0.5 µSv h-1 (±30%) above 
background. The identification shall be made within 1 minute after exposure. 
The test shall consist of 10 or more trials for each radionuclide. The 
performance is acceptable when the instrument correctly identifies the 
radionuclide in at least 90% of the trials.  
 
Alarm and Response time   

The instrument shall alarm when it is exposed to an increase in the 
ambient background radiation level that is greater than the user settable 
alarm threshold within 3 seconds of the step change. The alarm shall be 
audible and visual.  In addition, the displayed ambient dose equivalent rate 
indication shall be within ±30% of the changed ambient dose equivalent rate 
within 5 seconds of the change. 
 
Neutron indication  

The instrument shall indicate the presence of neutron radiation and 
trigger an alarm when exposed to neutron radiation. Prior to test, the neutron 
alarm level is set to a value that is approximately 4 times the neutron 
radiation background level as indicated by the instrument if a rate indication 
is available. For the test method, the instrument is exposed to a neutron flux 
emitted form an unmoderated 252Cf source of 0.01 µg (emitting not more than 
2x104 n s-1 - approximately 3 µSv h-1 with the source placed approximately 25 
cm from the instrument’s reference point). The test source shall be shielded 
with 1 cm Pb to reduce the gamma radiation to less than 1% of that with the 

                                         
1 For this standard, HEU has an enrichment of >90% 235U and LEU 3-5% 235U.  RGPu contains 
24% 240Pu and WGPu 6% 240Pu. 
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source unshielded. The neutron indication and alarm shall be activated within 
10 seconds of the step change. 

 
Ambient temperature and relative humidity influence 

The instrument shall be fully functional at temperatures from –20 °C to 
+50 °C (ramp or shock change) and over the range of humidity up to 93 % at 35 
°C. 

 
Other requirements and tests 

This standard includes also the requirements and tests for the following 
subjects: 

– overload characteristics for identification; 
– source indicator; 
– relative intrinsic error for the ambient dose equivalent rate 

indication; 
– neutron indication in the presence of photons; 
– power supply/battery; 
– vibration and mechanical shock; 
– moisture and dust protection; 
– electrostatic discharge (ESD), radio frequency (RF) and magnetic fields 

influence; 
– documentation. 
 
This standard is expected to be published in the first half of 2006. 

 
IEC 62401 "Alarming Personal Radiation Devices for Detection of Illicit 
Trafficking of Radioactive Material" 
 
Scope and object 

This International Standard applies to self-reading, alarming radiation 
detection instruments that are pocket-sized, carried on the body and used to 
detect the presence and general magnitude of penetrating ionizing radiation, 
including photons and/or neutrons. Personal Radiation Devices (PRD) alert the 
user to the presence of a source of radiation that is distinctly above the level 
of the measured average local background radiation. They are not intended to 
provide a measurement of dose equivalent rate. 

The object of this standard is to describe design and functioning criteria 
along with testing methods for evaluating the performance of instruments for 
detection of illicit trafficking of radioactive material (e.g. for border 
radiation monitoring). These instruments may be used in extreme 
environmental conditions. 

This standard does not apply to the performance of radiation protection 
instrumentation, which is covered in IEC Standards 61526 [6], 60846 [5] and 
62327 [1].  

The performances of the PRD with respect to neutrons are degraded and 
not warranted when they are used in conditions other than on the body. 

 
Gamma response 

The Personal Radiation Device shall trigger a gamma alarm within 2 
seconds when the air kerma rate is increased by 0.5 µGy h-1 (±20%) in a period 
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of no more than 0.5 seconds at the reference point of the detector. This 
requirement should be fulfilled in the continuous gamma ray energy range 
from 60 keV to 1330 keV using 241Am, 137Cs and 60Co sources. This requirement 
shall be fulfilled at background dose rates of approximately 0.1 µGy h-1 and 
0.3 µGy h-1. 

 
Detection of neutrons 

The PRD shall trigger a neutron alarm when exposed to a 252Cf source with 
an emission rate2 of 2×104 n s-1 (0.01 µg) at 25 cm distance to reference point 
and within 3 seconds exposure time. Gamma rays from the source shall be 
shielded with 1 cm of lead. The instrument shall fulfill this condition when 
tested on a standard water slab phantom of 30x30x15 cm or, alternatively, on 
a PMMA phantom (see ISO 8529-3 [7]). 

 
Temperature (shock and ramp) and relative humidity tests 

Over the temperature range from -20°C to +50°C and over the relative 
humidity range from 40% up to 93% at 35°C, the instrument shall function 
correctly and alarm at an increase in ambient background of 0.5 µGy h-1. As a 
result of the temperature change (shock or ramp) or of the relative humidity 
change, the indication of the magnitude of the radiation field or the indication 
of the dose rate shall not change by more than ±30% or one unit of indication, 
whichever is greater. There shall be no visible external damage to the 
instrument, and all control functions shall be verified to be operating 
correctly. 

 
Other requirements and tests 

This standard includes mechanical, false alarm, overrange, neutron 
indication in the presence of photons, battery, vibration, dust and moisture, 
electrical and magnetic requirements and tests. 

 
This standard is expected to be published in the second half of 2007. 
 

IEC 62244 "Installed Radiation Monitors for the Detection of Radioactive and 
Special Nuclear Materials at National Borders" 

 
Scope and object 

The scope of this standard is to define the performance of installed 
monitors used for the detection of gamma and neutron radiation emitters 
contained in objects/containers or vehicles, general characteristics, 
mechanical characteristics, environmental requirements, test procedures and 
documentation. 

This international standard is applicable to installed monitors designed 
to detect special nuclear and other radioactive materials by their emitted 
gamma and/or neutron radiation. They are used to monitor vehicles, cargo 
containers, people, or packages and are typically located at national and 

                                         
2 This emission rate is approximately equivalent to a neutron fluence rate at the point of 
measurement of  
2.55 n cm-2  s-1. 
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international borders, but may be used at any location where there is a need 
for this type of monitoring.   

This standard provides the purchaser with information that may be used 
to determine the performance of the monitor in detecting the presence of 
radioactive sources.  This standard does not provide the data needed to 
determine the performance of the monitor in measuring the quantity of the 
radioactive material. This standard does not apply to hand held monitors. 

In this standard, the term radioactive material includes both special 
nuclear and radioactive material unless otherwise specifically noted. The 
radioactive material may be transported by vehicle, carried by a person, or 
concealed in a cargo container or in a package moved by conveyor belt, such 
as international mail parcels. 

Conformance with the requirements of this standard does not guarantee 
that a radioactive source will always be discovered. 

The selection of the location and the configuration of the monitoring 
system at each site needs to be optimized to achieve the best performance, 
however, this is outside the scope of this standard. 
 
Reference radiation 

All gamma tests shall be conducted with 241Am, 137Cs, and 60Co, unless 
specified otherwise.  The sources shall contain the following activities (-0%, 
+20%): 

− 241Am : 17 MBq; 
− 137Cs : 0.6 MBq; 
− 60Co : 0.15 MBq. 
The source activities stated are based on an increase in the air-kerma 

rate of approximately 0.1 µSv h-1 at the surface of a detection assembly using 
the source-to-assembly distance associated with vehicle monitors.  A factor of 
0.16 may be used to reduce the activity levels to obtain the same air-kerma 
rate increase when testing pedestrian or conveyor monitors. 

Source activity values shall be based on radioactive material 
transportation regulations and on encapsulation in 0.25 mm wall thickness 
stainless steel. The source activity for 241Am should be reduced by a factor of 
10 if not encapsulated. All other source activities should not be changed based 
on the encapsulation. 

These activity levels are for testing only.  They are not indicative of the 
alarm set point or overall detection capability of the monitoring system that 
is established based on the ambient background and acceptable false alarm 
rate. 

252Cf shall be used for neutron tests. The source should have an activity 
that would produce an unscattered fluence rate of 0.04 n cm-2 s-1 at the closest 
point of the detector. This fluence rate is approximately equivalent to an 
emission rate of approximately 20 000 n s-1 at 2 m source to detection surface 
distance. 

Standardized special nuclear material (SNM) test sources given in Annex A 
of this standard may be used by agreement between manufacturer and user.   
 
Gamma Radiation Detection 

An alarm shall be triggered when the measured count rate is greater than 
the alarm setting.  This requirement shall be fulfilled over a continuous 



 8

incident gamma energy range from 60 keV to 1.5 MeV (tested with 241Am, 
137Cs, and 60Co).  

For a transient monitor, the source shall be moved through the detection 
zone at a specific passage speed that does not exceed 1.2 m s-1, 1 m s-1 or 8 
km h-1, respectively for pedestrian, conveyor and road/rail vehicle. Each test 
radionuclide shall be moved through the top, center, and bottom, and at the 
mid-point of the bottom section and top section of the detection zone. 

For static monitors, the system shall be tested by exposing the monitor to 
each source for a period of 1 second with the sources placed along a vertical 
centerline in the center of the detection zone. 

The monitor is considered acceptable when an alarm occurs in 49 out of 
50 trials for each of the test radionuclides. 
 
Neutron Radiation Detection 

A neutron alarm shall be triggered whenever neutron count rate measured 
during a monitoring (counting) interval is greater than the alarm setting.  

For the test, expose the detector assembly to neutron emissions from a 
252Cf source that produces a fluence rate as measured at the surface of the 
detection assembly of 0.04 n cm-2 s-1 directly adjacent to the reference 
position of the detection zone.  

The exposure period shall be 1 second for static type monitors and is 
established by moving the source through the detection zone at the passage 
speed stated for that particular type of monitor for dynamic type monitors. 

The monitor is considered acceptable when an alarm occurs in 49 out of 
50 trials. 
 
Ambient temperature and relative humidity 

The monitor shall be able to operate over an ambient temperature range 
from -25°C to +40°C, although higher temperatures may occur in enclosed 
cabinets especially detector assembly cabinets.  Because of the possibility of 
these higher temperatures, the test shall be performed over the temperature 
range from –25 °C to +55 °C. The indicated response shall remain within 15% 
of the indicated value obtained at +20 °C over the temperature range from –
25 °C to +40 °C.  Over the temperature range of +40 to +55 °C, the indicated 
value shall be within 50% of the value obtained at +20 °C. 

The monitor shall be able to operate during and after exposure to 
relative humidity levels of up to 93% at an ambient temperature of +40°C.  
Acceptable operation is indicated by a <15% change in detector count rate 
with that measured at +20 °C and 40% RH both during and after exposure.  
There shall be no observable effects from the exposure. 
 
Other requirements and tests 

This standard includes mechanical, false alarm, overload, electrical and 
electromagnetic requirements and tests. 
 

This standard is expected to be published in the second half of 2006. 
 
Conclusion 
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The Table 1 summarizes the most important characteristics of the 3 
standards. 
 



 10

Table 1. Summary of the most important characteristics of IEC 62327, 62401 
and 62244 

 IEC 62327 IEC 62401 IEC 62244 

Size Hand-held  Pocket-sized, 
carried on the body

Installed 

Main 
purpose 

Detection and 
identification of 
radionuclides  

Detection of the 
presence and 
general magnitude 
of radiation 

Detection of 
radioactive and 
special nuclear 
materials at 
borders 

Additional 
purpose 
details 

Indication of the 
ambient dose 
equivalent rate from 
photon radiation 

Self-reading, 
alarming personal 
radiation devices 
(PRD) 

Monitoring 
vehicles, cargo 
containers, people 
or packages  

Photon 
detection 

Identification of 
more than 20 single 
or mixed, unshielded 
or shielded 
radionuclides 
producing 0.5 µSv h-1 
above gamma 
background. At least 
90% of recognition 
trials shall be 
successful 

Trigger a gamma 
alarm within 2 s 
when the air kerma 
rate is increased by 
0.5 µGy h-1 using 
241Am, 137Cs and 
60Co sources 

Trigger alarm 
when the measured 
count rate is 
greater than the 
alarm setting  
using 241Am, 137Cs 
and 60Co sources. 
Probability of 
detecting this 
alarm condition ≥ 
90% 

Neutron 
detection 

Mandatory. Neutron 
alarm within 10 s 
when 0.01 µg 
unmoderated 252Cf 
source is at 25 cm  

Optional. Neutron 
alarm within 3 s 
when 0.01 µg 
unmoderated 252Cf 
source is at 25 cm. 
The instrument is 
tested on a 
phantom 

Mandatory. 
Neutron alarm 
whenever neutron 
count rate > the 
alarm setting. 
Using 252Cf source 
with fluence rate 
of 0.04 n cm2 s-1 

Temperature  
and Relative 
Humidity 

The instrument shall 
be fully functional 
at temperatures 
from -20°C to +50 
°C (ramp and shock 
change) and over 
the range of 
humidity up to 93 % 
at 35 °C 

From -20°C to 
+50°C (ramp and 
shock change) and 
for RH from 40% up 
to 93% at 35°C no 
change by more 
than ±30% or one 
unit of indication, 
whichever is 
greater  

From -25°C to 
+40°C, and for RH 
up to 93% at 40°C 
response within 
15% vs. response 
at 20°C.  
From +40 to +55 
°C response within 
50% vs. response 
at 20°C 
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Other 
requirements 
and tests 

Mechanical, false alarm, overload, power supply, vibration, 
electrical and electromagnetic, documentation etc. 

Expected 
publication 

First half of 2006 Second half of 2007 Second half of 
2006 

 

It is to note that the purpose of these standards is not to prevent all 
possible illicit trafficking of radioactive material but to detect it as best as 
reasonably achievable. The stated requirements and limits of detection and 
operation are to be considered as minimal. Depending on the technologies used 
and on the free market principles the instrumentation's characteristics can be 
improved. The authors are open to new points of view and suggestions before 
the final publication of these standards or for their revision. 

Two new IEC standard projects on handheld gamma and neutron detection 
instruments and on spectroscopic portal monitor are discussed to be started. 
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