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Abstract: This standard establishes minimum performance criteria and test requirements for four 
categories of alarming electronic radiation detectors used to manage exposure by alerting the 
emergency responders when they are exposed to photon radiation. The instruments provide rapid 
and clear indication of the level of radiation exposure and/or exposure rate and readily 
recognizable alarms. The alarms are both audible and visual, and distinguishable between 
exposure rate and exposure.   
Keywords: alarming detectors, ANSI N42.49A, design criteria, exposure, exposure rate, 
performance specifications, pocket-sized, personal radiation detectors, photon radiation, radiation 
detection 
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Introduction 

This introduction is not part of ANSI N42.49A-2011, American National Standard for Performance Criteria for 
Alarming Electronic Personal Emergency Radiation Detectors (PERDs) for Exposure Control. 

This standard is the responsibility of the Accredited American Standards Committee on Radiation 
Instrumentation, N42. The standard was approved on N42 letter ballot. 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA web site at http://standards.ieee.org. 
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Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL 
for errata periodically. 

Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this  standard, no position is taken with respect to the existence 
or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying 
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity 
or scope of Patents Claims or determining whether any licensing terms or conditions provided in 
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable 
or non-discriminatory. Users of this  standard are expressly advised that determination of the validity of any 
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further 
information may be obtained from the IEEE Standards Association. 
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American National Standard for 
Performance Criteria for Alarming 
Electronic Personal Emergency 
Radiation Detectors (PERDs) for 
Exposure Control 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 
environmental protection. Implementers of the standard are responsible for determining appropriate 
safety, security, environmental, and health practices or regulatory requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

The scope of this standard is to establish minimum performance criteria and test requirements for four 
categories of alarming electronic radiation measurement instruments used to manage exposure by alerting 
the emergency responders when they are exposed to photon radiation. The instruments provide rapid and 
clear indication of the level of radiation exposure and/or exposure rate and readily recognizable alarms. The 
alarms are both audible and visual, and distinguishable between exposure rate and exposure. Vibratory 
alarms are optional. Emergency responders include fire and rescue services, law enforcement, and medical 
services. Other possible users include Critical Infrastructure Key Resources (CIKR) such as heavy 
equipment, transportation, and utilities personnel. 
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1.2 Purpose 

The purpose of this standard is to specify technical performance requirements and performance testing 
requirements to guide those purchasing and using a Personal Emergency Radiation Detector (PERD) for 
Homeland Security and other radiological emergency applications. 

The users of PERDs are responders performing time-sensitive critical missions such as saving lives, 
property, and/or otherwise mitigating the effects of radiological emergencies. 

PERDs are not used to monitor personnel exposure for the purposes of confirming compliance with 
regulatory exposure limits (i.e., their indications are not intended to be used for an individual’s dose 
monitoring records). 

For the purposes of this standard, PERDs are subdivided into two types, alarming and non-alarming. Both 
types of PERDs have radiation response ranges appropriate for radiation emergencies. Non-alarming 
PERDs are addressed in ANSI N42.49B.1 

This standard provides a graded approach to assessing the performance of several categories of alarming 
electronic PERDs. The applicability of each category for specific use should be evaluated by the user. 
Category 1 PERDs alarm on both exposure rate and total exposure in extreme environmental and 
mechanical conditions. Category 2 PERDs alarm on both exposure rate and total exposure in non-extreme 
conditions. Category 3 PERDs alarm only on exposure rate in non-extreme conditions. Lastly, Category 4 
PERDs alarm only on total exposure in non-extreme conditions. Generally throughout this standard, any 
requirement with no category notation applies to all categories, while requirements for specific categories 
will list the applicable categories immediately after the requirement. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 

ANSI N13.11-2009, Criteria for Testing Personnel Dosimetry Performance.2 

ANSI N323A-1997, Radiation Protection Instrumentation: Test and Calibration, Portable Survey 
Instruments. 

ANSI N42.17A-2003, American National Standard for Performance Specifications for Health Physics 
Instrumentation—Portable Instrumentation for Use in Normal Environmental Conditions. 

ANSI N42.17C-1989, American National Standard for Performance Specifications for Health Physics 
Instrumentation—Portable Instrumentation for Use in Extreme Environmental Conditions. 

ANSI N42.20-2003, American National Standard for Performance Criteria for Active Personnel Radiation 
Monitors. 

ANSI N42.32-2006, American National Standard for Performance Criteria for Alarming Personal 
Radiation Detectors for Homeland Security. 

ANSI N42.33-2006, American National Standard for Portable Radiation Detection Instrumentation for 
Homeland Security. 

 
1 At the time this standard was published, ANSI N42.49B was under development. 
2 ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, 
New York, NY 10036, USA (http://www.ansi.org/). 
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ANSI N42.37-2006, American National Standard for Training Requirements for Homeland Security 
Purposes Using Radiation Detection Instrumentation for Interdiction and Prevention. 

ANSI N42.42-2006, American National Standard Data Format Standard for Radiation Detectors Used for 
Homeland Security. 

DHS 2006 Preparedness Directorate; Protective Action Guides for Radiological Dispersal Device (RDD) 
and Improvised Nuclear Device (IND) Incidents; Notice 71FR174. 

IAEA EPR–FIRST RESPONDERS 2006, Manual for First Responders to a Radiological Emergency.3 

IAEA-TECDOC-1432 (2005), Development of an Extended Framework for Emergency Response Criteria. 

ICRP Publication 96 (2006), Protecting People Against Radiation Exposure in the Event of a Radiological 
Attack. 

IEC 60846-1:2009, Radiation protection instrumentation—Ambient and/or directional dose equivalent 
(rate) meters and/or monitors for beta, X and gamma radiation—Part 1: Portable workplace and 
environmental meters and monitors.4 

IEC 60846-2:2007, Radiation protection instrumentation—Ambient and/or directional dose equivalent 
(rate) meters and/or monitors for beta, X and gamma radiation—Part 2: High range beta and photon dose 
and dose rate portable instruments for emergency radiation protection. 

IEC 61526:2005, Radiation protection instrumentation—Measurement of personal dose equivalent HP(10) 
and HP(0,07) for x-gamma, neutron and beta radiations—Direct reading personal dose equivalent meters 
and monitors. 

NCRP Commentary No. 19 (2005), “Key Elements of Preparing Emergency Responders for Nuclear and 
Radiological Terrorism.”  

NCRP Report No. 138 (2001), “Management of Terrorist Events Involving Radioactive Material.” 

NFPA 1971 (2007), Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire 
Fighting.5 

NFPA 1982 (2007), National Fire Protection Association Standard on Personal Alert Safety Systems 
(PASS). 

NFPA 472: (2008), Standard for Competence of Responders to Hazardous Materials/Weapons of Mass 
Destruction Incidents. 

UL 94 (2010), Standard for Tests for Flammability of Plastic Materials for Parts in Devices and 
Appliances.6 

UL 913 (2010), Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II, 
and III, Division 1 Hazardous (Classified) Locations. 

 
3 IAEA publications are available from the International Atomic Energy Agency (http://www.iaea.org/). 
4 IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue 
de Varembé, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States 
from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA 
(http:// www.ansi.org/). 
5 NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, 
Quincy, MA 02269-9101, USA (http://www.nfpa.org/). 
6 UL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112, USA 
(http://global.ihs.com/). 
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3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

The following terminology applies to this standard, which has been developed at the request of the U.S. 
Department of Homeland Security (DHS) for instruments to be used by the DHS and emergency 
responders. The IEEE Standards Dictionary: Glossary of Terms & Definitions should be referenced for 
terms not defined in this clause.7  

A-weighted sound level: The frequency weighting of an acoustic spectrum according to a standardized 
frequency response curve based on the frequency response of the human ear. 

acceptance test: Evaluation or measurement of performance characteristics to verify that certain stated 
specifications and contractual requirements are met. 

accuracy: The degree of agreement between the observed value and the conventionally true value of the 
quantity being measured.  

NOTE—In this standard accuracy is equivalent to bias.8 

alarm: An audible, visual, or other signal activated when the detector reading or response exceeds a preset 
value or falls outside of a preset range. 

alarming instruments: For the purpose of this standard alarming instruments have audible and visual 
indications and may have other alarm indications. 

NOTE—A non-alarming instrument is a device that requires inspection by the user to determine if a limit has been 
exceeded. 

ambient photon background: The background radiation as measured using a high-pressure ionization 
chamber, an energy compensated Geiger-Mueller (G-M) tube, an energy compensated proportional 
counter, a tissue equivalent plastic scintillator, a scintillator with spectral compensation, or any other 
exposure rate meter having a nearly constant energy response (±30% in the energy range from 60 keV to 
1.5 MeV). 

calibrate: To adjust and/or determine the response or reading of a device relative to a series of 
conventionally true values. 

calibration: A set of operations under specified conditions that establishes the relationship between values 
indicated by a measuring instrument or measuring system, and the conventionally true values of the 
quantity or variable being measured. 

check source: A radioactive source, not necessarily calibrated, that is used to confirm the continuing 
functionality of an instrument. 

conventionally true value (CTV): The commonly accepted best estimate of the value of that quantity.  

NOTE—This and the associated uncertainty will preferably be determined by a national or transfer standard, or by a 
reference instrument that has been calibrated against a national or transfer standard, or by a measurement quality 
assurance (MQA) interaction with the National Institute of Standards and Technology (NIST) or an accredited 
calibration laboratory. (See ANSI N42.22 and ANSI N42.23.) 

 
7 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/. 
8 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard. 

4 
Copyright © 2011 IEEE. All rights reserved. 

Authorized licensed use limited to: Stanford University. Downloaded on December 11,2014 at 09:31:12 UTC from IEEE Xplore.  Restrictions apply. Full document details: IEEE N42.49A-2011

http://www.avadocuments.com/doc/ieee-n42-49a-2011
http://www.avadocuments.com/doc/ieee-n42-49a-2011


ANSI N42.49A-2011 
American National Standard for Performance Criteria for Alarming Electronic Personal Emergency Radiation Detectors 

(PERDs) for Exposure Control 
 

coefficient of variation, COV (%): The square root of the variance, σ2, divided by the mean value of “n” 
number of observations times 100. 

decade: A range of values for which the upper value is a power of ten above the lower value. 

detector: A device or component designed to produce a measurable response to ionizing radiation. 

DHS Protective Action Guide (PAG): The projected dose to a reference individual from an accidental or 
deliberate release of radioactive material at which a specific protective action to reduce or avoid that dose is 
recommended. 

effective center: For a given set of irradiation conditions, the point within a detector where the response is 
equivalent to that which would be produced if the entire detector were located at the point. 

energy dependence: Variation in instrument response as a function of radiation energy for a constant 
radiation type. 

exposure: The measure of ionization produced in air by x-ray or gamma-ray radiation. The special unit of 
exposure rate is the roentgen, abbreviated in this standard as R.  

functional check: A frequently used qualitative check to determine that an instrument is operational and 
capable of performing its intended function. Such checks may include, for example, battery check, zero 
setting, or source response check. 

indication value: (A) Scale or decade reading. (B) The displayed value of the readout. See also: reading. 

indication: Displayed signal from the instrument to the user conveying information such as scale or 
decade, status, malfunction, or other critical information. 

influence quantity: Quantity that may have a bearing on the result of a measurement without being the 
subject of the measurement. 

instrument: A complete system consisting of one or more assemblies designed to quantify one or more 
characteristics of ionizing radiation or radioactive material. 

monitoring: Means provided to continuously indicate the state or condition of a system or assembly.  

NOTE—This term may also be used for the real time measurement of radioactivity or radiation levels. 

over-range response: The response of an instrument when exposed to radiation intensities greater than the 
upper detection limit. 

performance test: An evaluation of the performance of an instrument in response to a given influence 
quantity. 

range: All measured values between the detection threshold and the detection limit. 

NOTE—The detection threshold is the minimum statistically quantifiable instrument response or reading. The 
detection limit is the maximum level at which the instrument meets the required accuracy. 

reader: A device used to obtain or record a readout of an instrument. 

reading: The indicated or displayed value of the readout. 
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