INTERNATIONAL ISO/ASTM
STANDARD 51940

Second edition
2004-08-15

Guide for dosimetry for sterile insect
release programs

Guide de la dosimétrie pour des programmes de lachers
d'insectes stériles

Reference number
E s g ﬂ[llw ISO/ASTM 51940:2004(E)
: —y L’

== INTERNATIONAL © ISO/ASTM International 2004




ISO/ASTM 51940:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe’s licensing policy, this file may be printed or viewed but shall
not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe’s licensing policy. Neither the ISO Central
Secretariat nor ASTM International accepts any liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies
and ASTM members. In the unlikely event that a problem relating to it is found, please inform the ISO Central Secretariat or ASTM
International at the addresses given below.

© ISO/ASTM International 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical,
including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO’s member body in the country of the
requester. In the United States, such requests should be sent to ASTM International.

ISO copyright office ASTM International, 100 Barr Harbor Drive, PO Box C700,
Case postale 56 « CH-1211 Geneva 20 West Conshohocken, PA 19428-2959, USA

Tel. +41 22 749 01 11 Tel. +610 832 9634

Fax +41 22 749 09 47 Fax +610 832 9635

E-mail copyright@iso.org E-mail khooper@astm.org

Web www.iso.org Web www.astm.org

Published in the United States

ii © ISO/ASTM International 2004 — All rights reserved




ISO/ASTM 51940:2004(E)

Contents

U
o))
«Q
@

ST el0] o1 TP UPT PP
ReferenCed JOCUMENTS ... . i ettt e et e et e et e e e e e e ean e
B IC=1 01T ] 0o | PPN
SIGNIfICANCE AN USE ....iiiii it e e e e e e et e e et e et e et e e et e e aan e ean s
Types of facilities and Mmodes Of OPEratioN ..........cc.uiiiiiiiiiiiir e e
Radiation SOUIrCe CharaCteriStICS ........iiiuiiiiei e e e e e e e eanas
DOSIMEIIY SYSTEIMIS ...ttt ettt ettt ettt e et e et e e et et e e e e aa s
Installation QUAIITICALION ..........iiii et
Operational QUAlITICATION ... ... e e e e e e e ean e aeans
10 Performance qUAlIfICAtION ..........oiuiiiii i e e e e e e
11 ROULINE ProUCE PrOCESSING ..vuiiiiit ittt et e et e et e e e e e e e et e e et e e e e e e e e e eneeenes
12 MeasuremMeENt UNCEIAINTY ......iiiieiii ettt e e e e e e e e e e e e et e e e e e e e e et e et e e e e e eaneeanaas
R T (YA (o PP
N LTS3 PP
BiblOgrapny oo o e B T e TR TR e+ T B ¢ T F A TH T < F A TR F et e et e e e et e e eann e
Table A2.1 Recommended procedures £ .. L L

O©CoO~NOOUTA,WNPEP

|
PRPOOOO~NOOOOODNDNWNEREPRP

=

© ISO/ASTM International 2004 — All rights reserved il



ISO/ASTM 51940:2004(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are circulated to the member bodies for
voting. Publication as an International Standard requires approval by at least 75% of the member bodies
casting a vote.

ASTM International is one of the world’s largest voluntary standards development organizations with global
participation from affected stakeholders. ASTM technical committees follow rigorous due process balloting
procedures.

A project between ISO and 'ASTM ‘nternational”has "been formed-to’ develop and maintain a group of
ISO/ASTM radiation processing dosimetry, standardsy Under. this project, ASTM Subcommittee E10.01,
Dosimetry for Radiation Processing, is‘responsible for the development and maintenance of these dosimetry
standards with unrestricted participation and input from appropriate ISO member bodies.

Attention is drawn to the!possibility that:some!ob the elementscof-this'document maybe the subject of patent
rights. Neither ISO nor ASTM International!shall berheld responsiblet for identifying any or all such patent
rights.

International Standard ISO/ASTM 51940 was developed by ASTM Committee E10, Nuclear Technology and
Applications, through Subcommittee E10.01, and by Technical Committee ISO/TC 85, Nuclear energy.
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Standard Guide for
Dosimetry for Sterile Insect Release Programs  ?*

This standard is issued under the fixed designation ISO/ASTM 51940; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision.

1. Scope 1.5 This guide also covers the use of radiation-sensitive
1.1 This guide outlines dosimetric procedures to be folindicators for the visual and qualitative indication that the

lowed for the radiation sterilization of live insects for use in iNsects have been irradiated.

pest management programs. The primary use of irradiated, 1.6 This standard does not purport to address all of the

reproductively sterile insects is in the Sterile Insect TechniqueSafety concerns, if any, associated with its use. It is the

where large numbers of sterile insects are released into the fiel@Sponsibility of the user of this standard to establish appro-

to mate with and thus control pest populations of the sam@iate safety and health practices and determine the applica-

species. A secondary use of sterile insects is as benign hosts f3ifity of regulatory limitations prior to use.

rearing insect parasitoids. The procedures outlined in this guidE Referenced documents

will help ensure that insects processed with ionizing radiation™

from gamma, electron, or X-ray sources receive absorbed 2-1 ASTM Standards® o

doses within a predetermined range. Information on effective E 170 Terminology Relating to Radiation Measurements

dose ranges for specific applications of insect sterilization, or _and Dosimetry

on methodology for determining effective dose ranges, is not E 668 Practice for Application of Thermoluminescence-
within the scope of this guide. Dosimetry (TLD) Systems for Determining Absorbed Dose
_ _ _ in Radiation-Hardness Testing of Electronic Devices
Note 1—Dosimetry is only one component of a total quality control . £ 1026 Practice for Using the Fricke Reference Standard
program to ensure that irradiated insects are adequately sterilized and Dodinmetry System

sufficiently 'comp.etltlve or other\Nl.se swtat.JIe for t.helr |.nte.nded p.urpose. E 2116 Practice for Dosimetry for a Self-Contained
1.2 This guide covers dosimetry in the irradiation of insects , . -Gamma-Ray Irradiator

for these types of irradiators; self-contained dry-storages E 2303, Guide for-Absorbed-Dose Mapping in Radiation
or ®°Co irradiators, large-scale gamma irradiators, and electron Processing Facilities

accelerators. Additional, detailed information on' dosimetric g 2304 Practice for Use of a LiF Photo-Fluorescent Film
procedures to be followed in installation qualification, opera-  posimetry System

tional qualification, performance qualification, and routine 22 |SO/ASTM Standard’:

product processing can be found in ISO/ASTM Practices 51261 Guide for Selection and Calibration of Dosimetry
51608 (X-ray [bremsstrahlung] facilities), 51649 (electron Systems for Radiation Processing

beam facilities), 51702 (large-scale gamma facilities), and 51275 Practice for Use of a Radiochromic Film Dosimetry
ASTM Practice E 2116 (self-contained dry-storage gamma  system

facilities). _ - . 51400 Practice for Characterization and Performance of a
1.3 The absorbed dose for insect sterilization is typically  High-Dose Radiation Dosimetry Calibration Laboratory
within the range of 20 Gy to 600 Gy. 51538 Practice for Use of the Ethanol-Chlorobenzene Do-

1.4 This guide refers, throughout the text, specifically to  simetry System

reproductive sterilization of insects. It is equally applicable to 51539 Guide for the Use of Radiation-Sensitive Indicators
radiation sterilization of invertebrates from other taxa (for 51540 Practice for Use of a Radiochromic Liquid Dosim-
example, Acarina, Gastropoda) and to irradiation of live insects  etry System

or other invertebrates for other purposes (for example, induc- 51607 Practice for Use of the Alanine-EPR Dosimetry
ing mutations), provided the absorbed dose is within the range  system
specified in 1.3. 51608 Practice for Dosimetry in an X-Ray (Bremsstrahl-
ung) Facility for Radiation Processing
o S . 51649 Practice for Dosimetry in an Electron Beam Facility
This guide is under the jurisdiction of ASTM Commitiee E10 on Nuclear for Radiation Processing at Energies Between 300 keV
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Dosimetry for Radiation Processing, and is also under the jurisdiction of and 25 MeV
ISO/TC 85/WG 3.
Current edition approved June 30, 2004. Published August 15, 2004. Originally ——————————
published as ASTM E 1940-98. Last previous ASTM edition E 1940-98. The ?For referenced ASTMand ISO/ASTM standards, visit the ASTM website,
present International Standard ISO/ASTM 51940:2004(E) replaces ASTM BEwww.astm.org, or contact ASTM Customer Service at service@astm.org. For

1940-98 and is a major revision of the last previous edition ISO/ASTM Annual Book of ASTM Standardslume information, refer to the standard’s
51940:2002(E). Document Summary page on the ASTM website.
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51702 Practice for Dosimetry in a Gamma Irradiation Fa- 3.1.2 absorbed-dose mappirgmeasurement of absorbed-

cility for Radiation Processing dose within process load using dosimeters placed at specified
51707 Guide for Estimating Uncertainties in Dosimetry for locations to produce a one-, two- or three-dimensional distri-

Radiation Processing bution of absorbed dose, thus rendering a map of absorbed-
51956 Practice for Use of Thermoluminescence-Dosimetrylose values. _

(TLD) Systems for Radiation Processing 3.1.3 absorbed-dose rate, -Babsorbed dose in a material
2.3 International Commission on Radiation Units and per incremental time interval, that is, the quotientéf by dt

Measurements (ICRU) Reporis: (see ICRU 60).

ICRU 14 Radiation Dosimetry: X-rays and Gamma Rays b — dD/dt

with Maximum Photon Energies Between 0.6 and 50 MeV B
ICRU 17 Radiation Dosimetry: X-rays Generated at Poten- SI Unit: Gy-s*

tials of 5 to 150 kV 3.1.3.1 Discussior—The absorbed-dose rate can be speci-
ICRU 34 The Dosimetry of Pulsed Radiation fied in terms of average value Bfover long-time intervals, for
ICRU 35 Radiation Dosimetry: Electron Beams with Ener-example, in units of Gy-mirt or Gy-H™.

gies Between 1 and 50 MeV 3.1.4 calibration—process whereby the response of a mea-
ICRU 60 Fundamental Quantities and Units for lonizing suring system or measuring instrument is characterized through

Radiation comparison with an appropriate standard that is traceable to,
2.4 NCRP Publications" and consistent with, a national standard.

NCRP Report No. 69, Dosimetry of X-Ray and Gamma- 3.1.5 caniste—durable, reusable container, usually an alu-
Ray Beams for Radiation Therapy in the Energy Range 10ninum or steel cylinder, used to house a product (for example,
keV to 50 MeV, December 1981 factory-reared insects in packaging containers) during the

radiation process.
3.1.5.1 Discussior—Canisters are not used in some appli-
3.1 Definitions: cations.in-which the packaging container is sufficiently rigid
3.1.1 absorbed dose (B)-quantity Coflionizing iradiation. “and'the désign of the. ifradiator is appropriate.

energy imparted per unit mass of a specified material. The Sl 3.1.6 dose uniformity ratie-ratio of maximum to minimum

unit of absorbed dose is the gray (Gy),|where 'L gray lisabsorbed dose within the process load. The concept is also

equivalent to the absorption of 1 joule per kilogram of thereferred to as the max/min dose ratio.

specified material (1 %= 1 J/kg). The mathematical relation; - | 03,17 dosimeter—device that, when irradiated, exhibits a

ship is the quotient ofde by, dm wherede is the mean . quantifiable;change insome property of the device which can

incremental energy imparted by ionizing radiation to-matter ofoe related t,absorbed dose in a given material using appro-
incremental masem (see ICRU 60). priate analytical instrumentation and techniques.
D = de/dm 3.1.8 dosimeter set-one or more dosimeters used to mea-
3.1.1.1 Discussion—The discontinued unit for absorbed SU'e the absorbed dose at a location and whose average reading

dose is the rad (1 rad = 100 erg/g = 0.01 Gy). Absorbed dosE lsjsleg (th d_etermine absorbed dose Zt tfhatdlocatio_n.. b
is sometimes referred to simply as dose. For a photon source >~ osimetry systemsystem used for determining ab-

under conditions of charged particle equilibrium, the absorbe&Orbed dose, .ConS'St'.ng of dosimeters, measurement instru-
dose,D, may be expressed as follows: ments and their associated reference standards, and procedures

for the system’s use.

3. Terminology

D=PEHdfp 3.1.10 factory-reared insects-insects that are reared in
where: large quantity in a laboratory or factory setting for use,
) = particle fluence (particlesf) foII_owing_ reproductive sterilization through irradiation, as live
E = energy of the ionizing radiation (J), and animals in pest management programs.

Hefp = mass energy absorption coefficient?(ky). 3.1.11 installation qualificatior—obtaining and document-

If bremsstrahlung production within the specified material ising evidence that the irradiator, with all its associated equip-
negligible, the mass energy absorption coefiicient{/f) is  ment and instrumentation, has been provided and installed in
equal to the mass energy transfer coefficient/gy and accordance with specifications.
absorbed dose is equal to kerma if, in addition, charged particle 3.1.12 irradiator turntable—device used to rotate the can-
equilibrium exists. ister during the radiation process so as to improve dose

uniformity.

3 Available from the International Commission on Radiation Units and Measure-f 3.1.12.1Discussior—An |rrad|ator_ tumtable 1S Ofter-] e
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, USA. erred to a§ a turntable. Some Irrfadl.ator geomemes’ for

4 Available from the National Council on Radiation Protection and Measure-€X@mple, with an annular array of radiation sources surround-
ments, 7910 Woodmont Ave., Bethesda, MD 20814, USA. ing the product, may not need a turntable.

2 © ISO/ASTM International 2004 — All rights reserved
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3.1.13 measurement quality assurance ptadocumented 3.1.23 traceability—seemeasurement traceability
program for the measurement process that ensures, on a3.1.24 transfer-standard dosimeterdosimeter, often a
continuing basis, that the overall uncertainty meets the requirgeference-standard dosimeter, suitable for transport between
ments of the specific application. This plan requires traceabilitgifferent locations, used to compare absorbed-dose measure-
to, and consistency with, nationally or internationally recog-ments (see ISO/ASTM Guide 51261).
nized standards. 3.1.25 transit dose—absorbed dose delivered to irradiated
3.1.14 measurement traceabilityability to demonstrate by samples while the item to be irradiated in a fixed or turntable
means of an unbroken chain of comparisons that a measurpesition moves into and out of that position or while the
ment is in agreement within acceptable limits of uncertaintymovable source moves into and out of its irradiation position.
with comparable nationally or internationally recognized stan- 3.2 Definitions of other terms used in this standard that
dards. pertain to radiation measurement and dosimetry may be found
3.1.15 operational qualificatior-obtaining and document- in ASTM Terminology E 170. Definitions in E 170 are com-
ing evidence that installed equipment and instrumentatioatible with ICRU 60; that document, therefore, may be used
operate within predetermined limits when used in accordanc@s an alternative reference.
with operational procedures. —
3.1.16 packaging containercontainer such as a paper cup 4. Significance and use
with lid, plastic bag, or plastic bottle that is used to hold 4.1 The major use of factory-reared insects is in sterile
factory-reared insects during irradiation and, typically, duringrelease programs (for example, Sterile Insect Technique, or
subsequent shipment from the irradiation facility to the releas®!T) for suppressing or eradicating pest populatidns Large
site. numbers of reproductively sterile (irradiated) insects are re-
3.1.17 performance qualification-obtaining and docu- leased into an area where a wild “target population” of the
menting evidence that the equipment and instrumentation, &&Me species exists. The wild population is reduced to the
installed and operated in accordance with operation proceextent that the st_en_le males are successful in mating with wild
dures, consistently perform according to predetermined criterifémales. Theradiation,dose to the factory-reared insects should
and thereby yield product that'meéts ‘specifications: be withih- a-range that induces the desired level of sterility
3.1.18 process loag-volume of material with a specified,.. Without substantially reducing the ability of factory-reared
product loading configuration irradiated as a $ingle entity. ~ Males to compete with wild males for mates. Species targeted

3.1.19 radiation-sensitive indicater-material such as a PY SIT programs are typically major pests affecting agriculture

coated or impregnated adhesive-back (or adhesive-font) sulghhuman health, so the assurance by standardized dosimetry

strate, ink, or coating which'may be'affixedtoor printed'on thethat insects have been qroperly irr_adiated is of crucial impo_r—

irradiated sample and which undergoes aVisual/charge whdfn¢e: o agriculture growers, agricultural regulators, public

exposed to ionizing radiation (see ISO/ASTM Guide 51539).h€alth officials, and the publi€l-4). The irradiator operator
3.1.19.1 Discussior—Radiation-sensitive indicators are of- must demonstrate by means of accurate absorbed-dose mea-

ten referred to as “indicators.” Indicators may be used to Sho\ﬁurements that all insects will receive absorbed dose within the

that products have been exposed to ionizing radiation. The§p202'f'id r{ahnge. f fact di s is in th d
can be used to provide a visual and qualitative indication o{. - Another use of factory-reared INSects 1s in the produc-

radiation exposure and can be used to distinguish betweelf" of parasitoids for release against populations of insect

irradiated and unirradiated samples. Indicators cannot be us &st§(5). Pa_rasnmds are msgcts Ehat spend th_e Iarva_l stage
as a substitute for proper dosimetry. eeding within the body of a “host” species, typically killing

. (oS . the host. In some parasitoid programs, factory-reared host
3.1.20 _reference-standard dosim osimeter of high insects are irradiated before being offered to parasitoids. This
metrological quality, used as a standard to provide measur

ments traceable to and consistent with measurements ma iminates the need to separate unparasitized hosts from
with primary-standard dosimeters (see ISO/ASTM Guide Srasitoids so that fertile, unparasitized host insects are not
51261p) y inadvertently released into the field.

3121 ine dosi dosi librated . 4.3 Factory-reared insects may be treated with ionizing
3.1.21 routine dosimeterdosimeter calibrated against a . jja4ion, such as gamma radiation fréMCs or®Co sources,
primary-, reference-, or transfer-standard dosimeter and ussﬁ

g >pr X-rays or electrons from accelerators. Gamma irradiation of
for routine absorbed-dose measurement (see ISO/ASTM GuiqRsacts is usually carried out in small, fixed-geometry, dry-

51261). . ) ) ) storage irradiator$6-8). Dosimetry methods for gamma irra-
3.1.22 simulated produet-material with attenuation and giation of insects have been demonstrated and include useful

scattering properpes §|m|lar to those of the product, material Obrocedures for mapping the absorbed dose throughout the

substance to be irradiated. _ ~ volume of the insect canister in these small irradiators (ASTM
3.1.22.1 Discussior—Simulated product is used during ir- practice E 2116 and ReB)) as well as large-scale gamma

radiator characterization as a substitute for the actual produgtradiators (ISO/ASTM Practice 51702 and RaD)).
material, or substance to be irradiated. When used in routine

production runs, it is sometimes referred to as compensating
dummy. _When U_3ed for absorbed-dose mapping, S'_mU|ated 5 The boldface numbers in parentheses refer to the bibliography at the end of this
product is sometimes referred to as a phantom material.  standard.

© ISO/ASTM International 2004 — All rights reserved 3
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4.4 Specifications for irradiation of factory-reared insects 5.3.1 Typically, accelerators produce a narrow electron
include a lower limit of absorbed dose and may include aeam that is diffused to cover the length and width of a target
central target dose and an upper limit. These values are basacea, which may be the location where samples are irradiated
on program requirements and on scientific data on effects see 5.3.3) or an X-ray target (see 5.3.2). Diffusion may be
absorbed dose on the sterility, viability, and competitiveness ohiccomplished using a magnetic scanner (to sweep the beam
the factory-reared insects. back and forth rapidly), magnetic defocusing lens, or scattering

4.5 For each irradiator, absorbed-dose rate at a referendeils.
position within the irradiated volume of insects or simulated 5.3.2 X-rays (bremsstrahlung) are produced by striking an
product is measured using a transfer- or reference-standajdray target with an electron beam. The target is made of
dosimetry system. That measurement may be used to calculaigngsten, tantalum, or other metal with a high atomic number,
the timer setting, conveyor speed, or other parameter requirdsigh melting temperature, and high thermal conductivity.

to deliver the specified absorbed dose to the insects. o _ _
Note 2—Insects could be irradiated using a self-contained portable

4.6 Absorbed-dose mapping for establishing magthde)St-ray irradiator. The X-rays (bremsstrahlung) are produced in a conven-

and |Ocat|0n_3 ofD i, and Dy, is performed using actual o4 manner, but the unit is totally self-contained (requiring no additional
product or simulated produ¢®). shielding).

4.7 Dosimetry is part of a measurement quality assurance

plan that is applied to ensure that the radiation process meets®-3-3 FOr processing, samples are typically carried on a
predetermined specificatior). moving conveyor through the electron or X-ray beam. Because

of the narrow angular distribution of the radiation, use of

5. Types of facilities and modes of operation continuously moving conveyors (rather than static-irradiation

5.1 Self-Contained Dry-Source Irradiatofsee Re{12))—  or shuffle-dwell systems) enhances dose uniformity.
Most insect sterilization is accomplished by using gamma 5.3.4 Additional information on electron accelerator facili-
radiation from eithef®*’Cs or®°Co self-contained irradiators. ties and modes of operation may be found in ISO/ASTM
These devices house the radiation source in a protective shieRfactices 51649 (electron beam) and 51608 (X-ray).
of lead (or other appropriate highjatomichumber/material)/and
usually have a mechanism to rotate or lower the canister frorfi. Radiation source characteristics
the load position to the irradiation position. 6.1 &amma Irradiators

5.1.1 A common method is to distribute the source in an g1 1 The radiation source used in the gamma facilities
gnnular array. During irradiation, the sample of factory-reare%onsidered in this guide consists of sealed elemenfdQaf
insects is Iocatgd at _the_ center of thg array, vyhere_ th%r 37Cs which are typically linear rods or “pencils” arranged
absorbed-dose distribution is relatively uniform. In this design; ooa or mare planar or cylindrical arrays.

an irradiator turntable would not normally be necessary. ) : . . -
5.1.2 A second method is to rotate the canister holding th(r:‘naGt.é-I'yz 1Clo7b aal:‘ 3 Ol gr:;Iﬁeglh%tonnesar\?;/m;qig?rgrlgso?t]; c(?hg))m)(l

Insects on an irradiator tumtable within the radiation field 0¢eqjim 137 emits photons with energies of approximately
achieve a more uniform dose distribution within the process) geo MeV/(13)

load. The axis of rotation should be parallel to the source . 0 137
pencils (see 6.1.1), which are generally vertical. (12).1&1}? dghoeoga;fe_!\\:glsS)fOrZsC:egir\]/iIy Cs are 5.2708 years

5.2 Large-Scale Gamma IrradiatorsGamma irradiation o L
6.1.4 For gamma-radiation sources, the only variation in the

of insects is also carried out in large-scale irradiators, either is the K duction in th L db
pool-type or dry-storage. In these facilities, the source typically>Urc® OUtput Is the known reduction in the activity caused by

consists of a series of rods (pencils) that conf4Go and can radioactive decay. The reduction in the source strength, and the

be raised or lowered into a large irradiation room Whenrequired increase in the irradiation time, may be calculated (see

retracted from the irradiation room, the source is shielded b;ifu)fa%rtu?gamed from tables provided by the irradiator

water (pool-type), or lead or other appropriate high atomi
number material (dry-storage), or both. 6.2 Electron Accelerator (Electron and X-ray Modes)

5.2.1 Continuous Operatior-A common method of use is 6.2.1 For an electron accelerator, the two principal beam
for samples of insects to be carried on a conveyor in one ogharacteristics are the energy spectrum and the average beam
more revolutions around a central source, resulting in &urrent. The electron energy spectrum affects the variation of
relatively uniform absorbed-dose distribution. The source i@Psorbed dose with depth in a given material, and the average
retracted from the irradiation room only when the irradiator isP€am current affects the absorbed-dose rate.
not in use. 6.2.1.1 Direct-action electron accelerators employ dc or

5.2.2 Batch Operation-An alternative method of use is to Pulsed high-voltage generators typically produce electron en-
place canister(s) of insects into the irradiation room while theergies up to 5 MeV.
source is shielded, and then raise or lower the source into the 6.2.1.2 Indirect-action electron accelerators use microwave
chamber for the length of time required to achieve the desiredr very high frequency (VHF) ac power to produce electron

absorbed dose. energies typically from 5 MeV to 15 MeV.
5.3 Electron Accelerato—Accelerator-generated radiation 6.2.2 For an X-ray (bremsstrahlung) facility, besides beam
is in the form of electrons or X-rays (bremsstrahlung). characteristics noted in 6.2.1, X-ray target design is a critical

4 © ISO/ASTM International 2004 — All rights reserved
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parameter. X-rays are similar to gamma radiation from radio- 7.2 Calibration of Dosimetry Systems
active isotopic sources. Although their effects on materials are 7.2.1 Prior to use, the dosimetry system (consisting of a
generally similar, these kinds of radiation differ in their energyspecific batch of dosimeters and specific measurement instru-
spectra, angular distributions, and absorbed-dose rates. Theents) shall be calibrated in accordance with the user’s
continuous energy spectrum of the X-rays (bremsstrahlungdocumented procedure that specifies details of the calibration
varies from approximately 35 keV up to the maximum energyprocess and quality assurance requirements. This calibration
of the electrons incident on the X-ray target (see ISO/ASTMprocedure shall be repeated at regular intervals to ensure that
Practice 51608). In some X-ray facilities, spectrum filtration isthe accuracy of the absorbed dose measurement is maintained
used to reduce the low energy component of the radiation, thusithin required limits. Calibration methods are described in
improving dose uniformity. ISO/ASTM Guide 51261.

7.2.2 Irradiation is a critical component of the calibration of
the dosimetry system.

7.1 Description of Dosimeter Classes 7.2.3 Calibration of Reference or Transfer Dosimeters

7.1.1 Dosimeters may be divided into four basic classegalibration irradiations shall be performed at an accredited
according to their accuracy and areas of application: primaryajibration laboratory, or in-house calibration facility meeting
standard, reference standard, transfer standard, and routifige requirements of ISO/ASTM Practice 51400, that provides
dosimeters. ISO/ASTM Guide 51261 provides informationan absorbed dose (or absorbed-dose rate) having measurement
about the selection of dosimetry systems for different applicatraceability to nationally or internationally recognized stan-
tions. All classes of dosimeters, except primary standardgards.
require calibration before their use. 7.2.4 Calibration of Routine DosimetersCalibration irra-

7.1.1.1 Primary-Standard DosimetersPrimary-standard  diations may be performed per 7.2.3, or at a production or
dosimeters are established and maintained by national stapesearch irradiation facility together with reference- or transfer-
dards laboratories for calibration of radiation environmentsstandard dosimeters that have measurement traceability to
(fields) and other dosimeters. The two most commonly use@ationally or internationally recognized standards.
primary standard dosimeters] areC’ ionization-\ichambers [and 7 3" Measureément Instrument Calibration and Performance
calorimeters (see ISO/ASTM Guide 51261, ICRU Reports 14yerification—For the calibration of instruments, and for the
17, 34, and 35 and NCRP Report 69). verification 'of instrument performance between calibrations,

7.1.1.2 Reference-Standard ~ DosimeterReference- see ISO/ASTM Guide 51261, the corresponding ISO/ASTM or

standard dosimeters are used to calibrate radiation. envirolsTM standard for the dosimetry system, and/or instrument-
ments and routine dosimeters. Reference-standard dosimeteisecific operatingmanuals.

may also be used as routine dosimeters. Examples of reference-
standard dosimeters along with their useful dose ranges ag |nstallation qualification
given in a table in ISO/ASTM Guide 51261. For insect

irradiators, the following reference-standard dosimeters ma ; . . . ;
. ) - . rogram is to obtain and document evidence that the irradiator
be suitable: ferrous sulfate (Fricke) aqueous solution (AST . ) ;
and measurement instruments have been delivered and in-

Practice E 1026), alanine dosimeters (ISO/ASTM Practice

. ) . . Stalled in accordance with their specifications. Installation
gigog,efr?ldg)))ch;rgme;? ;l;t;?-r;il(()lggéﬁj;x Ps:fllﬁ::gi S(Ilé’g?qualification includes documentation of the irradiator equip-
ASTM Practicé 51538) ment and measurement instruments; establishment of testing,

7.1.1.3 Transfer-Standard DosimetersTransfer-standard opgration and _calibratiqn pr(.)cedures. for their use; and verifi-

dosimeters are specially selected dosimeters used for transfe(::r"’—‘tlon that the installed |rrad_|ator equipment and measurement

p y

ring absorbed-dose information from an accredited or na\tiona{PStrumems operate according to specification.

standards laboratory to an irradiation facility in order to Note 3—Table A2.1 gives some recommended steps in the following

establish traceability for the facility. These dosimeters shouldreas: installation qualification, operational qualification, performance

be used under conditions that are specified by the issuin%;ahflcatlon, and routine product processing. The recommended steps in

laboratory. Transfer-standard dosimeters may be selected frof°'¢ A21 aré not meant to be exhaustive.

either reference-standard dosimeters or routine dosimeters8.2 Equipment DocumentatierEstablish and document an

taking into consideration the criteria listed in ISO/ASTM installation qualification program that includes descriptions of

Guide 51261. the instrumentation and equipment and measurement instru-
7.1.1.4 Routine Dosimeters-Routine dosimeters may be ments installed at the facility. This documentation shall be

used for radiation process quality control, dose monitoring, andetained for the life of the facility. At a minimum, it shall

dose mapping. Proper dosimetric techniques, including calinclude:

bration, shall be employed to ensure that measurements are8.2.1 A description of the irradiator’s specifications, char-

reliable and accurate. Examples of routine dosimeters, alongcteristics and parameters, including any modifications made

with their useful dose ranges, are given in ISO/ASTM Guideduring or after installation,

51261. Examples of dosimeters that may be useful in routine 8.2.2 A description of the location of the irradiator within

processing or absorbed-dose mapping for insect irradiatiothe operator's premises, including its relation to any means

facilities are listed in Annex Al. provided for segregating unirradiated from irradiated products,

7. Dosimetry systems

8.1 Objective—The purpose of an installation qualification
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