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the International Organization for Standardization) is a worldwide federation of national standards bed
member bodies). The work of preparing International Standards is normally carried out through |
nical committees. Each member body interested in a subject for which a technical committee has b
plished has the right to be represented on that committee. International organizations, govefamental g
povernmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
hational Electrotechnical Commission (IEC) on all matters of electrotechnical standagdization.

International Standards adopted by the technical committees are circulated te‘the member bodies
0. Publication as an International Standard requires approval by at least 75% of the member bod
hg a vote.

M International is one of the world’s largest voluntary standards develepment organizations with glo
Cipation from affected stakeholders. ASTM technical committees féllow rigorous due process ballot
bdures.

Dbject between ISO and ASTM International has been formed to develop and maintain a group
ASTM radiation processing dosimetry standards. Under this project, ASTM Subcommittee E10.
Mmetry for Radiation Processing, is responsible for the.development and maintenance of these dosims
jards with unrestricted participation and input from*appropriate ISO member bodies.

. Neither ISO nor ASTM International shall be held responsible for identifying any or all such pat
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national Standard ISO/ASTM 51940/was developed by ASTM Committee E10, Nuclear Technology §
cations, through Subcommittee E10.01, and by Technical Committee ISO/TC 85, Nuclear energy.
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== INTERNATIONAL
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 cradi

ation-sensitive

1.1 This guide outlines dosimetric procedures to be folindicators for the visual and qualitative ihdication that the

lowed for the radiation sterilization of live insects for use in INS€Cts have been irradiated.
pest management programs. The primary use of irradiated, 1.6 This standard does not purpost-to addr
reprodyctively sterile insects is in the Sterile Insect TechniqueSafety concerns, if any, associated with its
where Ihrge numbers of sterile insects are released into the fief@SPonsibility of the user of this_standard to es
to matg¢ with and thus control pest populations of the sam@'iate safety and health practices and determin
specied. A secondary use of sterile insects is as benign hosts faifity 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
doses
dose rg
on met
within t

2.1 ASTM Standards?

nges for specific applications of insect sterilization, or _and Dosimetry
Dosimetry (TLD) Systems for Determining A
in\Radiation-Hardness Testing of Electronic
E.1026 Practice for Using the Fricke Refers
Dosimetry System
E 2116 Practice for Dosimetry for a S¢q
Gamma-Ray Irradiator

he scope of this guide.

Note 1—Dosimetry is only one component of a total quality control
program|to ensure that irradiated insects are adequately sterilized and
sufficiently competitive or otherwise suitable for their intended purpose:

1.2 This guide covers dosimetry in the irradiation of insects
for thede types of irradiators: self-contained dry-stor&d@s E 2303 Guide for Absorbed-Dose Mapping
or %%Colirradiators, large-scale gamma irradiators, ane electron Processing Facilities
accelerptors. Additional, detailed information onldosimetric E 2304 Practice for Use of a LiF Photo-Flu
procedyres to be followed in installation qualification, opera-  posimetry System
tional qualification, performance qualification, and routine 2 2 |SO/ASTM Standard’:
produc{ processing can be found in |[SO/ASTM Practices 51261 Guide for Selection and Calibration
51608 |(X-ray [bremsstrahlung] facilities), 51649 (electron Systems for Radiation Processing
beam facilities), 51702 (large-scaley\gamma facilities), and 51275 Practice for Use of a Radiochromic F
ASTM |Practice E 2116 (self-contained dry-storage gamma  system
facilitie$). 51400 Practice for Characterization and Pe

1.3 The absorbed dose forinsect sterilization is typically  Hjgh-Dose Radiation Dosimetry Calibratior]

within the range of 20 Gy-t0 600 Gy. B 51538 Practice for Use of the Ethanol-Chlor
1.4 This guide refefs,) throughout the text, specifically to  simetry System

reprodyctive sterilization of insects. It is equally applicable to
jation sterilization of invertebrates from other taxa (for 51540 Practice for Use of a Radiochromic I
, Acarina, Gastropoda) and to irradiation of live insects  etry System

or othef invertebrates for other purposes (for example, induc- 51607 Practice for Use of the Alanine-EP

ess all of the
use. It is the
tablish appro-
e the applica-

vithin a predetermined range. Information on effective E 170 Terminology Relating to Radiation Nleasurements

hodology for determining effective dose ranges, is not E 668 PRractice for Application of Thermolyminescence-

bsorbed Dose
Devices

pnce Standard
If-Contained

in Radiation

brescent Film

of Dosimetry
Im Dosimetry
formance of a

Laboratory
pbenzene Do-

51539 Guide for the Use of Radiation-Sensifive Indicators

iquid Dosim-

R Dosimetry

ing mutations), provided the absorbed dose is within the range  system

specifietHh13: 5I608 Practice for Dosimetry il an X-Ray
ung) Facility for Radiation Processing
51649 Practice for Dosimetry in an Electron

1 This guide is under the jurisdiction of ASTM Committee E10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Dosimetry for Radiation Processing, and is also under the jurisdiction of
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
present International Standard ISO/ASTM 51940:2004(E) replaces ASTM BEwww.astm.org, or contact ASTM Customer Service at servi
1940-98 and is a major revision of the last previous edition ISO/ASTM Annual Book of ASTM Standardslume information, refer to
51940:2002(E). Document Summary page on the ASTM website.

and 25 MeV
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51702 Practice for Dosimetry in a Gamma Irradiation Fa-
cility for Radiation Processing

3.1.2 absorbed-dose mappirgmeasurement of

absorbed-

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
51956 Practice for Use of Thermoluminescence-Dosimetrylose values. _
(TLD) Systems for Radiation Processing 3.1.3 absorbed-dose rate, -B-absorbed dose in

of absorbed-

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 Tty i v ays -
with Maximum Photon Energies Between 0.6 and 50 MeV D = dbfdt

ICRU 17 Radiation Dosimetry: X-rays Generated at Poten- SI Unit: Gy-s*
tials ©f 5 to 150 kV 3.1.3.1 Discussior—The absorbed-dose rate cg

ICRU 34 The Dosimetry of Pulsed Radiation fied in terms of average value Bfover long-time intq

ICRU 35 Radiation Dosimetry: Electron Beams with Ener-example, in units of Gy-mitt or Gy-G<.
gies Between 1 and 50 MeV 3.1.4 calibration—process wheteby the respons

ICRU 60 Fundamental Quantities and Units for lonizing suring system or measuring instfument is charactg
Radigtion comparison with an appropriate standard that is

2.4 NCQRP Publications: and consistent with, a natienal standard.

NCRP Report No. 69, Dosimetry of X-Ray and Gamma- 3.1.5 canister—durable, reusable container, usu
Ray Beams for Radiation Therapy in the Energy Range 1@ninum or steel cylinder; used to house a product
keV to 50 MeV, December 1981 factory-reared insects in packaging containers

radiation process:
3.1.5.1 Diseussior—Canisters are not used in s
3.1 Definitions: cations imwhich the packaging container is suffi
3.1.1 apsorbed dose (B)-quantity of ionizing radiation and the.design of the irradiator is appropriate.

energy inpparted per unit mass of a specified material. The Sl 3 4:6-dose uniformity ratie-ratio of maximum to
unit of apsorbed dose is the gray (Gy), where 1 gray isabsprbed dose within the process load. The co
equivaler]t to the absorption of 1 joule per kilogram of thefeferred to as the max/min dose ratio.

specified [material (1 6= 1 J/kg). The mathematical relationy  3.1.7 dosimeter—device that, when irradiated,

ship is the quotient ofde by dm where de is the mean quantifiable change in some property of the devi

incremental energy imparted by ionizing radiation to matter ofpe related to absorbed dose in a given material
incremental masem (see ICRU 60). priate analytical instrumentation and techniques.

D = de/dm 3.1.8 dosimeter set-one or more dosimeters us

Discussion—The discontinued unit Jfor absorbed SY'¢ the absorbed dose at a location and whose a

3. Terminology

3.1.1.1

n be speci-
rvals, for

e of a mea-
rized through
traceable to,

ally an alu-
for example,
during the

ome appli-
Ciently rigid

Mminimum
ncept is also

exhibits a
e which can
using appro-

ed to mea-
Verage reading
on.

e rad (1 rad = 100 erg/g = 0.04 Gy). Absorbed dosiS used to determine absorbed dose at that locat
is sometimes referred to simply as dese? For a photon source

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

for the system’s use.

dose is th

3.1.9 dosimetry systemsystem used for deterF

ining ab-
ment instru-
nd procedures

D = ®Epmdp 3.1.10 factory-reared insects-insects that are |reared in
where: large quantity in a laboratory or factory settig for use,
) = | particle fluence (particlesf) following reproductive sterilization through irradiation, as live
E = |energy of.the-ionizing radiation (J), and animals In pest managem.ent_programls._

Ue{p =|mass erergy absorption coefficient¥ky). 3.1.11 installation qualificatior—obtaining and document-

If brempstrahiung production within the specified material ising evidence that the irradiator, with all its assogiated equip-
negligiblg, tHe, mass energy absorption coefiicient/f) is = ment and instrumentation, has been provided and installed in
equal to|th® mass energy transfer coefficient/ 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.
uniformity.

3.1.12.1 Discussior—An irradiator turntable is

3 Available from the International Commission on Radiation Units and Measure

ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, USA. . ..
4 Available from the National Council on Radiation Protection and Measure—examplev with an annular array of radiation sourc

ments, 7910 Woodmont Ave., Bethesda, MD 20814, USA. ing the product, may not need a turntable.

ister during the radiation process so as to improve dose

often re-

ferred to as a turntable. Some irradiator geometries, for

es surround-

© ISO/ASTM International 2004 — All rights reserved
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lity

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-

to, and consistency with, nationally or internationally recog-ments (see ISO/ASTM Guide 51261).
nized standards. 3.1.25 transit dose—absorbed dose delivered

dose measure-

to irradiated

3.1.14 measurement traceabilityability to demonstrate by samples while the item to be irradiated in a fixed or turntable

on

means of an unbroken chain of comparisons that a measurpesition moves into and out of that positi
[ AUl

ment i W epranie of ur Ty ou OvE douto
with comparable nationally or internationally recognized stan- 3.2 Definitions of other terms used in this
dards. pertain to radiation measurement and dosimetr
3.1.1p operational qualificatior-obtaining and document- in ASTM Terminology E 170. Definitionslin E 1
ing evifence that installed equipment and instrumentatioatible with ICRU 60; that document;.therefore
operatd within predetermined limits when used in accordanc@s an alternative reference.
with opprational procedures. —
3.1.1p 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 insect
factory{reared insects during irradiation and, typically, duringrelease programs (foreexample, Sterile Insect
subseqpent shipment from the irradiation facility to the releas®!T) for suppressing-er eradicating pest populati
site. numbers of repraductively sterile (irradiated) i
3.1.1f performance qualificatior-obtaining and docu- _ { . et pe
menting evidence that the equipment and instrumentation, &&@Me species_exists. The wild population is
installefl and operated in accordance with operation proce2xtent thatthe sterile males are successful in m
dures, ¢onsistently perform according to predetermined criterifgmales) The radiation dose to the factory-reare
and thdreby yield product that meets specifications. be within a range that induces the desired le
3.1.1B process loag-volume of material with a specified Without substantially reducing the ability of f
produc{ loading configuration irradiated as a single entity. . ~@2/€s to compete with wild males for mates. S

3.1.1P radiation-sensitive indicater-material such as .a~PY SIT programs are typically major pests affect

coated for impregnated adhesive-back (or adhesive-fropf)'suf human health, so the assurance by standar

strate, ihk, or coating which may be affixed to or printedton thellat insects have been properly irradiated is of
irradiatg¢d sample and which undergoes a visual change wh , , : -
exposef to ionizing radiation (see ISO/ASTM-Guide 51539).n€alth officials, and the publi¢l-4). The irradia

3.1.1p.1 Discussior—Radiation-sensitive indicators are of- MUSt demonstrate by means of accurate absg
ten refdrred to as “indicators.” Indicators may be used to show
that prgducts have been exposed to «onizing radiation. The§
can be|used to provide a visual andiqualitative indication o{
radiation exposure and can begused to distinguish betwee
irradiatg¢d and unirradiated samples. Indicators cannot be us
as a substitute for proper dasimetry.

3.1.2p reference-standards “dosimetedosimeter of high
metroldgical quality, used as a standard to provide measur Jiminates the need to separate unparasitiz
ments [raceable to ‘and consistent with measurements ma Grasitoids so that fertile unparasitized host
with piimary-standard dosimeters (see ISO/ASTM GUideinadvertentIy released int(,) the field
51261) ; . : . . 4.3 Factory-reared insects may be treated

3.1.2[L routife” dosimeterdosimeter calibrated against a radiation, such as gamma radiation fré#iCs or®°q
primany|-,creference-, or transfer-standard dosimeter and us !

oS OVapie 0O d

urements that all insects will receive absorbed
pecified range.

4.2 Another use of factory-reared insects is
hon of parasitoids for release against popula
&sts(5). Parasitoids are insects that spend t
eeding within the body of a “host” species, ty,
the host. In some parasitoid programs, factd
insects are irradiated before being offered to p

or while the
ation position.
standard that
may be found
70 are com-
may be used

5 is in sterile
Technique, or
A3 Large

nsects are re-

leased into an.aréa where a wild “target population” of the

educed to the
ating with wild

l insects should
vel of sterility
hctory-reared
becies targeted
ng agriculture
dized dosimetry
crucial impor-

gnce to agriculture growers, agricultural regyilators, public

or operator
rbed-dose mea-
dose within the

in the produc-
ions of insect
he larval stage
bically killing

ry-reared host
hrasitoids. This
ed hosts from
nsects are not

with ionizing
L0 sources,
a irradiation of

for rout ~A >0t X-rays or electrons from accelerators. Gamm
= Jhsects Is usually carried out In small, Tixed-
51261). y 9

had daocao mao aman a¥a) N\

eometry, dry-

storage irradiator$6-8). Dosimetry methods for gamma irra-

3.1.22 simulated produet-material with attenuation and gistion of insects have been demonstrated and include useful

scattering properties similar to those of the product, material Obrocedures for mapping the absorbed dose
substance to be irradiated.
3.1.22.1 Discussior—Simulated product is used during ir- practice E 2116 and ReB)) as well as large-s

throughout the

volume of the insect canister in these small irradiators (ASTM

cale 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 used for absorbed-dose mapping, simulated stpe poldface 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
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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 basadea, 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 oficcomplished using a magnetic scanner (to sweep the beam

the factory-reared insects. back and forth rapidly), magnetic defocusing lens,
4.5 For each irradiator, absorbed-dose rate at a referendeils.

or scattering

position within the irradiated volume of insects or simulated 5.3.2 X-rays (bremsstrahlung) are produced by striking an

product ig dairay targetr witr ron_bearr arge
dosimetry system. That measurement may be used to calculaigngsten, tantalum, or other metal with a high-ato
the timer [setting, conveyor speed, or other parameter requirdtigh melting temperature, and high thermakcond
to deliver|the specified absorbed dose to the insects.

4.6 Abpgorbed-dose mapping for establishing magnitude§<_
and loca 'On_s 0fDmin @nd Doy is performed using actual tional manner, but the unit is totally self-contaihed (requiring
product gr simulated produ¢®). shielding).

4.7 Dopimetry is part of a measurement quality assurance

plan thatis applied to ensure that the radiation process meets®-3-3 FoOr processing, sarples are typically
predetermined specificatior). moving conveyor through the electron or X-ray be

of the narrow angular\distribution of the radiat

5. Typesjof facilities and modes of operation continuously moving ‘conveyors (rather than stat
5.1 Self-Contained Dry-Source Irradiatofsee Re{12)—  or shuffle-dwell systems) enhances dose uniform
Most insgct sterilization is accomplished by using gamma 5.3.4 Additiopatinformation on electron accele
radiation [from eithet*’Cs or®°Co self-contained irradiators. ties and modes of operation may be found in
These de)ices house the radiation source in a protective shieRfactices-51649 (electron beam) and 51608 (X-r

Note 2—Insects could be irradiated using ‘a‘self-conts
ray irradiator. The X-rays (bremsstrahlung)\are produce]

is made of
mic number,
Lctivity.

ined portable
d in a conven-
no additional

arried on a
am. Because
on, use of
c-irradiation
ty.

rator facili-
ISO/ASTM

ay).

of lead (of other appropriate high atomic number 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 Gamma Irradiators

5.1.1 A common method is to distribute the source in @l 1 1 The radiation source used in the gamma facilities
annular grray. During irradiation, the sample of factory-reare%onsidered in this guide consists of sealed elemenfdQaf

insects i$ Iocatgd at _the_ center of thg array, vyhere_ th%r137cs which are typically linear rods or “pencil$” arranged
absorbedtdose distribution is relatively uniform. In this design;, one or more planar or cylindrical arrays.
an irradigtor turntable would not normally be necessary. 6.1.2 Cobalt-60 emits photons with energies |of approxi-

5.1.2 A second method is to rotate the canistet-holding th(ran

Insects o an irradiator trntable within the radation field Cesium-137 emits photons with energies of approximately
achieve a more uniform dose distribution, within the process) geo MeV/(13)

load. Thg axis of rotation should be parallel to the source , ,
. : , 6.1.3 The half-lives foP°Co and*®*'Cs are 5.2708 years
pencils (4ee 6.1.1), which are generally-vertical. (14) and 30.07 yeargl5), respectively. y

5.2 Large-Scale Gamma IrradiatorsSGamma irradiation 614 F diati h | iation in th
of insectg is also carried out in"large-scale irradiators, either =~ or gamma-radiation sources, the only variation in the

pool-type|or dry-storage. In thésg facilities, the source typically®°4r€ output is the known reduction in the activity caused by
consists ¢f a series of rodsc{pencils) that conf4@o and can radioactive decay. The reduction in the source strgngth, and the

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

retracted |from the irradiation room, the source is shielded b§3'4) or obtained from tables provided by the irradiator

water (pqol-type),<0n‘lead or other appropriate high atomi anufacturer.
number rhaterial(@ry-storage), or both. 6.2 Electron Accelerator (Electron and X-ray Mjodes)

5.2.1 Cpntinugdus Operatior-A common method of use is 6.2.1 For an electron accelerator, the two pripcipal beam
for samples-of insects to be carried on a conveyor in one oeharacteristics are the energy spectrum and the pverage beam
more revotatio , : -l S he 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 Operatior-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

ately 1.17 and 1.33 MeV in nearly equal proportigas8).

© 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
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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 meas

urement 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 toj
improvi
7. Dos

7.1 0

ISO/ASTM Guide 51261.

7.2.2 Irradiation is a critical component‘of the
metry systems the dosimetry system.
escription of Dosimeter Classes 7.2.3 Calibration of Reference or\Fransfer I

7.1.1f Dosimeters may be divided into four basic classegalibration irradiations shall be ;peiformed at
according to their accuracy and areas of application: primary.ajibration laboratory, or in-houdse calibration fa
standard, reference standard, transfer standard, and routifige requirements of ISO/ASIM Practice 51400
dosimefers. ISO/ASTM Guide 51261 provides informationgn absorbed dose (or absorbed-dose rate) havi
about t
tions. A
require

7.1.1
dosime
dards |
(fields)
primary
calorim
17, 34,

ng dose uniformity.

Al classes of dosimeters, except primary standardgards.

calibration before their use. _ 7.2.4 Calibration-bf Routine DosimetersCalib
1 Primary-Standard DosimetersPrimary-standard  diations may he“performed per 7.2.3, or at a

fers are established and maintained by national stapesearch irradiation facility together with referen
pboratories for calibration of radiation environmentsstandard.-86simeters that have measurement

and other dosimeters. The two most commonly use@ationatiy~or internationally recognized standar
standard dosimeters are ionization chambers and 7.3 Measurement Instrument Calibration and
eters (see ISO/ASTM Guide 51261, ICRU Reports 14yarification—For the calibration of instruments
and 35 and NCRP Report 69). verification of instrument performance betwee
7.1.142 Reference-Standard ~ DosimeterReference-:{see ISO/ASTM Guide 51261, the corresponding
standafd dosimeters are used to calibrate radiation en\irolsSTM standard for the dosimetry system, and
ments and routine dosimeters. Reference-standard dosimetejsecific operating manuals.
may alqo be used as routine dosimeters. Examples of+teference-
standand dosimeters along with their useful dose-ranges age |nstallation qualification
given in a table in ISO/ASTM Guide 51261 For insect
irradiatgrs, the following reference-standard:dosimeters ma ; . .
. ) ; . rogram is to obtain and document evidence th
be suitqble: ferrous sulfate (Fricke) aqueous solution (AST :
. : X ._and measurement instruments have been dg
Practicé E 1026), alanine dosimeters, (ISO/ASTM Prac’uceStalleol in accordance with their specification
51607)] radiochromic solutions (ISO/ASTM Practice 51540 P SP )
. qualification includes documentation of the irr

and Ref (16)), and ethanol-chlorobenzene solution (ISO/ ; i .
: ment and measurement instruments; establish

ASTM Practice 51538). . : : .
. operation and calibration procedures for their 4

7.1.1{3 Transfer-Standard—DosimetersTransfer-standard ; ) L )

. X ) cation that the installed irradiator equipment an

dosimelers are specially(selected dosimeters used for transfer- . e
[ . ; ; ionastruments operate according to specification.

borbed-dose infarmation from an accredited or nationa

ds laboratery< to an irradiation facility in order to Note 3—Table A2.1 gives some recommended stepg
igh traceability for the facility. These dosimeters shouldreas: installation qualification, operational qualificati
under—ebnditions that are specified by the issuin%%S:'f'iazt"i”' and rt°“t'”etptr°%”m prrloce?.s'“g' The recor
laboratgry, Transfer-standard dosimeters may be selected fromi - ¢ /< &€ not meantfo be exhaustive.

8.1 Objective—The purpose of an installation

described in
calibration of

Dosimeters

an accredited

cility meeting
that provides

ng measurement

ne selection of dosimetry systems for different applicatraceability to nationally“er internationally rec¢gnized stan-

ration irra-
production or
ce- or transfer-
traceability to
is.
Performance
and for the
h calibrations,
ISO/ASTM or
or instrument-

qualification

at the irradiator
livered and in-
Ss. Installation
hdiator equip-
ment of testing,
se; and verifi-
I measurement

in the following
n, performance
hmended steps in

either ocument an
taking lescriptions 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 minim
dose mapping. Proper dosimetric techniques, including calinclude:

um, it shall

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
facilities are listed in Annex Al. provided for segregating unirradiated from irradi
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8.2.3 Operating instructions and standard operating proce- 9.1.2 Specific information on operational qualification for
dures for the irradiator and associated measurement instréacilities other than self-contained dry-storage gamma irradia-

ments, tors can be found in ISO/ASTM Practices 51608 (for X-ray
8.2.4 Description of the construction and operation of thefacilities), 51649 (for electron beam facilities), and 51702 (for
product handling system, large-scale gamma facilities).

8.2.5 Licensing and safety documents and procedures, in- 9.2 Dosimetry SystemsCalibrate the routine dosimetry
cluding those required by regulatory and occupational healtBystem to be used at the facility as discussed in 7.2.
dose re-
cts) depends
: activity at the
delivery i$ calibrated periodically (for example, the reset timertime of irradiation, the geometry of the soufce; the source-to-
mechanigm on a gamma irradiator), and product distance, the irradiation geometry) lend the processing

8.2.7 Descriptions, operating procedures, and calibratioparameters (such as the irradiation timie;-the product composi-

(such as those used for dosimetry). 9.3.1 Absorbed Dose RateAvreference- or |transfer-

8.3 Equiipment Testing and CalibratienTest all processing standard dosimetry system, traceable to nationally or interna-
equipmer)t and instrumentation that may influence absorbegbnally recognized standards, shall be used to|measure the
dose in order to verify satisfactory operation of the irradiatorabsorbed-dose rate within-product or simulated [product at a
within thg design specifications. reference position (such as the center of thg product or

8.3.1 Implement a documented calibration program (8.2.63imulated product voliime) in near worst-case gepmetry (such
to ensurg that all processing equipment and instrumentatioas when the product or simulated product nearly completely
that may nfluence absorbed-dose delivery are calibrated perfills the irradiation volume). The absorbed dosqg rate at the
odically. reference pasition shall have a reproducible and documented

8.3.2 If any modification or change is made to the irradiatorrelationshijpto the absorbed dose rate at locationg of maximum
equipmer)t or measurement instruments during the installatio(D,,,,,)«and minimum D,,,;,) dose rate (see 9.3.2).| This mea-
qualification phase, they shall be re-tested. surément of absorbed dose rate at a reference pgsition may be

8.4 Specific information on installation qualification for used when calculating the timer setting necessary|to deliver the
various types of facilities can be found in ASTM Practicesspecified range of absorbed dose to the insects (see 10.4).

E 2116 (delf-contained dry-storage gamma irradiators) andhin 9.3.1.1 Most manufacturers of insect irradigtors use a
ISO/ASTM Practices 51608 (X-ray [bremsstrahlung]), 5¥849reference-standard dosimetry system to measure pbsorbed dose
(electron [beam), and 51702 (large-scale gamma facilities). rate at a reference position within simulated prodyct following

8.4.1 Hor self-contained irradiators, installation gtafificationinstallation of (or, in the case of some self-confained units,
may begjn prior to the shipment of the irradiator to thepefore shipping) the irradiator.
customer]s site. 9.3.1.2 Reference- or transfer-standard measufement of ab-
sorbed dose rate at a reference position should be repeated
) . o periodically (for example, every three years fof a gamma
9.1 Oblective—The purpose of operational qualification of facility) and following any changes to the source, geometry, or

an irradiation facility is to establish baseline data for evaluatinginer irradiator parameter that could affect absorted dose rate.
irradiator |effectiveness, predictability, and reproducibility for

the range of conditions of Ceperation for key processing Note 4—To the degree possible, subsequent re-calibratipns of dose rate
parameters that affect absérbed dose in the product. As part gfould be performed under similar conditions to allow diregt comparison
this procdss, dosimetry hay, for example, be performedLDo: among test res_ults. Results obtglned vv_hen_re-callbratln an |rrad|atqr
. . . should agree with results of previous calibrations, once spurce decay (if
establish relationships,between the absorbed dose for a reprgspjicabie) or other known factors that may affect dose fare taken into
ducible geometry and' the operating parameters of the irradiawccount. Unexplained discrepancies that are beyond the lifhit of combined
tor, (2) measure~absorbed-dose distributions in insectuncertainty for the two procedures should be investigated, as they could
equivalent matérial and other reference materigl3) indicate problems with the dosimetry or the operation of the irradiator.
characternzé~absorbed-dose variations when irradiator andNote 5—When an irradiator's absorbed dose rate is [measured per
processin cte e—statist ormarS-is-convenientto-calbrate-the-facility-s+outine-desimetry system
operations, and(4) measure the absorbed-dose rate at gencurrently per 7.2.4. ISO/ASTM Guide 51261 and RET) provide
reference position within the canister filed with insects Orgundelmes on procedures and numbers of sets of dosimeters needed.
simulated product. 9.3.2 Dose Mapping-Ideally, the irradiation process is
9.1.1 For self-contained irradiators, operational qualifica-designed to irradiate insects uniformly throughout the irradi-
tion may begin prior to the shipment of the irradiator to theated volume; in reality, a certain variation in absorbed-dose
customer’s site. As part of release-for-shipment criteria, theéhrough the product will exist. The irradiator characterization
irradiator manufacturer may perform absorbed-dose mappingrocess includes mapping the absorbed-dose distributions for
to establish baseline data. After the unit is installed at the user'samples of insects or simulated product, and identifying the
site, operational qualification is performed as part of the user'snagnitudes and locatior3,,,, and D, within the samples.
quality assurance plan (see ASTM Practice E 2116). Dosimetry data from previously characterized irradiators of the

9. Operational qualification

U~ Jdid Cl Od Ay UUy
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same design or theoretical calculations may provide usefuhcreased dose. Understanding the dose distribution throughout
information for determining the number and locations ofthe process load is critical for ensuring program security and

dosimeter sets needed for this characterization process. sterile insect quality. This is accomplished by
9.3.2.1 Map the absorbed-dose distribution by placing domapping (see 10.3) of the specific product

absorbed-dose
(or simulated

simeter sets throughout the volume of actual or simulateghroduct) and specific product loading configuration to deter-
product (see ASTM Guide E 2303). Select placement patternsine the magnitude and location &f, ., and D, and to

that can identify the locations @,,,,, andD .

.conveyor speed, or other parameter(s) necessa

Note 6—In the case of static irradiations (such as when the product is’,

establish the appropriate values for the irradiator timer setting,

ry to achieve the

located ht the center of an annular source array of a self-containe@™>Y"PEU UUSES WIHITTUIE SELTEQUITETTIETILS.

dry-storgge irradiator), the dose mapping should be done in three Nore 7—in sterile insect programs, tests of dbsorl
dimensid )

may be
through
mapping
9.3.2
ample,

one in two dimensions, such as on an arbitrary vertical plangyajyate the sterility and competitiveness ofjrrédiated
he axis of rotation. In this case, the result is a three-dimensiong|,cted periodically to provide evidence that’the dosd
due to the axial symmetry that results from rotation.

2 Changes in the product handling system (for exto irradiation) are still valid.
irradiator turntable) or radiation source characteristics 10.2 Product Loading Configuratioa-A loading

requirefa new absorbed-dose mapping. tion for the irradiation sheéuld be established fo

9.3.3| In gamma-radiation facilities that operate in batchtype. The documentation-for this loading confi
mode, the transit dose should be small relative to the total dos@iclude specifications\for parameters that infl

delivergd to the insects (for example, <19%) in order tosorbed dose disfribdtion. For irradiation of
facilitatg reproducible absorbed-dose delivery. The transit dosgarameters could include species, mass or
and its felation to total absorbed dose should be considered afikects, size and shape of the packaging contal

quantified, if necessary. Procedures for measuring and correghe packagifig container(s) within the canister, a

ing for|transit dose in terms of transit time are given incompositien of any plugs of simulated product
ISO/ASTM Guide 51261.

9.3.4[ An important calculation in the use of gamma-pdrtions of the canister.
radiation sources is the correction for radioactivity decay. For

a pure fadionuclide source, the exponential loss of actigity;.(.> \oTe 8—The canister shall not be loaded beyond itg

mum volume.

is giver by:
N 10.3 Product or Simulated Product Ab
A= Ae & Mapping—For each type of insect treated in
WherleA, is the activity at time, A, is the known:&ctivity at  facility, there is a minimum dose to achieve the

some darlier timet(= 0), and\ is the decay constant for the
given rpdionuclide. Daily decay constantsy(\for radionu-
clides gommonly used in gamma-radiation-sources are:

@)

of sterility (or other desired effect) and a maxin
the animal can tolerate without unacceptable
quality. Establish the locations of the regiond®j,
for each selected product loading configurati
dosimeter sets throughout the volume of insec
137 o product within the process load (see ASTM G
For™Cs,Aq = 631120 day () Concentrate the dosimeters in regionsyf, and

Thesp constants are based”on half lives of 5.2708 yeafgwer dosimeters placed in areas likely to recei
for ®®Cq (14) and 30.07Cygars for’Cs (15). In practice, absorbed dose. In many insect irradiation ag
absorbg¢d dose rate cah be substituted for activity in Eq 1. Thgroduct is relatively close to the radiation sourc
absorbg¢d-dose rate that was initially established during opergronounced absorbed-dose gradients near the
tional qualificatigmer during a subsequent calibration of thevolume of the sample. It is important, thereforg
irradiatgr with «eference- or transfer-standard dosimeters (segosimeter that is small enough to detect th

For®Co,\y = 3.6005%x 10+.day *

ed dose versus

ns. When product is irradiated on turntables, the dose mappingeility and viability of irradiated insects are critiodll). Thus, tests to

insects are con-
limit and other

aspects of sterilization processing (for example, inductiof of hypoxia prior

configura-
each product
guration shall
uence the ab-
nsects, these
volume of the
ner, position of
nd position and
that are used

routiiely to improve dose uniformity by excluding insects from

designed maxi-

sorbed-Dose
he irradiation
required level
hum dose that
degradation in
xandDmin

bn by placing
[s or simulated
uide E 2303).
Din With

e intermediate
plications, the
bs, resulting in
periphery of the
b, to choose a
ese gradients.
pyed to obtain

o determine the degree of dose uniformity. Beca
10. Performance qualification
10.1 Objective—The purpose of dosimetry in performance dose is increased, a small dose-uniformity ratio

qualification is to ensure that the absorbed-dose requirementts ensuring the successful deployment of ste

vill be used to
use the quality

and viability of insects tends to decline rapidly as radiation

can be critical
rile insects. In

for a particular product can be satisfied. In sterile insect releassome cases, irradiator or processing parameters can be adjusted
programs, the end user or a regulatory agency typicallyo improve dose uniformity (for example, installing an irradia-
specifies the minimum absorbed dose necessary to produce ttog turntable or using plugs of simulated product to exclude

desired level of reproductive sterility. Although a maximum insects from areas with low or high dose rates)
absorbed dose is not usually specified, the ability of sterile 10.3.2 If any changes that could affect the

magnitude or

insects to successfully compete for mates will decline withlocation of the absorbed dose extremes are made to the
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irradiator or mode of operation (for example, those noted in Note 10—The absorbed-dose distribution in the produ

ct is already

10.3.1), repeat the absorbed-dose mapping to the extent nefgown from operational and performance qualification, and from the most

recent dose mapping. However, strategic placement ofa s
of dosimeter sets as part of routine dosimetry can serve to
absorbed dose delivered is within specification.

11.2.2 Dosimeter Placement Frequenreyselect a

essary to establish the effect.

10.3.3 Reference Dose Locatienldentify a reference dose
location for each loading configuration. This may be, for
example, the location dd,,;, or D,,4, OF an alternate location

uficient number
confirm that the

sufficient

in or on the canister or packaging container. Dosimeter setdUmber of process loads in which to place dosimeter sets in

cived by the

should be placed at the reference dose location during routifder to verify that the measurements of absorbed dose are
dosimetr e T2 ST ATTESShitity Shoutt e Tonsideregatistica meaningfuland—absorbed doserec
The absdrbed dose at this location shall have a reproducibl@Sects falls within specified limits.

and docyimented relationship to the absorbed dose at thell-2.2.1Gamma-radiation Facilities-Routine’ g
should be performed at specified periodic intervals

locations |ofD,,;, and D, Within the process load. -
10.4 Establishing Operating ParametetsTo ensure that Pe daily, weekly, or monthly.
the absofbed dose received by processed insects is withinnore 11—Although source output in a.gamma irradiat
specified|limits, values of operating parameters should benly by radioactive decay, frequent routirie dosimetry can d
establishéd for each combination of insect species, loadingnnoticed processing problems which have, at times,
configuralion, and dose specification. Value(s) of all paramIelease of large numbers of fertile.insect pests.

eters thaf affect absorbed dose are established based on result$1.2.2.2 Electron and, Xsray (bremsstrahlung) R
of the abgorbed-dose mapping described in 10.3 in conjunctioAlways place dosimeter\sets at the start of a prq

with results of reference- or transfer-standard measurements gbr long runs, in addition to this, place dosimeter

absorbed| dose rate at a reference position (see 9.3.1). For mesiddle of the run, atthe end of the run, and at ot

insect irrgdiation facilities, the absorbed dose delivered to thas appropriate.
insects is|controlled by adjusting a single operating parameter _ , .

. - . Note 12—<F0r production runs with contiguous process
such _aS Imer setting or conveyor Speed_‘ The value that '$hd last pfocess loads may experience dose distributions d
established for that parameter shall result in an absorbed dogger ynits."If prior dosimetry data indicate that an unag
distributign that is within specified limits throughout the gistribistion exists for these two end loads, place compend

volume of irradiated insects. adjagent to these units so as to make their dose distributi

11.3 Radiation-Sensitive Indicatars

11.3.1 The purpose of radiation-sensitive ind
}4 ually determine whether or not a specific g

ects has been exposed to ionizing radiation,

11. Routine product processing

11.1 Prpcessing Parameters and Contrelor product pro=
cessing, [set the operating parameters as established "duri
performance qualification, taking into account source’decay i : i
applicable. All critical operating parameters that-can affect th easure diffierent absorbed-dose levels (see 15O

absorbedtdose distribution shall be controlled;monitored, an%niggi?}ngé?afet?tea?t;eﬁﬁg dlig?iﬁr?toarn?jhoi;]g bﬁc(:t]
documented during routine processing to help ensure that tk} : y . ' ' pp
e site where adult insects emerge and are |

insects afe processed in accordance with specifications. If th | Indicators d t ol titati |
values of the operating parameters deviate from prescriber case. Incicators do not give a quantitative valug
processirlg limits, take appropriate(agtions. ose,_and therefore are not a sgbstltute for routin
11.2 Rgutine Dosimetr~Routine: processing monitoring used in routine process monitoring.
shall be |performed using routine dosimetry as part of the Nore 13—This does not preclude the use of calibrated
verificatign process for establishing that the radiation process i§m as a dosimeter read with a transmission/reflectance
under coltrol. Routine measurements of absorbed-dose to tffged in Annex AL.
product Will help ensufe that all insects have been treated 11.3.2 Radiation-Sensitive Indicator Locatieq
within thg prescribed, dose limits for the process. In additionmore indicators should be placed in or on thg

control tgsts¢such as bioassays of reproductive sterility or

I ote 14—If insects are irradiated in sealed packaging
sterile ingect;performance, or may be used to assess effects g

shipped unopened to a release site, indicators should

osimetry
5, which may

br is affected
btect otherwise
esulted in the

Facilities

duction run.
sets near the
her intervals

oads, the first
ifferent from the
ceptable dose
ating dummies
bns acceptable.

cators is to
ontainer of
ather than to
ASTM Guide
ecked before
le, again at
brocessed for
e of absorbed
e dosimeters

radiochromic
lensitometer as

One or
e packaging

Lontainers that
be placed so that

artially |6atedcanisters{see11-6)-
{ Ji

Note 9—In the routine operation of an insect irradiator, absorbed-doséhe packaging container. If portions of the packaging

measurements made on the product at regular intervals provide th
operator and regulatory authorities with an independent quality controf
record of the process. WheD,,, has been set by the regulatory w
authorities, the ability to measure that absorbed dose with proper 11.3.3 Radiation-Sensitive

ithout opening the container.

Indicator

they will be clearly visible, following irradiation, without having to open

container are

{ransparent, the indicator(s) should, for reasons of security, be placed
nside the sealed packaging container in such manner that it can be read

Placement
statistical control is a critical requisite of Good Manufacturing Practices Frequency—Placement frequency for radiation-sen

sitive indi-

11.2.1 Dosimeter Location-Place one or more dosimeter cators will vary with program requirements and intended use of

sets on the product at the reference dose location (see 10.3.8)e irradiated insects. For sterile insect release programs, a
The absorbed dose at this location has a quantitative ancbmmon specification is to place an indicator in or on each
reproducible relationship witB,,,, andD ;. packaging container of factory-reared insects.
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11.4 Environmental Effects-The response of a dosimeter or appropriate locations in the irradiation volume (so that the near

radiation-sensitive indicator may be affected by exposure tevorst-case is approximated), and by placing
such environmental conditions as heat, high humidity, ultrainsects in the center of the canister.

violet radiation, or gases produced during the radiation process.

Dosimeter response should be corrected for any effects thaR. Measurement uncertainty

arise from changes in the environment of the dosimeter during 15 1 79 pe meaningful, a measurement of

the radiation process or pre- or post-irradiation storage. Al be accompanied by an estimate of uncert

the sample of

absorbed dose
ainty.

radiation-sensitive indicator’s response cannot be corrected for 15 » Components of uncertainty shall be identified as be-

such c ' ) : nging to one of two groups:
environments. Care should also be taken in handling and 15 51 Type A—Those which are evaluated

storagg of dosimeters and indicators before and after irradiatiolq]ethods’ or
(see /AST_M Guides 5126_1 and_ 51539, and practices for 15 5 5 Type B—Those which are evaluated by,
individyal _dosmetry systems listed in Aqnex Al). _ 12.3 Other ways of categorizind>*Uncertain
11.5 [Chilled Produc{.—Absorbeq dqse is not a function of widely used and may be useful fer-feporting u
the temperature of_th_e insects pelr]g |rrad|ated. The response Qiample, the termprecisionandbias or randoma
a dosinjeter or radiation-sensitive indicator, however, may be g (non-random) are used'o describe differen]
function of their temperature. Dose-mapping information foruncertainty.
simulatgd product (representing the actual product geometry or
near-wgrst case geometry) at ambient temperature can beNote 15—The identification of Type A and Type B
applied| to chilled insects. Determine the temperature of th?hf?ﬁt:rgz:qﬂiah;dglrg%ifz(;rtiiitlpc:?gqgnliir;?iir;aa:{;gﬁs(lgtg
dosime er during irradiation of c;hllled m.seCts and apply.thethe Expression ofUncertainty in Measuremgi®). The pur
appropfiate temperature correction. Dosimeters that exhibit g ;g type of chardcterization is to promote an under
highly temperature-dependent response should not be placediRcertainty~sfatements are developed and to provids
locatiorjs with large temperature gradients (see ISO/ASTMnternational’comparison of measurement results.
Guide 51261 and the practices for individual dosimetry sys- Novk 16—ISO/ASTM Guide 51707 defines possible s
tems ligted in Annex Al). Radiation-sensitive indicators shouldainty)in dosimetry performed in radiation processing fag
not be yised on chilled insects unless they have been evaluatggcedures for estimating the resulting magnitude of th
and prdven to perform adequately at the temperatures used-ff¢ measurement of absorbed dose using a dosim
procesging samples. ocument defines and discusses basic concepts of mea

. . . the estimation of the measured value of a quantity, “true
11.6 Partially Loaded Canisters-Irradiations may beiper- certainty. Components of uncertainty are discussed
formed|using less product than was used in dose mapping thafovided for estimating their values. Methods are al
was pgrformed with the near-worst case geontetry (for eXealculating the combined standard uncertainty and est
ample, [when the canister is nearly filled. witlr product or(overall) uncertainty.
simulated product). In that case, the, ., received by the
insects|may be greater than tBe,,, measured during dose 13. Keywords
mapping for operational qualification.(10.3). Care should be 13.1 absorbed dose; biological control; cesiu
taken, therefore, to ensure that the(spécified limit&Xqr, are  60; electron accelerator; dosimeter; dosimetry;
not exc
distribu
minimiz

lion arising from partially loaded canisters may bediator characterization; parasitoid rearing; ra
ed by the use of\simulated product placed at thdnsect technique; X-ray; ICS 17.240

ANNEXES

(informative)

by statistical

other means.

ly have been
hcertainty. For

ndsystem-

t categories of

incertainties is
ished in 1995 by
in the Guide to
pose of using
standing of how
a basis for the

ources of uncer-
lities, and offers

P uncertainties in
etry system. The
surement, including
[ value, error and
and methods are
50 provided for
mating expanded

mM-137; cobalt-
gamma; insect

ceded during routine use.\Changes to the absorbed-das@diation; insect rearing; ionizing radiation; irrgdiation; irra-

liation; sterile

Al EXAMPLES OF ROUTINE DOSIMETER CHARACTERISTICS

Al1.1 Thermoluminescence dosimeter (TLD)

Al1.1.1 Applicable Dose Range10 2 to 10* Gy.
A1.1.2 Applicable Dose Rate-1072 to 10'° Gy/s.
Al.1.3 Use—Electron/gamma radiation/X-ray.

Al.1.4 Physical Characteristics=The most commonly
used materials for TLD are LiF, CgFCaSQ and Li,B,O,.
The dosimeter is small, and the material is used in the form ofystem to measure light output and convert to
powder, pellets, single crystals, or in sealed glass tubes or bultigeader requires skilled operator.

or suspended in plastics. After irradiation, cryst

mation in the TLD.
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alline material

is subjected to a carefully controlled heating cycle, when the
freed electrons and hole traps recombine with the emission of
characteristic light. This heating cycle erases the dose infor-

A1.1.5 Instrumentation CharacteristiesTL reader com-
prising a heating element, photomultiplier tube measurement

absorbed dose.
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Al1.1.6 Environmental Factors

Ay

ul

Al1.1.6.1 Temperature— Not generally sensitive. eter.
A1.1.6.2 Humidity—Not generally sensitive. A1.3.6 Environmental Factors

A1.1.6.3 Ambient Light— Not generally sensitive.

A1.1.6.4 Time—TLDs generally fade after irradiation; read- for doses <16 Gy.

out time after irradiation must be controlled.

A1.3.5 Instrumentation CharacteristiessEPR spectrom-

Al1.3.6.1 Temperature-Temperature dependence is linear

A1.3.6.2 Humidity—Somewhat sensitive to humidity (may

Al.1.7 For more information, see Practice E 668 and ISOfequire preconditioning).
ASTM Practice 51956. A1.3.6.3 Ambient Light—Not generally sensitive to ambient
A1.2 Radiochromic film dosimeter light. _ . _ o
A1.2.1 |Applicable Dose Range1 to 16 Gy. afé%.:).(g;lszlrrge—Dosmeter reading may change with time
A1.2.2 Applicable Dose Range<10™ Gy/s. ' . . .
AL.2.3 Use—Electron/gamma radiation/X-ray 51,2%.73.7 For more information, see (ISO/ASTIM Practice
Al1.2.4 Physical Characteristics-These dosimeters consist '
of leuco (colorless) dyes that become intensely colored upon hoto-fl im dosi
irradiatior}. Film thickness varies from a few pm to about 1414 Photo-fluorescent film dosimétry system
mm. Al.4.1 Applicable Dose Range20 to 3x 10° Gy.
A1.2.5 [Instrumentation CharacteristiesVIS/UV spectro- A1.4.2 Applicable Dosg'Rate-0.3 to 2 x 10* Gyls.
photometer (various wavelengths) and visible transmission and A1.4.3 Use—Electron/gamma radiation/X-ray.
reflectange densitometers (various filters). A1l.4.3.1 Radiatign-energy range for photons df 0.05 to 10
Al1.2.6 Environmental Factors MeV.
Al1.2.6.ll Temperature-This dosimeter has a positive tem-  A1.4.3.2 Radiation energy range for electrons [of 0.1 to 10
perature fependence, depending on the film type, and shoujgey.
be protegted from temperature extremes. o Al.4.4Physical Characteristics-Alkali-halid¢ based
Al1.2.6.p Humidity—Some films are sensitive to humidity photo-flyorescent film, sufficiently transparent fo both the
(may be hermetically sealed in water-tight plastic envelopes)eycitation and emission wavelengths.
Al.2.6.8 Ambient Light-These dosimeters are sensitive 10 &7 4 5 |nstrumentation CharacteristiesFluorimetter; light
ﬁmblent ight conditions, especially with wavelengths <370%purce and light detector may be on the same or ¢pposite sides
: , . . . of film.
ex,gi.sZu.rGédf Time—Dosimeter reading may fade with time after A1.4.6 Environmental Eactors
Al.2.7 [For more information, see ISO/ASTM< Practice A1.4.6.1Temperature—Acce_ptable range of -20jto +60°C;
radiation response of unirradiated dosimeters nqt affected by
51275 and Re(17). I
temperatures within that range.
Al1.3 Alapine EPR dosimetry system Al.4.6.2 Humidity—Radiation response typically not af-
A1.3.1 Applicable Dose Rangel to 1®.Gy. fected by humidity.
A1.3.2 Applicable Dose Rate<10P Gyis. Al1.4.6.3 Ambient Light—Dosimeters are sensitiye to light,
A1.3.3 Use—Electron/gamma radiation/X-ray. especially during the irradiation and stabilization periods.
Al.3.4 Physical Characteristies<This dosimeter is used in ~ Al.4.6.4 Time—Signal increases with time follgwing irra-
the form ¢f tablets, small rodstape of 3-mm to 5-mm diameteiation and requires a signal development procegs, which can
and varidqus lengths, or orr-bar-coded film strips, consistingpe accelerated and stabilized by heat-treating the dosimeters
primarily pf a-alanine and asmall amount of paraffin or other after irradiation and before readout.
binder. Al1.4.7 For more information, see ASTM Guidg E 2304.
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