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Attention is drawn to the possibility that some of the elements of this document may be the subject of pat

right

rights.

Inter|
Appl

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, govefnmental 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 standatdization.

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

3
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national Standard ISO/ASTM 51702)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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Standard Practice for
Dosimetry in Gamma Irradiation Facilities for Radiation
Processing ?*

This standard is issued under the fixed designation ISO/ASTM 51702; the number immediately following the designation indicates the

al-adoption-of-i-the-case-ofrevision—the-vear-of lastrevision
Lag T T 24

1. Scope 2. Referenced documents

1.1 This practice outlines the installation qualification pro- 2.1 ASTM Standards?
gram for an irradiator and the dosimetric procedures to be E 170 Terminology Relating to, Radiation N
followegl during operational qualification, performance quali- and Dosimetry
fication| and routine processing in facilities that process prod- E 666 Practice for Calculating’/Absorbed Dos¢

or regujatory absorbed-dose limits is not within the scope of E 2304 Prdctice for Use of a LiF Photo-Flu
this practice. Dosimetry System
. . . 2.2 4SO/ASTM Standards:
Note 3—Dosimetry is only one component of a total quality assurance . . .
program|for adherence to good manufacturing practices. 51204 Practice for Dosimetry in Gamma Irra

NoTe 4—ISO/ASTM Practices 51649 and 51608 describe dosimetric ties for Food Processing
procedufles for electron beam and X-ray (bremsstrahlung) irradiatioi’;51205 Practice for Use of a Ceric-Cerous Sul
facilities [for radiation processing. System

1.2 Hor the irradiation of food and the radiation sterilization 51261 Guide for Selection and Calibration
of health care products, other specific ISO/ASTM er ISO  Systems for Radiation Processing
standailds exist. For food irradiation, see ISO/ASFM Practice 51275 Practice for Use of a Radiochromic F
51204. |For the radiation sterilization of health_care products,  System

fleasurements
e from Gamma
pnce Standard

ematical Mod-
pn-Processing

prescent Film

diation Facili-
fate Dosimetry
of Dosimetry

Im Dosimetry

see ISQ 11137. In those areas covered by ISO/ASTM Practice 51276 Practice for Use of a Polymethylmethacrylate Do-

51204 pr ISO 11137, those standards take precedence. simetry System _
1.3 Hor guidance in the selection apd calibration of dosim- 51310 Practice for Use of a Radiochrd
etry systems, and interpretation of pieasured absorbed dose in Wavegwdg Dosimetry System
the profluct, see ISO/ASTM Guide'51261 and ASTM Practice 51400 Practice for Characterization and Pe
E 666. For the use of specific.dosimetry systems, see ASTM _ High-Dose Radiation Dosimetry Calibratior
Practicés E 1026 and E 2304,\and ISO/ASTM Practices 51205, 51401 Practice for Use of a Dichromate Dos
51275,[51276, 51310, 51407, 51538, 51540, 51607, 51650, 51538 Practice for Use of the Ethanol-Chlor
and 51956. For discussign’of radiation dosimetry for gamma- _ Simetry System o -
rays and X-rays alsa’$&é ICRU Report 14. 51539 Gwdg for Use of Radlatlor]—SenS|t|ye
1.4 This standarg~does not purport to address all of the 51540 Practice for Use of a Radiochromic |
safety poncernsy.if any, associated with its use. It is the _ €try System _
respongibility:of-the user of this standard to establish appro- 51607 Practice for Use of the Alanine-ER
priate gafefy.and health practices and determine the applica-  System

mic Optical
formance of a
Laboratory
metry System
pbenzene Do-

ndicators
iquid Dosim-

R Dosimetry

Bremsstrahl-

bility of|régulatory limitations prior to use. 51608 Practice for Dosimetry in an X-Ray

ung) Facility for Radiation Processing

51649 Practice for Dosimetry at Energies Between 300 KeV

and 25 KeV

1 This practice 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 E 1702-95. Last previous ASTM edition E 1702-00. ASTM
E 1702-95" was adopted by 1SO in 1998 with the intermediate designation 1ISO
15571:1998(E). The present International Standard ISO/ASTM 51702:2004(Ejvww.astm.org, or contact ASTM Customer Service at servi
replaces ISO 15571 and is a major revision of the last previous edition ISO/ASTMAnnual Book of ASTM Standard®lume information, refer to
51702-2002(E). Document Summary page on the ASTM website.

System

© ISO/ASTM International 2004 — All rights reserved

51650 Practice for Use of a Cellulose Acetate Dosimetry

2For referenced ASTM and ISO/ASTM standards, visit the ASTM website,
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51707 Guide for Estimating Uncertainties in Dosimetry for

Radiation Processing sorbed dose, consisting of dosimeters, measur

3.1.7 dosimetry systemsystem used for determining ab-

ement instru-

51956 Practice for Use of Thermoluminescence-Dosimetrynents and their associated reference standards, and procedures

(TLD) Systems for Radiation Processing
2.3
Measurements (ICRU) Reports:

for the system’s use.

evidence that the irradiator, with all its associate

International Commission on Radiation Units and 3.1.8 installation qualificatior—obtaining and documenting

d equipment

ICRU Report 14 Radiation Dosimetry: X-Rays and Gammaand instrumentation, has been provided and installed in accor-

Rays with Maximum Photon Energies Between 0.6 and 5@ance with specifications.

MeV 3.L.9irradiation ume—total tume auring which
ICRU Report 60 Fundamental Quantities and Units forload is exposed to radiation.

lonizing Radiatior
2.4 ISP Standard:
ISO 11

ment

ilizati

ing evidence that installed equipmentyand ins

5 for Validation and Routine Control-Radiation Ster-with operational procedures.
pn*

3. Terminology

3.1 Definitions: _ o o dures, consistently perform-according to predeter

3.1.1 apsorbed dose, B-quantity of ionizing radiation and thereby yield product that meets specificatio
energy infjparted per unit mass of a specified material. The Sl 3 1 12 primary-standard dosimeterdosimeter of
unit of apsorbed dose is the gray (Gy), where 1 gray isst metrological“quality, established and maint
equivalerft to the absorption of 1 joule per kilogram of the jpsorbed-dose Standard by a national or internatig
specified |material (1 = 1 J/kg). The mathematical relation- organization\(see ISO/ASTM Guide 51261).
ship is the quotient of d by dm, where @& is the mean 31 13¢jo¢ess loag-volume of material with a|
incremental energy imparted by ionizing radiation to matter Ofloading configuration irradiated as a single entity.

incremengal massrd (see ICRU Report 60). 3.1.¢4 production run (applicable to continuoug
D = de/dm (1)  shuffle-dwell irradiations)—a series of process loa
hsorbed-dose mappirgmeasurement of absorbed ©f materials or products having similar radiatior

312a
dose with
locations |to produce a one-, two- or three-dimensional\distrirfange of absorbed dose.
bution of|absorbed dose, thus rendering a map of(absorbed- 3.1.15 reference-standard dosimetedosimeter
dose valles. metrological quality, used as a standard to prov
3.1.3 cqllibration facility—combination of an jgnizing radia- ments traceable to and consistent with measur
tion sourge and its associated instrumentation’that provides, 88ing primary-standard dosimeters (see ISO/A

igd location and within a specific_material, a uniform51261).

4. 3.1.17 routine dosimeter-dosimeter calibrated
pmpensating dummysimulated product used during primary-, reference-, or transfer-standard dosime

may be uped.during operational qu

3.1.10 operational qualificatior—obtaining'and d

137 Sterilization of Health Care Products—Requirepperate within predetermined limits whef used ir

3.1.11 performance qualificatiGh-obtaining af
menting evidence that the eguipment and instrumentation, as
installed and operated in @accordance with opers

A process

ocument-
frumentation
accordance

d docu-

tional proce-
nined criteria
ns.

the high-
pined as an
nal standards

specified
-flow and

IS consisting
-absorption

n a process load using dosimeters placed at specifiéfaracteristics that are irradiated sequentially t¢ a specified

of high

de measure-
Ements made
STM Guide

bntation of
Absorbed dose

against a
ter and used
e ISO/ASTM

h attenua-
the product,

during op-

r 3.1.18.1 Discussior—Simulated product is used

the actualproduc aterial or substance ta he irradiatec SHORE Eeotion o et e the
3.1.5 dosimeter responsereproducible, quantifiable radia- material, or substance to be irradiated. When us
tion effect produced by a given absorbed dose.

ual product,
ed in routine

production runs, it is sometimes referred to as “compensating

3.1.6 dosimeter set-one or more dosimeters used to mea-dummy.” When used for absorbed-dose mapping, simulated
sure the absorbed dose at a location and whose average readgigduct is sometimes referred to as “phantom material.”

is used as the absorbed-dose measurement at that location. 3.1.19 transfer-standard dosimeterdosimeter,

reference-standard dosimeter, suitable for trans

often a
port between

different locations, used to compare absorbed-dose measure-

3 Available from the Internationgl Commission on Radiation Units and Measure—mems (see ISO/ASTM Guide 51261).
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, USA.

4 Available from International Organization for Standardization (1ISO), 1 rue de
Varembé, Case postale 56, CH-1211, Geneva 20, Switzerland.

3.2 Definitions of other terms used in this st

© ISO/ASTM International 2004 — All right:

andard that

pertain to radiation measurement and dosimetry may be found
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in ASTM Terminology E 170. Definitions in E 170 are com- dosimetry. For these applications, it may be
patible with ICRU 60; ICRU 60, therefore, may be used as arperform dosimetry at ambient room temperatur
alternative reference. process control to ensure that the absorbed do

4. Significance and use

ISO/ASTM 51702:2004(E)

necessary to
es and rely on
se is within the

desired limits. In some cases it may be possible to use
dosimeters for routine monitoring at the temperature used for

4.1 Various products and materials may be treated withhe irradiation application if the dosimeter temperature during

ionizing radiation, such as gamma rays fré%@o or'*"Cs
sources, for numerous purposes, including microbial reductiofyre effects on the dosimeter response.
and mates e ation ; .

depending upon the irradiation application and the end use d. Radiation source characteristics

the profluct. 5.1 The radiation source used in a facility,con

4.2 HRor many products, the irradiation specifications includq)ractice consists of sealed element&3o or37Cs
imum or maximum limit of absorbed dose, sometimes pically linear rods or “pencils” arranged in

both: a|minimum is set to ensure that the intended beneficigdianar or cylindrical arrays.
achieved and a maximum limit is set for the purpose 5.2 Cobalt-60 emits photonsiwith energies of
of avoiding product degradation. 1.17 and 1.33 MeV in nearly\equal proportions

4.2.1| For a given application, one or both of these valuegmits photons with energiés.of approximately 0,
may be|prescribed by regulations that have been established ons 3 The half-lives fof%o and*®’Cs are ap

the bags of available scientific data. Therefore, it is necessamy 2708 years and 36.07 years, respectiyaly3).
tion of|the product. Also, it is necessary to monitor andreduction in the ‘activity caused by the radioact
document the absorbed dose during each production run to

verify gompliance with the process specifications within a6. Types.of facilities

predetgrmined level of confidence. o 6.1.The design of an irradiator affects th

simetry| requirements are similar to those required for foodshould be considered when performing the
irradiation or for radiation sterilization of health care productSmeasurements described in Sections 8-11.
are: 6.2 Radiation processing facilities may be ¢
4.2.2 ner prc _ operating mode (for example, batch or continu
4.2.2|12 Control of pathogens in liquids or solids; anhd system (for example, continuous or shuffle-dwe
4.2.2|3 Research on material effects. o tor type (for example, container or bulk flow).
4.3 Hor other products, the irradiation spegifications may 2.1 Product may be moved to the location
depend on the evaluation of changes ja"ifie physical angnere the irradiation will take place, either whilg
chemicpl properties of the irradiated m.atenals. _ fully shielded (batch operation) or while the sou
4.3.1f For these products, the requitements for dosimetrycontinuous operation).
may bg less stringent, but dosimetry~data may be useful for g 2 2 product may be transported past th
quality fontrol, transfer of the pracess to another facility or foryniform and controlled speed (continuous conve
comparfison with data from othey facilities. instead undergo a series of discrete controll
4.3.2| Some examples of(radiation applications where all Oeparated by controlled time periods during wh
the dogimetry requiremefts'stated in this practice may not bRyaq is stationary (shuffle-dwell).
required are: 6.2.3 For most commercial irradiators, the

4.3.2|12 Polymefization of monomers and grafting of mono- §2.3.1 Process loads may move past a so
mers ohto polymers; and configuration in which the source either exter

1 Disinfection of consumer product;

irradiation is sufficiently stable to allow correction for tempera-

sidered in this
which are
pbne or more

approximately
. Cesium-137
662 M)

proximately

s, or redistribu-
is the steady
ve decay.

e delivery of
radiator design
absorbed-dose

ategorized by
hUS), conveyor
), and irradia-

in the facility
the source is
rce is exposed

e source at a
yance), or may
ed movements
ch the process

process load
de of the source

urce array in a
ds above and

e process load

terials.

extends above and below the source (product overlap). In the

4.4 For some products, the requirements for dosimetry maytter configuration, the process load is usually moved past the

be different.
4.4.1 An example of a radiation application with different
requirements is:

source at two or more levels.
6.2.3.2 In bulk-flow irradiators, product flows
past the source.

in loose form

4.4.1.1 The requirement to determine the absorbed dose Ing 3 Because of mechanical speed limitations, various tech-
silicon or other materials different from water in radiation piques may be used to reduce the absorbed-dose rates for low

hardness testing of semiconductors or the modification of
characteristics of semiconductor devices.

4.5 For some radiation applications, the irradiations may be s e poldface numbers in parentheses refer to the bibliography at the end of this

performed at low or high temperatures, causing difficulties inpractice.

© ISO/ASTM International 2004 — All rights reserved
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absorbed-dose applications. These techniques include usifigation methods are described in ISO/ASTM Guide 51261.
only a portion of the source (for example, raising only one oflrradiation is a critical component of the calibration of a
several source racks to the irradiation position), using attenudosimetry system.
ators, and irradiating at greater distances from the source. 7.3.1 Calibration Irradiation of Reference- or Transfer-
7. Dosimetry systems Standard DosimeteF&_CaIibrati_on i_rradiations shall b_e per-
7T _ _ formed at an accredited calibration laboratory or in-house
7.1 Description of Dosimeter ClassesDosimeters may bé calibration facility meeting the requirements of ISO/ASTM
divided into four basic classes according to their relativepractice 51400. The laboratory or facility shall provide an
quality ane-areas-et-appheation—primary-standare—eterenceansorhed tose (0T absorhed-uose Tate) having| measurement
standard) transfer-standard, and routine dosimeters. IS@/aceability to nationally or internationally reeoghized stan-
ASTM Guide 51261 provides information about the selectionggrgs.
of dosimegtry systems for different applications. All classes of 7 3 5 calipration Irradiation of Routing” Dosimetets
dosimeters, except the primary standards, require calibratiogyjipration irradiations may be perfotmed per 71.3.1 or at a
before their use. , _ production or research irradiation \facility together with
_7.1.1 Primary-Standard DosimetersPrimary-standard do- eference- or transfer-standard dosimeters that Have measure-
simeters pre established and maintained by national standardi,nt traceability to nationally-or internationally |recognized
laboratories for calibration of radiation environments (fields)siandards. This statement alse applies when refefence-standard
and other classes of dosimeters. The two most commonly usgflsimeters are used as routine dosimeters.
primary-standard dosimeters are ionization chambers and calo-
rimeters.
7.1.2 Reference-Standard DosimeterReference-standard
dosimete[s are used to calibrate radiation environments a
routine dgsimeters. Reference-standard dosimeters may also ctioning-acording to performance specifications.
gseq as routilne dos_irr?er:efs. Exfa||”npl!es gf (;e(;erence-standar 7.3.3.X_Document a calibration program to ensure that all
osimete[s, along with their useful absorbed-dose ranges, & - : - -
given in ISO/ASTM Guide 51261, feasutement instruments used in the analysis ofﬂiosmeters are

. calibrated periodically. The calibrations shall be tjaceable to a
7.1.3 Transfer-Standard DosimetersTransfer-standard do- naftional or international standards laboratory.

simeters fare specially selected dosimeters used for transferring7 3.3.2 A performance check shall be made fdllowing any

absorbedtdose information from an accredited or national ‘=L . : . .
T o modification or servicing of the instruments and grior to their
standardg laboratory to an irradiation facility in orde@;to

. " . 4 se for a dosimetry system calibration. This check can be
establish fraceability for that quhty. These d03|mejt<_ars ShOUICgccomplished by using standards, such as calibprated optical
be carefdlly used under conditions that are specified by th

%_ensity filters, wavelength standards, and calibrated thickness

issuing lgboratory. Transfer-standard dosimeters-may be S€auaes. sunplied by the equipment manufacturer br by national
lected frqm either reference-standard dosjmeters or routingo - 9c> SUPP Y quip y

dosimete(s, taking into consideration the “efiteria listed inor7a§c:;e§ itSEd st{asnggdsi_ll\;\bgrqté)rie;i% 1 th di
ISO/ASTM Guide 51261. -9.9.9 €€ uide , the cqrresponding

7.1.4 Routine Dosimeters-Routineg”dosimeters may be !SO/ASTM or A.STM standard for the dosmetry fystem, fand
’}lnstrument—spemflc operating manuals for instrument calibra-

7.3.3 Measurementinstrument Calibration aphd Perfor-
mance Verificatior4Establish and implement pro¢edures for
calibrating the méasurement instruments and for dhecking their
rformance periodically to ensure that the insfruments are

used for rpdiation process quality control, absorbed-dose mon
toring, arjd absorbed-dose mapping. Proper dosimetric tec
nigues, ircluding calibration,. shall be employed to ensure th
measuremments are reliable-and accurate. Examples of routifte
dosimetefs, along with their useful absorbed-dose ranges, are8.1 Objective—The purpose of an installation gpalification
given in ISO/ASTM Guide 51261. program is to demonstrate that the irradiator with ifs associated
7.2 Selection of Desimetry SystemSelect dosimetry sys- processing equipment and measurement instruments have been
tems suit@ible forthe ’expected radiation processing applicatiorgdelivered and installed in accordance with their specifications.
at the fadility«using the selection criteria listed in ISO/ASTM Installation qualification includes documentation of the irradia-
Guide 51P61 During the selection process, for each dosimetrpr and the associated processing equipment and measurement
system, take-intoconsideration-itsperformance behaviorwithAstrumerts—establishmen of-the—testing;—operation and cali-
respect to relevant influence quantities and the uncertaintiration procedures for their use, and verification that they
associated with it. operate according to specifications. An effective installation
7.3 Calibration of Dosimetry SystemsPrior to use, a qualification program will ensure consistent and correct opera-
dosimetry system (consisting of a specific batch of dosimetertion of the irradiator so as to deliver the required absorbed dose
and specific measurement instruments) shall be calibrated i@ a product.
accordance with the user’'s documented procedure that speci-8.2 Equipment DocumentatienrEstablish and document
fies details of the calibration process and quality assuranceescriptions of the irradiator and the associated processing
requirements. This calibration process shall be repeated aguipment and measurement instruments installed at the facil-
regular intervals to ensure that the accuracy of the absorbedty. This documentation shall be retained for the life of the
dose measurement is maintained within required limits. Califacility. At a minimum, it shall include:

ion and performance verification procedures.

Installation qualification

4 © ISO/ASTM International 2004 — All rights reserved
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8.2.1 Description of the location of the irradiator within the any portion of product in a process load depends on both the
operator’'s premises in relation to the areas assigned and tlireadiator parameters and the process parameters.

means established for ensuring the segregation of un-irradiated9.1.1 Examples of irradiator parameters are
products from irradiated products; the source of radiation, the source geometry,

the activity of
the source-to-

8.2.2 Description of the operating procedure of the irradiaproduct distance, the irradiation geometry (for example, 1- or

tor;
8.2.3 Description of the construction and operation of the 9.1.2 Examples of process parameters are th
product handling equipment;

P ,
containgrs used to hold food products during irradiation; 9.2 Absorbed-dose MappirgPerform dosimeé
8.2.5[ Description of the process control system; tablish relationships between the absorbed do
8.2.6( Description of any modifications made during andneous process loads and the irradiatgr, and prog
after ingtallation. (2) to characterize absorbed-dose( variations
8.3 Tlesting, Operation and Calibration Procedures parameters fluctuate statistically duting normal
Establigh and implement standard operating procedures for tH8) to measure absorbed-dosédistributions in
testing,|operation and calibration (if necessary) of the installednaterials, that is, with matesials of uniform bulk
irradiatr and its associated processing equipment and me@s grains (for example, wheat) or cardboard.
surement instruments. 9.2.1 Map the abserbed-dose distribution

2-sided irradiation, multiple passes), and the process paths.

e length of time

se for homoge-
ess parameters;
when process
bperations; and
homogeneous
density, such

by a three-

8.3.1|Testing Procedures-These procedures describe the dimensional placement of dosimeter sets in @ process load

testing [and validation methods that ensure that the installegontaining homogeneous materigd, 5). The

irradiatgr and its associated processing equipment and mefomogeneous¢material in this process load

surement instruments operate according to specification. ~ amount expec¢ted during typical production run
8.3.2|Operation Procedures-These procedures describe the maximim design volume for the process Ig

how to| operate the irradiator and its associated processing 9-2.X.1 \5elect placement patterns that can
glentify “the locations of the absorbed-dose

minima (for example, see Fig. 1). Place more dg

8.3.3|Calibration Procedures-These procedures describe-these locations and fewer dosimeter sets in log
periodi¢ calibration and verification methods that ensure, thaeceive intermediate absorbed doses. Dosim
the insfalled processing equipment and measurement-instrgreviously qualified irradiators of the same des
ments ¢ontinue to operate within specifications. The ftequencijons using mathematical models (see ASTM

idd by a regulatory authority. Some equipment and@nd location of dosimeters for this qualification
instruments might be required to be traceablé_to a national or Nore 3—Dposimeter strips or sheets may be used td
other agcredited standards laboratory. resolution of the absorbed-dose map, if the use of indivig
rification of Processing Equipmént and Measuremeninadequate.

Instruments—Verify that the installedsprocessing equipment g, 5 Map a sufficient number of process loa
and measurement instruments -operate within their desiggi -\ tion of the variability of the magnitude ar
specifidgations by following the, testing procedures noted ir]O the absorbed dose. Dosimetry data from prev

8.3.1. |f necessary, ensure-that they have been caIibratq adiators of the same design may provide use
according to the calibratien\procedures noted in 8.3.3. for determining the number of process loads f

8.4.1| Test all processing equipment to verify satisfactorycation_

amount of
should be the
5 or should be
ad.

most probably
maxima and
simeter sets in
ations likely to
etry data from
gn or calcula-
Suide E 2232)

ation for some equipment and instruments m|ght bé'nay pI’OVide useful information for determining the number

process.

increase spatial
ual dosimeters is

s to allow the
d distribution

ously qualified
ful information
br this qualifi-

operatipn of the irrddiator within the design specifications. 9.2.3 The number of process loads precedin
Document all testing results. _ the dose-mapped process loads shall be suffici
8.4.2| Test the\performance of the measurement instrument$y, ,1ate an irradiator filled with homogeneous
to ensyre that-they are functioning according to performance 9.2.4 If the facility anticipates irradiating p
specifidations. Document all testing results.
8.4.3 ificati i

y and following
nt to effectively
product.

rocess loads
H-dose mapping

e differences in

ing equipment or measurement instruments during installatiog density of the pr.oduct may result in changes in the

qualification, they shall be re-tested.

magnitudes and locations of the minimum and maximum

absorbed doses, which, in turn, could change the dose-

9. Operational qualification
9.1 Objective—The purpose of dosimetry in the operational

uniformity ratio.

9.2.4.1 When products of different densities are in the

qualification of a gamma irradiation facility is to establish irradiator at the same time, the absorbed-dose distribution in
baseline data for evaluating facility effectiveness, predictabilany one product may be influenced by the different attenuation
ity, and reproducibility for the range of conditions of operation and scattering properties of the other products. The magnitude
for each set of irradiator parameters and process parametavgthese effects can be estimated by absorbed-dose mapping of
used for irradiating product. The absorbed dose received bthe first and last process loads of two sequential production
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M and minimum absorbed dose after the second pass. The Ps indicate ,examples of locations for dosimeters th
ose mapping during operational qualification.
FIG. 1 An example of the maximum and minimum absorbed-dose locafiens in a typical process load (6)
runs for Jhomogeneous products of different densities (setons«For a given application, one or both of thes
11.2.2 and 11.2.3). The absorbed-dose map of the first procebs-prescribed by government regulations. Dosime
load entering an empty irradiator will provide information onperformance qualification to determine the appropg
the maximum absorbed dose expected when the irradiater garameters (including timer setting, conveyor
only parthlIy filled. product loading configuration) for ensuring that th
9.2.5 Tlhe absorbed-dose rate and absorbed-dosedistribdese requirements for a particular product can be
tion in the product may vary for different timer settings as theis accomplished by absorbed-dose mapping (
process Ipad traverses its path through the irradiation field. Fgerocess loads with specific product and product
some sityations, for example, operating the ‘itradiator at théigurations. The purpose of the mapping is to d
maximun] mechanical speed, a direct scaling from one abmagnitudes and locations of the minimum an
sorbed d¢se to another by changing the\timer setting may natbsorbed doses and their relationships to the abs
be valid. [This effect should be considéered and quantified. locations used for monitoring during routine prod
9.2.6 ensure that product néay the source is processéuy.
within pre-established absorbed-gose limits, contributions to 10.2 Product Loading Configuratian
the absofbed dose in the product during movement of the 192 1 Aloading configuration of product within
source tg and f_rc_)m the irradiation position should be considigaq shall be established for each product type. |
ered and|quantified. _ _tation for this loading configuration shall include sy
9.2.7 Repeat the dosimetry and absorbed-dose mapping; narameters that determine the process load
(9.2.1-9.2.6) for eagh different |rrad|ato_r parameter (see 9.1.13nd thus influence the absorbed-dose distribution
to be usdd for routine product processing (Section 11). such parameters include product size, product

0 passes of a rectangular process load, one on each side of a stationary gamma-ray plaque source. Hatching indicatd

e limits may
try is used in
riate process
speed, and
e absorbed-
satisfied. This
see 10.3) of
loading con-
btermine the
I maximum
brbed doses at
Lict process-

the process
he documen-
ecifications
homogeneity
Examples of
nass, product

9.2.8 The procedures for absorbed-dose mapping outIine&lenSity, and product orientation with respect to
in this se¢tion may not be feasible for some types of bulk-flowgyironment.

he radiation

irradiators— T SUCIT CaSES, THTTTONT artd TITaximuT apsoroed 1
doses should be estimated by using an appropriate number H(I;\ve the same product loading configuration
dosimeters mixed randomly with and carried by product ! '
through the irradiation zone. Enough dosimeters should be 10-3 Product Absorbed-Dose Mapping

0.2.2 All process loads for a given production run shall

s the probable region:
it might be used for

used to obtain statistically significant results. Calculations of 10.3.1 Minimum and Maximum Dose Locations

minimum and maximum absorbed doses may be an appropriate10.3.1.1 Establish the locations of the regions of minimum

alternative. and maximum absorbed dose for the selected product loading

configuration. This is accomplished by placing dosimeter sets

throughout the volume of interest for one or more process
10.1 Objective—Minimum and maximum absorbed-dose loads. Select placement patterns that can most probably iden-

limits are associated with many radiation processing applicatify the locations of the absorbed-dose extremes, using data

10. Performance qualification
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obtained from the absorbed-dose mapping studies during 10.3.5.2 Because of the statistical nature of the absorbed-
operational qualification (see 9.2) or from theoretical calcula-dose measurement and the inherent variations in the radiation
tions (see ASTM Guide E 2232). Concentrate dosimeter sets iprocess (for example, see 10.3.2), it is advisable to set the
the expected regions of minimum and maximum absorbed dog@ocess parameters, including the timer setting, to deliver an
with fewer dosimeter sets placed in areas likely to receiveabsorbed dose greater than any prescribed minimum dose and

intermediate absorbed dose. Dosimeter films in sheets or strigsnaller than any prescribed maximum dd¢gg

may also be employed to obtain useful information. The 10.3.6 Unacceptable Dose-uniformity Ratio
dosimeters used for the mapping procedure and for routine 10.3.6.1 If the dose-mapping procedure of

10.3.1 reveals

dose myomTitoTiTTg TIEEd Mot e of thesarme type. That the dose-uniformity ratio for the products
10.3..2 In a process load containing voids or non-uniformarge, that is, larger than the ratio betweempr
, include dosimeter sets at locations where discontinumum and minimum absorbed-dose limifs,) apj
ties in|composition or density may affect the regions ofsures shall be taken to reduce the ratio'to’an a:
maximym or minimum absorbed dose. If changes are made to any of the proCess pa
10.3.p Variations in Absorbed Dose the absorbed-dose mapping (see.10.3.1).
10.3..1 When dose mapping a specific product loading 10.3.6.2 In some facilities, ap acceptable d
configuration, consideration should be given to possible variaratio can be achieved by, extending the sour
tions in the absorbed doses measured in similar locations iBoyndaries of the process™oad or the proces

unacceptably
pscribed maxi-
bropriate mea-
cceptable value.
ameters, repeat

pse-uniformity
ce beyond the
s load may be

different process loads. The variations in absorbed dose can goved past the sourée-at several levels. Other methods to

determjned by mapping the absorbed-dose distribution ifmprove absorbedsgse uniformity may incld
severalfprocess loads, normally with the same product-loadingource elements §othat those with greater acti

configuration and irradiation conditions. perimeter of thie Source array, using attenuatorg
10.3..2 To determine the variations in absorbed doseéing dummy; ifradiating from four sides, rotatin
dosimeler sets should be placed in several process loads at ligd duringtirradiation, and increasing source-
expected regions of the minimum and maximum absorbegance.{Jnvthe case of bulk-flow irradiators,
doses. [The variations in the measured absorbed-dose valugsiformity can be improved by arranging ba
reflect the variations in, for example, the product loadingpregiict flow through the irradiation zone.
configuyation (due to shifts in the contents of the process load’;10.3.6.3 It may be necessary to change the
during ifs movement through the irradiator), the bulkdensityofconﬁguration of the process load if an acc

e

de arranging
ity are near the
or compensat-
) the process
o-product dis-
bsorbed-dose
s to control

product loading
eptable dose-

the progess load, fluctuations in process parameter values, apfiformity ratio cannot be achieved by changing other param-

the ungertainty in the dosimetry system.

10.3.p Transit Effects-Determine whether the -absorbed 10 3.7 Irradiator Changes—If changes that col
dose received during movement of the source, or process loagdsagnitudes or locations of the absorbed-dos
(for shyffle-dwell conveyor systems) is small. compared to thenade to the facility or mode of operation, repea

eters.

Id affect the
b extremes are
the absorbed-

dose will be directly related to the timer setting and changes tqne dosimetry data obtained during operation
the absorbed dose can be easily obtaifed by adjustment of th€ection 9) should serve as a guide in determini

timer setting. If this requirement cannot be met, the absorbednese absorbed-dose-mapping studies.

dose mpapping shall be performed using the timer setting 153 g Processing at High or Low Temperatu
estimated to be required for the routine production runs and ;4 3 g 1 Apsorbed-dose mapping may be

repeatdd if there is a significant change in the timer setting. simulated product at room temperature. This red
—For low absorbed;dose applications, the transit dose duringpe no change in any parameter (other than te

NoTEe 4

consider]
tions.

10.3.

d during the \design of an irradiator intended for such applicaMapping of the simulated product includes placs
more dosimeters at a reference position know
Refefence Dose Positiordf the locations of from temperature gradients in the actual pr

s identified during

bl qualification
ng the extent of

res
erformed with
uires that there
mperature) that
of the product.
ment of one or
to be isolated
bduct. During
e placed at this

mapping

production runs, alternative

positions may be used for
absorbed-dose monitoring during routine product processingerformed at the temperature to which the product will be

10.3.8.2 Absorbed-dose mapping with a product may be

The relationships between the absorbed doses at these alterha@ated or cooled during actual product processing, using a
tive reference positions and the absorbed-dose extremes shdtisimetry system that can be characterized at the intended

be established, be reproducible, and be documented. processing temperature. The temperature of the product during
10.3.5 Setting the Timer irradiation must be maintained relatively constant (for ex-
10.3.5.1 Use the results of the absorbed-dose mappingmple, by using insulated totes).

measurements, to determine the timer setting for the produc- 10.3.8.3 The temperature dependence of the dosimeter re-

tion run. This will ensure that the prescribed absorbed-dossponse may be affected by the absorbed dose. For such cases,

requirements within the product are achieved. the error introduced when correcting for the temperature
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dependence might be significant. To avoid introducing error, 11.3.1 Routine dosimetry is part of a verification process for

routine dosimetry systems should be calibrated at the temperastablishing that the irradiation process is under control.

ture at which the product will be irradiated. 11.3.2 Dosimeters used for routine dosimetry need not be of
10.3.9 Bulk-Flow Irradiators—Absorbed-dose mapping as the same type as those used for the absorbed-dose mapping

described in 10.3.1 may not be feasible for products flowingdorocedure.

through the irradiation zone. In this case, minimum and 11.3.3 Ensure that the product receives the required ab-

maximum absorbed doses should be estimated by using aorbed dose by employing proper dosimetric measurement

appropriate number of dosimeters mixed randomly with angrocedures, with appropriate statistical controls and documen-

carried b
dosimete
results. d
doses m3

11. Routi

11.1 Pr
process
paramete
of routing
cation of

the product througn the Irradiation zone. I:nougnation. Imese proceaures fnvoive the use of 100
s should be used to obtain statistically significandosimetry performed as described below.
alculation of the maximum and minimum absorbed 11.3.3.1Dosimeter Location-Place dosimeter s¢
ly be an appropriate alternative. the process loads at predetermined locatior’s of
and minimum absorbed dose (see 1@.3'1) or, al
the reference dose positions (see 10'3.4 and 10.

11.3.3.2 Placement FrequeneySelect a suffiicien

f process loads on which, to\'place dosimete
ggations described in 11-3.3.1 in order to ver

he product processing

bcess Contre-Demonstrating that an irradiation

s under control requires attention to all proces
rs that can affect absorbed dose (11.2) and to the . .
production dosimetry (11.3). Additionally, the appli- 20S0rbed doses for the,.entire production run

adiation-sensitive indicators to product(s) may be ofPECified limits. Place-dosimeter sets in or on the
process loads of thesproduction run to verify that

tine in-plant

tS in or on
he maximum
ernatively, at
3.8.1).
t number
sets at the
fy that the
fall within
first and last
he absorbed

assistance in inventory control (see 11.4). . L RS )
11.2 Prbcess Paramyeters ( ) doses at these locations are within the specified [limits. Avail-
11'21 K e duct . ¢ irol . able dosimetryl_data might be useful in detefmining the
<L penerar—or product processing, set, control, moni- necessity efiplacing dosimeter sets in intermediate process
tor, and gocument the process parameters (e.g., wraduauqa(,idS

time, con
lished du
source de
processe
deviate 0
actions.
11.2.21
tions ang
absorbed
process |
process |
due to arn
acteristicy
productio
runs. To
resulting
adjacent
containin
to the prg

NoTte 5
loads wher

11.2.31
containing
configura

Veyor speed, product loading configuration) as estab-
ring performance qualification, taking into account Noge8=-The absorbed-dose distribution in the process
cay, to ensure that the product in each process loadkpewn.from the dose-mapping effort described in Section

s P edise of a sufficient number of strategically placed dosim
i within specifications. If the process parameter:% confirm that the absorbed doses have been achieved wit

Ltside prescribed processing limits, take approprlatr%mge. One example of acceptable dosimeter placement
use of sufficient dosimeter sets so that there is at least o
Fnd Process LoadsThe absorbed-dose distribu- containing a dosimeter set being irradiated at all times.
the magnitudes of the minimum and maximumnplacement of dosimeter sets during the production run mig
doses in the first and last process loads (the “an@roduct rejection, should some operational uncertainty or f
bads) of a given production run may-bé-affected by th%oeratlon in a batch mode, it is desirable to place dosimete
: . "1 Lone process load for each product type.
bads of adjacent production runs. These effects will be

y differences between the radiation-absorption char- 11.3.3.3 Environmental Effects-A change in the

oad is already
10. However,
bter sets serves
hin the specified
requency is the
he process load
More frequent
ht result in less
ilure arise. For
sets on at least

environ-

h run from the products (njthe adjacent productiorduring the irradiation process might affect its
prevent an unacceptable: absorbed-dose distributioaquired, apply a correction factor to the dosimet
from these effects, jf-may be necessary to introducgccount for any such effect. Care must also
to the end procéss"loads, additional process loatiendling and storage of dosimeters before and aft

dosimetry systems listed in 2.1 and 2.2.)

11.3.3.4Heated or Cooled Productsif the res
Yosimeters used for routine process control is
dependent, exercise care when determining the t
the dosimeter during irradiation of heated or coo

duct.

For somé\batch irradiators, there might be no end proces
the ircadiator is filled with product from one production run.

Partially

v,

.3.8). Dosim

tion (see 10.2), e eters

5 of the product in the end process loads of the givement (for example, temperature, humidity) of 3

dosimeter
esponse. If
I response to
be taken in
rirradiation.

ponse of
temperature
mperature of
ed products

correction (see
that exhibit a highly temperature-

data exist to confirm that the absorbed doses will be within thelependent response should not be placed in locations with
specified limits. If absorbed-dose-mapping data are not availarge temperature gradients. (See ISO/ASTM Guide 51261,
able, perform the dose-mapping procedure of 10.3.1 to ensuggnd Practices for individual dosimetry systems listed in 2.1 and
that the absorbed-dose distributions are adequately charact@:2.)
ized. Changes to the absorbed-dose distribution arising from 11.3.3.5Bulk-Flow Irradiators—For some types of bulk-
partial loading can in some cases be minimized by the use dfow irradiators, it might not be feasible during routine product
compensating dummy placed at appropriate locations in thgrocessing to place dosimeters at the locations of minimum and
partially filled process load. maximum absorbed dose. In such cases, add several dosimeters
11.3 Routine Production Dosimetry to the product stream at the beginning, the middle, and near the
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