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Attention is drawn to the possibility that some of the elements of this document may be the subject of pat
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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, governmental 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
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national Standard ISO/ASTM 51204 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 Food
Processing *

This standard is issued under the fixed designation ISO/ASTM 51204; 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 E 170 Terminology Relating to Radiation leasurements

1.1 This practice outlines the installation qualification pro- ~_and Dosimetry _
gram for an irradiator and the dosimetric procedures to be E 666 Practice for Calculating Absotbed Dos¢ from Gamma

followe{l during operational qualification, performance quali- OF X Radiation . _
fication| and routine processing in facilities that process food E 1026 Practice for Using the“Fficke Refergnce Standard
with ioffizing radiation from radionuclide gamma sources to _Dosimetry System _
ensure [that product has been treated within a predetermined E 2232 Guide for Selection*and Use of Mathgmatical Mod-
range df absorbed dose. Other procedures related to operational €IS for Calculating Alserbed Dose in Radiatipn-Processing
qualifichtion, performance qualification, and routine process- _APplications _ _
ing thal may influence absorbed dose in the product are also E 2304 Practice (for*Use of a LiF Photo-Fluprescent Film
discusded. Information about effective or regulatory dose limits _Dosimetry System o .
for food products is not within the scope of this practice (see F 1355 Guide for the Irradiation of Freshf Fruits as a

ASTM (Suides F 1355, F 1356, F 1736, and F 1885). Phytosanitary Treatment
F 1356 Guide for the Irradiation of Fresh and Frozen Red

Note 3}—Dosimetry is only one component of a total quality assurance  paats and Poultry to Control Pathogens an¢l Other Micro-
program| for adherence to good manufacturing practices used in the Grganisms

productig¢n of safe and wholesome food. . . L .
Note 3—ISO/ASTM Practice 51431 describes dosimetric procedures R1736 Guide for the Irradiation of Finfish arjd Shellfish to

for electfon beam and X-ray (bremsstrahlung) irradiation facilities for’ Control Pgthogens an_d _Spoilage !\/Iicroo_rgmisms
food professing. F 1885 Guide for Irradiation of Dried Spice$, Herbs, and

1.2 Hor guidance in the selection and calibration of@osim- ~ Vegetable Seasonings to Control Pathoggns and Other

etry sygtems, and interpretation of measured absorbed dose in_Microorganisms &
the progluct, see ISO/ASTM Guide 51261 and ASTM Practice 2.2 'SO/ASTM Standards: . .
E 666. For the use of specific dosimetry systefns, see ASTM 21205 Practice for Use of a Ceric-Cerous Sulfate Dosimetry
Practic¢s E 1026 and E 2304, and ISO/ASTM\Practices 51205, _ SYStem _ Lo .
51275,[51276, 51310, 51401, 51538, 51540, 51607, 51650, 51261 Guide for S_el_ect|on and _Callbratlon of Dosimetry
and 51956. For discussion of radiatiofdosimetry for gamma- _ SyStéms for Radiation Processing .
rays anld X-rays also see ICRU Report 14. 51275 Practice for Use of a Radiochromic F|lm Dosimetry

1.3 This standard does not pQrport to address all of the _ System
safety foncerns, if any, assosiated with its use. It is the 91276 Practice for Use of a Polymethylmethacrylate Do-
respongibility of the user of thi§ standard to establish appro- _ SImetry System , _ _
priate Safety and health Bractices and determine the applica- ©1310 Practice for Use of a Radiochrgmic Optical

bility of{regulatory limifations prior to use. Waveguidg Dosimetry Systgm .
51400 Practice for Characterization and Pefformance of a

2. Refgrenced decuments High-Dose Radiation Dosimetry Calibratior} Laboratory
2.1 ASTM Standards? 51401 Practice for Use of a Dichromate Dosjmetry System

51431 Practice for Dosimetry in Electron Bepm and X-ray
bremsstrahlung Irradiation Facilities for Fopd Processing

1 This practice is under the jurisdiction of ASTM Committee F10 on Nuclear 51538 Practice for Use of an Ethanol-Chlorbbenzene Do-

Technology and Applications and is the direct responsibility of Subcommittee simetry System

E10.01 on Dosimetry for Radiation Processing and is also under the jurisdiction of - TS - .
ISOITC B5/WG 3. 51539 Guide for the Use of Radiation-Sensitive Indicators

Current edition approved June 30, 2004. Published August 15, 2004. Originally 51540 Practice for the Use of a Radiochromic Liquid
published as ASTM E 1204 —87. Last previous edition E 1204~9ASTM Dosimetry System

E 1204 - 93 was adopted by ISO in 1998 with the intermediate designation 1SO 51607 Practice for the Use of the Alanine-EPR Dosimetr
15554:1998(E). The present International Standard ISO/ASTM 51204:2004(E) y

replaces ISO 15554 and is a major revision of the last previous edition ISO/ASTM System . .
51204:2002(E). 51650 Practice for the Use of a Cellulose Acetate Dosimetry
2 For referenced ASTM and ISO/ASTM standards, visit the ASTM website, System

www.astm.org, or contact ASTM Customer Service at service@astm.org. For : : : P : :
Annual Book of ASTM Standardslume information, refer to the standard’s 51707 Guide for EStImatmg Uncertainties in DOSImetry for

Document Summary page on the ASTM website. Radiation Processing

© ISO/ASTM International 2004 — All rights reserved 1
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51956 Practice for Use of Thermoluminescence-Dosimetry 3.1.9 irradiation time—total time during which a process

(TLD) Systems for Radiation Processing load is exposed to radiation.
2.3 International Commission on Radiation Units and  3.1.10 operational qualificatior-obtaining and document-
Measurements (ICRU) Reports: ing evidence that installed equipment and instrumentation

ICRU Report 14 Radiation Dosimetry: X-Rays and Gammaoperate within predetermined limits when used in accordance
Rays with Maximum Photon Energies Between 0.6 and 5Quith operational procedures.

MeV N _ 3.1.11 performance qualificatior-obtaining and docu-
ICRU Report 60 Fundamental Quantities and Units formenting evidence that the equipment and instrumentation, as
loniz i i ' tional proce-

dures, consistently perform according to predetefinined criteria
and thereby yield product that meets specificatiops.

. Lo . 3.1.12 primary—standard dosimeterdosimeter ofthe high-
3.1.1_a sortb%d dose,_t D—quan'?ty of gmgmg tra(.j'?t'%? st metrological quality, established(and mainrined as an
enfirg)](l parg dp((ajr uni .m?rs],s ora spgm e fr;na enla. € Absorbed-dose standard by a nationalor internatignal standards
unit of apsorbed dose is the gray (Gy), where 1 gray IS, onisation (see ISO/ASTM Guide 51261).

equivalert to the absorption of 1 joule per kilogram of the . . o
specified |material (1 = 1 J/kg). The mathematical relation- 3.1.13 process I.oad.—volgme St matgrlal W'th. a) specified
loading configuration irradiated as a single entity

ship is the quotient of d by dm, where & is the mean i i )
incremental energy imparted by ionizing radiation to matter of 3-1-14 production run (@pplicable to continuoug-flow and
incremenlal massnd (see ICRU Report 60). shufﬂe—d\_/vell irradiations)—a s.erles.of_proces_s Ic_)ajs consisting
of materials or prgducts having similar radiation-absorption
D = de/dm (1) characteristics that are irradiated sequentially t¢ a specified
3.1.2 apsorbed-dose mappirgmeasurement of absorbed range of abserbed dose.
dose withjin a process load using dosimeters placed at specified3 1.15 reference-standard dosimetedosimeter| of high
locations [to pI’Oduce a one-, two- or three-dimensional distrimetrok)gical qua”ty, used as a standard to prov de measure-
bution of|absorbed dose, thus rendering a map of absorbeghents traceable to and consistent with measurements made
dose valyes. using.primary-standard dosimeters (see ISO/ASTM Guide
3.1.3 calibration facility—combination of an ionizing radia- 51961).
tion sourg¢e and its associated instrumentation that provides,atg 1 1 response functioa-mathematical represgntation of

a specifigd location and within a specific material, a unifoiMihe relationship between dosimeter response and pbsorbed dose
and reprgducible absorbed dose, or absorbed-dose rate; traggy 5 given dosimetry system.

able to ngdtional or international standards and that may be used
to derive the dosimetry system’s response functionor calibr

3. Termirnology
3.1 Definitions:

3.1.17 routine dosimeterdosimeter calibrated|against a

i a}Srimary-, reference-, or transfer-standard dosimgter and used

lon curve. . . . for routine absorbed-dose measurements (se¢ ISO/ASTM
3.1.4 cpmpensating dummysimulated produgt used during Guide 51261)

routine production runs in process loads, that contain less . . . .
product than specified in the product loading configuration, or 3'1'1.8 3|mulateql prqdqet—materlal with attenution and_
simulated product used at the beginring or end of a productioﬁcattermg properties similar to those of the prodiict, material,

run, to compensate for the absence-ef product. Also see 3.1.1% substancg o be, |rrad|.ated. , ,
3.1.4.1|Discussior-Simulated-pfoduct or phantom material  3-1.18.1Discussior-Simulated product is used|during op-

may be uped during operatjonalqualification as a substitute fdfrational qualification as a substitution for the acfual product,
the actua) product, material,-br substance to be irradiated. material, or substance to be irradiated. When uded in routine

3.1.5 dpsimeter resp@hséreproducible, quantifiable radia- production runs, it is sometimes referred to as “_campgnsating
tion effec{ produced jfvtHie dosimeter by a given absorbed dosgUmmy.” When used for absorbed-dose mappirlg, simulated
3.1.6 dpsimeterset-one or more dosimeters used to mea-Preduct is sometimes referred to as “phantom material.

sure the gbsorbed dose at a location and whose average reading-1.19 transfer-standard dosimeterdosimeter,| often a
is used ak tHe.absorbed-dose measurement at that location.reference-standard dosimeter, suitable for transport between

3.1.7 dpsimetry systemsystem used for determining ab- different locations, used to compare absorbed-dpse measure-
sorbed dose consisting of dosimeters, measurement instriients (see ISO/ASTM Guide 51261).
ments and their associated reference standards, and procedure8.2 Definitions of other terms used in this standard that
for the system’s use. pertain to radiation measurement and dosimetry may be found
3.1.8 installation qualificatior—obtaining and documenting in ASTM Terminology E 170. Definitions in E 170 are com-
evidence that the irradiator, with all its associated equipmenpatible with ICRU 60; ICRU 60, therefore, may be used as an
and instrumentation, has been provided and installed in acco@lternative reference.
dance with specifications.

4. Significance and use

3 Available from the International Commission on Radiation Units and Measure- 4-1 Food products may be tl’l:esgted with ionizing radiation,
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, USA. such as gamma-rays froffiCo or*®’Cs sources, for numerous

2 © ISO/ASTM International 2004 — All rights reserved
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purposes, including control of parasites and pathogenic micro- 5.4 Between source replenishments, removals, or redistribu-
organisms, insect disinfestation, growth and maturation inhitions, the sole variation in the source output is the steady
bition, and shelf-life extension. Food irradiation specificationsreduction in the activity caused by the radioactive decay.
almost always include a minimum or maximum limit of

absorbed dose, sometimes both: a minimum limit is set t&: TYPes of facilities

ensure that the intended beneficial effect is achieved and a 6.1 The design of an irradiator affects the delivery of
maximum limit is set for the purpose of avoiding product or absorbed dose to a product. Therefore, the irradiator design
packaging degradation. For a given application, one or both gshould be considered when performing the absorbed-dose
these vatues+ray-bep bed-by-gov 7 io aeasurements-described in Sections 8-11.

have bgen established on the basis of scientific data. Therefore,6.2 Food processing facilities may be categgrized by oper-
prior to[the irradiation of the food product, it is necessary toating mode (for example, batch or contiatiops), conveyor
determine the capability of an irradiation facility to deliver the system (for example, continuous or shuffie-dwell), and irradia-
absorb¢d dose within any prescribed limits. Also, it is necestor type (for example, container or bulk: flow).
sary to|monitor and document the absorbed dose during each6.2.1 Food products may be moved to the |ocation in the
production run to verify compliance with the process specifi-facility where the irradiation will-take place, either while the
cations|at a predetermined level of confidence. source is fully shielded (batchioperation) or while the source is

Note 3—The Codex Alimentarius Commission has developed aneXposed (continuous operation).
internatipnal General Standard and a Code of Practice that address the6'2'2 Food products rmay be transported pas} the source at a

applicatipn of ionizing radiation to the treatment of foods and that stronglydNiform and controlled speed (continuous convedyance), or may
emphasife the role of dosimetry for ensuring that irradiation will beinstead undergo a\series of discrete controlled movements

properly [performeq1).* separated by controlled time periods during which the process

4.2 Jome food products are processed in the chilled ofo@d is stationary (shuffle-dwell).
frozen $tate. Therefore, dosimeters used for routine processing®-2-3 Foly most commercial irradiators, the| process load
should |be selected for their functionality under those condigeneralifxmakes one or more passes on each syde of the source

tions. Moreover, the temperature of a dosimeter during irradia@"aY- _
tion should be sufficiently stable to allow correction for ©:2:3.1 Process loads may move past a source array in a

temperature effects on the dosimeter response. To avoid tgonfiguration in which the source either exterjds above and
influende of temperature gradients on dosimeter response-afig/oW the process load (source overlap) or the process load
the sublsequent need to correct for these effects, methods tHaftends above and below the source (product pverlap). In the

isolate |the dosimeter from temperature gradients;fay pkatter configuration, the process load is usually moved past the
employgd. source at two or more levels.

6.2.3.2 In bulk-flow irradiators, products sugh as grain or
NOTE 4—For more detaile_d discussions of radiation_processing offloyr flow in loose form past the source.
various fpods, see ASTM Guides F 1355, F 1356, F, 1736, and F 1885 and 6.3 Because of mechanical speed limitationd, various tech-
Refs (1-11) . !
o o __ niques may be used to reduce the absorbed-dgse rates for low
4.3 To ensure that products are irradiated within a specifiedpsorbed-dose applications. These techniquep include using
absorb ed—do_se range, routine process*control _requires routi@ﬁ“y a portion of the source (for example, raisijg only one of
produc{ dosimetry, documented preduct handling procedureseveral source racks to the irradiation position), using attenu-
(before| during, and after irradiation), consistent orientation ohtors, and irradiating at greater distances from|the source.
the profucts during irradiation;“monitoring of critical process _
paramdters, and documentation of all relevant activities and. Dosimetry systems

functions. 7.1 Description of Dosimeter ClassesDosimefers may be
) o divided into four basic classes according to| their relative
5. Radlation source’characteristics quality and areas of application: primary-standprd, reference-

5.1 The radiation source used in a facility considered in thistandard, transfer-standard, and routine dogimeters. 1SO/
practicg copsists of sealed element§%Jo or 1*'Cs whichare ASTM Guide 51261 provides information abouf the selection
typically dinear rods or “pencils” arranged in one or more of dosimetry systems for different applications.|All classes of
planar ¢ Haeld - ; - ; uire calibration

5.2 A cobalt-60 source emits photons with energies ofbefore their use.
approximately 1.17 and 1.33 MeV in nearly equal proportions. 7.1.1 Primary-Standard DosimetersPrimary-standard do-

A cesium-137 source emits photons with energies of approxisimeters are established and maintained by national standards

mately 0.662 MeV(12). laboratories for calibration of radiation environments (fields)
5.3 The half-lives for ®°Co and **'Cs are approximately and other classes of dosimeters. The two most commonly used
5.2708 years and 30.07 years, respecti @, 14) primary-standard dosimeters are ionization chambers and calo-
rimeters.

7.1.2 Reference-Standard DosimeterReference-standard
4 The boldface numbers in parentheses refer to the bibliography at the end of thgos[meter; are used to calibrate radiation .enV|ronments and
practice. routine dosimeters. Reference-standard dosimeters may also be

© ISO/ASTM International 2004 — All rights reserved 3
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used as routine dosimeters. Examples of reference-standard7.3.3.1 Document a calibration program to ensure that all
dosimeters, along with their useful absorbed-dose ranges, ameasurement instruments used in the analysis of dosimeters are

given in ISO/ASTM Guide 51261.
7.1.3 Transfer-Standard DosimetetsTransfer-standard do-

calibrated periodically. The calibrations shall be tr
national or international standards laboratory.

aceable to a

simeters are specially selected dosimeters used for transferring7.3.3.2 A performance check shall be made following any
absorbed-dose information from an accredited or nationamodification or servicing of the instruments and prior to their
standards laboratory to an irradiation facility in order touse for a dosimetry system calibration. This check can be
establish traceability for that facility. These dosimeters should@ccomplished by using standards, such as calibrated optical

My USed under conditions that are specified by Therensity fitters—wavetength—standards;,—ancd—thick
boratory. Transfer-standard dosimeters may be séupplied by the equipment manufacturer of.by
m either reference-standard dosimeters or routingccredited standards laboratories.

s, taking into consideration the criteria listed in 7.3.3.3 See ISO/ASTM Guide 51261; the cd
VI Guide 51261. ISO/ASTM or ASTM standard for the @doSimetry s

butine Dosimeters-Routine dosimeters may be instrument-specific operating manuals for instrur]

hdiation process quality control, absorbed-dose moniion and performance verificatioriprocedures.
toring, arjd absorbed-dose mapping. Proper dosimetric tech- ) o
niques, iflcluding calibration, shall be employed to ensure tha: Installation qualification
measurements are reliable and accurate. Examples of routine8.1 Objective—The purpose of an installation ¢
dosimetefs, along with their useful absorbed-dose ranges, apgogram is to demonstrate that the irradiator and
given in ISO/ASTM Guide 51261. processing equipment and measurement instrumg
7.2 Selection of Dosimetry SystemSelect dosimetry sys- delivered and installed in accordance with their s
tems suit@ble for the expected radiation processing applicatiogstallation gualification includes documentation o
at the fadility using the selection criteria listed in ISO/ASTM tor and the{associated processing equipment and
Guide 51P61. During the selection process, for each dosimetipstruments, establishment of the testing, operat
system, thke into consideration its performance behavior witlprationxprocedures for their use, and verificatid

respect tp relevant influence quantities and the uncertaintgperate according to specifications. An effectivg
associatdd with it. qualification program will ensure consistent and ¢

7.3 Calbration of Dosimetry SystemsPrior to use, a tion of the irradiator so as to deliver the required al

be caref
issuing 14
lected frg
dosimete
ISO/AST

7.1.4R
used for 1

ess gauges,
national or

rresponding
ystem, and
nent calibra-

Lialification
ts associated
nts have been
pecifications.
f the irradia-
measurement
on, and cali-
n that they
installation
Drrect opera-
psorbed dose

dosimetryl system shall be calibrated in accordance with thi & Product.
user's ddg
calibratio
calibratio
ensure th
maintaing
described
compone,

7.3.1C

d within required limits. Calibration methods areMinimum, it shall include: _ o

in ISO/ASTM Guide 51261. Iftadiation is a critical 8-2.1 Description of the location of the irradiato
ht of the calibration of a doSihtetry system. operator’s premises in relation to the areas assi
alibration Irradiation of Reéference- or Transfer- M€ans established for ensuring the segregation o

Standard| DosimetersCalibratjoh irradiations shall be per- Products from irradiated products;

formed at an accredited calibration laboratory or in-house 8-2.2 Description of the operating procedure o
calibratiof facility meeting-fhe requirements of ISO/ASTM tOr;

Practice 51400. The laboratory or facility shall provide an 8.2.3 Description of the construction and ope
absorbed dose (or_absorbed-dose rate) having measurem@q@duct handling equipment;

traceabilify to natiopally or internationally recognized stan- 8.2.4 Description of the materials and constru
dards. containers used to hold food products during irra

7.3.2 Jalibration Irradiation of Routine Dosimeters 8.2.5 Description of the process control systen

cumented procedure that specifies details of the 8-2 Equipment DocumentatierRDocument descfiptions of
1 process and quality assurance requirefiénts. Thig€ irradiator and the associated processing equipment and
1 process shall be repeated at regujaf-intervals tgreasurement instruments installed at the facility. This docu-

at the accuracy of the absorbed-dese measuremenigntation shall be retained for the life of the facility. At a

I within the
gned and the
un-irradiated

the irradia-
ation of the
Ction of any

diation;
-

Calibratidn_irradiations may be performed per 7.3.1 or at a 8.2.6 Description _of any modifications _made

during and

production or research irradiation facility together with after the irradiator installation.

reference- or transfer-standard dosimeters that have measure8.3 Testing, Operation and Calibration Procedures
ment traceability to nationally or internationally recognized Establish and implement standard operating procedures for the

standards. This statement also applies when reference-standagdting, operation and calibration (if necessary) of
dosimeters are used as routine dosimeters.

7.3.3 Measurement Instrument Calibration and Perfor- surement instruments.
mance Verification-Establish and implement procedures for

the installed

irradiator and its associated processing equipment and mea-

8.3.1 Testing ProceduresThese procedures describe the

calibrating the measurement instruments and for checking thetesting methods used to ensure that the installed irradiator and
performance periodically to ensure that the instruments argés associated processing equipment and measurement instru-
functioning according to performance specifications. ments operate according to specification.

© ISO/ASTM International 2004 — All rights reserved
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8.3.2 Operation Procedures-These procedures describe amount expected during typical production runs or should be
how to operate the irradiator and its associated processintpe maximum design volume for the process load.
equipment and measurement instruments during routine opera-9.2.1.1 Select placement patterns to identify the locations of
tion. the absorbed-dose maxima and minima (for example, see Fig.

8.3.3 Calibration Procedures-These procedures describe 1). Place more dosimeter sets in these locations and fewer
periodic calibration and verification methods that ensure thatlosimeter sets in locations likely to receive intermediate
the installed processing equipment and measurement instrabsorbed doses. Dosimetry data from previously qualified
ments continue to operate within specifications. The frequenciyradiators of the same design or calculations using mathemati-
of calibratien—ferseme—equipment-and-instruments—might beal-models{see-ASTM-Guide—E2232)may—provide useful
specifigd by a regulatory authority. Some equipment andnformation for determining the number and\idcation of do-
instrumients might be required to be traceable to a national agimeters for this qualification process.

other a3cr'_3d't8d standardg Iaborat_ory' Note 5—Dosimeter strips or sheets may the.lsed tq increase spatial
8.4 Testing Of Processing Equipment an(_j Measuremenfesolution of the absorbed-dose map, if thé e of indiviqual dosimeters is
Instruments—Verify that the installed processing equipment inadequate.

and measurement instruments operate within their design 9.2.2 Map a sufficient numbéf-of process loafis to allow the

specifigations by following Lhe thesting _procedurec:js. noted inestimation of the variability ®f\the magnitude and distribution
8.3.1. If necessary, ensure that the equipment and INSUUMeNs ¢ ansorbed dose. Desimetry data from prevjously qualified

have bpen calibrated according to the calibration procedurgfiators of the sameidesign may provide useful information

noted in 8.3.3. , _ _ , for determining the/fumber of process loads fpr this qualifi-
8.4.1| Test all processing equipment to verify satisfactory5tion.

operatipn of the irradiator within the design specifications. g 5 3 The nmber of process loads preceding and following

Document all testing results. . the dose-mappéd process loads shall be sufficignt to effectively
8.4.2| Test the performance of the measurement instrumentgy,ylate-asiirradiator filled with homogeneous product.

to ensyre that they are functioning according to performance g 2 40ifvthe facility anticipates irradiating process loads

specifiqations. Document all testing results. spanhing a range of densities, perform absorbefl-dose mapping
8.4.3| If any modification or change is made to the processpygrthe density range. This is necessary sincg differences in

ing equipment or measurement instruments during installatiogiy|k density of the process load may result in fhanges in the

qualification, they shall be re-tested. magnitudes and locations of the minimum gnd maximum
absorbed doses, which, in turn, could chapge the dose-

9. Operational qualification uniformity ratio. J

9.1 Qbjective—The purpose of dosimetry in the aperational
qualificgtion of a gamma irradiation facility is| t0" establish CONVEYOR

. ; S . . ; MOVEMENT

baseling data for evaluating facility effectiveness, predictabil- \L_
ity, and|reproducibility for the range of conditions of operation Yggggo g;!ssg
for each set of irradiator parameters and process parameters
expected to be used for irradiating pfeduct. The absorbed dose b
receivefd by any portion of produetiin a process load depends i
on botH the irradiator parameters-and the process parameters. .

9.1.1) Examples of irradiator-parameters are the activity of prR X e
the soyrce of radiation, Ahe~source geometry, the source-to- Ti’; !
produc{ distance, the iffadiation geometry (for example, 1- or P34 i 4 P 17!
2-sided| irradiation, multiple passes), and the process paths. :

9.1.2| Examples.af process parameters are the length of timémax | PS ; S Pmax &
produci is irradiated, the conveyor speed, the product compo- - _”L;_‘__ L 4PI2 L _P{‘__ 14PI12
sition ahd depsity, and the product loading configuration. 2 S YN P2 || P4 3N P2

9.2 Absorbed-dose MappirgPerform dosimetry(1) to es- PeR \ \ P>\ N
tablish nlnfinnehipc between the absorbed dose for hnmngn_ % \
neous process loads and the irradiator and process parameters; I . \ h
(2) to characterize absorbed-dose variations when process VAL P NI P PO P8
parameters fluctuate statistically during normal operations; and PLAQUE

Co . SOURCE
(3) to measure absorbed-dose distributions in homogeneous

materials, that is, with materials of uniform bulk density, such Note—Two passes of a rectangular process load, one on each side of a

as grains (for example, wheat) or cardboard. stationary gamma-ray plague source. Hatching indicates the probable

_ s i regions of maximum and minimum absorbed dose after the second pass.
9.2.1 Map the absorbed-dose distribution by a threeT e Ps indicate examples of locations for dosimeters that could be used

dimensional placement of dosimeter sets in a process lo r absorbed-dose mapping during operational qualification.

containing homOQGne_Oljs ma_teriﬁl& 16) The amount of  FiG. 1 An example of the maximum and minimum absorbed-dose
homogeneous material in this process load should be the locations in a typical process load (17)
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9.2.4.1 When products of different densities are in thesuch parameters include product size, product mass, product
irradiator at the same time, the absorbed-dose distribution idensity, and product orientation with respect to the radiation
any one product may be influenced by the different attenuatioenvironment.
and scattering properties of the other products. The magnitude 10.3 Product Absorbed-Dose Mapping
of these effects can be estimated by absorbed-dose mapping 0f10.3.1 Minimum and Maximum Dose Locations
the first and last process loads of two sequential production 10.3.1.1 Establish the locations of the regions of minimum
runs for homogeneous products of different densities (seand maximum absorbed dose for the selected product loading
11.2.2 and 11.2.3). The absorbed-dose map of the first processnfiguration. This is accomplished by placing dosimeter sets
load entegirg—s pty-rradiator-wi-provide-nformation-onthroughett-—the—volume—of-interest—for—one—or—more process
the maximum absorbed dose expected when the irradiator lsads. Select placement patterns to identify the la¢ations of the
partially fllled. absorbed-dose extremes, using data abtaingd from the
9.2.5 The absorbed-dose rate and absorbed-dose distribabsorbed-dose mapping studies during operational qualifica-
tion in thg product may vary for different timer settings as thetion (see 9.2) or from theoretical calctlations [see ASTM
process Ipad traverses its path through the irradiation field. FaBuide E 2232). Concentrate dosimieter sets in fthe expected
some sitdiations, for example, operating the irradiator at theegions of minimum and maximutn,absorbed dose with fewer
maximun] mechanical speed, a direct scaling from one abdosimeter sets placed in areas\likely to receive|intermediate
sorbed dose to another by changing the timer setting may netbsorbed dose. Dosimeter films in sheets or stripp may also be
be valid. [This effect should be considered and quantified. employed to obtain usefuldnformation. The dosimeters used
9.2.6 To ensure that product near the source is processéor the mapping procedure and for routine dosg¢ monitoring
within pre¢-established absorbed-dose limits, contributions tmeed not be of the same type.
the absofbed dose in the product during movement of the 10.3.1.2 In a process load containing voids or
source tg and from the irradiation position should be considproduct, include dosimeter sets at locations wherg:
ered and|quantified. ties in compgsition or density may affect the
9.2.7 Repeat the dosimetry and absorbed-dose mappingaximumsor/minimum absorbed dose.
(9.2.1-9.2.6) for each different irradiator parameter (see 9.1.1) 10.3:2 Variations in Absorbed Dose

to be used for routine product processing (Section 11). 10.3)2.1 When dose mapping a specific profluct loadin
9.2.8 The procedures for absorbed-dose mapping outlinegbnfiguration, consideration should be given to pg@ssible varia-
in this se¢tion may not be feasible for some types of bulk-flowtions in the absorbed doses measured in similaf locations in
irradiatorg. In such cases, minimum and maximum absorbegifferent process loads. The variations in absorbefl dose can be
doses shpuld be estimated by using an appropriate nuniber @étermined by mapping the absorbed-dose distribution in
dosimetefs mixed randomly with and carried by productseveral process loads with the same product loading configu-
through the irradiation zone. Enough dosimeters<should bestion and irradiation conditions.
used to gbtain Statistica”y Significant results. Caleulations of 10.3.2.2 To determine the variations in absorbed dose, p|ace
minimumland maximum absorbed doses may-be-an appropriagRysimeter sets in several process loads at the expected regions
alternativp(4, 7). of the minimum and maximum absorbed doses. Tlhe variations
10. Perfdrmance qualification in the measured absorbed-dose values reflect thg variations in,

f le, th loadi fi [ hifts i
10.1 Objective—Minimum and maxinum absorbed-dose or example, the product loading configuration (due to shifts in

the contents of the process load during its movement through

limits arejalmost always assocjated with food-irradiation apye jrradiator), the bulk density of the process load| fluctuations

plicationg For a given applica@igr, one or both of these I|m|t§,m process parameter values, and the uncertainty|in the dosim-

may be prescribed by government regulations. Dosimetry 'E-try system
used in performance qudlification to determine the appropriate 1033 Trénsit Effects—Determine whether thel absorbed

process afametef.s (mclud_lng “T“er setting, conveyor Spee‘aose received during movement of the source or process loads
and proquct Ioadnng configuration) fOT ensuring that theis small compared to the total absorbed dose. If|this require-
absorbedrdose requirements for a particular product can ent is met, the absorbed dose will be directly rglated to the
satisfied. IThig I§ accomplish_ed by apgorbed-dose mapping (s fher settin(j and changes to the absorbed dose Jcan be easily
10'3.) of REFESS .Ioads with specific product and. prqduc btained by adjustment of the timer setting. If this|requirement
loading annot be met, the absorbed-dose mapping shall be performed

dete_rmme the magnitudes and Ioca’qons Of the minimum an sing the timer setting estimated to be required for the routine
maximum absorbed d_oses and their rel_atpnshlps. to the aroduction runs and repeated if there is a significant change in
sorbed doses at locations used for monitoring during routin e timer setting
product processing. '
10.2 Product Loading Configuratian Note 6—For low absorbed-dose applications, such as the inhibition of
10.2.1 Aloading configuration of product within the processsprouting of onions and potatoes, the transit dose during the movement of
load shall be established for each product type. The documef{l€ conveyer system might be significant and should be considered during
tation for this loading configuration shall include specificationst e design of an irradiator intended for such applications.
for parameters that determine the process load homogeneity10.3.4 Reference Dose Positiordf the locations of

and thus influence the absorbed-dose distribution. Examples ebsorbed-dose extremes identified during the absorbed-dose

on-uniform
discontinui-
regions of
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mapping procedure of 10.3.1 are not readily accessible duringpmperature. The temperature of the food during irradiation
production runs, alternative positions may be used fomust be maintained relatively constant (for example, by using
absorbed-dose monitoring during routine product processingnsulated totes).
The relationships between the absorbed doses at these alternai0.3.8.3 The temperature dependence of the dosimeter re-
tive reference positions and the absorbed-dose extremes shgfionse may be affected by the absorbed dose. For such cases,
be established, be reproducible, and be documented. the error introduced when correcting for the temperature
10.3.5 Setting the Timer or Conveyor Speed dependence may be significant. To avoid introducing error,
10.3.5.1 Use the results of the absorbed-dose mappingutine dosimetry systems should be calibrated at the tempera-
measufements, 10 determine the umer seting of COnveygp s at Wit iTe
speed [for the production run. This will ensure that the 10.3.9 Bulk-Flow Irradiators—Absorbed-desé|mapping as
prescrilped absorbed-dose requirements within the product agigscribed in 10.3.1 may not be feasible foy-prpducts flowing
achievgd. through the irradiation zone. In this-case, minimum and
10.3.5.2 Because of the statistical nature of the absorbedt@ximum absorbed doses should (b¢”estimatgd by using an
dose measurement and the inherent variations in the radiatig¥PPropriate number of dosimeters mixed randpmly with and
process (for example, see 10.3.2), set the process parametei@/tied by the product through the irradiation z¢ie Enough
includirlg the timer setting, to deliver an absorbed dose greaté{osmeters should be used.te obtain statisticglly significant

than any prescribed minimum dose and smaller than ar19esults. Calculation of the maximum and minimium absorbed
prescrihed maximum dog@, 17, 18) doses may be an appropriate alterna(@ge?).

10.3.p Unacceptable Dose-uniformity Ratio

10.3.p.1 If the dose-mapping procedure of 10.3.1 reveal .
that thq dose-uniformity ratio for the product is unacceptably 11.1 ProcessiContrei-Demonstrating that a

e—at—w oot betrradctated:

éLl. Routine proddet-processing
N irradiation

large, that is, larger than the ratio between prescribed maxirocess is/ under control requires attention
mum ahd minimum absorbed-dose limits, appropriate meaParameters that can affect absorbed dose (11.2
sures shall be taken to reduce the ratio to an acceptable valu@.routine production dosimetry (11.3). Additiong
10.3.5.2 Some methods to improve absorbed-dose unifof&tiar-of radiation-sensitive indicators to produg
mity mdy include re-arranging source elements, using atten2SSIStance in inventory control (see 11.4).
ators of compensating dummy, irradiating from four side§) 11.2 Process Parameters
rotating the process load during irradiation, and increasing 11.2.1 Generat—For product processing, set,
sourceqto-product distance. In the case of bulk-flow irra@iatorstor, and document the process parameters (fo
absorbed-dose uniformity can be improved by arranging bafflegiation time, conveyor speed, product loading cq
to contfol product flow through the irradiation zone:
10.3.5.3 It may be necessary to change the'product loadirfgPUnt source decay, to ensure that the product
configufation of the process load if ap-‘acceptable dose/©2d is processed within specifications. If the
uniformiity ratio cannot be achieved by chariging other param&t€rs deviate outside prescribed processing linf
eters. priate actions.

10.3.f Irradiator Changes—If changes that could affect the . 11'2'2(;5”?] Proces; Iaoadszhr? ab;qrbed—d(
magnityides or locations of the‘absorbed-dose extremes apans t?nd J € m_agnr:tu f_es 0 (;Ie minimum |
made t¢ the facility or mode of operation, repeat the absorbedoS0rbed doses in the first and last process

dose mapping to the extenthecessary to establish the effecff0Cess loads) of a given production run may be

[e

fo all process

) and to the use
lly, the appli-
t(s) may be of

ontrol, moni-
example, irra-
nfiguration) as

established during performance qualification, faking into ac-

in each process
rocess param-
its, take appro-

se distribu-
nd maximum
bads (the “end”
affected by the

The dokimetry data obtaibed during operational qualificatiorP"©C€SS loads of adjacent production runs. Thes

(Sectiop 9) should serye-as a guide in determining the extent € t.o any differences be_tween the radiation-5
these gbsorbed-dose'mapping studies. acteristics of the product in the end_ process_lo
L production run from the products in the adjacs

10.3.8 Chillecha)Frozen FOOdS_ _runs. To prevent an unacceptable absorbed-d
10.3.8.1 Absorbed-dose mapping may be performed withegylting from these effects, it may be necessal

simulatpd-product at room temperature. This requires that ther&djacent to the end process loads, additiona

be no ¢hange in any parameter (other than tempe 1F=) ST TN rnensati v ermaterialc

may affect the absorbed dose during processing of the chilleg, {he produ

or frozen food. Mapping of the simulated product includes

placement of one or more dosimeters at a reference positionNote 7—For some batch irradiators, there might be

known to be isolated from temperature gradients in the actudpads when the irradiator is filled with product from one

ct.

d VIS PR Ao
o SHv1® VALY, O

e effects will be
bsorption char-
ds of the given
ent production
ose distribution
y to introduce,
process loads
density similar

no end process
production run.

product. During routine processing of the chilled or frozen 11.2.3 Partially Filled Process Loads-For process loads

product, dosimeters are placed at this reference position.  containing less product than specified in the p

roduct loading

10.3.8.2 Absorbed-dose mapping with a food may be pereonfiguration (see 10.2), ensure that absorbed-dose mapping
formed at the temperature to which the food will be chilled ordata exist to confirm that the absorbed doses will be within the
frozen during actual product processing, using a dosimetrgpecified limits. If absorbed-dose-mapping data are not avail-
system that can be characterized at the intended processiagle, perform the dose-mapping procedure of 10.3.1 to ensure
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that the absorbed-dose distributions are adequately character-11.3.3.5Bulk-Flow Irradiators—For some types of bulk-

ized. Changes to the absorbed-dose distribution arising frorflow irradiators (for example, those treating fluids or grains), it
partial loading may in some cases be minimized by the use ahight not be feasible during routine product processing to
compensating dummy placed at appropriate locations in thplace dosimeters at the locations of minimum and maximum

partially filled process load. absorbed dose. In such cases, add several dosimeters to the
11.3 Routine Production Dosimetry product stream at the beginning, the middle, and near the end
11.3.1 Routine dosimetry is part of a verification process fotof the production run. Each set of absorbed-dose measurements

establishing that the irradiation process is under control. ~ requires several dosimeters to ensure that, at a specified level

hed doses are
rs flow in the
same rate as

11.3.2 |DOSIT orbe o 1eE; S8 2 :
mappilﬁ@own. This procedure requires that the dosimets

procedure. same path through the irradiation zone andcat-th

11.3.3 [Ensure that the product receives the required afhe product. See, for example, R&). .
sorbed dpse by employing proper dosimetric measurement 11-4 Radiation-Sensitive Indicatorsee 1SO/ASTM Guide
procedurgs, with appropriate statistical controls and documem1539)—In some applications, ragdigtion-sensitiye indicators
tation. THese procedures involve the use of routine in-plantS0Metimes known as “go/no go¥indicators) may be used to

performed as described below. show that product has been_exposed to a radfation source.

11.3.3.1 Dosimeter Location-Place dosimeter sets in or on However, these indicators pravide only a qualitatiye indication

s loads at predetermined locations of the maximufﬁf radiation exposure. InDaddition, the color [change of

um absorbed dose (see 10.3.1) or, alternatively, &aﬁdiatti%nt-)se]?sitive indlicaFoLst Is ?]Ot ?I\_i_vr?ys ?:]at_)l an(_j m§¥hbe
the refergnce dose positions (see 10.3.4 and 10.3.8.1). afrectea by, for exampie, ight or néat. Thus, their yse IS neither

11.3.3.2 Placement FrequeneySelect a sufficient number a substitute for nora“complement to the dosimetry procedures

. . described in 11.8yAlso, while radiation-sensitive indicators can
of procegs loads on which to place dosimeter sets at the

locations| described in 11.3.3.1 in order to verify that theconvemently be used to assist in production inve tory control,

absorbed| doses for the entire production run fall withinthey shalHig! be used to replace other administray

i M . ; control\precedures.
specified [limits. For each production run, place dosimeter sets
in or on|the first and last process loads and in selected?2. ‘€eftification

intermedipte process loads to ensure that at least one proces§s 1 pocumentation Accumulation

load contpining a dosimeter set is being irradiated at all timeS.* 15 1 1 Equipment DocumentatieaRecord or reférence the
Available[dosimetry data may be useful in determining the gjinration and maintenance of equipment and ingtrumentation
necessity| of placing dosimeter sets in intermediate Rrocesgseq to control or measure the absorbed doses dElivered to the
loads. For operation in a batch mode, place dosimeter sets Hroduct (see ISO/ASTM Guide 51261).
at least ope process load for each product type. 12.1.2 Process ParametetsRecord the process parameters

Note 8—{The absorbed-dose distribution in the process load is alread{S€€ 11.2) affecting absorbed dose together with sufficient
known from the dose-mapping effort described in Seétion 10. Howeverlnformation identifying these parameters with spegific product
the use of 4 sufficient number of strategically placed dosimeter sets servésts or production runs.
to confirm that the absorbed doses have been.achieved within the specified12 1.3 Dosimetry—Record and document all dogimetry data
range. More frequent placement of dosimeter sets during the productiog, operational qualification (see Section 9), performance
un could Jresult in less product rejection, should some operational, »jiication (see Section 10), and routine produgt processing
uncertainty] or failure arise. . ’ .

(see Section 11). Include date, time, product type, product

11.3.3.8 Environmental Effects-A change in the environ- |oading diagrams, and absorbed doses for all [product pro-
ment (fof example, temperature, humidity) of a dosimetercessed. Record the time of dosimeter analysiq if the post-
during the irradiation‘process may affect its response. Ifrradiation stability of the dosimeters under the conditions of
required, fapply a correction factor to the dosimeter response tgse requires time-dependent corrections to the Hosimeter re-
account for any.such effect. Care must also be taken iBponse function.
handling aind storage of dosimeters before and after irradiation. 12.1.4 Dosimetry Uncertainty-Include estimatg¢s of the

(See ISQ/ASTM Guide 51261 and practices for individualmeasurement uncertainty of absorbed dose (see [Section 13) in
dosimetry-systems listed in 2.1 and 2.2 R
11.3.3.4Chilled or Frozen Foods-If the response of do- 12.1.5 Facility Log—Record the date the product is pro-
simeters used for routine process control is temperature depecessed and the starting and ending times of the irradiation.
dent, exercise care when determining the temperature of thRecord the name of the operator, as well as any special

dosimeter during irradiation of chilled or frozen food productsconditions of the irradiator or the facility that could affect the
and when applying the appropriate temperature correction (sesorbed dose to the product.

10.3.8). Dosimeters that exhibit a highly temperature- 12.1.6 Product Identificatior—Ensure that each lot of prod-
dependent response should not be placed in locations withct that is processed bears an identification that distinguishes it
large temperature gradients. (See ISO/ASTM Guide 5126Xrom all other lots in the facility. This identification shall be
and Practices for individual dosimetry systems listed in 2.1 andised on all lot documents.

2.2) 12.2 Review and Certificatian
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