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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 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 Measurements
followed during operational qualification, performance quali-  and Dosimetry
fication, and routine processing in facilities that process food E 666 Practice for Calculating Absorbed Dose from Gamma
with ionizing radiation from radionuclide gamma sources to  or X Radiation
ensure that product has been treated within a predeterminedE 1026 Practice for Using the Fricke Reference Standard
range of absorbed dose. Other procedures related to operational Dosimetry System
qualification, performance qualification, and routine process- E 2232 Guide for Selection and Use of Mathematical Mod-
ing that may influence absorbed dose in the product are also els for Calculating Absorbed Dose in Radiation-Processing
discussed. Information about effective or regulatory dose limits ~ Applications
for food products is not within the scope of this practice (see E 2304 Practice for Use of a LiF Photo-Fluorescent Film
ASTM Guides F 1355, F 1356, F 1736, and F 1885). Dosimetry System
N : : . F 1355 Guide for the Irradiation of Fresh Fruits as a
ote 1—Dosimetry is only one component of a total quality assurance .
program for adherence to good manufacturing practices used in the Phytosanlltary Treatment L
production of safe and wholesome food. F 1356 Guide for the Irradiation of Fresh and Frozen Red
Note 2—ISO/ASTM Practice 51431 describes dosimetric procedures ~ Meats and Poultry to Control Pathogens and Other Micro-
for electron beam and X-ray (bremsstrahlung) irradiation facilities for organisms
food processing. F 1736 Guide for the Irradiation of Finfish and Shellfish to
1.2 For guidance in the selection and calibration of dosim-  Control Pathogens and Spoilage Microorganisms
etry systems, and interpretation of measured absorbed dose inF 1885 Guide for Irradiation of Dried Spices, Herbs, and
the product, see ISO/ASTM Guide 51261 and ASTM Practice  Vegetable Seasonings to Control Pathogens and Other
E 666. For the use of specific dosimetry systems, see ASTM Microorganisms
Practices E 1026 and E 2304, and ISO/ASTM Practices 51205, 2.2 ISO/ASTM Standards:
51275, 51276, 51310, 51401, 51538, 51540, 51607, 51650, 51205 Practice for Use of a Ceric-Cerous Sulfate Dosimetry
and 51956. For discussion of radiation dosimetry for gamma-  System
rays and X-rays also see ICRU Report 14. 51261 Guide for Selection and Calibration of Dosimetry
1.3 This standard does not purport to address all of the  Systems for Radiation Processing
safety concerns, if any, associated with its use. It is the 51275 Practice for Use of a Radiochromic Film Dosimetry
responsibility of the user of this standard to establish appro- System
priate safety and health practices and determine the applica- 51276 Practice for Use of a Polymethylmethacrylate Do-
bility of regulatory limitations prior to use. simetry System
51310 Practice for Use of a Radiochromic Optical
Waveguide Dosimetry System
51400 Practice for Characterization and Performance of a
High-Dose Radiation Dosimetry Calibration Laboratory
51401 Practice for Use of a Dichromate Dosimetry System
51431 Practice for Dosimetry in Electron Beam and X-ray
1 This practice is under the jurisdiction of ASTM Committee E10 on Nuclear bremsstrahlung Irradiation Facilities for Food Processing

Technology and Applications and is the direct responsibility of Subcommittee 51538 Practice for Use of an Ethanol-Chlorobenzene Do-
E10.01 on Dosimetry for Radiation Processing and is also under the jurisdiction of

ISO/TC 85/WG 3. simetry System

Current edition approved June 30, 2004. Published August 15, 2004. Originally
published as ASTM E 1204 —87. Last previous edition E 1204-9&STM -
E 1204 - 93 was adopted by ISO in 1998 with the intermediate designation 1ISO 2 For referenced ASTM and ISO/ASTM standards, visit the ASTM website,
15554:1998(E). The present International Standard ISO/ASTM 51204:2004(Ejvww.astm.org, or contact ASTM Customer Service at service@astm.org. For
replaces ISO 15554 and is a major revision of the last previous edition ISO/ASTMAnnual Book of ASTM Standardslume information, refer to the standard’s
51204:2002(E). Document Summary page on the ASTM website.
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51539 Guide for the Use of Radiation-Sensitive Indicators 3.1.6 dosimeter set-one or more dosimeters used to mea-
51540 Practice for the Use of a Radiochromic Liquid sure the absorbed dose at a location and whose average reading

Dosimetry System is used as the absorbed-dose measurement at that location.
51607 Practice for the Use of the Alanine-EPR Dosimetry 3.1.7 dosimetry systemsystem used for determining ab-
System sorbed dose consisting of dosimeters, measurement instru-
51650 Practice for the Use of a Cellulose Acetate Dosimetrynents and their associated reference standards, and procedures
System for the system’s use.
51707 Guide for Estimating Uncertainties in Dosimetry for 3.1.8 installation qualificatior—obtaining and documenting
Radiation Processing evidence that the irradiator, with all its associated equipment
51956 Practice for Use of Thermoluminescence-Dosimetryand instrumentation, has been provided and installed in accor-
(TLD) Systems for Radiation Processing dance with specifications.
2.3 International Commission on Radiation Units and 3.1.9 irradiation time—total time during which a process
Measurements (ICRU) Reports: load is exposed to radiation.

ICRU Report 14 Radiation Dosimetry: X-Rays and Gamma  3.1.10 operational qualificatior-obtaining and document-
Rays with Maximum Photon Energies Between 0.6 and 5Gng evidence that installed equipment and instrumentation

MeV operate within predetermined limits when used in accordance
ICRU Report 60 Fundamental Quantities and Units forwith operational procedures.
lonizing Radiation 3.1.11 performance qualificatior-obtaining and docu-
menting evidence that the equipment and instrumentation, as
3. Terminology installed and operated in accordance with operational proce-
3.1 Definitions: dures, consistently perform according to predetermined criteria

3.1.1 absorbed dose, B-quantity of ionizing radiation and thereby yield product that meets specifications.
energy imparted per unit mass of a specified material. The SI 3.1.12 primary—standard dosimeterdosimeter of the high-
unit of absorbed dose is the gray (Gy), where 1 gray isest metrological quality, established and maintained as an
equivalent to the absorption of 1 joule per kilogram of theabsorbed-dose standard by a national or international standards
specified material (1 &= 1 J/kg). The mathematical relation- organization (see ISO/ASTM Guide 51261).
ship is the quotient of d by dm, where dis the mean 3.1.13 process load-volume of material with a specified
?ncremental energy imparted by ionizing radiation to matter ofipading configuration irradiated as a single entity.
incremental massrd (see ICRU Report 60). 3.1.14 production run (applicable to continuous-flow and
D = de/dm (1)  shuffle-dwell irradiations)—a series of process loads consisting

3.1.2 absorbed-dose mappirgmeasurement of absorbed of materials or products having similar radiation-absorption
dose within a process load using dosimeters placed at Speciﬁ‘g(lgnaracteristics that are irradiated sequentially to a specified
locations to produce a one-, two- or three-dimensional distrifange of absorbed dose.

bution of absorbed dose, thus rendering a map of absorbed-3.1.15 reference-standard dosimetedosimeter of high
dose values. metrological quality, used as a standard to provide measure-

3.1.3 calibration facility—combination of an ionizing radia- ments traceable to and consistent with measurements made
tion source and its associated instrumentation that provides, &8ing primary-standard dosimeters (see ISO/ASTM Guide
a specified location and within a specific material, a uniform51261).
and reproducible absorbed dose, or absorbed-dose rate, trace3.1.16 response functieca-mathematical representation of
able to national or international standards and that may be usdbe relationship between dosimeter response and absorbed dose
to derive the dosimetry system’s response function or calibrafor a given dosimetry system.
tion curve. 3.1.17 routine dosimeterdosimeter calibrated against a

3.1.4 compensating dumrmysimulated product used during primary-, reference-, or transfer-standard dosimeter and used
routine production runs in process loads that contain lesfor routine absorbed-dose measurements (see ISO/ASTM
product than specified in the product loading configuration, oGuide 51261).
simulated product used at the beginning or end of a production 3 1 18 simulated produet-material with attenuation and
run, to compensate for the absence of product. Also see 3.1.1&attering properties similar to those of the product, material,

3.1.4.1 Discussior—Simulated product or phantom material o sybstance to be irradiated.
may be used during operational qualification as a substitute for 3.1.18.1 Discussior-Simulated product is used during op-

the actual product, material, or substance to be irradiated. g 4tiona) qualification as a substitution for the actual product,

. 3'1'ﬁ5 dosm(;eter crje_spznsgreproduc?le, qyantlflgblebraglg— material, or substance to be irradiated. When used in routine
tion effect produced in the dosimeter by a given absorbe OS'f)roduction runs, it is sometimes referred to as “compensating

dummy.” When used for absorbed-dose mapping, simulated
product is sometimes referred to as “phantom material.”

3 Available from the International Commission on Radiation Units and Measure- 3.1.19 tranSfer'Standa.-rd d05|m.ete+td05|meter, often a
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, USA. reference-standard dosimeter, suitable for transport between

2 © ISO/ASTM International 2004 — All rights reserved



&ﬂl& ISO/ASTM 51204:2004(E)

ulf

TR —

different locations, used to compare absorbed-dose measurg- Radiation source characteristics

ments (see ISO/ASTM Guide 51261). 5.1 The radiation source used in a facility considered in this

3.2 Definitions of other terms used in this standard thabractice consists of sealed element&3o or *3’Cs which are
pertain to radiation measurement and dosimetry may be foungpically linear rods or “pencils” arranged in one or more
in ASTM Terminology E 170. Definitions in E 170 are com- planar or cylindrical arrays.

alternative reference. approximately 1.17 and 1.33 MeV in nearly equal proportions.
o A cesium-137 source emits photons with energies of approxi-
4. Significance and use mately 0.662 MeV(12).

4.1 Food products may be treated with ionizing radiation, 5.3 The half-lives for ®®Co and **'Cs are approximately
such as gamma-rays froffiCo or'*'Cs sources, for numerous 5.2708 years and 30.07 years, respecti&B;, 14)
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 ag.1 The design of an irradiator affects the delivery of
maximum limit is set for the purpose of avoiding product or apsorbed dose to a product. Therefore, the irradiator design

packaging degradation. For a given application, one or both afhould be considered when performing the absorbed-dose
these values may be prescribed by government regulations thgfeasurements described in Sections 8-11.

haVe been established on the ba.SiS Of SCientiﬁC da.ta. Therefore,6_2 Food processing faci“ties may be Categorized by oper_
prior to the irradiation of the food product, it is necessary t0ating mode (for example, batch or continuous), conveyor
determine the capability of an irradiation facility to deliver the system (for example, continuous or shuffle-dwell), and irradia-
absorbed dose within any prescribed limits. Also, it is necestgy type (for example, container or bulk flow).
sary to monitor and document the absorbed dose during eachg 2.1 Food products may be moved to the location in the
production run to verify compliance with the process specififacility where the irradiation will take place, either while the
cations at a predetermined level of confidence. source is fully shielded (batch operation) or while the source is
Nore 3—The Codex Alimentarius Commission has developed an€XP0sed (continuous operation).
international General Standard and a Code of Practice that address the6.2.2 Food products may be transported past the source at a
application of ionizing radiation to the treatment of foods and that stronglyuniform and controlled speed (continuous conveyance), or may
emphasize the role of dosimetry for ensuring that irradiation will bejnstead undergo a series of discrete controlled movements
properly performed1).* separated by controlled time periods during which the process

4.2 Some food products are processed in the chilled oload is stationary (shuffle-dwell).
frozen state. Therefore, dosimeters used for routine processing6.2.3 For most commercial irradiators, the process load
should be selected for their functionality under those condigenerally makes one or more passes on each side of the source
tions. Moreover, the temperature of a dosimeter during irradiaarray.
tion should be sufficiently stable to allow correction for 6.2.3.1 Process loads may move past a source array in a
temperature effects on the dosimeter response. To avoid ti@nfiguration in which the source either extends above and
influence of temperature gradients on dosimeter response ahglow the process load (source overlap) or the process load
the subsequent need to correct for these effects, methods theitends above and below the source (product overlap). In the
isolate the dosimeter from temperature gradients may blatter configuration, the process load is usually moved past the
employed. source at two or more levels.

: _ ) - _ 6.2.3.2 In bulk-flow irradiators, products such as grain or
Note 4—For more detailed discussions of radiation processing off

various foods, see ASTM Guides F 1355, F 1356, F 1736, and F 1885 any°u_floW in loose form past the source. .
Refs(1-11) 6.3 Because of mechanical speed limitations, various tech-

S o _nigues may be used to reduce the absorbed-dose rates for low
absorbed—dqse range, routine process control requires rOUti%Qﬂy a portion of the source (for example, raising only one of
product dosimetry, documented product handling procedureseveral source racks to the irradiation position), using attenu-

(before, during, and after irradiation), consistent orientation obtors, and irradiating at greater distances from the source.
the products during irradiation, monitoring of critical process

parameters, and documentation of all relevant activities ang posimetry systems

functions. 7.1 Description of Dosimeter ClassesDosimeters may be

divided into four basic classes according to their relative

guality and areas of application: primary-standard, reference-

4 The boldface numbers in parentheses refer to the bibliography at the end of mitandard, . tranSfer'Stand_ardv .and I‘Ol..ltlne dosimeters. I_SO/
practice. ASTM Guide 51261 provides information about the selection

© ISO/ASTM International 2004 — All rights reserved 3



)

ISO/ASTM 51204:2004(E)

Ay

ul

&

of dosimetry systems for different applications. All classes of 7.3.2 Calibration Irradiation of Routine Dosimeters
dosimeters, except the primary standards, require calibratioBalibration irradiations may be performed per 7.3.1 or at a
before their use. production or research irradiation facility together with
7.1.1 Primary-Standard DosimetersPrimary-standard do- reference- or transfer-standard dosimeters that have measure-
simeters are established and maintained by national standarfient traceability to nationally or internationally recognized
laboratories for calibration of radiation environments (fields)Standards. This statement also applies when reference-standard
and other classes of dosimeters. The two most commonly usélSimeters are used as routine dosimeters.
primary-standard dosimeters are ionization chambers and calo- /-3-3 Measurement Instrument Calibration and Perfor-
rimeters. mance Verificatior-Establish and implement procedures for
7.1.2 Reference-Standard DosimeterReference-standard C&lPrating the measurement instruments and for checking their

. . L . rformance periodically to ensure that the instruments are

dosimeters are used to calibrate radiation environments a A perio y L
. . . unctioning according to performance specifications.

routine dosimeters. Reference-standard dosimeters may also

used as routine dosimeters. Examples of reference-standardeéi'jr':mz?]tc?nlﬁzkaenctzl:E)Srggci)g tﬁgogrqzr]stig (;ndsg'srﬁn tehtaetrsagre
dosimeters, along with their useful absorbed-dose ranges, al y

given in ISO/ASTM Guide 51261 calibrated periodically. The calibrations shall be traceable to a

, national or international standards laboratory.
7.1.3 Transfer-Standard DosimetersTransfer-standard do- 7.3.3.2 A performance check shall be made following any

simeters are specially selected dosimeters used for transferring, qification or servicing of the instruments and prior to their

absorbed-dose information from an accredited or nationallJse for a dosimetry system calibration. This check can be
standards laboratory to an irradiation facility in order toaccomplished by using standards, such as calibrated optical

establish traceability for that facility. These dosimeters Sho“"ﬁensity filters, wavelength standards, and thickness gauges
be carefully used under conditions that are specified by th%upplied by the equipment manufacturer or by national or
issuing laboratory. Transfer-standard dosimeters may be Sgxcredited standards laboratories.

lected from either reference-standard dosimeters or routine 7.3.3.3 See ISO/ASTM Guide 51261, the corresponding
dosimeters, taking into consideration the criteria listed ingo/ASTM or ASTM standard for the doéimetry system, and

ISO/ASTM Quide 512_61' _ _ instrument-specific operating manuals for instrument calibra-
7.1.4 Routine Dosimeters-Routine dosimeters may be tion and performance verification procedures.

used for radiation process quality control, absorbed-dose moni-
toring, and absorbed-dose mapping. Proper dosimetric tecly. |nstallation qualification
nigues, including calibration, shall be employed to ensure that

. . 8.1 Objective—The purpose of an installation qualification
measurements are reliable and accurate. Examples of routi

dosimeters, along with their useful absorbed-dose ranges ?ogram_ is to d_emonstrate that the irradia_tor and its associated
) ) ' . ' ?ocessmg equipment and measurement instruments have been
givenin ISO_/ASTM Gu_lde 51261. ) delivered and installed in accordance with their specifications.
7.2 Selection of Dosimetry SystemSelect dosimetry sys- |pstallation qualification includes documentation of the irradia-
tems suitable for the expected radiation processing applicationg, and the associated processing equipment and measurement
at the facility using the selection criteria listed in ISO/ASTM jnstruments, establishment of the testing, operation, and cali-
Guide 51261. During the selection process, for each dosimetiyration procedures for their use, and verification that they
system, take into consideration its performance behavior witperate according to specifications. An effective installation
respect to relevant influence quantities and the uncertaintfyalification program will ensure consistent and correct opera-
associated with it. tion of the irradiator so as to deliver the required absorbed dose
7.3 Calibration of Dosimetry SystemsPrior to use, a to a product.
dosimetry system shall be calibrated in accordance with the 8.2 Equipment DocumentatieaDocument descriptions of
user's documented procedure that specifies details of thgne irradiator and the associated processing equipment and
calibration process and quality assurance requirements. Thiseasurement instruments installed at the facility. This docu-
calibration process shall be repeated at regular intervals tmentation shall be retained for the life of the facility. At a
ensure that the accuracy of the absorbed-dose measurementrighimum, it shall include:
maintained within required limits. Calibration methods are 8.2.1 Description of the location of the irradiator within the
described in ISO/ASTM Guide 51261. Irradiation is a critical operator’'s premises in relation to the areas assigned and the
component of the calibration of a dosimetry system. means established for ensuring the segregation of un-irradiated
7.3.1 Calibration Irradiation of Reference- or Transfer- products from irradiated products;
Standard Dosimetess-Calibration irradiations shall be per- 8.2.2 Description of the operating procedure of the irradia-
formed at an accredited calibration laboratory or in-houséor;
calibration facility meeting the requirements of ISO/ASTM  8.2.3 Description of the construction and operation of the
Practice 51400. The laboratory or facility shall provide anproduct handling equipment;
absorbed dose (or absorbed-dose rate) having measuremen8.2.4 Description of the materials and construction of any
traceability to nationally or internationally recognized stan-containers used to hold food products during irradiation;
dards. 8.2.5 Description of the process control system;

4 © ISO/ASTM International 2004 — All rights reserved
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8.2.6 Description of any modifications made during andneous process loads and the irradiator and process parameters;
after the irradiator installation. (2) to characterize absorbed-dose variations when process
8.3 Testing, Operation and Calibration Procedures parameters fluctuate statistically during normal operations; and
Establish and implement standard operating procedures for t{8) to measure absorbed-dose distributions in homogeneous
testing, operation and calibration (if necessary) of the installetnaterials, that is, with materials of uniform bulk density, such
irradiator and its associated processing equipment and meas grains (for example, wheat) or cardboard.
surement instruments. 9.2.1 Map the absorbed-dose distribution by a three-
8.3.1 Testing ProceduresThese procedures describe the dimensional placement of dosimeter sets in a process load
testing methods used to ensure that the installed irradiator armbntaining homogeneous materi@d5, 16) The amount of
its associated processing equipment and measurement insthemogeneous material in this process load should be the
ments operate according to specification. amount expected during typical production runs or should be
8.3.2 Operation Procedures-These procedures describe the maximum design volume for the process load.
how to operate the irradiator and its associated processing 9.2.1.1 Select placement patterns to identify the locations of
equipment and measurement instruments during routine opertite absorbed-dose maxima and minima (for example, see Fig.
tion. 1). Place more dosimeter sets in these locations and fewer
8.3.3 Calibration Procedures-These procedures describe dosimeter sets in locations likely to receive intermediate
periodic calibration and verification methods that ensure thaabsorbed doses. Dosimetry data from previously qualified
the installed processing equipment and measurement instruradiators of the same design or calculations using mathemati-
ments continue to operate within specifications. The frequencygal models (see ASTM Guide E 2232) may provide useful
of calibration for some equipment and instruments might benformation for determining the number and location of do-
specified by a regulatory authority. Some equipment andimeters for this qualification process.
instruments might be required to be traceable to a national or N . . . _
. ote 5—Dosimeter strips or sheets may be used to increase spatial
other accrgdlted standards Iaboratpry. resolution of the absorbed-dose map, if the use of individual dosimeters is
8.4 Testing of Processing Equipment and Measuremengadequate.

Instruments—Verify that the installed processing qulpmen_t 9.2.2 Map a sufficient number of process loads to allow the
and measurement instruments operate within their design

~estimation of the variability of the magnitude and distribution

specifications by following the testing _procedures_ noted in f the absorbed dose. Dosimetry data from previously qualified
8.3.1. If necessary, ensure th_at the equipment :_md mstrumenl Tadiators of the same design may provide useful information
have been calibrated according to the calibration procedur

noted in 8.3.3. Sor determining the number of process loads for this qualifi-

8.4.1 Test all processing equipment to verify satisfactorycatlon'

operation of the irradiator within the design specifications.
; CONVEYOR
Document all testing results. movemsml

8.4.2 Test the performance of the measurement instruments
to ensure that they are functioning according to performance
specifications. Document all testing results.

8.4.3 If any modification or change is made to the process- Drmin
ing equipment or measurement instruments during installation
qualification, they shall be re-tested. !

9. Operational qualification Py P7

——— e ——— -
X

9.1 Objective—The purpose of dosimetry in the operational P3s Pl?s%‘:‘ +-.F." P13
qualification of a gamma irradiation facility is to establish : o
baseline data for evaluating facility effectiveness, predictabil-Pmex (| .- & i 5 [Pmax &
ity, and reproducibility for the range of conditions of operation - fl_‘.‘__ L 4PI2 L __ _P.'\i_ _.i\mz
for each set of irradiator parameters and process parameters PAT  Tron PZ || P4 PoT, P2
expected to be used for irradiating product. The absorbed dose Pex N Pe \
received by any portion of product in a process load depends 3 \ \
on both the irradiator parameters and the process parameters. I X \ :
9.1.1 Examples of irradiator parameters are the activity of VAL PN e Plo PS
the source of radiation, the source geometry, the source-to- ggﬁg‘é‘é

product distance, the irradiation geometry (for example, 1- or _
2-sided irradiation, multiple passes), and the process paths. Note—Two passes of a rectangular process load, one on each side of a

9.1.2 Examples of process parameters are the length of tim‘%ationary gamma-ray plaque source. Hatching indicates the probable
egions of maximum and minimum absorbed dose after the second pass.

product is irradiated, the conveyor speed, the product Compdr_he Ps indicate examples of locations for dosimeters that could be used

sition and density, and the PrOdUCt Ioading.configuration. for absorbed-dose mapping during operational qualification.
9-_2 Absor_bed-dose MappirgPerform dosimetry1) to es-  FiG. 1 An example of the maximum and minimum absorbed-dose
tablish relationships between the absorbed dose for homoge- locations in a typical process load (17)

© ISO/ASTM International 2004 — All rights reserved 5
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9.2.3 The number of process loads preceding and followingletermine the magnitudes and locations of the minimum and
the dose-mapped process loads shall be sufficient to effectivelpaximum absorbed doses and their relationships to the ab-
simulate an irradiator filled with homogeneous product. sorbed doses at locations used for monitoring during routine

9.2.4 If the facility anticipates irradiating process loadsproduct processing.
spanning a range of densities, perform absorbed-dose mapping10.2 Product Loading Configuratian

over the density range. This is necessary since differences in10.2.1 Aloading configuration of product within the process
bulk density of the process load may result in changes in theyad shall be established for each product type. The documen-
magnitudes and locations of the minimum and maximumation for this loading configuration shall include specifications
absorbed doses, which, in turn, could change the dos€or parameters that determine the process load homogeneity
uniformity ratio. and thus influence the absorbed-dose distribution. Examples of
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 ifensity, 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 of1g 3 1 Minimum and Maximum Dose Locations

the first and last process loads of two sequential production 14 3 1 1 Egtablish the locations of the regions of minimum

runs for homogeneous products of different densities (Seﬁnd maximum absorbed dose for the selected :

; product loading
11.2.2 and_ 11.2.3). The gbso_rbed—dpse map O.f the flrsF procets,ﬁnfiguration. This is accomplished by placing dosimeter sets
load entering an empty irradiator will provide information on throughout the volume of interest for one or more process

the maximum absorbed dose expected when the iradiator |§,4s” select placement patterns to identify the locations of the

partially filled. absorbed-dose extremes, usin [

. , g data obtained from the
. 9'.2'5 The absorbed-dose rate and ab_sorbed-d_ose d'St”béfbsorbed—dose mapping studies during operational qualifica-
tion in the product may vary for different timer settings as thetion (see 9.2) or from theoretical calculations (see ASTM
process load traverses its path through the irradiation field. Fo&uide E 2232). Concentrate dosimeter sets in the expected

some situations, for example, operating the irradiator at th?egions of minimum and maximum absorbed dose with fewer

maximum mechanical speed, a direct scaling from one abg,gimeter sets placed in areas likely to receive intermediate

Eorbe? ddoshg to f?nOthﬁr bﬁé %hanging dthe (;ime(rj settingf_mgy NYhsorbed dose. Dosimeter films in sheets or strips may also be
e valid. This effect should be considered and quantified. o h16ved to obtain useful information. The dosimeters used

.9'.2'6 To ensure that product near the source i; prpcess%ir the mapping procedure and for routine dose monitoring
within pre-established absorbed-dose limits, contributions tQeed not be of the same type.

the absorbed dose in the product during movement of the 10.3.1.2 In a process load containing voids or non-uniform

2?;;0:”2) (i?;n;r]%g the iradiation position should be COhSIdI:)roduct, include dosimeter sets at locations where discontinui-

9.2.7 Repeat the dosimetry and absorbed-dose mappiri,'ge:)(iﬁuﬁqorgrpr?qsig;%nun?ragsgzteyd :jn(?sye affect the regions  of

(9.2.1-9.2.6) for each different irradiator parameter (see 9.1.1) i )

to be used for routine product processing (Section 11). 10.3.2 Vanart]lons N Absorbe_d Dose i loadi
9.2.8 The procedures for absorbed-dose mapping outlined 10-3-2.1 When dose mapping a specific product loading

in this section may not be feasible for some types of bulk-flowconfiguration, consideration should be given to possible varia-

irradiators. In such cases. minimum and maximum absorbefons in the absorbed doses measured in similar locations in

doses should be estimated by using an appropriate number Fferent process Ioads_. The variations in absorbe_d d_ose. can_be

dosimeters mixed randomly with and carried by productdetermined by mapping the absorbed-dose distribution in

through the irradiation zone. Enough dosimeters should bée.Vefa' process Iqads W'th. Fhe same product loading configu-

used to obtain statistically significant results. Calculations ofation and irradiation 'condmons: ) .

minimum and maximum absorbed doses may be an appropriate 10.3.2.2 To determine the variations in absorbed dose, place

alternative(4, 7). dosimeter sets in several process loads at the expected regions
o of the minimum and maximum absorbed doses. The variations
10. Performance qualification in the measured absorbed-dose values reflect the variations in,

10.1 Objective—Minimum and maximum absorbed-dose for example, the product loading configuration (due to shifts in
limits are almost always associated with food-irradiation apthe contents of the process load during its movement through
plications. For a given application, one or both of these limitsthe irradiator), the bulk density of the process load, fluctuations
may be prescribed by government regulations. Dosimetry i#1 process parameter values, and the uncertainty in the dosim-
used in performance qualification to determine the appropriatétry system.
process parameters (including timer setting, conveyor speed, 10.3.3 Transit Effects—-Determine whether the absorbed
and product loading configuration) for ensuring that thedose received during movement of the source or process loads
absorbed-dose requirements for a particular product can ke small compared to the total absorbed dose. If this require-
satisfied. This is accomplished by absorbed-dose mapping (segent is met, the absorbed dose will be directly related to the
10.3) of process loads with specific product and productimer setting and changes to the absorbed dose can be easily
loading configurations. The purpose of the mapping is toobtained by adjustment of the timer setting. If this requirement
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cannot be met, the absorbed-dose mapping shall be performed frozen food. Mapping of the simulated product includes
using the timer setting estimated to be required for the routin@lacement of one or more dosimeters at a reference position
production runs and repeated if there is a significant change iknown to be isolated from temperature gradients in the actual
the timer setting. product. During routine processing of the chilled or frozen

Note 6—For low absorbed-dose applications, such as the inhibition olprOdUCt’ dosimeters are placed at this reference position.

sprouting of onions and potatoes, the transit dose during the movement of 10-3.8.2 Absorbed-dose mapping with a food may be per-
the conveyer system might be significant and should be considered durif@rmed at the temperature to which the food will be chilled or
the design of an irradiator intended for such applications. frozen during actual product processing, using a dosimetry

10.3.4 Reference Dose Positiondf the locations of system that can be characterized at the intended processing

absorbed-dose extremes identified during the absorbed-dog%mperature.' The temperature of the food during |rrad|at!on
mapping procedure of 10.3.1 are not readily accessible during >t be maintained relatively constant (for example, by using

- : o sulated totes).
production runs, alternative positions may be used fo .
absorbed-dose monitoring during routine product processing. 10.3.8.3 Tkk;e tirmpf?tgjrihdepgndebnc(je dOf theFd05|mT1ter re-
The relationships between the absorbed doses at these alter RONSE may be allected by the abSorbed dose. For Such cases,

tive reference positions and the absorbed-dose extremes sh error introduced V\_/he_n. correcting fpr .the temperature
be established, be reproducible, and be documented. epgndencg may be significant. To av_0|d introducing error,
10.3.5 Setting the Timer or Conveyor Speed routine dosimetry systems should be calibrated at the tempera-

10.3.5.1 Use the results of the absorbed-dose mappin re at Wh'clrll thle food v(;/!II be wraSlatet;id d .
measurements, to determine the timer setting or conveyor 10-3:9 Bulk-Flow Irradiators—Absorbed-dose mapping as

speed for the production run. This will ensure that the escribed in 10.3.1 may not be feasible for products flowing

prescribed absorbed-dose requirements within the product afarough the irradiation zone. In this case, minimum and
achieved. maximum absorbed doses should be estimated by using an

10.3.5.2 Because of the statistical nature of the absorbed@PPropriate number of dosmeter; m|>§eq randomly with and
dose measurement and the inherent variations in the radiati rr.'Ed by the product through the '”Qd'atlon an)a Enpugh
process (for example, see 10.3.2), set the process paramet g§|meters shoqld be used to obtain statl_stl_cally significant
including the timer setting, to deliver an absorbed dose greaté sults. Calculation of the_maX|mum and minimum absorbed
than any prescribed minimum dose and smaller than an oses may be an appropriate alterna¥e?)
prescribed maximum dog@, 17, 18) . .

10.3.6 Unacceptable Dose-uniformity Ratio 11. Routine product processing

10.3.6.1 If the dose-mapping procedure of 10.3.1 reveals 11.1 Process Contrel-Demonstrating that an irradiation
that the dose-uniformity ratio for the product is unacceptablyprocess is under control requires attention to all process
large, that is, larger than the ratio between prescribed maxparameters that can affect absorbed dose (11.2) and to the use
mum and minimum absorbed-dose limits, appropriate meaef routine production dosimetry (11.3). Additionally, the appli-
sures shall be taken to reduce the ratio to an acceptable valugation of radiation-sensitive indicators to product(s) may be of

10.3.6.2 Some methods to improve absorbed-dose unifogssistance in inventory control (see 11.4).
mity may include re-arranging source elements, using attenu- 11.2 Process Parameters
ators or compensating dummy, irradiating from four sides, 11.2.1 General—For product processing, set, control, moni-
rotating the process load during irradiation, and increasingor, and document the process parameters (for example, irra-
source-to-product distance. In the case of bulk-flow irradiatorsdiation time, conveyor speed, product loading configuration) as
absorbed-dose uniformity can be improved by arranging baffleestablished during performance qualification, taking into ac-
to control product flow through the irradiation zone. count source decay, to ensure that the product in each process

10.3.6.3 It may be necessary to change the product loadinigad is processed within specifications. If the process param-
configuration of the process load if an acceptable doseeters deviate outside prescribed processing limits, take appro-
uniformity ratio cannot be achieved by changing other parampriate actions.
eters. 11.2.2 End Process LoadsThe absorbed-dose distribu-

10.3.7 Irradiator Changes—If changes that could affect the tions and the magnitudes of the minimum and maximum
magnitudes or locations of the absorbed-dose extremes aapsorbed doses in the first and last process loads (the “end”
made to the facility or mode of operation, repeat the absorbegsrocess loads) of a given production run may be affected by the
dose mapping to the extent necessary to establish the effecisrocess loads of adjacent production runs. These effects will be
The dosimetry data obtained during operational qualificatiordue to any differences between the radiation-absorption char-
(Section 9) should serve as a guide in determining the extent efcteristics of the product in the end process loads of the given
these absorbed-dose-mapping studies. production run from the products in the adjacent production

10.3.8 Chilled or Frozen Foods runs. To prevent an unacceptable absorbed-dose distribution

10.3.8.1 Absorbed-dose mapping may be performed witlesulting from these effects, it may be necessary to introduce,
simulated product at room temperature. This requires that therdjacent to the end process loads, additional process loads
be no change in any parameter (other than temperature) thebntaining compensating dummy or material of density similar
may affect the absorbed dose during processing of the chilletb the product.
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Note 7—For some batch irradiators, there might be no end procesglent, exercise care when determining the temperature of the
loads when the irradiator is filled with product from one production run. dosimeter during irradiation of chilled or frozen food products

11.2.3 Partially Filled Process Loads-For process loads and when applying the appropriate temperature correction (see
containing less product than specified in the product loading0-3-8)- Dosimeters that exhibit a highly temperature-
configuration (see 10.2), ensure that absorbed-dose mappif§Pendent response should not be placed in locations with
data exist to confirm that the absorbed doses will be within théafge temperature gradients. (See ISO/ASTM Guide 51261,
specified limits. If absorbed-dose-mapping data are not avai@nd Practices for individual dosimetry systems listed in 2.1 and
able, perform the dose-mapping procedure of 10.3.1 to ensure?-) ]
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 frofiow irradiators (for example, those treating fluids or grains), it
partial loading may in some cases be minimized by the use dhight not be feasible during routine product processing to

compensating dummy placed at appropriate locations in thBlace 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 fol°! € 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

11.3.2 Dosimeters used for routine dosimetry need not be qf confidence, the minimum and maximum absorbed doses are
s@gw

the same type as those used for the absorbed-dose mappi wn. This procedure requires that the dosimeters flow in the
procedure e path through the irradiation zone and at the same rate as
i , , he product. See, for example, R@.
11.3.3 Ensure that the product receives the required at}— C o : .
sorbed dose by employing proper dosimetric measureme%l 11.4 Radiation-Sensitive Indicatorsee ISO/ASTM Guide

procedures, with appropriate statistical controls and docume 5105;’22%:; Sk?]?ﬁnagsl"‘ciysgs’oﬁ?\';ig?(;fse)nagvebgi'g:éog
tation. These procedures involve the use of routine in-plan 9 9 Y

dosimetry performed as described below. show that product has been exposed to a radiation source.

. : : . However, these indicators provide only a qualitative indication
11.3.3.1 Dosimeter Location-Place dosimeter sets in or on of radiation exposure. In addition, the color change of

the process loads at predetermined locations of the maximum . . U :
L . radiation-sensitive indicators is not always stable and may be
and minimum absorbed dose (see 10.3.1) or, alternatively,

o fected by, for example, light or heat. Thus, their use is neither
thilre?fzzn;f dose pto:mons (seg 1IO'?;'4 an?ﬁ 1.0'3;'8'1)'b a substitute for nor a complement to the dosimetry procedures
of pfoée.ss Iz;?jr:egn V\r/icilcuherliypg gg (?ozzjmgtlgr sr;Lth a?rthgescribed in 11.3. Also, while radiation-sensitive indicators can

. X . . . nvenientl istin pr ion inventor ntrol
locations described in 11.3.3.1 in order to verify that the onveniently be used to assist in productio entory control,

. . ... _they shall not be used to replace other administrative inventor
absorbed doses for the entire production run fall within y P y

e . . control procedures.
specified limits. For each production run, place dosimeter sets P

in or on the first and last process loads and in selected2. Certification
intermediate process loads to ensure that at least one processg 2 1 pocumentation Accumulation

load containing a dosimeter set is being irradiated at all times. 12 1.1 Equipment DocumentatieaRecord or reference the
Available dosimetry data may be useful in determining thecalibration and maintenance of equipment and instrumentation
necessity of placing dosimeter sets in intermediate procesgsed to control or measure the absorbed doses delivered to the
loads. For operation in a batch mode, place dosimeter sets Product (see ISO/ASTM Guide 51261).
at least one process load for each product type. 12.1.2 Process ParametersRecord 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 Section 10. Howeverinformation identifying these parameters with specific product
the use of a 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 dosimetry data
range. More frequgnt placement of dqsimeter sets during the prodL_JctiOfbr operational qualification (see Section 9), performance
run could resuilt in less product rejection, should some operationd, 5 jification (see Section 10), and routine product processing
uncertainty or failure arise. . .

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

11.3.3.3Environmental Effects-A change in the environ- loading diagrams, and absorbed doses for all product pro-
ment (for example, temperature, humidity) of a dosimetercessed. Record the time of dosimeter analysis if the post-
during the irradiation process may affect its response. lfrradiation stability of the dosimeters under the conditions of
required, apply a correction factor to the dosimeter response tase requires time-dependent corrections to the dosimeter re-
account for any such effect. Care must also be taken igponse function.
handling and storage of dosimeters before and after irradiation. 12.1.4 Dosimetry Uncertainty-Include estimates of the
(See ISO/ASTM Guide 51261 and practices for individualmeasurement uncertainty of absorbed dose (see Section 13) in
dosimetry systems listed in 2.1 and 2.2.) records and reports, as appropriate.

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.
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Record the name of the operator, as well as any special 13.2.1 Type A—those evaluated by statistical methods, or

conditions of the irradiator or the facility that could affect the 13.2.2 Type B—those evaluated by other means.

absorbed dose to the product. 13.3 Other ways of categorizing uncertainty have been
12.1.6 Product Identificationr-Ensure that each lot of prod- widely used and may be useful for reporting uncertainty. For

uct that is processed bears an identification that distinguisheséixample, the termprecisionandbias or randomand system-

from all other lots in the facility. This identification shall be atic (non-random) are used to describe different categories of

used on all lot documents. uncertainty.

12.2 Re"'?"" and Certificatian . . Note 9—The identification of Type A and Type B uncertainties is based

12.2.1 Prior to release of product, review dosimetry result$, e methodology for estimating uncertainties published in 1995 by the
and recorded values of the process parameters to Verifysternational Organization for Standardization (ISO) in the Guide to the
compliance with specifications. Expression of Uncertainty in Measurem¢h®). The purpose of using this

12.2.2 Approve and certify the absorbed dose to the produdype of characterization is to promote an understanding of how statements

for each produc“on run, |n accordance Wlth an establlsheef Uncertainty are deVelOped and to prOVide a basis for the international
facili li ran rogram. rtifi ion shall r_comparlson of measurement results. . .
acility quality assurance program. Certification shall be pe Note 10—ISO/ASTM Guide 51707 defines possible sources of uncer-

formed by authorized personnel, as documented in the qualltt%\inty in dosimetry performed in radiation processing facilities and offers
assurance program. procedures for estimating the magnitude of the resulting uncertainties in
12.2.3 Audit all documentation at time intervals specified inthe measurement of absorbed dose using dosimetry. The document defines
the quality assurance program to ensure that records aemd discusses basic concepts of measurement, including estimation of the
accurate and complete. If deficiencies are found, ensure thgteasured value of a quantity, “true” value, error, and uncertainty.
corrective actions are taken. Components of uncertainty are discussed and methods are provided for

. . . - - estimating their values. Methods are also provided for calculating the
12.3 Retention of RecoresFile all information pertaining combined standard uncertainty and estimating expanded (overall) uncer-

to each production run (for example, copies of the shippingainty_

document, certificates of irradiation, and the irradiation control 13.4 The level of uncertainty in the absorbed-dose measure-
record (see 12.1.1-12.1.6)). Retain the files for the period of ~" y

time specified in the quality assurance program. Keep the fiI?anta:];tc'sn?ﬁ](ﬁggbﬁ S&?::getnatze 'QE?a%?goutgt tk;]%thsri%lﬁclii'
available for inspection as required by the relevant governme pry R q P 9 P
product being irradiated.

authorities.
14. Keywords

13. Measurement uncertainty 14.1 absorbed dose; cobalt-60; cesium-137; dose mapping;

13.1 To be meaningful, a measurement of absorbed dos#osimeter; dosimetry; food irradiation; food processing;
shall be accompanied by an estimate of uncertainty. gamma; installation qualification; ionizing radiation; irradiated

13.2 Components of uncertainty shall be identified as befood; irradiation; operational qualification; performance quali-
longing to one of two categories: fication; radiation; ICS 17.240; ICS 67.020
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