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the International Organization for Standardization) is a worldwide federation of national standards bod
member bodies). The work of preparing International Standards is normally carried out through'l
hical committees. Each member body interested in a subject for which a technical committe€ has bg
blished has the right to be represented on that committee. International organizations, governmental g
governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
hational Electrotechnical Commission (IEC) on all matters of electrotechnical standasdization.

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

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

bt project between ISO and ASTM International has beenxformed to develop and maintain a group
ASTM radiation processing dosimetry standards. Under this pilot project, ASTM Committee E
ation Processing, is responsible for the development and maintenance of these dosimetry standards W
stricted participation and input from appropriate 1ISO°member bodies.

5. Neither ISO nor ASTM International shall be held responsible for identifying any or all such pat

national Standard ISO/ASTM 51702 was developed by ASTM Committee E61, Radiation Processi
gh Subcommittee E61.03, Desimetry Application, and by Technical Committee ISO/TC 85, Nucl
gy, nuclear technologies andwradiological protection.
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An American National Standard

Dosimetry in a Gamma Facility for Radiation Processing’

This standard is issued under the fixed designation ISO/ASTM 51702; 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

E2303 Guide for Absorbed-Dose Mapping in Radiation

1.1 This practice outlines the installation qualification pro-
gram fdr an irradiator and the dosimetric procedures to be
followeq during operational qualification, performance quali-
fication,| and routine processing in facilities that process prod-
ucts with ionizing radiation from radionuclide gamma sources
to ensurp that product has been treated within a predetermined
range off absorbed dose. Other procedures related to operational
qualificdtion, performance qualification, and routine process-
ing that|may influence absorbed dose in the product are also
discussdd.

Note [|—Dosimetry is only one component of a total quality assurance
program for adherence to good manufacturing practices used in radiation
processing applications.

Note 3—ISO/ASTM Practices 51818 and 51649 describe dosimetric
procedurgs for low and high enery electron beam facilities for radiation
processing and ISO/ASTM Practice 51608 describes procedures for X-ray
(bremsstrphlung) facilities for radiation processing.

1.2 Fpr the radiation sterilization of health care products,
see ISO[11137-1. In those areas covered by ISO 11137-1, that
standard takes precedence.

1.3 Thhis document is one of a set of standards that provides
recommpendations for properly implementing and utilizing
dosimetfy in radiation processing. It is intended to be\read in
conjuncfion with ASTM Practice E2628.

1.4 This standard does not purport to address all of the
safety doncerns, if any, associated with its-use. It is the
responsibility of the user of this standard\to*establish appro-
priate sqifety and health practices and determine the applica-
bility of{regulatory limitations priof t¢-use.

2. Referenced documents

2.1 ASTM Standards:?

E170] Terminology Rélating to Radiation Measurements and
Dosjmetry

E223P2 Guide ferSelection and Use of Mathematical Meth-
ods for Caleulating Absorbed Dose in Radiation Processing
Applications

Processing Facilities
E2628 Practice for Dosimetry in Radiation.Procpssing
E2701 Guide for Performance Charactefization jof Dosim-

eters and Dosimetry Systems for Use(in Radiatiqn Process-

ing
2.2 ISO/ASTM Standards:?
51261 Practice for Calibration of Routine Dosifnetry Sys-
tems for Radiation Proce¢ssing
51539 Guide for Use of‘Radiation-Sensitive Ind|cators
51608 Practice for Dosimetry in an X-Ray (Bgemsstrahl-
ung) Facility for Radiation Processing
51649 Practicesfor Dosimetry in an Electron Bedm Facility
for Radiatidn Processing at Energies Between 300 KeV
and 25/KeV
51707 <Guide for Estimating Uncertainties in Dogimetry for

Radiation Processing

51818 Practice for Dosimetry in an Electron Bedm Facility
for Radiation Processing at Energies Between §0 and 300
keV

2.3 International Commission on Radiation \Units and

Measurements (ICRU) Reports:’

ICRU Report 85a Fundamental Quantities and| Units for
Ionizing Radiation

2.4 ISO Standards:*

ISO 11137-1 Sterilization of health care products — Radia-
tion — Part 1: Requirements for development, [validation,
and routine control of a sterilization process fpr medical
devices

2.5 Joint Committee for Guides in Metrolog

Reports?®

JCGM 100:2008, GUM 1995, with minor cprrections,
Evaluation of measurement data — Guide to the Expres-
sion of Uncertainty in Measurement

(JCGM)

3. Terminology
3.1 Definitions:
3.1.1 absorbed dose, D—quantity of ionizing| radiation

energy imparted per unit mass of a specified materfal. The SI
unit of absorbed dose is the gray (Gy), where |1 gray is

! This practice is under the jurisdiction of ASTM Committee E61 on Radiation
Processing and is the direct responsibility of Subcommittee E61.03 on Dosimetry
Application, and is also under the jurisdiction of ISO/TC 85/WG 3.

Current edition approved Dec. 26, 2012. Published April 2013. Originally
published as E 1702-95. Last previous ASTM edition E 1702-00. ASTM
E 1702-95" was adopted by ISO in 1998 with the intermediate designation ISO
15571:1998(E). The present International Standard ISO/ASTM 51702:2013(E)
replaces ISO 15571 and is a major revision of the last previous edition ISO/ASTM
51702-2004(E).

2 For referenced ASTM and ISO/ASTM standards, visit the ASTM website,
www.astm.org, or contact ASTM Customer Service at service@astm.org. For
Annual Book of ASTM Standards volume information, refer to the standard’s
Document Summary page on the ASTM website.

© ISO/ASTM International 2013 — All rights reserved

equivalent to the absorption of 1 joule per kilogram of the
specified material (1 Gy = 1 J/kg). The mathematical relation-
ship is the quotient of d&é by dm, where d& is the mean

3 Available from the International Commission on Radiation Units and Measure-
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, USA.

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

> Document produced by Working Group 1 of the Joint Committee for Guides in
Metrology (JCGM/WG 1). Available free of charge at the BIPM website (http://
www.bipm.org).
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incremental energy imparted by ionizing radiation to matter of
incremental mass dm (see ICRU Report 85a).
D = dé&/dm (1
3.1.2 absorbed-dose mapping—measurement of absorbed
dose within an irradiation product to produce a one-, two- or
three-dimensional distribution of absorbed dose, thus rendering
a map of absorbed-dose values.
3.1.3 cqlibration curve—expression of the relation between

ALy
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3.1.14.1 Discussion—For a shuffle-dwell irradiator the
timer setting is the time interval from the start of one
shuffle-dwell cycle to the start of the next shuffle-dwell cycle.
For a stationary irradiator, the timer setting is the total
irradiation time.

3.2 Definitions of other terms used in this standard that
pertain to radiation measurement and dosimetry may be found
in ASTM Terminology E170. Definitions in E170 are compat-

indication|and corresponding measured quantity value.
3.1.3.1 Discussion—In radiation processing standards, the
term ‘“dosfmeter response” is generally used for “indication.”

3.1.4 cqmpensating dummy—See simulated product.

3.1.5 dsimeter response—reproducible, quantifiable radia-
tion effect| produced in the dosimeter by ionizing radiation.

3.1.6 d¢simeter set—one or more dosimeters used to mea-
sure the alisorbed dose at a location and whose average reading
is used as|the absorbed-dose measurement at that location.

3.1.7 dgsimetry system—system used for absorbed dose,
consisting| of dosimeters, measurement instruments and their
associated|reference standards, and procedures for the system’s
use.

3.1.8 installation qualification (IQ)—process of obtaining
and documenting evidence that equipment has been provided
and installed in accordance with specifications.

3.1.9 iryadiation container—holder in which product is
placed dufing the irradiation process.

3.1.9.1 Discussion—"“Irradiation container” is often referred
to simply s “container” and can be a carrier, cart, tray, product
carton, pallet, product package or other holder.

3.1.10 ¢perational qualification (OQ)—process of obtain-
ing and d¢cumenting evidence that installed equipment oper-
ates withir predetermined limits when used in accordance with
its operatipnal procedures.

3.1.11 performance qualification (PQ)—process of obtain-
ing and ddcumenting evidence that the eqfiipthent, as installed
and operafed in accordance with operational procedures, con-
sistently ferforms in accordance with-predetermined criteria
and therelly yields product meeting.its specification.

3.1.12 production run (for ‘continuous-flow and shuffle-
dwell irragliations)—series<of\ irradiation containers consisting
of materigls or products having similar radiation-absorption
characteriftics that are\dtradiated sequentially to a specified
range of apsorbed dose.

3.1.13 gimuldted product—mass of material with absorption
and scattgring “properties similar to those of the product,
material, dr_substance to be irradiated

b | el DI D — 1D D —i 41 '
rorc-with ICR U Report-ooa, TCR U Report-sJa, thererpre, may

be used as an alternative reference.

4. Significance and use

4.1 Various products and materials routinely are ifradiated
at predetermined doses in gamma ltradiation facilities to
reduce their microbial population or'to modify their character-
istics. Dosimetry requirements fhay" vary depending yipon the
irradiation application and ¢end* use of the producf. Some
examples of irradiation applications where dosimetry| may be
used are:

4.1.1 Sterilization ‘efymedical devices,

4.1.2 Treatmentiof food for the purpose of paragite and
pathogen control, insect disinfestation, and shelf life ejtension,

4.1.3 Disinfection of consumer products,

4.1.4, Cross-linking or degradation of polymers angl elasto-
mers,

4,135 Polymerization of monomers and grafting of mono-
wierS onto polymers,

4.1.6 Enhancement of color in gemstones and othfr mate-
rials,

4.1.7 Modification of characteristics of semicondyctor de-
vices, and

4.1.8 Research on materials effects.

Note 3—Dosimetry is required for regulated irradiation procgsses such
as sterilization of medical devices and the treatment of food. It mjay be less
important for other industrial processes, for example, polymer |modifica-
tion, which can be evaluated by changes in the physical and|chemical
properties of the irradiated materials.

4.2 An irradiation process usually requires a npjinimum
absorbed dose to achieve the intended effect. There als¢ may be
a maximum absorbed dose that the product can toleyate and
still meet its functional or regulatory specifications. Dpsimetry
is essential to the irradiation process since it is [used to
determine both of these limits and to confirm that the| product
is routinely irradiated within these limits.

4.3 The absorbed-dose distribution within the profuct de-
pends on the overall product dimensions and mass, irfadiation

3.1.13.1 Discussion—Simulated product is used during ir-
radiator characterization as a substitute for the actual product,
material or substance to be irradiated. When used in routine
production runs in order to compensate for the absence of
product, simulated product is sometimes referred to as com-
pensating dummy. When used for absorbed-dose mapping,
simulated product is sometimes referred to as phantom mate-
rial.

3.1.14 timer setting—defined time interval during which
product is exposed to radiation.

geometry, and source activity distribution.

4.4 Before an irradiation facility can be used, it must be
qualified to determine its effectiveness in reproducibly deliv-
ering known, controllable absorbed doses. This involves test-
ing the process equipment, calibrating the equipment and
dosimetry system, and characterizing the magnitude, distribu-
tion and reproducibility of the absorbed dose delivered by the
irradiator for a range of product densities.

4.5 To ensure consistent and reproducible dose delivery in a
qualified process, routine process control requires documented

© ISO/ASTM International 2013 — All rights reserved
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product handling procedures before and after irradiation, con-
sistent product loading configuration, control and monitoring
of critical process parameters, routine product dosimetry and
documentation of the required activities.

5. Radiation source characteristics

5.1 The radiation source used in a facility considered in this
practice consists of sealed elements of °°Co or '*’Cs which are

ISO/ASTM 51702:2013(E)
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6.4 Because of mechanical speed limitations, various tech-
niques may be used to reduce the absorbed-dose rates for low
absorbed-dose applications. These techniques include using
only a portion of the source (for example, raising only one of
several source racks to the irradiation position), using attenu-
ators, and irradiating at greater distances from the source.

7. Dosimetry system calibration

typlcall lill\/al lUdD Ul “P\zll\/ilb” auausbd ill VUIIL Ul 11IUIC
cylindrical arrays.

cobalt-60 source emits photons with energies of
ately 1.17 and 1.33 MeV in nearly equal proportions.
-137 source emits photons with energies of approxi-
662 MeV (1).°

e radioactive decay half-lives for ®°Co and '*’Cs are

regularly reviewed and updated. The most recent publication
by the National Institute of Standards and Technology gave
values off 1925.20 (+ 0.25) days for °°Co and 11018.3 (*+ 9.5)
days fof *’Cs (2).

etween source replenishments, removals, or redistribu-

e considered when performing the absorbed-dose
ents described in Sections 9 through 11.

oducts may be moved to locations where the irradia-
tion wil|] take place, either while the source is fully shielded
(batch dperation) or while the source is exposed (continuous
operation).

6.3 Products may be transported past the source at a uniform
and confrolled speed (continuous conveyance);-ay undergo a
series of shuffle-dwell cycles during which\product movements
are follgwed by periods of time duringywhich the irradiation
containdr is stationary (shuffle-dwell)) or may be irradiated at
fixed logations (stationary).

6.3.1 |The desired absorbed‘dose for the product is obtained
by controlling by the conyéyor speed (continuous conveyance)
or the tﬂer setting (shuffle-dwell or stationary).

6.3.2 |For many cemmercial irradiators, the irradiation con-
tainers fnove in ofieyor more parallel rows on each side of a
vertical [rectangular source array. The irradiation containers
may mgve past a source array in a configuration in which the
source efithey extends above and below the irradiation container

7.1 The dosimetry system shall be calibrated in_gccordance
with Practice 51261, and the user’s procedures,»whiich should
specify details of the calibration process andquality] assurance
requirements.

7.2 The dosimetry system calibration-is part of § measure-
ment management system.

8. Installation qualification

8.1 Objective—The purpese of an installation qyalification
program is to demonstrate that the irradiator with its|associated
processing equipméntand measurement instruments|have been
delivered and installed in accordance with their spegifications.
Installation qudlification includes documentation of the irradia-
tor and the-associated processing equipment and mdasurement
instruments; establishment of the testing, operatiof and cali-
bration_ procedures for their use, and verification| that they
operate according to specifications. An effective {nstallation
qualification program will ensure consistent and corfect opera-
tion of the irradiator so as to deliver the required absprbed dose
to a product.

8.2 Equipment Documentation—Document descfiptions of
the irradiator and the associated processing equipment and
measurement instruments installed at the facility. This docu-
mentation shall be retained for the life of the fadility. At a
minimum, it shall include:

8.2.1 Description of the location of the irradiator|within the
operator’s premises in relation to the areas assign¢d and the
means established for ensuring the segregation of ur}-irradiated
products from irradiated products,

8.2.2 Description of the operating procedure of the irradia-
tor,

8.2.3 Description of the construction and operafion of the
product handling equipment,

8.2.4 Description of the materials and constructjon of any
containers used to hold products during irradiation,

8.2.5 Description of the process control system, fand

8.2.6 Description_of any modifications made during and

(source overtapy or the {rradiation container exends above and
below the source (product overlap). In the latter configuration,
the irradiation container moves past the source at two or more
levels.

6.3.2.1 In bulk-flow irradiators, products such as grain or
flour flow in loose form past the source. The desired absorbed
dose is obtained by controlling the flow rate.

© The boldface numbers in parentheses refer to the bibliography at the end of this
practice.

© ISO/ASTM International 2013 — All rights reserved

after installation.

8.3 Testing, Operation and Calibration Procedures—
Establish and implement standard operating procedures for the
testing, operation and calibration (if necessary) of the installed
irradiator and its associated processing equipment and mea-
surement instruments.

8.3.1 Testing Procedures—These procedures describe the
testing methods used to ensure that the installed irradiator and
its associated processing equipment and measurement instru-
ments operate according to specification.
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8.3.2 Operation Procedures—These procedures describe
how to operate the irradiator and its associated processing
equipment and measurement instruments during routine opera-

tion.

8.3.3 Calibration Procedures—These procedures describe
periodic calibration and verification methods that ensure that
the installed processing equipment and measurement instru-
ments continue to operate within specifications. The frequency
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the irradiator expected to be used for irradiating product. The
absorbed dose received by any portion of product in an
irradiation container depends on the irradiator design, the
source activity and geometry and the process parameters.

9.1.1 Examples of irradiator design characteristics

that af-

fect the absorbed dose are the radiation source characteristics,
source-to-product distance, the irradiation geometry (for ex-
ample, 1- or 2-sided irradiation, multiple passes), and the

3 M £ 4 b= £ £ bt 1
Of CallbraTﬂUU TOT—SOTC— OO PTICTIT atta TSt OTHCTICS T S Tic. DT

TIT

1 1
dUIdatol patiawadays.

specified py a regulatory authority. Some equipment and 9.1.2 Examples of a process parameter are the timgr setting
instrumengs might be required to be traceable to a national or  or conveyor speed.
other accr 3_d1ted standards .laborator.y. 9.2 Absorbed-dose Mapping—Perform eperdtional qualifi-

8.4 Tesfing of ) Processing _Eq”’pmem and ) Measurement  ;ation absorbed-dose mapping to charaCletize the ifradiator
Instrumenfs—Verify that the installed processing equipment  yith respect to the dose distributionnahd reproducipility of
and ‘measprement nstruments operate within - their deSlgH absorbed-dose delivery. Map the absetbed-dose distribution by
specificatipns by following the testing procedures noted in 4 hree-dimensional placement of dosimeter sets in ar irradia-
8.3.1. If n peessary, ensure th?t the equipment apd INStruments  tjon container containing homogeneous simulated product. For
have been| calibrated according to the calibration procedures guidance on performing absorbed-dose mapping seq ASTM
noted in §3.3. Guide E2303.

8'4',1 Tgst all p.roce.ssing ec.]ui.pment to yerify sa.tisfacj,tory 9.2.1 The amountCof homogeneous simulated prdduct in
operation |of the .1rrad1ator within the design specifications. each irradiation Gontainer should be the amount ¢xpected
Document all testing results. . during typical production runs or should be the maximum

8.4.2 Tgst the performance of the measurement instruments design volumefor the irradiation container.
to ensure fhat they are functionip g according to performance 9.2.2 Select placement patterns to identify the locgtions of
spgciﬁ?’c a;);f' i%‘;;?:;;oz;llgfsctﬁgi r:SilSﬂ;S]'a de 1o the process the abserbed-dose maxima and minima (for example,|see Fig.
Lo, y hang 1o the proce 1). Place more dosimeter sets in these locations arjd fewer
1ng equipt ent or measurement instruments during installation dosimeter sets in locations likely to receive intefmediate
qualificatipn, they shall be re-tested. absorbed doses. Dosimetry data from previously qualified
9. Operational qualification irradiators of the same desigq or calculations using mathemati—

91 Oblecti The purpose of dosimetry in the operational cal models (see ASTM Guide E2232) may providp useful

. Jperve purpose ot ¢ ty mthe op . information for determining the number and locatiop of do-
qualificatipn of a gamma irradiation facility is to establish simeters for this qualification process
baseline dpta for evaluating facility effectiveness, predictabil- 4 p '
ity, and reproducibility for the range of operating-conditions of Note 4—Dosimeter strips or sheets may be used to incregse spatial

/’[n o (=] o
‘/lu (=] (=] [=]
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=} (=] =] =] -
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o
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FIG. 1 An example of a dosimeter placement array in a three-dimensional grid pattern for an operational qualification dose mapping
In this drawing the small squares represent dosimeter positions. The “Front” is defined as the initial and in some cases only surface to directly
face the radiation source during processing. The number of dosimeters and the number of planes (surfaces) to be mapped will depend on
several factors, including but not limited to, the radiation type (electrons vs. photons), single- vs. double-sided irradiation, and resolution of
absorbed dose required.
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resolution of the absorbed-dose map, if the use of individual dosimeters is
inadequate.

9.2.3 Map a sufficient number of irradiation containers to
allow the estimation of the variability of the magnitude and
distribution of the absorbed dose. Dosimetry data from previ-
ously qualified irradiators of the same design may provide
useful information for determining the number of irradiation
containers for this qualification.

ISO/ASTM 51702:2013(E)
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radiation-absorption characteristics of the product in the end
irradiation containers of the given production run and those of
the products in the adjacent production runs. Absorbed dose
distribution studies should be conducted to evaluate this effect.

Note 5—To prevent an unacceptable absorbed-dose distribution result-
ing from these effects in routine processing, it may be necessary to
introduce additional irradiation containers containing simulated product
adjacent to the end irradiation containers.

9.2.4 [The number of irradiation containers preceding and
followirlg the dose-mapped irradiation containers shall be
sufficienft to effectively simulate an irradiator filled with the
product

9.2.5 |If the facility anticipates irradiating products spanning
a range pf densities, perform absorbed-dose mapping over the
density [range. This is necessary since differences in bulk
density pf the product in the irradiation container may result in
changes|in the magnitudes and locations of the minimum and
maximum absorbed doses, which, in turn, could change the
dose-unfformity ratio.

9.2.6 |[For some irradiator designs, when the irradiator is
running|near the maximum mechanical speed, the absorbed
dose mhy not be directly related to the timer setting or
conveydr speed. This effect should be considered and, if
necessafy, quantified.

9.2.7 |[Repeat the absorbed-dose mapping (9.2.1-9.2.6) for
each different irradiator pathway to be used for routine product
processing (Section 11).

9.2.8 [The procedures for absorbed-dose mapping outlined
in this sgction may not be feasible for some types of bulk-flogw
irradiatdrs. In such cases, minimum and maximum absorbéd
doses sljould be estimated by using an appropriate number of
dosimetprs mixed randomly with and carried by ‘product
through [the irradiation zone. A statistical model.shonld be used
to estimfate the number of dosimeters required, Galculations of
minimum and maximum absorbed doses may be an appropriate
alternatijve (3).

9.3 Tyansit Effects—Absorbed doses-received during source
or prodyct movement should be eonsidered.

9.3.1 |To ensure that product-near the source is processed
within pre-established abserbed-dose limits, contributions to
the absgrbed dose to the‘product during movement of the
source tp and from the/irradiation position should be consid-
ered and quantified=Ehe absorbed dose received during move-
ment of fthe source.sHould be characterized and compared to the
total abjorbed\dese. If the effects due to source movement are
considell'ed significant, adjustments should be made to the
process

oaccount for them

9.5 Partially Filled Trradiation Containers—1Ih¢ absorbed
dose distributions and the magnitudes of the nninfmum and
maximum absorbed dose in partially filled jrradiatiqn contain-
ers in a given production run may be affected by or affect
adjacent irradiation containers in the{ production [run or in
adjacent production runs. These effects will be due to any
differences between the radiation-absorption chafacteristics
and empty voids in the irradiation container of [the given
production run and those-of the products in thg adjacent
production runs. Absorbed-dose distribution studies| should be
conducted to evaluategthis effect.

Note 6—Changes\o-the absorbed-dose distribution arisijg from par-
tially filled irradidtion containers may be minimized by|the use of
simulated product'placed at appropriate locations.

9.6 Timer Setting or Conveyor Speed—Dosirthetry per-
formed“during operational qualification should al§o provide
information for establishing the relationship betwefn the ab-
sorbed dose for homogenous product of different depsities and
the required timer setting or conveyor speed, thking into
account fluctuations in the process parameters during normal
operation.

10. Performance qualification

10.1 Objective—Minimum and maximum abs¢rbed-dose
limits are almost always associated with irradiatign applica-
tions. For a given application, one or both of these |imits may
be prescribed by government regulations. Dosimetry is used in
performance qualification to determine the approprijte process
parameters (including timer setting, conveyor speed, and
product loading configuration) for ensuring that the| absorbed-
dose requirements for a particular product can be satisfied. This
is accomplished by absorbed-dose mapping (seqd 10.3) of
irradiation containers with specific product and prodyict loading
configurations. The purpose of the mapping is to determine the
magnitudes and locations of the minimum and [maximum
absorbed doses and their relationships to the absorb¢d doses at
locations used for monitoring during routine produg¢t process-
ing.

102 Pypduct T onding Confioyration
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9.3.2 For high throughput applications, the transit dose
during the movement of the irradiation containers in a shuffle-
dwell operation might be significant and should be considered
(see 9.2.6).

9.4 End Irradiation Containers—The absorbed dose distri-
butions and the magnitudes of the minimum and maximum
absorbed dose in the first and last irradiation containers (the
“end” irradiation containers) of a given production run may be
affected by the irradiation containers of adjacent production
runs. These effects will be due to any differences between the
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10.2.1 A loading configuration of product within the irra-
diation container shall be established for each product. The
documentation for this loading configuration shall include
specifications for parameters that influence the absorbed-dose
distribution. Examples of such parameters include product size,
product mass, product density/bulk density, and product orien-
tation with respect to the radiation environment.

10.3 Product Absorbed-Dose Mapping (see ASTM Guide
E2303)

10.3.1 Minimum and Maximum Dose Locations


https://standardsiso.com/api/?name=d951bfe181982cea37ce9ffee6f7e203

ISO/ASTM 51702:2013(E)

10.3.1.1 Establish the locations of the regions of minimum
and maximum absorbed dose for the selected product loading
configuration. This is accomplished by placing dosimeter sets
throughout the volume of interest for one or more irradiation
containers. Select placement patterns to identify the locations
of the absorbed-dose extremes, using data obtained from the
absorbed-dose mapping studies during operational qualifica-
tion (see 9.2) or from theoretlcal Calculatlons (see ASTM
Guide E2p32)—€c c
regions of| minimum and maximum absorbed dose with fewer
dosimeter [sets placed in areas likely to receive intermediate
absorbed dose. Dosimeter films in sheets or strips may also be
employed [to obtain additional useful information.

10.3.1.2 In an irradiation container containing voids or
non-unifofm product, include dosimeter sets at locations where
discontinujities in composition or density may affect the regions
of maximyim or minimum absorbed dose.

10.3.2 Variations in Absorbed Dose

10.3.2.1) When dose mapping a specific product loading
configuratfon, consideration should be given to possible varia-
tions in tle absorbed doses measured in similar locations in
different ifradiation containers. These variations in absorbed
dose can e determined by mapping the absorbed-dose distri-
bution in deveral irradiation containers with the same product-
loading cqnfiguration and irradiation conditions.

10.3.2.2) Place dosimeter sets in several irradiation contain-
ers at the|expected regions of the minimum and maximum
absorbed doses. The variations in the measured absorbed-dose
values reflect the variations in, for example, the product
loading c¢nfiguration (due to shifts in the contents of ‘the
irradiation| container during its movement through the itradia-
tor), the bylk density of the product in the irradiation container,
fluctuation]s in process parameter values, and thengertainty in
the dosim¢try system calibration.

10.3.3 Routine Monitoring Positions—If\the locations of
absorbed-dlose extremes identified durifig)the absorbed-dose
mapping grocedure of 10.3.1 are not teadily accessible during
routine prpduction runs, alternativé positions may be used for
absorbed-dlose monitoring durigg routine product processing.
The relatignships between thé-absorbed doses at these alterna-
tive monitpring positions,andthe absorbed-dose extremes shall
be establighed, be repreduicible, and be documented.

10.3.4 End Irradiation Containers—The effect of end irra-
diation coftainers ‘on the expected absorbed dose distribution
in the progluct‘should be evaluated (see 9.4).

10.3.5 Partially Filled Irradiation Containers—The effect
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10.3.6.2 If changes are made to the product loading con-
figuration, repeat the absorbed-dose mapping (see 10.3.1).

Note 7—It may be necessary to change the product loading configu-
ration of the irradiation container if an acceptable dose uniformity ratio
cannot be achieved by changing other parameters.

10.3.7 Timer Setting or Conveyor Speed
10 3.7.1 Use the results of the product absorbed dose map-

process (for example, see 10.3.2), use~alitimer sdtting or
conveyor speed that will deliver an absorbed dose gregter than
any prescribed minimum dose and stpaller than any p
maximum dose (4).

10.3.8 Irradiator Changes=—If changes that could gffect the
magnitudes or locations of the absorbed-dose extrgmes are
made to the facility or mede of operation, repeat the apsorbed-
dose mapping to thec@xtent necessary to establish thq effects.
The dosimetry data ebtained during operational qualification
(Section 9) should serve as a guide in determining the ¢xtent of
these absorbedédose-mapping studies.

10.3.9 @Processing at High or Low Temperatures

10.3:9:1 For applications where product is irradigted at a
temperature significantly different from the dosimeter| calibra-
tions temperature, absorbed-dose mapping may be pgrformed
with simulated product at a temperature where d¢simetry
results will not be significantly affected. This requires that there
be no change in any parameter (other than temperatfire) that
may affect the absorbed dose during processing of the leated or
cooled product. Mapping of the simulated product fincludes
placement of one or more dosimeters at a routine mdnitoring
position known to be isolated from temperature gradients in the
actual product. During routine processing of product (4t higher
or lower temperatures) dosimeters are only placed at this
routine monitoring position.

10.3.9.2 Absorbed-dose mapping with a product |may be
performed at the temperature to which the product| will be
heated or cooled during actual product processing,|using a
dosimetry system that can be characterized at the |ntended
processing temperature. The temperature of the produdt during
irradiation must be maintained relatively constant |(for ex-
ample, by using insulated product containers).

10.3.9.3 The temperature dependence of the dosi:fveter re-

sponse may affect the absorbed-dose measurement. for such
cases_the error introduced when rnrrPr‘ting for the te Iperature

of partially filled irradiation containers on the expected ab-
sorbed dose distribution in the product should be evaluated (see
9.5).

10.3.6 Unacceptable Dose-uniformity Ratio

10.3.6.1 If the dose-mapping procedure of 10.3.1 reveals
that the dose-uniformity ratio for the product is unacceptably
large, that is, larger than the ratio between prescribed maxi-
mum and minimum absorbed-dose specifications, appropriate
measures shall be taken to reduce the ratio to an acceptable
value.

dependence may be significant. To avoid introducing error,
routine dosimetry systems should be calibrated at the tempera-
ture at which the product will be irradiated.

10.3.10 Bulk-Flow Irradiators—Absorbed-dose mapping as
described in 10.3.1 may not be feasible for products flowing
through the irradiation zone. In this case, minimum and
maximum absorbed doses should be estimated by using an
appropriate number of dosimeters mixed randomly with and
carried by the product through the irradiation zone (3). Enough
dosimeters should be used to obtain statistically significant
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results. Calculation of the maximum and minimum absorbed
doses may be an appropriate alternative (3).

11. Routine product processing

11.1 Process Control—Demonstrating that an irradiation
process is under control requires attention to all process
parameters that can affect absorbed dose (11.2) and to the use
of routlne productlon dosrmetry (11.3). Addltlonally, the apph-

11.2.1 General—For routine product processing, set the
critical process parameters (for example, timer setting, con-
veyor speed, product loading configuration) as established
during performance qualification, taking into account source
decay. (fontrol, monitor, and document their values to ensure
that the| product in each irradiation container is processed
within specifications. If the process parameters deviate outside
prescribpd processing limits, take appropriate actions.

11.3 Routine Production Dosimetry

11.3.] Routine dosimetry is part of a verification process for
establishing that the irradiation process is under control.

11.3.1 Ensure that the product receives the required ab-
sorbed dose by employing proper dosimetry procedures, with
appropriate statistical controls and documentation, as described
below.

11.3.3.1 Dosimeter Location—Place dosimeter sets in or on
the irragliation containers at predetermined locations of the
maximum and/or minimum absorbed dose (see 10.3.1) or,
alternatijvely, at the routine monitoring positions (see 10.3.3);

11.3.3.2 Placement Frequency—Select a sufficient number
of irradfation containers, on which to place dosimetef.sets at
the locations described in 10.3.3, in order to vefify that the
absorbel doses for the entire production xrufn-fall within
specifiedl limits. For each production run, place-dosimeter sets
in or on|the first and last irradiation contdiners and in selected
intermedliate irradiation containers tosensure that at least one
irradiatipn container containing a dosimeter set is being irra-
diated af all times. Available dogimetry data may be useful in
determiping the necessity of plaeifig dosimeter sets in interme-
diate irfadiation containers.-For operation in a batch mode,
place d¢simeter sets on‘at)least one irradiation container for
each pr¢duct.

Note §—The absorbed-dose distribution in the irradiation container is
already Known from the dose-mapping effort described in Section 10.
However) the dise(of a sufficient number of strategically placed dosimeter
sets serves (o-confirm that the absorbed doses have been achieved w1th1n

productlon run could result in less product reJectron in case of operatlonal
uncertainty or failure.

11.3.2.3 Environmental Effects—A change in the environ-
ment (for example, temperature, humidity) of a dosimeter
during the irradiation process may affect the dosimeter re-
sponse. If required, apply a correction factor to the dosimeter
response to account for any such effect. Care must also be
taken in handling and storage of dosimeters before and after
irradiation (see ISO/ASTM 51261 and Practices for individual
dosimetry systems listed in ASTM Practice E2628).
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11.3.2.4 Processing at High or Low Temperatures—If the
response of dosimeters used for routine process control is
temperature dependent, exercise care when determining the
temperature of the dosimeter during irradiation of heated or
cooled products and when applying the appropriate tempera-
ture correction (see 10.3.9). Dosimeters that exhibit a highly
temperature-dependent response should not be placed in loca-
t10ns with large temperature gradrents (see Practlces for indi-

: ~ d v e£2628).

11.3.2.5 Bulk- Flow Irradiatiors—For some typgs of bulk-
flow irradiators (for example, those treating fluids of grains), it
might not be feasible during routine produet processing to
place dosimeters at the locations of minimrum and|maximum
absorbed dose. In such cases, add ,several dosimefers to the
product stream at the beginning, the middle, and ndar the end
of the production run. Each set.of\absorbed-dose megsurements
requires several dosimeters.fo,ensure that, at a spegified level
of confidence, the minimum.and maximum absorbed doses are
known. This procedure.requires that the dosimeters flow in the
same path through the-irradiation zone and at the sgme rate as
the product. See, fer’example, Ref (3).

11.4 Radiation-Sensitive Indicators (see ISO/ASTM Guide
51539)—In §ome applications, radiation-sensitive |indicators
(sometimes/’known as “go/no go” indicators) may pe used to
shownthat product has been exposed to a radiatipn source.
Heowever, these indicators provide only a qualitative{indication
of, radiation exposure. In addition, the color ¢hange of
radiation-sensitive indicators is not always stable ahd may be
affected by, for example, light or heat. Thus, their us¢ is neither
a substitute for nor a complement to the dosimetry procedures
described in 11.3. Also, while radiation-sensitive indjcators can
conveniently be used to assist in production inventory control,
they shall not be used to replace other administrativg inventory
control procedures.

12. Certification

12.1 Documentation

12.1.1 Equipment Documentation—Record or reference the
calibration and maintenance of equipment and instrgmentation
used to control or measure the absorbed doses delivpred to the
product (see ISO/ASTM Guide 51261).

12.1.2 Process Parameters—Record the process|parameter
values (see 11.2) affecting absorbed dose together [with suffi-
cient information identifying these parameters wifh specific
product lots or production runs.

12.1.3 Doszmetry—Record and document all dosimetry data
qualificat rformance
quahﬁcatlon (see Sectlon 10) and routine product processing
(see Section 11). Include date, time, product type, product
loading diagrams, and absorbed doses for all product pro-
cessed. Record the time of dosimeter analysis if the post-
irradiation stability of the dosimeters under the conditions of
use requires time-dependent corrections of the dosimetry
system calibration curve.

12.1.4 Dosimetry Uncertainty—Include estimates of the
measurement uncertainty of absorbed dose (see Section 13) in
records and reports, as appropriate.
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