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15554 E 1204-93 Practice for dosimetry in gamma irradiation facilities for food
processing

15555 E 1205-93 Practice for use of a ceric-cerous sulfate dosimetry system

15556 E 1261-94 Guide for selection and calibration of dosimetry systems for
radiation processing

15557 E 1275-93 Practice for use of a radiochromic film dosimetry system

15558 £-1276-96 Practice for use of a polymethylmethacrylate dosimetry system

15559 E 1310-94 Practice for use of a radiochromic optical waveguidel dosimetry
system

15560 E 1400-95a Practice for characterization and performance of a| high-dose
radiation dosimetry calibration laboratory

15561 E 1401-96 Practice for use of a dichromate dosimetry system
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15562 E 1431-91 Practice for dosimetry in electron and bremsstrahlung irradiation
facilities for food processing
15563 E 1538-93 Practice for use of the ethanol-chlorobenzene dosimetry system
15564 E 1539-93 Guide for use of radiation-sensitive indicators
15565 E 1540-93 Practice for use of a radiochromic liquid dosimetry system
15566 E 1607-94 Practice for use of the alanine-EPR dosimetry system
15567 E 1608-94 Practice for dosimetry in an X-ray (bremsstrahlung) facility for
radiation processing
15568 E 1631-96 Practice for use of calorimetric dosimetry systems for electron
beam dose measurements and dosimeter calibrations
15569 E 1649-94 Practice for dosimetry in an electron-beam faciljty for radiation
processing at energies between 300 keV and 25 MeV
15570 E 1650-94 Practice for use of cellulose acetate dosimetry system
15571 E 1702-95 Practice for dosimetry in a gamma irradiation facility ffor radiation
processing
15572 E 1707-95 Guide for estimating uncertainties in dosimetry fpr radiation
processing
15573 E 1818-96 Practice for dosimetry ip~an electron-beam facility for radiation
processing at energies bétween 80 keV and 300 keV
For the purposes of this International Standard, the following amendments to the ASTM text apply.
Page 1, subclause 1.1, note 1, and subclause 1.2
Replace note 1 and subclause 1.2 by the following.
1.2 Dosimetry is only one component of a total quality assurance program for an irradiation facility. Other
contro|s besides dosimetry may be required.for'specific applications such as medical device stefilization and
food pfeservation.
1.3 Fpr the irradiation of food and the-radiation sterilization of health care products, other specific 1SO
standdrds exist. For food irradiation, $see 1ISO 15554:1998, Practice for dosimetry in gamma irradigtion facilities
for fogd processing (ASTM Practice E 1204). For the radiation sterilization of health care pfoducts, see
ISO 11137:1995, Sterilization af health care products — Requirements for validation and routirte control —
Radiation sterilization. In those,areas covered by ISO 11137, that standard takes precedence.

Page 1, subclauses 1.3 and @4

Renumber

hese subclayses’as 1.4 and 1.5 respectively.
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Dosimetry in a Gamma Irradiation Facility for Radiation

Processing’

This standard is issued under the fixed dcsngnauon E 1702; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This practice outlines dosimetric procedures to be
followed in irrpdiator characterization, process qualification,
and routine prpcessing in a gamma irradiation facility. These
procedures en$ure that all product processed with ionizing
radiation fronmp isotopic gamma sources receive absorbed
doses within 4 predetermined range. Other procedures re-
lated to irradiafor characterization, process qualification, and
routine procesping that may influence absorbed dose in the
product are also discussed. Information about effective or
regulatory doge limits is not within the scope of this
document.

program for adherence to good manufacturing practices. Specific
applications of gamma radiation processing may require additional
controls.

NoOTE l—Do]‘mctry is one component of a total quality assurance

1.2 This prz
to all gamma
within a pred
food irradiatig
medical devic

ctice describes general procedures applicable
radiation processing requiring absorbed doses
ptermined range. For procedures specific .to
n, see Practice E 1204. The sterilization_of

specific process

including spec
sterilization, a
medical device

1.3 For guig

specific dosim
the product

E 1261 and Prj

E 1276, E 131
and E 1650.

gamma rays, S
1.4 This sta

safeiy concern

responsibility df the user of thzs slandard to eszabhsh appro-

priate safety a

ps is a regulated irradiation process (with
control requirements. These requirements,
ic dosimetry requirements for medical device
e given in Refs (1) and (2).2 ‘Guidelines for
sterilization are given in Refs (3) and (4).
ance in the selection, calibration, and use of
ters, and interpretation_of absorbed dose in
rom dosimetry measurements, see Guide
ctices E 666, E 668)E 1026, E 1205, E 1275,
, E 1400, E 140), E 1538, E 1540, E 1607,
or discussion: of radiation dosimetry for
e ICRU Report 14.

dard does not purport to address all of the
b, (2 any, associated with its use. It is the

a

bility of regulatory l:mualzons prior (o use.

2. Referenced

Documents

2.1 ASTM Standards:

! This practice is under the jurisdiction of ASTM Committee E-10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Dosimetry for Radiation Processing.

Current edition approved Sept. 10, 1995. Published November 1995.

2 The boldface numbers in parentheses refer to a list of references at the end of

this practice.

E 170 Terminology Relating to RadiationnM
and Dosimetry?

easurements

E 177 Practice for Use of the Terms Precision and Bias in

ASTM Test Methods*
E 456 Terminology Relating to/Quality and
E 666 Practice for Calculating Absorbed
Gamma or X Radiation3

Statistics*

Dose from

E 668 Practice for Application of Thermolyminescence-
Dosimetry (TLD) Systems for Determinipg Absorbed

Dose in Radiation Hardness Testing g
Devices?

f Electronic

E 1026 Practice) for Using the Fricke Reference Standard

Dosimetry.System3

E 1204 .Practice for Dosimetry in Gammga Irradiation

Facilities for Food Processing?
E 1205 Practice for Use of a Ceric-Cerous Su
etry System3

Ifate Dosim-

E 1261 Guide for Selection and Calibration ¢f Dosimetry

Systems for Radiation Processing?

E 1275 Practice for Use of a Radiochromic
etry System?

E 1276 Practice for Use of a Polymethyl
Dosimetry System3

Film Dosim-

methacrylate

E 1310 Practice for Use of a Radiochromic Optical

Waveguide Dosimetry System3
E 1400 Practice for Characterization and Perf

brmance of a

High-Dose Radiation Dosimetry Calibration Labora-

tory3
E 1401 Practice for Use of a Dichromats
System?
E 1431 Practice for Dosimetry in Electron
strahlung Irradiation Facilities for Food Pr
E 1538 Practice for Use of the Ethanol-Ch
Dosimetry System?
E 1539 Gunde for Use of Radlanon Sensmve

Dosimetry
and Brems-
bcessing?

lorobenzene

Indicators?

etry System3

Liquid Dosim-

E 1607 Practice for Use of the Alanine-EPR Dosimetry

System?

E 1650 Practice for Use of a Cellulose Acetate Dosimetry

System

E 1707 Guide for Estimating Uncertainties in Dosimetry

for Radiation Processing
2.2 ICRU Reports:

3 Annual Book of ASTM Standards, Vol 12.02.
4 Annual Book of ASTM Standards, Vol 14.02.
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ICRU Report 14 Radiation Dosimetry: X-Rays and
Gamma Rays with Maximum Photon Energies Between
0.6 and 50 MeV

ICRU Report 33 Radiation Quantities and Units

3. Terminology

3.1 Definitions—Other terms used in this practice are
defined in Terminology E 170 and ICRU Report 33.

3.1.1 absorbed dose—quantity of radiation energy im-
parted per unit mass of a specified material. The unit of
absorbed dose i i iv
the absorptior] of 1 J per kg (= 100 rad). The mathematical
relationship is|the quotient of dé by dm, where dé is the mean
energy imparted by ionizing radiation to matter of mass dm
(see ICRU 33).

D = de/dm

4.1.5 Polymerization of monomers and grafting of mono-
mers onto polymers; :

4.1.6 Control of pathogens in liquid or solid waste;

4.1.7 Enhancement of color in gemstones and other
materials;

4.1.8 Modification of characteristics of semiconductor
devices; and

4.1.9 Research on materials effects.

NoTe 2—Dosimetry is required for regulated irradiation processes
such as the sterilization of medical devices and the treatment of food. It
may be less important for other industrial processes, for example,

physical and chemical properties of the irradiated materi

4.2 Dosimeters are used as a means ,df’quality control of
the process by relating the measured,response of the dosim-
eter to radiation to the absorbed ddse in the prpduct or in a
specified material such as water

3.1.2 absorbed-dose mapping—measurement of the ab-

sorbed-dose d
the use of dos|

3.1.3 comp
during routin
taining less p

configuration

run to compe
3.1.4 dosin

measure the
confidence le

absorbed dosa

3.1.5 dosi
absorbed dos

struments an

procedures fo
3.1.6 irrad
ified loading
3.1.7 prod

irradiated seq
3.1.8 simu
ation and sca

Istribution within an irradiation unit through
meters placed at specified locations.

bnsating dummy—simulated product used
e production runs with irradiation units con-
roduct than specified in the product loading
or used at the beginning or end of a production
hsate for the absence of product.

eter set—one or more dosimeters used to
absorbed dose at a location to a desired
el and whose average reading is used as the

measurement at that location.

etry system—a system used for determining

, consisting of dosimeters, measurement in-
their associated reference standards, and

the system’s use.

ation unit—a volume of material with'a-spec-

onfiguration irradiated as a single entity.

ction run (continuous-flow irradiation)—a se-

ion units consisting of materials ‘or products
radiation-absorption characteristics that are

entially to a specified range-of absorbed dose.
ted product—a mass-of_material with attenu-

ering properties similar'to those of a particular

material or cpmbination of materials. This term is some-

times referre

to as dummy/product.

4.3 An irradiation process'usually requires

a minimum

absorbed dose to achieve the)desired effect. THere also may
be a maximum absorbed-dose that the product can tolerate

and still meet its functional specifications.
essential to the irradiation process since it is

Dosimetry is
used both to

determine theseg-limits and to confirm that the product is

irradiated withinthese limits.

4.4 The.absorbed-dose distribution within
dependscon” the overall product dimensions
irradiation geometry, and source activity dist

the product
and weight,
fibution. The

operating parameter that determines the absorbed dose is the

tither setting. The timer setting must be contro

reproducible results.

led to obtain

4.5 Before an irradiation process can be us¢d, the irradi-
ator must be qualified to determine its effectiveness in
reproducibly delivering known, controllable absorbed doses.

This involves testing the process equipment, ¢
equipment and dosimetry system, and chars
magnitude, distribution, and reproducibility of

dose delivered by the irradiator to a reference

4.6 To ensure consistent and reproducible dg

a qualified process, routine process control r
mented product handling procedures before
irradiation, consistent product loading configu

itoring of critical processing parameters, rou

dosimetry, and documentation of the required

alibrating the
cterizing the
the absorbed
material.

se delivery in
bquires docu-
hnd after the
rations, mon-
tine product
activities and

3.1.9 timen setting—patameter varied to control the time
during which [an irradiation unit is exposed to radiation.

4. Significande and Use
4.1 Varioup products and materials routinely are irradi-

functions.

5. Radiatiqn Source Characteristics

5.1 The radiation source used in a facility ponsidered in
this practice consists of sealed linear elemg¢nts (rods or

ated at predetermined doses at gamma irradiation facilities
to reduce their microbial population or to modify their
characteristics. Dosimetry requirements may vary depending
upon the irradiation application and end use of the product.
Some examples of irradiation applications where dosimetry
may be used are:

4.1.1 Sterilization of medical devices;

4.1.2 Treatment of food for the purpose of parasite and
pathogen control, insect disinfestation, and shelf life exten-
sion;

4.1.3 Disinfection of consumer products;

4.1.4 Cross-linking or degradation of polymers and
elastomers;

“pencils”) of cobalt-60 or cesium-137 arranged in one or
more planar or cylindrical arrays. Cobalt-60 and cesium-137
sources decay at known rates, emitting photons with known
energies. Between source additions, removals, or redistribu-
tions, the only variation in the source output is the steady
reduction in the activity due to the radioactive decay.

6. Types of Facilities and Modes of Operation

6.1 Radiation processing facilities may be categorized by
irradiator type (for example, container or bulk flow), con-
veyor system (for example, shuffle-dwell or continuous), and
operating mode (for example, batch or continuous). Product
may be moved to the location in the facility where the
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irradiation will take place either while the source is shielded
(batch operation), or while the source is exposed (continuous
operation) Product may be transported in irradiation con-

nnifarm contrall
uniform controlled SpCCa

imare oot ennrea at o

LdlllClb past thc QUUILL at a
(continuous conveyance), or instead may undergo a series of
discrete controlled movements separated by controlled time
periods during which the irradiation container is stationary
(shuffle-dwell). The source may extend above and below the
product (overlapping source) or the product may extend
above and below the source (overlappmg product). For the

overlapping product configuration, the irradiation unit is

anead

8.2.1 Establish and document the irradiator qualification
program that demonstrates that the irradiator, operating
within specified limits, will consistently produce an ab-

snrland_A Aigtrihat m
sorbed-dose distribution in a given product to predetermined

specification. Such documentation shall be retained for the
life of the irradiator, and shall include:
8.2.1.1 A description of the instrumentation and equip-
ment for ensuring the reproducibility, within specified limits,
of the source-to-product geometry and of the time the
product spends at different locations in the irradiation zone.
8.3 Equipment Testing and Calibration:

moved past the source at two or more different levels. For
irradiators wjth rectangular source arrays, the irradiation
container gc ra]ly makes one or more passes on each side of
the source. In bulk-flow irradiators, products such
flour flow in Joose form past the source.

6.2 For low absorbed-dose applications that may require
particularly High mechanical speed, various techniques are
used to reduge the absorbed-dose rates. These may include
use of only 4 portion of the source, use of attenuators, and
irradiation at| greater distances from the source.

6.3 The dgtails of a particular irradiator design and the
mode of opefation affect the delivery of absorbed dose to a
product. Thgy therefore should be considered when per-
forming the pbsorbed-dose measurements required in Sec-
tions 8, 9, and 10.

ng orain Ar
1 ad pliaiil Ui

7. Dosimetry Systems

7.1 Dosimietry systems used to determine absorbed dose
e absorbed dose range of interest and shall be

dosimetry syjtem be evaluated for those parameters associ-
ated with gamqma irradiation facilities that may influeénce the
dosimeter response, for example, gamma-ray energy, ab-
sorbed-dose [rate, and environmental conditions such as
temperature, | humidity, and light. Guidance as to desirable
characteristios and selection criteria canbe“found in Guide
E 1261. Detajls for individual dosimetry systems are given in
Practices E 1026, E 1205, E 1275,E-276, E 1310, E 1401,
E 1538, E 1540, E 1607, and E 4650.

7.3 Dosimetry System Calibration—It is important that
the dosimetry system used iSproperly calibrated with calibra-
tion traceable to a recognized national or international
standard. G{idance for c¢alibration can be found in Guide
E 1261.

8. Installatign“Qualification

8.3.1 Processing Equipment—The absorbef dose in the
product in an irradiation container depends)ot} the operating
parameters of the irradiation facility, which arg controlled by
the processing equipment and instrumentation.

8.3.1.1 Test all processing equipment and instrumenta-
tion that may influence absorbed dose in order to verify

or within the design

nticfantar ntian 1 3
5atlisiaCiory opfraiion of the “irradiat

specifications.
8.3.1.2 Implement a.documented calibration program to
ensure that all progessing equipment and instrumentation
that may influence absorbed dose are calibrated periodically.
8.3.2 Analytical Equipment—The accurady of the ab-
sorbed-dose measurement depends on the cofrect operation
and calibration of the analytical equipment used in the
analysis ‘of the dosimeters.
83.2.1 Check the performance of the an lytxcal equip-
ment penodlcally to ensure that the equip
tioning in accordance with performance spedifications. Re-
peat this check following equipment mgdification or
servicing and prior to the use of the equipment for a
dosimetry system calibration. This check can be accom-
plished by using standards such as calibrated pptical density
filters, wavelength standards, or calibrated thickness gages
supplied by the manufacturer or national (or accredited
standards laboratories. The correct pefnformance of
dosimetry analysis equipment also can be demonstrated by
showing that the analysis results from dosjmeters, given
known absorbed doses, are in agreement with the expected
results within the limits of the dosimetry system uncertainty.
However, this method is only applicable to feference stan-
dard dosimetry systems where the long-term §tability of the
response has been demonstrated and documented.
8.3.2.2 Implement a documented calibratipn program to
ensure that all analytical equipment used in the analysis of
dosimeters is calibrated periodically.
8.3.2.3 Prior to each use of an analyticjl instrument,

8.1 Objective:

8.1.1 The purpose of dosimetry in qualifying a gamma
irradiation facility is to establish baseline data for evaluating
the effectiveness, predictability, and reproducibility of the
system under the range of conditions over which the facility
will operate. For example, dosimetry shall be used (/) to
establish relationships between absorbed dose in a reproduc-
ible geometry and the operating parameters of the facility,
(2) to characterize dose variations when these conditions
fluctuate statistically and through normal operations, and (3)
{0 measure absorbed dose distributions in reference mate-
rials.

8.2 Equipment Documentation:

Check the zero setting and, if applicable, the full scale
reading.

8.4 Irradiator Characterization:

8.4.1 The absorbed dose received by any portion of
product in an irradiation unit depends on facility parameters
such as the activity and geometry of the source, the source-
to-product distance, and the irradiation geometry, and on
processing parameters such as the irradiation time, the
product composition and density, and the product loading
configuration.

8.4.2 The absorbed-dose rate and absorbed-dose distribu-
tion in the product will change during movement of the
irradiation unit. Therefore, changing from one absorbed dose
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to another by direct scaling of the time setting may or may
not be valid (see 9.3.3).

8.4.3 To ensure that product near the source is processed
within specifications, additions to the absorbed dose re-
sulting from the movement of the source to and from the
irradiation position should be considered and quantified.

8.4.4 The irradiator characterization process includes
mapping the absorbed-dose distributions in irradiation units
containing actual or simulated product. Dosimetry data
from previously characterized irradiators of the same design
or theoretical calculations may prov1de useful mformauon

for determining

this characteri

NoTE 3—Theqg
lytical method suq
method (6). In
approximated by

dose at each dost

contribution from|
dose point is depe

ation process.

retical calculations may be performed using an ana-
h as the point-kernel method (5) or the Monte Carlo
he point-kernel method, the radiation source is
lifferential isotropic point sources. The total absorbed
point is obtained by summing the absorbed-dose
each isotropic source point. The absorbed dose at a
hdent mainly upon the energy of the gamma radiation

and the effective tomic number, density, and thickness of the materials

located between ¢
encapsulation ma
the Monte Carlo
determined from
trajectories of ph
order to obtain a
example, scatteriy
sufficiently large 1
dose point is reag

he source point and dose point (for example, source
lerial, product, and metal containers or supports). In
method, the total absorbed dose at a dose point is
he energy distribution at that point by modelling the
tons and electrons through the absorbing media. In
ood statistical representation of their interactions (for
g or absorption) within the media, the paths of a
umber of photons and electrons are followed until the
hed. Like the point-kernel method, the Monte Carlo

method requires [a knowledge of relevant properties of all materials

between the sourg

8.4.4.1 Map
dimensional pl
or simulated p
amount of prd
amount expec
placement pat
locations of th
more dosimete
locations likely]
further inform4

see Refs (7-13).

8.4.4.2 For
dwell time, an
results in a de
maximum absd
may decrease,
absorbed dose;

e and dose points.

the absorbed-dose distribution by a three-
hcement of dosimeters throughout the actudl
roduct. For this general characterization; the
duct in the irradiation units should-'be the
ed during typical irradiation runs-Select
erns that can most probably tidentify the
e absorbed-dose maxima and-minima. Place
s in these locations, and fgwer’dosimeters in
to receive intermediate-absorbed doses. For
tion on the use and placement of dosimeters,

h given process<irradiation time or product
increase in {he product density generally
trease in the/minimum absorbed dose. The
rbed dosevmay not change appreciably or it
but to,a lesser degree than the minimum
therefore, the dose uniformity ratio increases.

8.4.5 Chang

ps-in' the source loading, source geometry, or

the product through the irradiation zone. Enough dosimeters
should be used to obtain statistically significant results.
Calculation of the minimum and maximum absorbed doses
may be an appropriate alternative (10, 13).

9. Process Qualification

9.1 Objective:

9.1.1 Absorbed-dose requirements vary depending upon
the application and type of product being irradiated. Irradi-
ation apphcatlon 1s usually assocxated wnh a minimum

: maximum
absorbed dose requirement. For a given application, one or
both of these limits may be prescribed'-by [regulations.
Therefore, the objective of process qualification|is to ensure
that absorbed dose requirements are satisfied. This is accom-
plished by absorbed-dose mapping of specific pgroducts and
product loading configurations foydetermine the minimum
and maximum absorbed doses, the locations jpf the min-
imum and maximum absorbed-dose regions, amd the timer
setting necessary to achigvé absorbed dose within the set
requirements,

9.2 Determination of Product Loading Configuration:

9.2.1 A producCtyjoading configuration for irrafdiation shall
be established €or €ach product type. The documjentation for
this loading\configuration shall include specifications for
parameters that influence the radiation proces$ing such as
productsize, product mass, or product density.

9.3 Product Absorbed-Dose Mapping:

9:3.1 Establish the locations of the regions qf minimum
and maximum absorbed dose for the selected product and
product loading pattern. This is accomplished by placing
dosimeters throughout the volume of interest| for one or
more irradiation units. Select placement pattefns that can
most probably identify the locations of the ablsorbed dose
extremes using data obtained from other absorbed-dose
mapping studies or from theoretical calculatiops. Concen-
trate dosimeters in regions of minimum and maximum
absorbed dose with fewer dosimeters placed in afeas likely to
receive intermediate absorbed dose. Dosimeter films in
sheets or strips also may be employed to optain useful
information.

9.3.2 Consideration should be given to possible variations
in the absorbed doses measured in similar |ocations in
different irradiation units caused by variations in| the product
or product distributions. Timer settings chosen| for routine
processing should take this variation into accouft.

9.3.3 Ensure that the absorbed dose rece|ved during
movement of the source or irradiation units| during the

product transport system can affect the absorbed-dose distri-

bution.

If such a change is made,

perform sufficient

dosimetry to confirm that the change has not affected the

absorbed-dose
sorbed-dose dis

distribution, or to determine the new ab-
tribution.

8.4.6 Use the results of the irradiator characterization as a
guide for dosimeter placement for process qualification as
discussed in Section 9.

8.4.7 The procedures for absorbed-dose mapping outlined

in this section may not be feasible for some types of
bulk-flow irradiators. In this case, minimum and maximum
absorbed doses should be estimated by using an appropriate
number of dosimeters mixed randomly with and carried by

absorbed-dose mapping is small compared to the total
absorbed dose. If this requirement is met, the absorbed dose
will be related directly to the timer setting, and changes to
the absorbed dose can be obtained by adjustment of the
timer setting. If this requirement cannot be met, the ab-
sorbed-dose mapping shall be performed using the timer
setting estimated to be required for the routine production
runs and repeated if there is a significant change in the timer
setting.

9.3.4 If changes that could affect the magnitude or loca-
tion of the absorbed dose extremes are made to the facility or
mode of operation, repeat the absorbed-dose mapping to the
extent necessary to establish the effects.
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9.3.5 If the locations of absorbed-dose extremes identified
during the absorbed-dose mapping procedure of 9.3.1 are not
readily accessible during production runs, alternative posi-
tions may be used for routine dosimetry. The relationships
between the absorbed doses at these alternative reference
positions and the absorbed dose extremes shall be estab-
lished, shown to be reproducible, and documented.

9.3.6 Results from the absorbed-dose mapping measure-
ments will determine the timer setting to be used in the
production run to ensure that prescnbed absorbed dose
requirements wth produe :
uncertainties in the absorbed-dose measurement and the
inherent variations in the radiation process, it is advisable to
set the operatjng parameters to deliver an absorbed dose
greater than tije prescribed minimum and smaller than the
prescribed maximum, if applicable (13, 14).

9.3.7 For bylk-flow irradiators, absorbed-dose mapping as
described in 9.p.1 may not be feasible. In this case, absorbed-
dose extremes| may be estimated by using an appropriate
number of dosimeters mixed with and carried by the product
through the irfadiation zone. Enough dosimeters should be
used to obtain| statistically significant results. Calculation of
the absorbed-dose extremes may be an appropriate alterna-
tive (10, 13).

9.3.8 If the| absorbed-dose mapping procedure of 9.3.1
reveals that thg measured absorbed-dose extremes are unac-
ceptable, it mdy be possible to alter these values by changing
the operating )f[arameters or by using attenuators or compen-

sating dummy] Alternatively, it may be necessary to change
the product lopding pattern of the irradiation unit.

10. Routine Product Processing

10.1 Processing Parameters:

10.1.1 For product processing, set the operating-parame-
ters as established during process qualification, taking into
account sourcg decay.

10.1.2 Confrol, monitor, and documentythe operating
parameters to| ensure that the product (nj€ach irradiation
unit is processed in accordance with gpecifications.

10.1.3 If tHese operating paramegters deviate from pre-
scribed procesping limits, take appropriate action.

10.1.4 End|Units—The first and last irradiation units of a
production r¢n may undérgo changes in absorbed-dose
distributions, ncludmg changes in the location and magni-
tude of the minimum ‘ahd maximum absorbed dose, which
are caused by |differences in the radiation-absorption charac-
teristics of product.in the preceding and following produc-
tion run. If priof-dosimetry data indicate the existence of an

from partial loading in some cases may be minimized by the
use of compensating dummy placed at appropriate locations
in the irradiation unit.

10.2 Routine Production Dosimeltry:

10.2.1 Routine production dosimetry is part of the verifi-
cation process for establishing that the irradiation process is
under control.

10.2.2 Ensure that the product receives the required
absorbed dose within the specified limits by employing
proper dosrmetry procedures wrth appropnate statistical

es involve the
described in

use of routme in-plant dosxmetry performed as
10.2.2.1 through 10.2.2.5.

10.2.2.1 Dosimeter Location—Place idosimefer sets in or
on the product in selected irradiationlunits at pfedetermined
locations of the maximum and minimum absorbed dose (see
9.3.1), or at the alternative referénce positions determined in
9.3.5.

10.2.2.2 Placement Frequéncy—Select a sufficient num-
ber of irradiation units-ofiwhich to place dosimeter sets in
order to verify that thie dose absorbed by the [product falls
within specified limits. Place dosimeter sets|at locations
described in 102:2:1 in the first and last irradiation units of
the production’ rin to confirm that the absogbed doses at
these locations are within the specified limits. Dosimeter
locations<er interpretations of results should take into
considération possible changes in absorbed dose distributions
in these units (10.1.4). For short production ryns, available

1

dosimetry data may be useful in determining if it is actually
Hecessary to place dosimeter sets in intermediate irradiation
units.

NoTe 5—The absorbed dose distribution in the irrpdiation unit is
already known from the dose mapping effort described in Section 9 and
from the equipment operating parameters (dwell time/ etc). However,
the use of a sufficient number of strategically placed dosimeter sets
serves to confirm that the absorbed doses within the spedified range have
been achieved. Some examples of acceptable dosimjeter placement
frequency are the use of sufficient dosimeter sets so that the absorbed-
dose measurements are made in an irradiation unit at lepst once every 8
hours, or the use of sufficient dosimeter sets so that thefe is at least one
irradiation unit containing a dosimeter set being irradidted at all times.
For operation in the batch mode, it is desirable to placg dosimeter sets
on at least one irradiation unit for each product typq in each batch.
More frequent placement of dosimeters during the prodiction run could
result in less product rejection should some operationgl uncertainty or
failure arise.

10.2.2.3 Environmental Effects—A change in the environ-
ment (for example, temperature or humidity) ¢f a dosimeter

unacceptable absorbed-dose distribution for the end units,
place compensating dummy in adjacent units to make the
absorbed-dose distributions acceptable.

NoOTE 4—For some batch irradiators, there may be no end units
when the irradiator is filled with product from one production run.

10.1.5 Partially Loaded Units—For irradiation units con-
taining less product than specified in the product loading
pattern (see 9.2.1), ensure that absorbed-dose mapping data
exist to confirm that the absorbed doses will be within the
specified limits. If absorbed-dose mapping data are not
available, perform the dose mapping procedure of 9.3.1 to
ensure that the absorbed-dose distributions are characterized
adequately. Changes to the absorbed dose distribution arising

before-during-andafter the irradiation processimay affect its
response. If requ1red, correct the dosimeter response for any
such effect. See Guide E 1261 and Practices for individual
dosimetry systems listed in 2.1.

10.2.2.4 Radiation Processing at High or Low Tenipera-
tures—If the response of dosimeters used for routine process
control is temperature-dependent, exercise care when deter-
mining the temperature of the dosimeter during irradiation
and apply the appropriate temperature correction. Dosime-
ters that exhibit a highly temperature-dependent response
should not be placed in locations with large temperature
gradients.

10.2.2.5 Bulk-Flow Irradiators—For some types of bulk-
flow irradiators such as those treating fluids or grains, where
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