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second edition cancels and replaces the first edition (ISO/ASTM 51431:2002), which has been technically
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INTERNATIONAL

Standard Practice for

Dosimetry in Electron Beam and X-Ray (Bremsstrahlung)
Irradiation Facilities for Food Processing’

This standard is issued under the fixed designation ISO/ASTM 51431; the number immediately following the designation indicates the

e ab-ailast-rerision

Ve b-ai-oriainal-adontioR-—t—ta-th a8 £ 154 th.
P T T

during operational qualification, performance quali-
and routine processing in facilities that process food
h-energy electrons and X-rays (bremsstrahlung) to
at product has been treated within a predetermined
absorbed dose. Other procedures related to operational
tion, performance qualification and routine processing
influence absorbed dose in the product are also
. Information about effective or regulatory dose limits
products, and appropriate energy limits for electron

fication
with hi
ensure

beams ysed directly or to generate X-rays is not within the
scope this practice (see ASTM Guides F 1355, F 1356,
F 1736, ]and F 1885).

Note —Dosimetry is only one component of a total quality assurance
program [for adherence to good manufacturing practices used in the
productiop of safe and wholesome food.

Note 2—ISO/ASTM Practice 51204 describes dosimetric procedures
for gamnfa irradiation facilities for food processing.

1.2 Fpr guidance in the selection and calibration ofrdosim-

etry sysfems, and interpretation of measured absortbed*dose in
the product, see ISO/ASTM Guide 51261 and ASTM Practice
E 666. For the use of specific dosimetry systems, see ASTM
Practicep E 1026 and E 2304, and ISO/ASTM. Practices 51205,
51275, 31276, 51310, 51401, 51538, 51540; 51607, 51650 and
51956. For discussion of radiation desimetry for electrons and
X-rays glso see ICRU Reports 35 and 14. For discussion of
radiatiof dosimetry for pulsedradiation, see ICRU Report 34.

1.3 While gamma radiation~from radioactive nuclides has
discrete| energies, X-raysy+«bremsstrahlung) from machine
sources fover a wide rdnge’of energies, from low values (about
35 keV) to the energy of the incident electron beam. For
informafion concerning electron beam irradiation technology
and dosimetryssee ISO/ASTM Practice 51649. For information
concernjng” X-ray irradiation technology and dosimetry, see
ISO/ASTM Practice 51608.

1.4 This standard does not purport to address|all of the
safety concerns, if any, associated with.its use| It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices andydetermine tHe applica-
bility of regulatory limitations prio¥, to use.

2. Referenced documents

2.1 ASTM Standards: >
E 170 Terminology. Reélating to Radiation Medsurements
and Dosimetry,
E 666 Practice for'Calculating Absorbed Dose frdm Gamma
or X Radiatipn
E 1026 _Practice for Using the Fricke Referenc¢ Standard
Dosiinetry System
E 2232 Guide for Selection and Use of Mathematical Mod-
¢ls for Calculating Absorbed Dose in Radiation Processing
‘Applications
E 2303 Guide for Absorbed-dose Mapping in|Radiation
Processing Facilities
E 2304 Practice for Use of a LiF Photo-Fluorescent Film
Dosimetry System
F 1355 Guide for Irradiation of Fresh Fruits as a Phytosani-
tary Treatment
F 1356 Guide for Irradiation of Fresh and Frozen| Red Meat
and Poultry to Control Pathogens and Other Mlicroorgan-
isms
F 1736 Guide for Irradiation of Finfish and Shellfish to
Control Pathogens and Spoilage Microorganisnjs
F 1885 Guide for Irradiation of Dried Spices, Herbs, and
Vegetable Seasonings to Control Pathogens pnd Other
Microorganisms
2.2 ISO/ASTM Standards:?
51204 Practice for Dosimetry in Gamma Irradiation Facili-
ties for Food Processing
51205 Practice for Use of a Ceric-Cerous Sulfate [Dosimetry
System
51261 Guide for Selection and Calibration of [Dosimetry

! This practice is under the jurisdiction of ASTM Committee E10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Dosimetry for Radiation Processing, and is also under the jurisdiction of
ISO/TC 85/WG 3.

Current edition approved by ASTM Oct. 1, 2004. Published May 15, 2005.
Originally published as E 1431-91. Last previous ASTM edition E 1431-98<',
ASTM E 1431-91 was adopted by ISO in 1998 with the intermediate designation
ISO 15562:1998(E). The present International Standard ISO/ASTM 51431:2005(E)
is a major revision of the last previous edition ISO/ASTM 51431:2002(E), which
replaced ISO 15562.

© ISO/ASTM International 2005 — All rights reserved
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51275 Practice for Use of a Radiochromic Film Dosimetry
System
51276 Practice for Use of a Polymethylmethacrylate Do-
simetry System

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.
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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

51538 Practice for Use of the Ethanol-Chlorobenzene Do-
simetry System

51539 Guide for Use of Radiation-Sensitive Indicators

51540 Practice for USe of a Radiochromi
etry Jystem

51607 Practice for Use of the Alanine-EPR Dosimetry
Syste

51608 Practice for Dosimetry in an X-ray (Bremsstrahlung)
Facility for Radiation Processing

51631 Practice for Use of Calorimetric Dosimetry Systems
for Electron Beam Dose Measurements and Dosimeter
Calibyations

51649 Practice for Dosimetry in an Electron Beam Facility
for Rpdiation Processing at Energies Between 300 keV

and 25 MeV
51650 Practice for Use of a Cellulose Triacetate Dosimetry
Syste

51707 uide for Estimating Uncertainties in Dosimetry for
Radigtion Processing

51956 Practice for Thermoluminescence Dosimetry (TLD)
Systefns for Radiation Processing

2.3 Infernational Commission on Radiation Units and

Measuremgents (ICRU) Reports:?

ICRU Report 14 Radiation Dosimetry: X Rays and Gamma
Rays with Maximum Photon Energies Between 0.6 and 50
MeV

ICRU Report 34 The Dosimetry of Pulsed Radiation

ICRU Report 35 Radiation Dosimetry: Electroir Beams
with Energies Between 1 and 50 MeV

ICRU Report 37 Stopping Powers for. Electrons and
Positjons
ICRU Report 60 Fundamental Quantities and Units for

Ionizing Radiation

3. Terminology

3.1 Deffnitions:

3.1.1 absorbed dose,/D>~quantity of ionizing radiation
energy imparted per unit~mass of a specified material. The SI
unit of abpsorbed dose is the gray (Gy), where 1 gray is
equivalen| to the absorption of 1 joule per kilogram of the
specified paterial (1 Gy = 1 J/kg). The mathematical relation-
ship is the“guotient of dé by dm, where d€ is the mean

ALy

i’

selected as the specified material for defining absorbed dose. In
practice, dosimeters are most often calibrated in terms of dose
to water. That is, the dosimeter measures the dose that water
would absorb if it were placed at the location of the dosimeter.
Water is a convenient medium to use because it is universally
available and understood, and its radiation absorption and
scattering properties are close to those of tissue. The require-
ment of tissue-equivalency historically originates from
i fmethe tem-
perature increase in an irradiated material, it is m&cgssary to
know the absorbed dose in that material. This\may be deter-
mined by applying conversion factors in_-accordarjce with
ISO/ASTM Guide 51261.
3.1.2 absorbed-dose mapping (ferva process |load)—
measurement of absorbed dose within a process logd using
dosimeters placed at specified loeations to produce a ote-, two-
or three-dimensional distribution of absorbed dose, thus ren-
dering a map of absorbed-dose’ values.
3.1.3 average beam eurrent—time-averaged electrpn beam
current.
3.1.3.1 Discussion—For a pulsed machine, the ayeraging
shall be done ovéna large number of pulses.
3.1.4 beamength—dimension of the irradiation zope along
the direction‘ef product movement, at a specified distafce from
the accelerator window (see Fig. 1).
3.1 Discussion—(1) This term usually applies|to elec-
trofyjirradiation. (2) Beam length is therefore perpendjcular to
beam width and to the electron beam axis. (3) In chse of a
low-energy, single-gap electron accelerator, beam length is
equal to the active length of the cathode assembly in pacuum.
(4) In case of product that is stationary during irrjdiation,
‘beam length’ and ‘beam width’ may be interchangeaple.
3.1.5 beam width—dimension of the irradiation zpne per-
pendicular to the direction of product movement, at a §pecified
distance from the accelerator window (see Fig. 1).
3.1.5.1 Discussion—(1) This term usually applies|to elec-
tron irradiation. (2) Beam width is therefore perpendjcular to

radiation-tnerapy applications. HOWEVeT, 10 dCIeTINge

incremental energy imparted by ionizing radiation to matter of
incremental mass dm (see ICRU 60).

D = dé/dm (1)
3.1.1.1 Discussion—The discontinued unit for absorbed

dose is the rad (1 rad = 100 erg/g = 0.01 Gy). Absorbed dose is
sometimes referred to simply as dose. Water is frequently

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

CONVEYOR—

LENGTH

FIG. 1 Diagram showing beam length and width for a scanned
beam using a conveyor system

© ISO/ASTM International 2005 — All rights reserved
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beam length and to the electron beam axis. (3) In case of
product that is stationary during irradiation, ‘beam width’ and
‘beam length’ may be interchangeable. (4) Beam width may be
quantified as the distance between two points along the dose
profile, which are at a defined fraction of the maximum dose
value in the profile (see Fig. 2). (5) Various techniques may be
employed to produce an electron beam width adequate to cover
the processing zone, for example, use of electromagnetic

ALy
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3.1.8.1 Discussion—Values of r, for a wide range of elec-
tron energies and for several materials are tabulated in ICRU
Report 37.

3.1.9 depth-dose distribution—variation of absorbed dose
with depth from the incident surface of a material exposed to
a given radiation (see Fig. 3 for a typical distribution).

3.1.9.1 Discussion—Depth-dose distributions for several
homogeneous materials produced by electron beams of differ-

scanning Of pencit beam (N WIICT Case beam WidtT 1S aiso
referred|to as scan width), defocusing elements, and scattering
foils.

3.1.6 |bremsstrahlung—broad-spectrum electromagnetic ra-
diation pmitted when an energetic charged particle is influ-
enced by a strong electric or magnetic field, such as that in the
vicinity [of an atomic nucleus.

3.1.6.|l Discussion—In radiation processing, bremsstrahl-
ung ph¢tons with sufficient energy to cause ionization are
generatdd by the deceleration or deflection of energetic elec-
trons infa target material. When an electron passes close to an
atomic fucleus, the strong coulomb field causes the electron to
deviate [from its original motion. This interaction results in a
loss of [kinetic energy by the emission of electromagnetic
radiatiof. Since such encounters are uncontrolled, they produce
a continpious photon energy distribution that extends up to the
maximym kinetic energy of the incident electron. The
bremsstfahlung spectrum depends on the electron energy, the
composition and thickness of the target, and the angle of
emissiof with respect to the incident electron. Even though
bremsstfahlung has broad energy spectrum, the energy of the
incidenf electron beam is referred to as the noniifal
bremsstfahlung energy.

3.1.7| compensating dummy—See simulated “product
(3.1.35)

3.1.8| continuous-slowing-down-approximation  range
(CSDA fange), ry—average path length traveled by a charged
particle| as it slows down to rest, caleulated under the
continugus-slowing-down approximation” (see ICRU Report
35).

0.1
0.1$ -
014 |- }MWMWM ——Dmax
0.13 WIDTH ~— Dmax
0123

011 |-

0:0! §

DOSE (kGy)

ent energies are shown in ISO/ASTM Practice 5JI6419.

3.1.10 dose uniformity ratio (for a process {oad)—ratio of
the maximum to the minimum absorbed~dose ithin the
process load. The concept is also referred’ to”as th¢ max/min
dose ratio.

3.1.11 dosimeter set—one or ,thofe dosimeterf used to
measure absorbed dose at a Joc€ation and whode average
response is used to determinetabsorbed dose at thaf location.

3.1.12 dosimetry systen==system used for deterinining ab-
sorbed dose, consisting\of dosimeters, measurement instru-
ments and their associated reference standards, and procedures
for the system’s uge:

3.1.13 electron beam energy—average kinetic engrgy of the
accelerated electrons in the beam. Unit: J

3.1.13.4 Discussion—Electron volt (eV) or its multiples is
often_used as the unit for electron (beam) energy, where 1 eV
= 1.602 X 10" J (approximately).

3.1.14 electron beam range—penetration distahce of an
¢lectron beam along its axis in a specific, totally|absorbing
material.

3.1.14.1 Discussion—This quantity may be dg¢fined and
evaluated in several ways. For example, ‘extrapolat¢d electron
beam range, R,,’ (see 3.1.16), ‘practical electron bgam range,

T+ SR,

R S e Ll s ]

D2 prmvrmrmmcnccrnancani=—-

ABSORBED DOSE (%)

b = -
T

1
{
i
t
]
{

RS-

0.07
0.08 |-
0.08 -
0.04 |-
0.03 -
0.02 -
0.0%

80 30 10 10 30 50
DISTANCE (cm)

FIG. 2 Example of measured electron-beam dose distribution
along the beam width, where the beam width is noted at some
defined fractional level f of the average maximum dose D,

© ISO/ASTM International 2005 — All rights reserved
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DEPTH (ARBITRARY UNITS)

Note—The peak-to-surface dose ratio depends on the energy of the
incident electron beam (ICRU Report 35). The distribution shown here is
typically for about 10 MeV electrons. For this case, R= R,,, since X-ray
background is negligible. For the case where R, is not equal to R, see
ISO/ASTM Practice 51649, Annex Al.

FIG. 3 Typical (idealised) depth-dose distribution for an electron
beam in a homogeneous material composed of elements of low
atomic number

ex’
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R, (see 3.1.23), and ‘continuous-slowing-down-
approximation range, r,’ (see 3.1.8). R, and R can be
determined from measured depth-dose distributions in a refer-
ence material (see Fig. 3). Electron range is usually expressed
in terms of mass per unit area (kg-m’z), but sometimes in terms
of thickness (m) of a specific material.

3.1.15 electron energy spectrum—particle fluence distribu-
tion of electrons as a function of energy.

ALy

i’

3.1.26 production run (for continuous-flow and shuffle-
dwell irradiations)—series of process loads consisting of
materials or products having similar radiation-absorption char-
acteristics, that are irradiated sequentially to a specified range
of absorbed dose.

3.1.27 pulse rate—pulse repetition frequency in hertz (Hz).

3.1.27.1 Discussion—(1) This is relevant to a pulsed accel-
erator. (2) It is also referred to as pulses per second or

3.1.16 Ixtrapolated eleciron beam range, R.,—depth from
the incident surface of a reference material where the electron
beam entefs to the point where the tangent at the steepest point
(the inflecion point) on the almost straight descending portion
of the depth-dose distribution curve meets the depth axis.

3.1.16.1) Discussion—Under certain conditions, R..= R,
which is shown in Fig. 3. These conditions generally apply to
foodstuff irradiated at electron energy equal to or less than 10
MeV. Alsq see 3.1.23.

3.1.17 half-entrance depth, (Rsy.)—depth in homogeneous
material af which the absorbed dose has decreased to 50 % of
the absorbed dose at the entrance surface of the material (see
Fig. 3).

3.1.18 half-value depth (Rs,)—depth in homogeneous ma-
terial at which the absorbed dose has decreased 50 % of its
maximum|value (see Fig. 3).

3.1.19 installation qualification (IQ)—obtaining and docu-
menting ¢gvidence that the irradiator, with all its associated
equipmenf and instrumentation, has been provided and in-
stalled in pccordance with specification.

3.1.20 ¢perational qualification (OQ)—obtaining and docu;
menting eyidence that installed equipment and instrumentation
operate within predetermined limits when used in accordance
with operdtional procedures.

3.1.21 @ptimum thickness (R,,)—depth in homégeneous
material af which the absorbed dose equals the ‘absorbed dose
at the surfpce where the electron beam enters (see Fig. 3).

3.1.22 performance qualification (PQ)—obtaining and
ng evidence that the equipment-and instrumentation,

incident spirface of a réference material where the electron
beam entefs to the pemt{where the tangent at the steepest point
(the inflection pointhoh the almost straight descending portion
of the depth-dose~distribution curve meets the extrapolated
X-ray background (see Fig. 3). See ISO/ASTM 51649 for more
details.

3.1.23.1 Discussion—TFor energies below about 10 MeV, the
X-ray background created by the incident electrons is insig-
nificant for materials composed of elements with low atomic
numbers (such as foodstuff). For this case, R,= R.,(see 3.1.16).

3.1.24 primary-standard dosimeter—dosimeter of the high-
est metrological quality, established and maintained as an
absorbed-dose standard by a national or international standards
organization (see ISO/ASTM Guide 51261).

3.1.25 process load—volume of material with a specified
product loading configuration irradiated as a single entity.

Tepetition (rep) rate.
3.1.28 pulse width—time interval between twopoints on the
leading and trailing edges of the pulse beam current wapveform
where the current is 50 % of its peak value,
3.1.28.1 Discussion—This is relevant tdya pulsed gccelera-
tor.
3.1.29 reference material—material with one or mdre prop-
erties, which are sufficiently weéll\established to be fised for
calibration of an apparatus, the assessment of a meaqurement
method, or for assigning yvalues to materials.
3.1.30 reference plane~>selected plane in the radiatjon zone
that is perpendicular ‘to)the electron beam axis.
3.1.31 reference~standard dosimeter—dosimeter jof high
metrological guality used as a standard to provide rpeasure-
ments tracegble to measurements made using primary-ptandard
dosimetefs/(see ISO/ASTM Guide 51261).
3.1.32vroutine dosimeter—dosimeter calibrated apainst a
primary-, reference-, or transfer-standard dosimeter gnd used
forCroutine absorbed-dose measurements (see IS(/ASTM
Guide 51261).
3.1.33 scanned beam—electron beam that is swept back and
forth with a varying magnetic field.
3.1.33.1 Discussion—This is most commonly dore along
one dimension (beam width); although two-dimensiorjal scan-
ning (beam width and length) may be used with highf-current
electron beams to avoid overheating the beam exit winhdow, or
the X-ray target.
3.1.34 scan frequency—number of complete §canning
cycles per second expressed in Hz.
3.1.35 simulated product—material with radiation |attenua-
tion and scattering properties similar to those of the product,
material, or substance to be irradiated.
3.1.35.1 Discussion—Simulated product is used dpring ir-
radiator characterization as a substitute for the actual jproduct,
material or substance to be irradiated. When used ir] routine
production runs in order to compensate for the abgence of
product, simulated product is sometimes referred to [as com-
pensating dummy. When used for absorbed-dose mhapping,
RHated—prody ometines—reterred—to—as—phantoin mate-

rial.

3.1.36 transfer-standard dosimeter—dosimeter, often a
reference-standard dosimeter, suitable for transport between
different locations, used to compare absorbed-dose measure-
ments (see ISO/ASTM Guide 51261).

3.1.37 X-radiation—ionizing electromagnetic radiation,
which includes both bremsstrahlung and the characteristic
radiation emitted when atomic electrons make transitions to
more tightly bound states. See 3.1.6.

3.1.38 X-ray—see X-radiation.

© ISO/ASTM International 2005 — All rights reserved
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3.1.38.1 Discussion—In radiation processing applications,
the principal X-radiation source is bremsstrahlung. The term
X-radiation may be used to refer to X-ray.

3.1.39 X-ray converter—device for generating X-rays
(bremsstrahlung) from an electron beam, consisting of a target,
means for cooling the target, and a supporting structure.

3.1.40 X-ray target—that component of the X-ray converter
that is struck by the electron beam.

ISO/ASTM 51431:2005(E)
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products during irradiation, monitoring of critical operating
parameters, and documentation of all relevant activities and
functions.

5. Radiation source characteristics

5.1 Electron Facilities—Radiation sources for electrons
with energies greater than 300 keV considered in this practice
are either direct-action (potential-drop) or indirect-action

3.1.40tDiscussion—IT 15 Usually made of metat Willt igh
atomic phumber, high melting temperature, and high thermal
conduct}vity.

3.2 Definitions of other terms used in this standard that
pertain {o radiation measurement and dosimetry may be found
in ASTM Terminology E 170. Definitions in E 170 are com-
patible with ICRU 60; therefore, ICRU 60 may be used as an
alternatijve reference.

4. Significance and use

4.1 Hood products may be treated with accelerator-
generatdd radiation (electrons and X-rays) for numerous pur-
poses, ihcluding control of parasites and pathogenic microor-
ganismg§, insect disinfestation, growth and maturation
inhibitidn, and shelf-life extension. Food irradiation specifica-
tions althost always include a minimum or a maximum limit of
absorbegl dose, sometimes both: a minimum limit may be set to
ensure that the intended beneficial effect is achieved and a
maximujm limit may be set for the purpose of avoiding product
or packdging degradation. For a given application, one or both
of these| values may be prescribed by government regulations
that haye been established on the basis of scientific datd.
Therefofe, prior to the irradiation of the food product, 1t is
necessafy to determine the capability of an irradiation.facility
to consiftently deliver the absorbed dose within any,prescribed
limits. Also, it is necessary to monitor and document the
absorbedl dose during each production run to.verify compliance
with th¢ process specifications at a predetermined level of
confiderjce.

—The Codex Alimentarius~Commission has developed an
al General Standard and-a‘\Code of Practice that address the

(2-15).

electronp or/X-rays produced by the electrons. Penetration of

\uliuuwavc-})uwmcd OT 1adiuﬁcqucuu_y-puwmcd) accelera-
tors. The radiation fields depend on the charactetistics and the
design of the accelerators. Beam characteristics ipclude the
electron beam parameters, such as, electron energy| spectrum,
average electron beam current, pulserduration, bpam cross
section, and beam current distributignson the produict surface.
For a more complete discussion fefer to ISO/ASTM Practice
51649.
5.2 X-ray Facilities:
5.2.1 A high-energy._X-ray generator emfts short-
wavelength electromaguetic radiation (photons), whipose effects
on irradiated matergals-dare generally similar to those|of gamma
radiation from radioactive nuclides. However, thesg kinds of
radiation differ(n their energy spectra, angular distripution and
dose rates.
5.2.2/The characteristics of the X-rays depend on|the design
of the.X>ray converter and the parameters of the ele¢tron beam
striking the target, that is, electron energy spectruth, average
beam current, and beam current distribution on the|target.
5.2.3 The physical characteristics of an X-ray sotrce and its
suitability for radiation processing are further difcussed in
ISO/ASTM Practice 51608.
5.3 Codex Alimentarius Commission (1) as well|as regula-
tions in some countries currently limit the maximun electron
energy and X-ray energy for the purpose of food ifradiation.

6. Irradiation facilities

6.1 The design of an irradiation facility affects thje delivery
of absorbed dose to a product. Therefore, the facility design
should be considered when performing the abs¢rbed-dose
measurements required in Sections 10-12.

6.2 Facility Components—Electron and X-ray [irradiation
facilities include the electron beam accelerator systemn; product
handling system; a radiation shield with personnel safety
system; product loading, unloading and storage| areas as
required by regulations; auxiliary equipment for pgwer, cool-
ing, ventilation, etc.; equipment control room; a labpratory for
dosimetry; and personnel offices. An X-ray facilify also in-
cludes an X-ray converter (see ISO/ASTM Practicqg 51608).

radiation into the product required to accomplish the intended
effect is one of the factors affecting the decision to use
electrons or X-rays.

4.4 To ensure that products are irradiated within a specified
dose range, routine process control requires routine product
dosimetry, documented product handling procedures (before,
during and after the irradiation), consistent orientation of the

# The boldface numbers in parentheses refer to the Bibliography at the end of this
standard.
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6-3—FEtecrrom Acceterator—The etectrom beammaccelerator
system consists of the radiation source, equipment to disperse
the beam on product, and associated equipment. These aspects
are further discussed in ISO/ASTM Practice 51649.

6.4 Product Handling System:

6.4.1 The absorbed-dose distribution within the food prod-
uct being irradiated may be affected by the configuration of the
product handling system.

6.4.2 X-ray Facilities—The penetrating quality of high-
energy photons permits the treatment of large containers or full
pallet loads of food products. For optimum photon power
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utilization and dose uniformity, the container size depends on
the maximum energy and product density. The narrow angular
distribution of the radiation favors the use of continuously
moving conveyors rather than shuffle-dwell systems to enhance
dose uniformity.

6.4.3 Electron Facilities—For optimum beam power utili-
zation and dose uniformity, the process load size depends on
the beam energy and product density. Two different configu-
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dosimeters, taking into consideration the criteria listed in
ISO/ASTM Guide 51261.

7.2.4 Routine Dosimeters—Routine dosimeters may be
used for radiation process quality control, absorbed-dose moni-
toring, and absorbed-dose mapping. Proper dosimetric tech-
niques, including calibration, shall be employed to ensure that
measurements are reliable and accurate. Examples of routine
dosimeters, along with their useful absorbed-dose ranges, are

rations ard commonly used.

6.4.3.1 |Conveyors or Carriers—Process loads containing
food products are placed upon carriers or conveyors for
passage through the electron beam. The speed of the conveyor
or carriers|is controlled so that the required dose is delivered.
Also see Note 13.

6.4.3.2 |Bulk-flow System—TFor irradiation of liquids or par-
ticulate foodstuff like grain, bulk-flow transport through the
irradiation| zone may be used.

7. Dosimgtry systems

7.1 Dogimetry systems are used to measure absorbed dose.
They consjst of dosimeters, measurement instruments and their
associated|reference standards, and procedures for the system’s
use (see ASTM Practices E 1026 and E 2304, ISO/ASTM
Practices $1205, 51275, 51276, 51310, 51401, 51538, 51540,
51607, 51p50, 51956 and ISO/ASTM Guide 51261).

Note 4—For a comprehensive discussion of various dosimetry meth-
ods applicaple to the radiation types and energies discussed in this
practice, sedq ICRU Reports 14, 34 and 35, and Ref (16).

7.2 Dedcription of Dosimeter Classes—Dosimeters may-be
divided infto four basic classes according to their reldtive
quality anfl areas of application: primary-standard, reference-
standard, [transfer-standard, and routine dosimetetrs. ISO/
ASTM Gyide 51261 provides information about_the selection
of dosimefry systems for different applicatiens. All classes of
dosimetery, except the primary standards,\require calibration
before thejr use.

7.2.1 PYimary-Standard Dosimeteys—Primary-standard do-
simeters afe established and maifitained by national standards
laboratori¢s for calibration of radiation environments (fields)
and other ¢lasses of dosimetets. The two most commonly used
primary-standard dosimé€ters are ionization chambers and calo-
rimeters.

7.2.2 Rgference=Standard Dosimeters—Reference-standard
dosimetery arer used to calibrate radiation environments and
routine dofimieters. Reference-standard dosimeters may also be
used as routn srple
dosimeters, along with their useful absorbed-dose ranges, are
given in ISO/ASTM Guide 51261.

7.2.3 Transfer-Standard Dosimeters—Transfer-standard do-
simeters are specially selected dosimeters used for transferring
absorbed-dose information from an accredited or national
standards laboratory to an irradiation facility in order to
establish traceability for that facility. These dosimeters should
be carefully used under conditions that are specified by the
issuing laboratory. Transfer-standard dosimeters may be se-
lected from either reference-standard dosimeters or routine

Tivenm I ISO/AS TV Guide 51261

7.3 Selection of Dosimetry Systems—Select desimi¢try sys-
tems suitable for the expected radiation processihgapplications
at the facility using the selection criteria listediin IS/ASTM
Guide 51261. During the selection procesSifor each dpsimetry
system, take into consideration its performance behayior with
respect to relevant influence quanfities and the un¢ertainty
associated with it. For accelerator applications, it|is also
essential to consider the influerices of absorbed-dpse rate
(average and peak dose rate-for pulsed accelerators), pplse rate
and pulse width (if applicable) on dosimeter perfdrmance.
Some of the dosimetty,systems that are suitable for| gamma
radiation from radioactive nuclides (such as those from ®°Co)
may also be suitdble for X-rays (17).

Note 5—Dosimeters consisting mainly of water or hydrocarbon mate-
rials are génperdlly suitable for both gamma radiation from rgdioactive
nuclidessdnd X-rays. Some exceptions are dosimeters containing substan-
tial amounts of material with elements of high atomic numbers which are
highly sensitive to the low-energy photons in the X-ray spectrpm. Also,
the X-ray dose rate may be higher than that for an isotopic ggmma-ray
source used for radiation processing, especially in products pagsing near
the converter. The dose-rate dependence of the dosimeters ghould be
considered in their calibration procedure (18,19).

7.4 Calibration of Dosimetry Systems:
7.4.1 A dosimetry system shall be calibrated prior tq use and
at intervals thereafter, in accordance with the user|s docu-
mented procedure that specifies details of the calibration
process and quality assurance requirements. Calibrgtion re-
quirements are given in ISO/ASTM Guide 51261.
7.4.2 Calibration Irradiation—Irradiation is a criti¢al com-
ponent of the calibration of the dosimetry system. Acfeptable
ways of performing the calibration irradiation depend on
whether the dosimeter is used as a reference-standard, fransfer-
standard or routine dosimeter.
7.4.2.1 Reference- or Transfer-Standard Dosimeters—
Calibration irradiations shall be performed at a naffional or
accredited laboratory using criteria specified in IS(G/ASTM
Practice 51400.
7.4.2.2 Routine Dosimeters—The calibration iradiation
. . L (a) a
national or accredited laboratory using criteria specified in
ISO/ASTM Practice 51400, (b) an in-house calibration facility
that provides an absorbed dose (or an absorbed-dose rate)
having measurement traceability to nationally or internation-
ally recognized standards, or (c) a production irradiator under
actual production irradiation conditions, together with
reference- or transfer-standard dosimeters that have measure-
ment traceability to nationally or internationally recognized
standards. In case of option (a) or (b), the resulting calibration
curve shall be verified for the actual conditions of use.
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7.4.3 Measurement Instrument Calibration and Perfor-
mance Verification—TFor the calibration of the instruments, and
for the verification of instrument performance between calibra-
tions, see ISO/ASTM Guide 51261, the corresponding ISO/
ASTM or ASTM standard for the dosimetry system, and/or
instrument-specific operating manuals.

8. Process parameters

ISO/ASTM 51431:2005(E)
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9.2.2 Accelerator specifications and characteristics,

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

9.2.4 Description of the construction and operation of the
product handling equipment,

9.2.5 Description of the materials and construction of any
containers used to hold food products during irradiation,

9.2.6 Description of the process control system, and

8.1 Pprameters characierizing the components ol the irra-
diation facility, the process load and the irradiation conditions
are refefred to as process parameters. The establishment and
control pf these parameters will determine the absorbed dose
received by a product.

8.2 Fpr irradiation facilities with accelerator-generated ra-
diation {electrons and X-rays) process parameters include:

8.2.1 |[Beam characteristics (for example, electron beam
energy, [peam current, pulse frequency, pulse duration, beam
cross seftion, X-ray converter design),

8.2.2 |Beam dispersion (for example, scan width, scan fre-
quency, [collimator aperture),

8.2.3 |Product handling characteristics (for example, con-
veyor speed),

8.2.4 [Product loading characteristics (for example, size of
the prodess load, bulk density, orientation of product), and

8.2.5 |Irradiation geometry (for example, 1- or 2-sided irra-
diation, [multiple passes, reflectors).

8.3 The first three sets of parameters (8.2.1, 8.2.2 and 8.2.3)
are used to characterize the irradiation facility without refer-
ence to| the product or the process. These parameters aré
referred|to as operating parameters.

Note §—Procedures during operational qualification (OQ).deal with
operating|parameters. The objective of performance qualification (PQ) is
to establish the values of all process parameters (including operating
parametef) for the radiation process under consideration.*During routine
product pyocessing, operating parameters are continuously controlled and
monitored for process control.

9. Instdllation qualification

9.1 gbjective—The purpose ¢f an installation qualification
progran] is to demonstrate that-the irradiator and its associated
processing equipment and measurement instruments have been
deliverefl and installed itna¢cordance with their specifications.
Installatjon qualification. includes documentation of the irradia-
tor and the associdféd processing equipment and measurement
instrumg¢nts, establiShment of the testing, operation and cali-
bration [proeedares for their use, and verification that they
operate |aCeording to specifications. An effective installation

9-2-7 Description of any modificatons made quring and
after the irradiator installation.
9.3 Testing, Operation and Calibratioh \Procedures—
Establish and implement standard operating procedyres for the
testing, operation and calibration (if necessary) of the installed
irradiator and its associated processing equipment| and mea-
surement instruments.
9.3.1 Testing Procedures—IRese procedures dgscribe the
testing methods used to enstre, that the installed irrgdiator and
its associated processing-eguipment and measurement instru-
ments operate according to specification.
9.3.2 Operation(CProcedures—These procedures describe
how to operate¢the irradiator and its associated processing
equipment andmeasurement instruments during roufine opera-
tion.
9.3.3/Calibration Procedures—These procedures describe
periodic ‘calibration and verification methods that gnsure that
thésinstalled processing equipment and measuremgnt instru-
ments continue to operate within specifications. The|frequency
of calibration for some equipment and instrument§ might be
specified by a regulatory authority. Calibration of sgme equip-
ment and instruments might be required to be tradeable to a
national or other accredited standards laboratory.
9.4 Testing of Processing Equipment and Mdasurement
Instruments—Verify that the installed processing pquipment
and measurement instruments operate within thpir design
specifications by following the testing procedure§ noted in
9.3.1. If necessary, ensure that the equipment and ipstruments
have been calibrated according to the calibration procedures
noted in 9.3.3.
9.4.1 Test all processing equipment to verify satisfactory
operation of the irradiator within the design spegifications.
Document all testing results.
9.4.2 Test the performance of the measurement ifstruments
to ensure that they are functioning according to pgrformance
specifications. Document all testing results.
9.4.3 If any modification or change is made to tHe process-
ing equipment or measurement instruments during installation
qualification, they shall be re-tested. Tl

qualificatiomr progranr witt tretpensure correct operation of the
irradiator.

9.2 Equipment Documentation—Document descriptions 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 facility. At a
minimum, it shall include:

9.2.1 Description of the location of the irradiator (accelera-
tor) within the operator’s premises in relation to the areas
assigned and the means established for ensuring the segrega-
tion of un-irradiated products from irradiated products,

© ISO/ASTM International 2005 — All rights reserved

10. Operational qualification

10.1 Objective—The purpose of dosimetry in the opera-
tional qualification (OQ) is to establish baseline data for
evaluating facility predictability, and reproducibility over the
expected range of conditions of operation for the key operating
parameters that affect absorbed dose in the product (20). Thus,
dosimetry is used:

10.1.1 To measure absorbed-dose distributions in reference
material(s) — this process is sometimes referred to as ‘dose
mapping’ (see 10.3),


https://standardsiso.com/api/?name=5661fb0a5f905a1467d4cff4770cb0cb

ISO/ASTM 51431:2005(E)

10.1.2 To measure absorbed-dose characteristics over the
expected operational range of the operating parameters for
reference conditions (see 10.4),

10.1.3 To characterize absorbed-dose variations when oper-
ating parameters fluctuate statistically during normal opera-
tions (see 10.5), and

10.1.4 To establish the effect of a process interruption/
restart (see 10. 6)

10.2 D )
to be used at the facility as discussed in Section 7.

10.3 Dése Mapping:

10.3.1 Map the absorbed-dose distribution by a three-
dimensionpl placement of dosimeter sets in a process load
containing homogeneous reference material (such as grains,
cardboard|or sheets of plastics) as discussed in ASTM Guide
E 2303 (also see Refs 16,21). The amount of material in this
process ldad should be the amount expected during typical
productior} runs or should be the maximum design volume for
the procesg load.

Note 7—Dosimeter strips or sheets may be used to increase spatial
resolution ¢f the absorbed-dose map (especially for electron beam
irradiations)} if the use of individual dosimeters is inadequate.

10.3.2 The procedure for absorbed-dose mapping outlined
in 10.3.1 jmay not be feasible for some types of bulk-flow
irradiators| In such cases, minimum and maximum absorbed
doses shoyild be estimated by using an appropriate number of
dosimetery mixed randomly with and carried by the product
through the irradiation zone. Enough dosimeters should be
used to oHtain statistically significant results.

Note 8—Theoretical calculations may be performed using the Mornte
Carlo methqds (22), and applied to industrial radiation processing—(23).
The use of the point-kernel method is not recommended for el¢etron beam
but can be cpnsidered for X-ray facilities (24). Both these metheds require
accurate radjation interaction cross-sections for all matetials between and
surrounding| the source point and dose point. Gengral-purpose software
packages arg¢ available for these types of calculatiens (see ASTM Guide
E 2232). Mpdels built using these codes sh@uld ‘be validated against
dosimetry djta for their predictions to be meaningful. Empirically derived
models buil{ directly from dosimetry datd may be satisfactory but should
be applied Within the boundaries of eXperiments at a specific facility.

10.3.3 For electron facilities, establishment of the depth-
dose distrjbution in a heihogeneous reference material is a
special type of I-dimensional dose mapping. This can be
achieved yith eithef 3‘stack geometry or a wedge; both in
conjunctign with “a=film dosimetry system (see ISO/ASTM
Practice 5] 649).The exact shape of the dose distribution will
be differeht’for different facilities since it depends on the
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10.4.1 Objective—The dose in the product depends on
several operating parameters (such as, conveyor speed, beam
current, beam energy, scan width). Over the expected range of
these parameters, establish the absorbed-dose characteristics in
a reference material using appropriate dosimetry.

10.4.1.1 The depth-dose distribution depends on beam en-
ergy and the reference material characteristics.

10.4.1.2 Surface dose and 1ts unlforrnlty depend on con-

10.4. 2 Depth -dose Dlstrlbutlon—For electron bear facili—
ties, establish depth-dose distributions for the expectefl ranges
of beam energy and the reference material bulk derfsity, for
1-sided and 2-sided irradiation.

Note 10—For X-ray irradiators, photonetniergy spectrum anld angular
distribution depend on the design and compesition of the X-ray|converter
and on the electron energy spectrum®fsee ISO/ASTM Practicp 51608).
Higher energy electrons will inerease forward focus of the photon
distribution and therefore impreye.penetration in the product (£6).

10.4.3 Surface Dose—Establish the relationships petween
surface dose (or dosetma reference plane) and conveygr speed,
beam characteristies and beam dispersion parameters pver the
expected range of-operation (see ISO/ASTM Practice|51649).

10.4.3.1 Establish the range of uniform surface dose that
can be delivefed to reference material. This will set the range
of operation for the conveyor speed, pulse rate aphd scan
frequency.

Note 11—Electron beam and X-ray irradiators generally ufilize con-
tihuously moving conveyors. Dose uniformity in a referencqd plane is
strongly influenced by the coordination of the beam spot diensions,
conveyor speed and scan frequency (for those irradiators thgt employ
beam scanning). For a pulsed-beam accelerator, all these param¢ters must
also be coordinated with the pulse width and pulse rate. [Improper
coordination of these parameters can cause unacceptable dose vgriation in
the reference plane.

Note 12—Indirect-action accelerators may deliver higher dose rates
during the pulse compared to direct-action accelerators with [the same
average beam current. Also, scanning of a small-diameter beam can
produce dose pulses at points along the beam width. This can influence the
dosimeters’ performance if they are sensitive to dose rate.

10.4.3.2 Establish relationship between surface dose and
conveyor speed, where all other operating parameters [are held
constant. Generally, surface dose should be inversely| propor-
tional to the conveyor speed.

Note 13—The conveyor speed and the beam current may |be linked
during routine product processing so that a variation in one| causes a
corresponding change in the other to maintain a constant value of the
surface (or reference plane) dose.

energy SpeCrum oOf e elecion beam and te rradiaton
geometry (25). The depth of penetration depends on electron
energy.

Note 9—For electron beam, Fig. 3 illustrates a typical depth-dose
distribution in a homogeneous material. The range parameters, R, Rso,
and R . may be used for designing a suitable process load. For an X-ray
facility, the depth-dose distribution in a homogeneous material with low
atomic number is approximately exponential, and penetration for 5 MeV
X-rays is slightly greater than that for cobalt-60 gamma radiation (see
ISO/ASTM Practice 51608, Fig. A1.7).

10.4 Absorbed Dose and Operating Parameters:

10433 For—Xray Trradtators; —absorbed—doseTate  also
depends on the incident electron energy spectrum and the
design of the X-ray converter.

10.5 Dose Variability:

10.5.1 Establish the capability of the facility to deliver a
reproducible dose in a reference geometry. Measure the fluc-
tuations in the operating parameter values that may cause
variation in absorbed dose. Estimate the magnitude of the
corresponding dose variations in a reference material, for
example, by passing dosimeters in the reference geometry
through the irradiation zone on the product conveyor at time
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intervals appropriate to the frequency of the parameter fluc-
tuations. The irradiation geometry for the reference material
should be selected so that the placement of the dosimeters on
and within the material will not affect the reproducibility of the
measurements.

10.5.2 Following the procedure of 10.3, map a sufficient
number of nominally identical process loads containing refer-
ence material to allow the estimation of the variability of the

ISO/ASTM 51431:2005(E)

11.2.1 Aloading configuration of product within the process
load shall be established for each product type. The specifica-
tion for this loading pattern shall document the following:

11.2.2 Product type, product size, product density and bulk
density of the process load, and if applicable, description of the
orientation of the product within its package.

11.2.3 Orientation of the product or its package with respect
to the beam axis.

magnitude and distribution of the absorbed dose. Dosimetry
data from previously qualified irradiators of the same design
may prgvide useful information for determining the number of

process [loads for this qualification.

10.6 Process Interruption/Restart:

10.6.1 In the event of a process interruption, for example
stoppag¢ of the conveyor system due to power failure, the
implicafiion of a restart on the process (for example, uniformity
of dose [in a reference plane) shall be investigated.

10.6.1.1 Expose an array of dosimeters or a strip of dosim-
eter filn} in a reference plane through a stop/start sequence of
the conyeyor system.

10.6.1.2 The delivery of dose within specifications through
the stopfstart sequence would suggest that the conveyor could
be restafted after the failure to continue the process. The effect
of the fgrocess interruption (for example, time delay) on the
productitself is discussed in 12.6.

10.6.1.3 If the dose is found to be significantly non-uniform
through|the stop/start sequence, the subsequent impact on the
process [shall be evaluated.

10.6.3 The procedure described in 10.6.1.1-10.6.1.3 should
be condpicted for the extremes of the operating parameters.

10.7 Pocumentation and Maintenance of OQ—The base-
line datd collected during the procedures describedqii10.2-10.6
shall bg documented. These procedures shallvbe repeated
periodicplly as specified in the quality assurance program to
update the baseline data from the previeus operational quali-
fication,

10.8 Facility Changes—If changes that could affect the
magnitudes or locations of the.absorbed-dose extremes are
made to|the facility (for example, accelerator, X-ray converter,
conveydr) or its mode ,of, ‘operation, repeat the operational
qualificdtion procedure§ito-the extent necessary to establish the
effects.

11. Performance qualification

11.1 pPbjective—Minimum and maximum absorbed-dose

11.3 Product Absorbed-Dose Mapping:
11.3.1 The purpose of product dose mapping(is, to|determine
the magnitudes and locations of the regionsyof mirfimum and
maximum absorbed dose for the selected”produft loading
configuration. This is accomplished by placing dosjmeter sets
throughout the volume of interest for'one or more prgcess loads
(see ASTM Guide E 2303). Sele¢t placement patterns to
identify the locations of the “absorbed-dose extrempes, using
data obtained from the abgorbed-dose mapping studies during
operational qualification{(sé€ 10.3) or from theoretjcal calcu-
lations (see ASTM Gide E 2232). Concentrate dos{meter sets
in the expected regions of minimum and maximunp absorbed
dose with fewer‘dosimeter sets placed in areas likely| to receive
intermediater absorbed dose.
11.3.1.41n a process load containing voids or ngn-uniform
product,include dosimeter sets at locations where djscontinui-
ties Jnv composition or density may affect the fegions of
maximum or minimum absorbed dose.
11.3.1.2 Dosimeters used for dose mapping must pe capable
of responding to doses and dose gradients likely to occur
within irradiated products. For electron irradiation,| dosimeter
films in sheets or strips may be useful for obtgining this
information. The dosimeters used for this dosq mapping
procedure and for routine dose monitoring (12.4) nged not be
of the same type.
11.3.1.3 End Process Loads—For a production] run with
contiguous process loads, the first and last process [loads may
experience dose distributions different from the ofher units.
Perform dose mapping for process loads for this g¢ometry to
verify that the dose distribution is acceptable. If] it is not,
compensating dummies will need to be placed adjacgnt to these
end units, during routine product processing (see 12.1.3).
11.3.1.4 Partial Loading—For partially-loadefd process
loads, follow the same performance qualification requirements
as for fully-loaded process loads. Perform the dos¢ mapping
procedure of 11.3.1 to ensure that the absorbed-dode distribu-
tions are adequately characterized and are acceptaple. Varia-

tions to the dose distribution from a partial loadipg may in
Some. _cases ]’\P m;n;m;’wnl‘l ]’\} f]’\P HLSE ﬂF r‘nmppncaﬁ lg dummy

limits ate—tlrmest-always—assoectated—withfood-irradiation—ap
plications. For a given application, one or both of these limits
may be prescribed by government regulations. Dosimetry is
used in performance qualification to determine the appropriate
values of process parameters for ensuring that the absorbed-
dose requirements for a particular product can be satisfied. This
is accomplished by absorbed-dose mapping (see 11.3) of
process loads with specific product and product loading con-
figurations using dosimetry procedures described in this sec-
tion.

11.2 Product Loading Configuration:
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material placed at appropriate locations within the process
load.

11.3.2 Chilled or Frozen Food Products:

11.3.2.1 The response of nearly all dosimeters is
temperature-dependent, and this dependence often varies with
absorbed dose. Thus, for chilled and frozen food applications,
dosimetry may be performed following one of two methods:

11.3.2.2 Absorbed-dose mapping may be performed with
the actual product or simulated product at room temperature.
This requires that there be no change in any parameter that may
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affect the absorbed dose during processing of the chilled or
frozen food. Dose mapping at room temperature includes
placement of one or more dosimeters at a reference dose
location (11.3.4) that would be isolated from temperature
gradients in the actual product during routine processing.
Routine dosimeters should be placed at this reference dose
location during routine processing of the chilled or frozen
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or part of the product with doses lower than the required
minimum or higher than the allowed maximum, and that this
probability is known and documented. For further discussion
on determination of the target dose values, see Refs (3,28).
11.5 Unacceptable Dose Uniformity Ratio:
11.5.1 If the dose mapping procedure of 11.3 reveals that
the measured dose uniformity ratio is unacceptably large, for

such as

h condi-

product. example, larger than the ratio between the modified values of
11.3.2.3[ Absorbed-dose mapping may be performed at the U Maximum and T absorded-qose TS

temperatufe to which the food will be chilled or frozen during target dose values), change the process parameters’(operating

actual prodluct processing, using a dosimetry system that canbe ~ parameters, process load characteristics or irradiatio

characterized at the intended processing temperature or whose  tions) to reduce the ratio to an acceptable level:

response |s not significantly affected by temperature. The 11.5.1.1 Operating Parameters—Changing the begm char-

temperatufe of the food and the dosimeter during irradiation  acteristics, for example, by optimizingthe electron engrgy, can

must be njaintained relatively constant (for example, by using
insulated fotes).

11.3.3 Bulk-Flow Irradiators—Absorbed-dose mapping as
described fin 11.3.1 may not be feasible for products flowing
through thg irradiation zone in bulk. In this case, minimum and
maximum| absorbed doses should be estimated by using an
appropriatp number of dosimeters mixed randomly with and
carried by |the product through the irradiation zone (5). Enough
dosimeter§ should be used to obtain statistically significant
results.

11.3.4 Reference Dose Locations—If the locations of ab-
sorbed ddse extremes identified during the dose mapping
procedurefof 11.3.1 are not readily accessible during produc-
tion runs,| alternative locations (external or internal to the
process ldad) may be used for routine product processing
dosimetry| The relationships between the absorbed doses_‘\at
these altefnative reference dose locations and the absorbed-
dose extremes shall be established, shown to be reproducible,
and documented.

11.4 Dqse Variability:

11.4.1 When dose mapping a specific preduet loading con-
figuration,|consideration should be given-tg-possible variations
in the absqrbed doses measured at similarfocations in different
process lopds.

11.4.2 To evaluate the extent(of, this dose variability, place
dosimeter [sets in the expectédyregions of the minimum and
maximum|absorbed doses.if several process loads and irradiate
them undgr the same conditions. The measured variations in
the absorljed-dose values reflect, for example, variations in
product lopding cenfiguration (due to shifts in the contents of
the process load\during its movement through the irradiator),
small diffgrefices in bulk density of the process loads, fluctua-

luce the
b use of

reduce the dose uniformity ratio. Other means to re
dose uniformity ratio may be employed, such as th
attenuators, scatterers, and reflectors (29,30).
11.5.1.2 Irradiation Counditions—Depending on the bulk
density, thickness, and heterogeneity of a process logd, some
processes may requir€.a-double-sided irradiation to achieve an
acceptable dose uniformity ratio (3), also see IS(P/ASTM
Practice 51649. For double-sided irradiation, the regions of
maximum and{ minimum dose may be quite differdnt from
those for single-sided irradiation (see Figs. 4 and 5 for(electron
beam irradiation). For electron irradiation therefore, cpution is
necessary for a double- (or multiple-) sided irradiation[because
slight variation in the thickness or bulk density of the| process
load or in the electron energy can lead to an unacceptaple dose
near the middle of the process load. In the case of bilk-flow
irradiators, absorbed-dose uniformity can be impr¢ved by
arranging baffles to control product flow through the irfadiation
zone.
11.5.1.3 Process Load Characteristics—For some |cases, a
redesign of the process load may be needed to achieve an
acceptable dose uniformity ratio.
11.5.2 If any process parameter that affects the mapnitudes
or locations of maximum and minimum absorbed [dose is
changed (for example, for the purpose of improving fhe dose
uniformity ratio), repeat the dose mapping to th¢ extent
necessary to establish the effects. The information gathered

electron beam

tions in operating-parameter—vattesand-the-tneertainty-tnthe
routine dosimetry system.

11.4.3 Target Dose Values—Because of this statistical na-
ture of the absorbed-dose measurement and the inherent
variations in the radiation process, select the operating param-
eters to deliver an absorbed dose to product greater than any
prescribed minimum dose and smaller than any prescribed
maximum dose (8,27). This requirement in effect modifies the
process dose limits; these modified dose limits may be referred
to as ‘target dose values.” Select these target dose values so that
there is an acceptably low probability of irradiating the product

: scanner

4M__—3EL9____

—

FIG. 4 Regions of D,,,, and D,,, (indicated by hatching) for a
rectangular process load after one-sided irradiation using an
electron beam

conveyor

Diax movement
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(see 12.4). Additionally, the application of radiation-sensitive
indicators to process loads or product packages may be a
convenient means to show that they have been irradiated and to
assist in inventory control (see 12.5).

12.3 Operating Parameters:

12.3.1 Control, monitor and document the relevant operat-
ing parameters as evidence to show the continuity of the
process, and thus to ensure that each process load is processed

possible
scanner Dmln
. g
posmblr ,l: l————/ -
Dmin / l[ H‘& ¥
vV
] \
conveyor
n0r Dy movement
FIG. 5|Regions of D,,., and D,,;, (indicated by hatching) for a

rectan

during d
guide in
ping stul
11.6
appropr
operatin
tion con|
types off
values f]

gular process load after two-sided irradiation using an
electron beam

perational qualification (Section 10) should serve as a
determining the extent of these absorbed-dose map-
dies.

he procedures described above should yield the
ate values of all process parameters (namely, all key
o parameters, process load characteristics and irradia-
Hitions) that would satisfy the dose requirements for all
process loads that have been mapped. Document these
br future use.

12. Roytine product processing

12.1

12.1.1
all prod
qualifics
will be

Note |
be set i
performa
if the bed
decreased
delivered

12.1.2
the sam
irradiati

12.1.3
contigu
experier

Routine Procedure:

Before commencing routine product processing, set
ess parameters as established during performance
tion to ensure that the product in eachiprocess load
brocessed within specifications (see_ 11+6).

4—The average beam current / and the\conveyor speed v may
such a way that the quotient (/v) has the same value in
hce qualification and in routine produict processing. For example,
m current is lowered by 20™% the conveyor speed should be
by the same percentagé for the same absorbed dose to be

Ensure that preduct loading configuration remains
e for all proeess. loads, and constant for the bulk-flow
D1,

End_ PRrocess Loads—For a production run with
us process loads, the first and last process loads may
ce dose distributions different from the other units. As

determir
may be

necessary to place compensating dummies adjacent to

these units so as to make their dose distributions acceptable.
12.1.4 Partial Loading—For partially-loaded process loads,

ensure that the product loading configuration conforms to that

established during performance qualification (see 11.3.1.4).
12.2 Process Control—Demonstrate that the irradiation pro-

cess is

continuously under control through these process

control elements: (/) continuously controlling and monitoring
during product processing all operating parameters that affect
dose (see 12.3), and (2) use of routine production dosimetry

© ISO/ASTM International 2005 — All rights reserved

N accordance with speciiications.
12.3.2 If these parameters deviate outside~the| tolerance
limits prescribed during performance qualifieation, thke appro-
priate actions. For example, immediately,intefrupt the process
to evaluate and correct the cause of thé’deviations.

12.4 Routine Production Dosimetry:

12.4.1 Ensure that the product_receives the refuired ab-
sorbed dose by employing proper dosimetric proceflures with
appropriate statistical contrelssand documentation. These pro-
cedures involve the uséyof’ routine in-plant dosietry per-
formed as described below.

Note 15—Dosimeters’ used for routine dosimetry need npt be of the
same type as those used for the absorbed-dose mapping progedure.

12.4.2 Dosimeter Location—Place dosimeter sefs either in
or on the selected process loads at predetermined l¢cations of
the thaximum or minimum absorbed dose (see| 11.3), or
alternatively, at the reference dose locations digcussed in
.3.4.

12.4.3 Placement Frequency—TIt is not necessafy to have
routine dosimeters on every process load. Select g sufficient
number of process loads on which to place dosimete sets at the
locations described in 12.4.2 in order to verify that the
absorbed doses for the entire production run flall within
specified limits. Always place dosimeter sets at the $tart of the
run. For long production runs, place dosimeter sefs at other
intervals as appropriate. Available dosimetry datp may be
useful in determining this.

Note 16—More frequent (than suggested in 12.4.3) placement of
dosimeters during the production run will provide morg dosimetry
information that could result in less product rejection if somg operational
uncertainty or failure arises (such as malfunction of the cornjveyor speed
measurement equipment).

12.4.4 Bulk-flow—For some types of bulk-flow [irradiators
(for example, where fluids or grains continuously flow during
irradiation), it may not be feasible during routine prgduction to
place dosimeters at the locations of minimum and|maximum
absorbed dose. In this case, add several dosimefers mixed
i i e irradia-
tion zone at the beginning of the production run. For a long
irradiation run, also add dosimeters at the middle and near the
end of the production run or as required by regulations. Each
set of absorbed-dose measurements requires several dosimeters
to ensure, at a specified level of confidence that 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 same rate as the product (5,10).

Note 17—In case it is not feasible to measure dose during the routine
processing of bulk materials, it may be acceptable to rely on operating

11
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parameter control. For some processes, it may be sufficient to determine
the average dose and the maximum and minimum doses in process
experiments using samples of food to be irradiated or simulated products.
Calculation of dose extremes may also be acceptable (ASTM Guide
E 2232). The consistency of the dose distribution can be ensured by
monitoring all of the critical operating parameters and by repeating the
performance qualification procedure at appropriate intervals.

12.4.5 Chilled or Frozen Food Products—Use a dosimetry

system thatis characterized at the PT‘(\(‘PQQing temperature _or

y 4y

i’

12.6.3 However for some processes, such as delay of
ripening/maturation, the effect of prolonged process interrup-
tion should be critically evaluated before re-starting the pro-
cess.

12.6.4 If the product is irradiated at low temperatures or
under frozen state, care should be taken to maintain those
conditions throughout the interruption.

that has ifjsignificant temperature dependence. If a dosimetry
system is|used that is significantly temperature dependent,
place the dosimeter(s) at a reference dose location(s) that is
isolated frpm the temperature gradient (see 11.3.2). See ISO/
ASTM Gtiide 51261 and practices for individual dosimetry
systems ligted in 2.1 and 2.2.

12.4.6 Environmental Effects—A change in the environment
(for example, temperature, humidity) of a dosimeter during the
irradiation| process may affect its response. If required, apply a
correction| factor to the measured value of the dosimeter
response fo account for any such effect. Care must also be
taken in hlandling and storage of dosimeters before and after
irradiation} (See ISO/ASTM Guide 51261 and practices for
individual|{dosimetry systems listed in 2.1 and 2.2.)

12.5 Rddiation-sensitive Indicators:

12.5.1 In some applications, radiation-sensitive indicators
(sometimgs known as “go/no go” indicators) may be used to
visually confirm that product packages or process loads have
been expqdsed to a radiation source (see ISO/ASTM Guide
51539). These indicators provide only a qualitative indication
of radiatign exposure.

12.5.2 The color change of radiation-sensitive indicators-is
not alwayy stable and may be affected by, for example, light or
heat. Thud, they are useful only within the irradiatign-facility
where thege conditions are controlled.

12.5.3 For multiple irradiations, one indicator’may be af-
fixed befofe each pass on the side facing théwadiation beam to
give visual evidence of the number of passes the process load
has traverged.

12.5.4 Their use is not a substitute for the dosimetry
procedure$ described in 12.4.

12.5.5 While radiation-sefisitive indicators can be used
convenienfly to assist in pfoduct inventory control, they shall
not be usdd to replace.other administrative inventory control
procedures.

12.6 Prpcess Interruption—If there is a process failure, for
example due to power loss, its implication on the process (for

15. Measurement uncertainty

13.1 To be meaningful, a measurement of absorbed dose
shall be accompanied by an estimate of unceftainty.
13.2 Components of uncertainty shall -be\identifiefl as be-
longing to one of two categories:
13.2.1 Type A—Those evaluated by statistical methods, or
13.2.2 Type B—Those evaluated\by other means.
13.3 Other ways of categorizing uncertainty haye been
widely used and may be useful for reporting uncertainty. For
example, the terms pregision and bias or random and| system-
atic (non-random) are uséd to describe different categories of
uncertainty.

Note 18—Th¢ ,identification of Type A and Type B uncerfainties is
based on the 4héthodology for estimating uncertainties publishefd in 1995
by the Intetpational Organization for Standardization (ISO) in fhe Guide
to the Expression of Uncertainty in Measurement (31). The purpose of
usingithis type of characterization is to promote an understandifig of how
stafements of uncertainty are developed and to provide a basfis for the
ifternational comparison of measurement results.

Note 19—ISO/ASTM Guide 51707 defines possible sources
tainty in dosimetry performed in radiation processing facilities find offers
procedures for estimating the magnitude of the resulting uncerfainties in
the measurement of absorbed dose using dosimetry. The document defines
and discusses basic concepts of measurement, including estimation of the
measured value of a quantity, “true” value, error, and uijcertainty.
Components of uncertainty are discussed and methods are prqvided for
estimating their values. Methods are also provided for calcujating the
combined standard uncertainty and estimating expanded (overgll) uncer-
tainty.

of uncer-

13.4 The level of uncertainty in the absorbed-dose heasure-
ment that is acceptable should take into account botH regula-
tory and commercial requirements pertaining to the|specific
product being irradiated.

14. Certification

14.1 Documentation Accumulation:
14.1.1 Equipment Documentation—Record or reference the

bd to the

example, [d6se “uniformity) and the product (for example,  calibration and maintenance of equipment and instrunjentation
impact of trmre—detay)—shatt-beevaluvated-beforere=startimg-the used-to-control or measure-the-absorbed doses-deliver
process. product (see ISO/ASTM Guide 51261).

12.6.1 Based on the data collected during operational quali-
fication (see 10.6), determine if the dose when the process is
re-started would be adequately uniform for the process under
consideration. If not, it may be necessary to discard those
process loads affected by the process interruption.

12.6.2 Generally in food irradiation, the radiation-induced
effect is additive as in the case of elimination/reduction of
microorganisms and insect pests, and the process can be
re-started from where it was interrupted.

12

14.1.2 Operating Parameters—Record the values of the
operating parameters (see 12.3) affecting absorbed dose to-
gether with sufficient information identifying these parameters
with specific product lots or production runs.

14.1.3 Dosimetry—Record and document all dosimetry data
for performance qualification (Section 11) and routine product
processing (see 12.4). Include name of the operator, date, time,
product type, loading diagrams, and absorbed doses for all
product processed. Record the time of dosimeter analysis if the
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