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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 14470 W

the technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting a vote.

hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 34, Food products.

5k of technical committees is to prepare International Standards. Draft International Stanglards

4s an

rawn to the possibility that some of the elements of this document may be the subject of gatent
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Introduction

Food irradiation is the process where food is exposed to ionizing radiation in order to improve its safety and
quality. Itis intended to be used only on food that has been produced under good manufacturing practice (GMP)
principles. Many countries are using irradiation as a technological choice at some stage in food processing,
making relevant the establishment of standards to assist customers, irradiator operators, and consumers.

The irradiation of food can be used for different purposes including control of pathogenic microorganisms and
parasites, reduction of the number of spoilage microorganisms, inhibition of the sprouting of bulbs, tubers and
root crops, extension of product shelf life or phytosanitary treatment.

When applicable, food irradiation should be incorporated as part of a food safety management system
(ISOJ22000). The irradiation of food is a critical control point (CCP) of a Hazard Analysis and\Critical Control
Points (HACCP) programme, contributing to the minimization of risks from the transmission gf pathogenic
micrqorganisms to consumers.

The mnain purposes of this International Standard are to:
a) provide requirements for the irradiation of food consistent with current standards and practicgs;
b) provide directions for a technical agreement between the customer and the irradiator operator;
c) establish a documentation system to support the controls on the\food irradiation process.

To fafilitate the application of this International Standard, it has\been constructed in a form that|can be used
by infernal and external parties, including certification bodies;for auditing an irradiator operator|to assess its
ability to fulfil all requirements for the irradiation of food.

© 1SO 2011 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 14470:2011(E)

Food irradiation — Requirements for the development,
validation and routine control of the process of irradiation

usi

ng ionizing radiation for the treatment of food

1 Scope

This
procg

the requirements.

NOTH
Comr

This
or X-

The

procgss.
NOTHE 2  The requirements can be addressed by a food safety management system (see ISO 22000).
This |nternational Standard does not specify requirementsfor the primary production and/or har

harvd

of thé food production directly related to the irradiation process that may affect the safety or

irradi

This
and ¢

This

The
appli

IMP(
irrad

2

The following referenced documents are indispensable for the application of this documen

refergnees, only the edition cited applies. For undated references, the latest edition of the referenc
(incll ding any qmnndmnntc) aplnlipc

nternational Standard specities requirements for the development, validation and routine
ss of irradiation using ionizing radiation for the treatment of food, and establishes guidetline

1 Requirements in this International Standard are consistent with those developed“by the Code
hission (CAC/RCP 19-1979, Rev. 2-2003[21], and Cobex STAN 106-1983, Rev. 1-2003{22,

nternational Standard covers irradiation processes using the radionuclides $%Co or 137Cs, eld
ray generators.

equirements given in this International Standard are the minimum -necessary to control the fo

st treatment, storage and shipment, and packaging:for foods that are to be irradiated. Only t

hted food are addressed.

nternational Standard does not specify reguirements for occupational safety associated wi
peration of irradiation facilities.

nternational Standard does not cover measuring or inspection devices that utilize ionizing r:

bpplication of this International® Standard does not exempt the user from compliance with
cable legislation.

fation and sale of.irradiated food and the requirement for authorization to irradiate fqg

ormativereferences

tontrol of the
5 for meeting

kK Alimentarius

bctron beams

bd irradiation

esting, post-

hose aspects
uality of the

h the design

hdiation.

current and

PRTANT Attention-is’ drawn to regulatory and legal requirements that possibly exist for the

od.

t. For dated
ed document

ISO 10012, Measurement management systems — Requirements for measurement processes and measuring
equipment

ISO 22000, Food safety management systems — Requirements for any organization in the food chain

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

©1SO
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341

absorbed dose

quantity of io
NOTE 1

NOTE 2

[ISO 11137-1:

3.2
calibration

nizing radiation energy imparted per unit mass of a specified material

The unit of absorbed dose is the gray (Gy) where 1 Gy is equivalent to the absorption of 1 J/kg.

For the purposes of this International Standard, the term dose is used to mean “absorbed dose”.

200614, 3.1]

operation th4f, under specified conditions, in a first step, establishes a relalion between the quaniity v

with measur|

ement uncertainties provided by measurement standards and corresponding indicationsg

associated npeasurement uncertainties and, in a second step, uses this information to establish a relatiq

obtaining a n
[ISO/IEC Gu

3.3
correction

heasurement result from an indication

de 99:2007116], 2.39]

action to elimjinate a detected non-conformity

NOTE A

correction can be made in conjunction with a corrective action.

[1ISO 9000:2005(2], 3.6.6]

3.4
corrective
action to eli
NOTE 1 TH
NOTE 2 C
NOTE 3 TH

tion

r?rri:nate the cause of a detected non-conformity or.other undesirable situation

ere can be more than one cause of non-conformity.
rrective action is taken to prevent recurrence whereas preventive action is taken to prevent occurren

ere is a distinction between correction.and corrective action.

[1ISO 9000:2005(2], 3.6.5]

3.5

cross-contgmination

contaminatio
[ISO 15378:2

NOTE
another produ

3.6

n of a material or,ef\@a’product with another material or product

01171, 3.15]

Cioss-contagmination occurs when a product and/or raw material is contaminated directly or indirectly

ct and/orraw material through physical contact or the environment.

blues
with
n for

from

customer
organization

or person that receives a product

[1ISO 9000:2005(2], 3.3.5]

NOTE
operator unde

3.7

r specified conditions.

dose distribution
spatial variation in absorbed dose throughout a defined region and material, integrated over a complete

treatment

In the context of this International Standard, the “product” is irradiation treatment supplied by an irradiator

© 1SO 2011 — All rights reserved
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dose mapping
measurement of dose distribution and variability in material irradiated under defined conditions

[ISO
3.9

11137-1:2006(4], 3.10]

dose uniformity ratio
ratio of the maximum to the minimum absorbed dose

3.10
dosi

devig

dose
[1ISO
3.1

meter

e having a reproducible, measurable response to radiation, which can be used to measure
in a given system

11137-1:2006[4], 3.11]

dosimetry

meas

[1SO
312

inter
refer:

[1ISO

313
food

proce

314

food
conc
inten

[1ISO
315

good

GMP

comi
manu

3.16

urement of absorbed dose by the use of dosimeters

11137-1:2006(4], 3.12]

lated elements used for determining absorbed dose, including dosimeters, instruments
nce standards and procedures for their use

dosiir;etry system

11137-3:200615], 3.1]

irradiation
ssing of food by ionizing radiation

safety
bpt that food will not cause ‘harm to the consumer when it is prepared and/or eaten acq
Hed use

22000:2005, 3.1]

manufacturing/practice

ination «0f manufacturing and quality procedures aimed at ensuring that products are
factured to their specifications, and to avoid contamination of the product by internal or exte

installation qualification

IQ

he absorbed

, associated

ording to its

consistently
rnal sources

process of obtaining and documenting evidence that equipment has been provided and installed in accordance
with its specification

[ISO
347

11137-1:200614], 3.16]

irradiation container
holder in which product is transported through the irradiator

NOTE The holder can be a carrier, cart, tray, product carton, pallet or other container.

[1ISO

©1SO

11137-1:2006[4, 3.17]
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acility

establishment where the irradiation process is performed

NOTE 1

Irradiation facilities can consist of an irradiator, shipping and receiving docks, storage zones for irradiated and

non-irradiated food, conveyor system, safety systems and the infrastructure for personnel and facility services including

record control

NOTE 2

(generation, updating, control and file).

radiation source, the operating mode, among others.

319

irradiator
assembly thd
and source

3.20

There are different types of irradiation facilities depending on the irradiator type, the conveyor system, the

t provides for safe and reliable irradiation processing, including the source of radiation, icon
nechanisms, safety devices, and biological shield

irradiator operator

company or
[1SO 111371
3.21

body responsible for irradiation of product

200614, 3.18]

non-conformity

non-fulfillme

ht of a requirement

[1ISO 9000:2005(2], 3.6.2]

3.22
operational
oQ
process of o
when used i

[1ISO 11137-1

3.23
performanc
PQ

process of o
with operatiq
yields produg

[1ISO 11137-1
3.24

qualification

btaining and documenting evidence that installed equipment operates within predetermined
accordance with its operational procedures

2006141, 3.22]

e qualification

btaining and documenting evidence that the equipment, as installed and operated in accord
nal procedures, ceorsistently performs in accordance with predetermined criteria and th
t meeting its specification

200614, 3.23]

preventive
action to eli

1

ction

veyor

limits

ance
breby

inate the cause of a potential non-conformity or other undesirable potential situation

NOTE 1

NOTE 2

There can be more than one cause for a potential non-conformity.

[1ISO 9000:2005[2], 3.6.4]

3.25

process interruption
intentional or unintentional stoppage of the irradiation process

[ISO 11137-1:

200614, 3.26]

Preventive action is taken to prevent occurrence whereas corrective action is taken to prevent recurrence.

© 1SO 2011 — All rights reserved
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3.26
process parameter
specified value for a process variable

NOTE 1 The specification for a food irradiation process includes the process parameters and their tolerances.
NOTE2  Adapted from ISO 11137-1:2006[4], 3.27.

3.27
process variable
condition within a food irradiation process that changes or alters the process effectiveness

EXANTPTE TTme, temperature, pressure, concentration, humidity, wavelengin.
NOTH Adapted from ISO 11137-1:200641, 3.28.

3.28
product realization
all the steps involved, from conception to delivery of product

3.29
radigtion-sensitive indicator
matefial which may be affixed to or printed on the product and which undergoes a visual change when exposed
to ionizing radiation

NOTH Adapted from ISO/ASTM 51539:2005[11], 3.1.4.

3.30
radigtion source
appafatus or material emitting or capable of emitting iehizing radiation

[1ISO p21:1997!"], 964]

3.31
radignuclide
naturjal or synthetically produced unstable nucleus of an atom that emits ionizing radiation

[1ISO [15190:2003(61, 3.19]
EXANIPLE Cobalt-60 or Cesium-137.

3.32
requalification
repetition of part of validation for the purpose of confirming the continued acceptability of a specified process

[1ISO [11137-1:2006[4], 3.32]

3.33
trangitdose
dose absorbed during fravel of product or source to or from the non-irradiation o the irradiation position

[1ISO 11137-1:2006!4], 3.45]

3.34

uncertainty of measurement

non-negative parameter characterizing the dispersion of the quantity values being attributed to a measurand,
based on the information used

[ISO/IEC Guide 99:2007(6], 2.26]

© 1SO 2011 — Al rights reserved 5


https://standardsiso.com/api/?name=40b97c02cc480a53c844e12a6dfa5d50

ISO 14470:2011(E)

3.35
validation

documented procedure for obtaining, recording and interpreting the results required to establish that a process
will consistently yield product complying with predetermined specifications

[1SO 11137-1:

2006141, 3.47]

4 Controlling the food irradiation process

4.1

Responsibility and authority

The respons

bility and authority for implementing and performing the procedures described in this Interna

Standard shall be specified, documented and communicated within the organization.

If the require
and custome

NOTE TH

4.2 Prody

ional

ments of this International Standard are undertaken by different organizations (irfadiator opgrator

r) the responsibilities and authorities of each party shall be specified in a technieal agreems

e technical agreement might be established even when both parties are bodies ©ofithe same company.

ct realization

nt.

The following requirements for product realization, purchasing, traceability and calibration of monitoring and

measuring devices shall be met from the determination of customer requirements.

a) Proceddres for purchasing of products and services received\from outside the organization shall be
specified.

b) Proceddres for identification and traceability of product shall be specified.

c) Procedyres for calibration of all equipment, including dosimetry systems and instrumentation fof test
purposep, shall be specified. These procedures shall comply with the applicable clauses of ISO 1p012,
shall ensure measurement traceability to national or international standards and shall have a known|level
of uncertainty.

NOTE Gliidance on the calibration of dosimeters can be found in ISO 11137-3[5] and ISO/ASTM 5126191,

4.3 Monitpring, measurement-and analysis

Appropriate methods for monitoring, measurement and analysis of the process shall be applied by the irradiator

operator.

Procedures for controlofiproducts designated as non-conforming and for correction, corrective and preventive

actions shall

4.4 Techn

be specified and documented.

ical agreement

A written agreement between the irradiator operator and the customer shall be specified, containing as a
minimum but not limited to the following:

a)

b)

responsibilities of parties (see 4.1);

evaluate whether the customer is fulfilling the agreed conditions for the products to be irradiated;

process

specifications (see 7.2);

changes are duly assessed.

general documents and records required (see 10.7);

product specifications (see 6.2) — it is advisable that the irradiator operator have a system to periodically

assessment of change (see 12.6) — the customer should periodically audit the process to ensure that

© 1SO 2011 — All rights reserved
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f)  other considerations.

NOTE Other considerations include, among others:

— agreement on non-conforming irradiated products management (see 4.3);

— actions to be taken by each party when information is required by external authorities;

— periodic revision of the technical agreement;

— privacy clause.

4.5

Procq

D Fw H
ULVUITIcIindauvil

pdures for each phase of the ionizing radiation process, such as technical agreement, g

valid@tion, routine control and product release, shall be specified.

Docu
persq

5 1

5.1
The ¢

In ord
or ing

Thei
and 1

5.2

The
of rag

NOTH
electr

5.3

5.3.1
as ne

ments and records required by this International Standard shall be reviewed ant.approved b
nnel.

rradiation facilities

Design
lesign of the facilities shall be specified.

er to prevent contamination and cross-contaminationjdnecessary measures shall be taken t
irect contact of the food with potential sources of contamination.

rradiation facilities shall be designed to irradiate’food in accordance with irradiation process g
egulatory requirements.

Radiation sources

ype of radiation used shall be specified and in the case of X-rays or electron beam radiatio
iation shall also be specified:

The Codex Alimentari’s Commission, as well as regulations in some countries, currently limits
pn energy and nominalX-ray energy for the purpose of food irradiation.

Equipment

The ircadiator and its method of operation shall be specified. The irradiator specification sh
cessary~and retained for the life of the irradiator.

Softw

levelopment,

y designated

b avoid direct

pecifications

h, the energy

the maximum

all be revised

are’'used to control and/or monitor the process shall be prepared in accordance with a quality

management

syste

5.3.2
a) t
b) t
c) t
d) t
e) t
f) t

©1SO

m that provides documented evidence that the software meets its design intention.

For all radiation sources, the specifications shall at least describe:
he irradiator and its characteristics;
he premises, including the location of the irradiator;
he means provided for the segregation of non-irradiated product from irradiated product;
he construction and operation of any associated conveyor system;
he conveyor path(s) and the range of conveyor speed;

he dimensions, materials and construction of the irradiator container(s);

2011 — All rights reserved
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g) the manner of operation and maintenance of the irradiator and any associated conveyor system.

5.3.3 For gamma irradiators, specifications shall also describe:

a) the activ

ity, type of radionuclide, and geometry of the gamma source;

b) the means of indicating the position of the gamma source;

c) the means of automatically returning the gamma source to the storage position and automatically ceasing

conveyo

d) the me

r movement if the process control timer or the conveyor system fails;

ns of returning the gamma source to the storage position. and automatically ceasing conveyor

movems

5.3.4 For-d

nt or identifying affected product if the gamma source is not at its intended position.

lectron beam and X-ray irradiators, specifications shall also describe:

a) the characteristics of the beam (electron or X-ray energy, and if applicable average beam current,

width an

b) for X-ray

d scan uniformity);

irradiators, the dimensions, materials and construction of the X-ray canvetter;

c) the meaps of indicating that the beam and the conveyor system are operating;

d) the meahs of ceasing irradiation if any failure of the conveyor occurs-which affects the dose and pr
requirenpents;

e) the mea

hs of ceasing conveyor movement or identifying affected product if any fault in the beam oc

5.4 Personnel

The personn
competent o

The irradiato]

a) determin
hygienic

b) provide
c) evaluatg
d) ensuret

€) maintair

el at an irradiation facility shall comply with the applicable regulatory requirements and sh
N the basis of appropriate education, trajning, skills and experience.

I operator shall:

e the necessary competence for‘personnel performing work affecting the good processin
practices for food irradiation;

beriodic training or take~other actions to satisfy these needs;
the effectiveness of.the actions taken;
hat its persoripel’are aware of the relevance and importance of their activities;

appropriate records of education, training, skills and experience.

6 Produg

1

scan

bduct

purs.

bl be

y and

6.1 Product definition

The product to be irradiated shall be defined.

The food shall be packaged in suitable materials for each type of product and for their use in the irradiation
process. When appropriate, these shall provide an effective barrier in order to avoid contamination or infestation
after irradiation. (See also A.2.)

Any change to the defined product, its package or the presentation to the irradiation source, shall be documented
and assessed for effect on the appropriateness of the irradiation process.

© 1SO 2011 — All rights reserved
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6.2 Product specification

The product specification shall include:

a) information and means necessary to identify the product to be irradiated (e.g. name and brief description);
b) purpose of the irradiation process (e.g. pathogenic control, shelf life extension, phytosanitary treatment);

c) packaging (materials; mass, shape and dimensions; orientation of the product within the package, if
relevant), taking into account planned processing (including irradiation) and being consistent with any
regulatory requirement (see, for example, ASTM F1640([20] and 21CFR179.45[24]);

d) {ioSe speciication (e.g. mimimum and maximum JoSe requirements).

7 PRrocess
7.1 |Process definition — Dose range

The s$ensitivity of food to irradiation varies with the type of product, the packaging atmosphere} the product
tempgrature during irradiation, and other factors.

The technically advisable dose range shall be specified and determined on the basis of knowledge of the
effecfs of radiation on the product and its packaging and applicable regulatory requirements.

In those cases where the process dose range has to be determined experimentally, the approag¢h shall be in
accofdance with the following considerations:

a) o ensure that the application of the process complies with applicable regulatory requirements;
b) fo establish a clear statement of the technicalobjective(s) of the process;

c) ftoestimate the dose range to be appliedto-achieve the technical objective(s) based on scientific knowledge
of the product;

d) fo demonstrate that irradiationtef test samples has been carried out to confirm that the esfimated dose
rlange can be met under practical production conditions;

e) fo ensure that it is possijble to meet the technical requirements, i.e. dose range and effgctiveness of
treatment, under practical production conditions;

f) o establish theprocess parameters under practical production conditions.

NOTH Publishéd dose ranges for various foods can be found in documents prepared by the FAO/IAEA [32],

7.2 |Process specification

The mrotace cnacificatinn chall inAb i AA-
ProcesSSpeoHtanot—Shaciate:

a) handling and storage conditions required (e.g. temperature conditions in the case of refrigerated or frozen
foods), and a clear statement that the product shall be segregated from other products to avoid potential
effects on product quality (e.g. undesirable aroma, contamination with substances from other products);

b) dosimetry system, agreed dose range, type and amount of dosimeters per batch, dose mapping,
measurement equipment with a calibration programme;

c) process parameters records (see 9.4 and 10.7);
d) irradiation labelling requirements (e.g. radiation-sensitive indicators, Radura logo);

e) clear statement that the process shall be performed according to good irradiation practices.

© 1SO 2011 — Al rights reserved 9
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8 Dosimetry

Dosimetry shall be performed to ensure that the specified absorbed dose is applied in each food irradiation
application. The absorbed dose shall be measured using dosimetry systems that have been developed for this
purpose.

Dosimetry shall be performed to characterize the radiation facility in operational qualification (OQ). Dosimetry
shall be performed to measure dose distribution in irradiated products in performance qualification (PQ).

Routine dosimetry shall be performed during product processing to monitor the irradiation process.

The selection and use of specific dosimetry systems in a given application shall be justified taking into account

nﬁmmwmmm@mmwm@mm
resolution (s¢e A.3).

9 Validation

the dose ra

9.1 Instal

The purpose
processing €
their specific
measuremer|

ation qualification (1Q)

of an installation qualification (IQ) programme is to demonstrate that theirradiator with its assod
quipment and measurement instruments have been delivered and:installed in accordancg
ptions. 1Q includes documentation of the irradiator and the assogiated processing equipmery
tinstruments, establishment of the testing, operation and calibtation procedures for their use

verification

at they operate according to their specifications.

tJ
Any modificdtions made to the irradiator during installation shall be decumented.

For gammaii
the source s

For electron
applicable, s

fradiators, the activity of the source and a descriptien of the location of individual compone
hall be recorded.

beam irradiators, the characteristics of the-beam (electron energy, average beam current 3
can width and scan uniformity) shall be determined and recorded.

For X-ray irradiators, the characteristics of thedbeam (electron or X-ray energy, average beam current g

applicable, s

NOTE M

9.2 Operd

The purpose
facility effect]
irradiator par
by any porti
process parg
the equipme

can width and scan uniformity) shall'be determined and recorded.

bthods for e-beam and X-ray characterization can be found in ISO/ASTM 51649[13] and ISO/ASTM 516

tional qualification\(0Q)

of operational gualification (OQ) of an irradiation facility is to establish baseline data for evalu
veness, predictability, and reproducibility for the range of conditions of operation for each

ameters and’process parameters expected to be used for irradiating product. The dose abs
bn of a_product in an irradiation container depends on both the irradiator parameters an
metefs-OQ is carried out by irradiating appropriate test materials to demonstrate the capabi
htto fulfil process definition.

patial

iated
with
t and
,and

hts of

nd, if

nd, if

pgl12],

ating
bet of
rbed
d the
ity of

a)

Examples of irradiator parameters are the activity of the source of radiation, the source geometry, the

source-to-product distance, the irradiation geometry, and the irradiator pathways (e.g. one- or two-sided
irradiation, multiple passes).

b)
the prod

uct composition and density, and the product-loading configuration.

Examples of process parameters are the length of time that a product is irradiated, the conveyor speed,

Operating procedures for the irradiator and associated conveyor systems shall be specified.

Process and ancillary equipment, including associated software, shall be tested to verify operation to design
specifications. The test method(s) shall be documented and the results shall be recorded.

Prior to OQ, the calibration of all instrumentation, including test instrumentation used for monitoring, controlling,
indicating or recording, shall be verified.
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OQ shall be carried out by irradiating homogeneous materials to be processed to demonstrate the capability
of the equipment to deliver the specified dose range. OQ shall demonstrate that the irradiator, as installed, is

capable of operating and delivering appropriate doses within defined acceptance criteria.

Dose mapping shall be carried out to characterize the irradiator regarding dose distribution and variability.

NOTE 1

NOTE 2

Guidance on dose mapping is given in ISO 11137-3[51 and ASTM E2303[171,

It is possible that the procedures for dose mapping outlined in this subclause are not feasible for some types

of bulk-flow irradiators. In such cases, minimum and maximum doses can be estimated by using an appropriate number of
dosimeters mixed randomly with and carried by the product through the irradiation zone. A sufficient number of dosimeters
is necessary to obtain statistically significant results.

Dos¢
irradi
conts
volun

Placd
dosin
intern

Dose
varia

mapping shall be carried out by a three-dimensional placement of dosimeter sets on the proq
ption container holding homogeneous material. The amount of homogeneous materialn th
iner should be the amount expected during typical production runs or should be.the’ max
ne for the irradiation container.

ment patterns shall be selected to identify the locations of the maximuninand minimum
heter sets shall be placed in these locations and fewer dosimeter sefs)in locations like
hediate doses.

mapping shall be carried out in a sufficient number of irradiation.containers to allow the esti
pility of the magnitude and distribution of the dose.

The pumber of loaded irradiation containers preceding and following the dose-mapped irradiatidg

uct within an
is irradiation
mum design

doses. More
y to receive

mation of the

n containers

shall |be sufficient to effectively simulate an irradiator filled with-homogeneous product.

NOTH 3  Dosimetry data from previously qualified irradiaters of the same design or calculations using| mathematical
mode]s can provide useful information for determining the number and location of dosimeters and the numbgr of irradiation
contajners for this qualification process.

If thefe is more than one conveyor path or more'than one product configuration, dose mapping shgll be carried
out fgr each path and for each product configuration to be used for processing product.

NOTH 4 When products of different densities are in the irradiator at the same time, the dose distributfon in any one
product can be influenced by the different attenuation and scattering properties of the other products. Thg magnitude of
these| effects can be estimated by dese*mapping of the first and last irradiation containers of two sequential production
runs for homogeneous products of different densities.

The ¢ffect of a process interruption on dose and dose distribution shall be determined and recorded. The type
of process interruption,shall be described.

Dose-mapping records shall include a description of irradiation containers, irradiator operating conditions,
used|materials, dose measurements, and conclusions drawn.

For gammatirradiators, the relationship between the timer setting, conveyor speed, and d

estal

lishied.

bse shall be

For efectron beam and X-ray ifradiators, variations in the beam characteristics during dose mapping shall be
within the limits of the irradiator specification.

For electron beam and X-ray irradiators, the relationship between the beam characteristics, the conveyor
speed, and dose shall be established for each product configuration used for processing.

9.3

Performance qualification (PQ)

Dose limits are almost always determined by food irradiation applications. For a given application, one or
both of these limits may be prescribed by government regulations. Dosimetry is used in PQ to determine the
appropriate process parameters (including timer setting, conveyor speed, and product-loading configuration)
for ensuring that the dose requirements for a particular product can be satisfied. This is accomplished by
dose mapping of irradiation containers with specific product and product-loading configurations. The purpose
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of the mapping is to determine the magnitudes and locations of the minimum and maximum doses and their
relationships to the doses at locations used for monitoring during routine product processing.

Aloading configuration within the irradiation containers shall be established for each product. The documentation
for this loading configuration shall include specifications for parameters that determine the homogeneity of the
loaded irradiation container and thus influence the dose distribution.

NOTE 1 Examples of such parameters include product size, mass, density, and orientation with respect to the radiation
source. The size, shape, density, and loading configuration of the product in the irradiation container is determined primarily
by considering the design parameters of the irradiation facility.

Locations of the regions of minimum and maximum dose for the selected product-loading configuration and

routine procgss pathway shall be established. Product dose mapping shall be carried out for each procefssing
pathway.
NOTE 2  Product dose mapping is accomplished by placing dosimeter sets throughout the volume of interést in ¢ne or

more irradiatig
data obtained
Dosimeters arf
in areas likely

NOTE 3  Di
irradiation corf
variations in g
strips can alsq

The variation
with the sam

NOTE4 V4
mapping a sp
irradiation cor
dose values r
irradiation con
fluctuations in

For gamma 4
with the prog
shall be dete

If the locatig
accessible d
processing.

n containers. Placement patterns to identify the locations of the dose extremes can be 'determined
from the dose-mapping studies during OQ or from theoretical calculations (e.g. mathematical mod
e concentrated in the expected regions of minimum and maximum dose, while fewerdosimeters are g
to receive intermediate dose.

fferent types of dosimeters can be used for the mapping procedure and for routine dose monitoring,
tainer holding product with voids or non-uniform product, dosimeter sets)are placed at locations
lomposition or density can affect the regions of maximum or minimum<dose. Dosimeter films in she|
be employed to obtain useful information.

s in dose shall be determined by mapping the dose distribution in several irradiation conta
e product-loading configuration and irradiation conditioens.

riations in the doses measured in similar locations in different irradiation containers are possible wher
pcific product-loading configuration. To determine, the variations in dose, dosimeters are placed in s
tainers at the expected regions of the minimum\and maximum doses. The variations in the meg
eflect the influence of, for example, the productyloading configuration (due to shifts in the contents
tainer during its movement through the irradiator), the density of the product within the irradiation con
process parameters, and the uncertaintig€sih the dosimetry system.

nd X-ray irradiators, dose mapping shall be carried out to identify product that can be procs
uct being mapped. The effeetion dose to product of different densities present in the irra
rmined to define product that/can be processed together.

Lring production runs;-alternative positions may be used for dose monitoring during routine pr:
[he relationships,between the doses at these alternative reference positions and the max

and minimunp doses shallde reproducible, established and documented.

Dose-mappi
operating co

If the produd

g records shall include a description of the product, loading pattern, conveyor path, irra
hditions).measurements of dose and conclusions drawn.

t dose-mapping procedure reveals that the dose uniformity ratio for the product is unaccey

using
eling).
laced

In an
ivhere
ets or

iners

dose
bveral
sured
of the
ainer,

ssed
Hiator

ns of dose extremes_identified during the product dose-mapping procedure are not readily

bduct
mum

Hiator

tably

large, appropriate measures shall be taken 1o reduce the rafio 1o an acceptable value.

NOTE 5

Methods of improving dose uniformity include re-arranging source elements, using attenuators or compensating

dummies, irradiating from several sides, rotating the irradiation container during irradiation, and increasing source-to-
product distance. In the case of bulk-flow irradiators, dose uniformity can be improved by arranging baffles to control
product flow through the irradiation zone. A change of the product-loading configuration in an irradiation container can help
to achieve the acceptable dose uniformity ratio.
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The product dose mapping shall be repeated if changes are made, either in the facility or operation mode that
could affect the magnitudes or locations of the maximum and minimum doses. The dosimetry data obtained
during OQ following the change may serve as a guide in determining the extent of these dose-mapping studies.

NOTE 6 For chilled or frozen foods, product dose mapping can be performed with simulated product at room
temperature. This requires that there be no change in any parameter (other than temperature) that could affect the dose
during processing of the chilled or frozen food. Mapping of the simulated product includes placement of one or more
dosimeters at a reference position known to be insulated from temperature changes during processing. During routine
processing of the chilled or frozen product, dosimeters are placed at this reference position.

When required, the temperature of the food during irradiation shall be maintained within a specified temperature
range (e.g. by using insulated containers).

NOTR 7 Dose mapping with a food is usefully performed at the temperature to which the food is chilled of frozen during
actua| product processing, using a dosimetry system that can be characterized at the intended procéssing femperature.

NOTH 8 It is possible that product dose mapping is not feasible for products flowing in bulk’through [the irradiation
zone.|In this case, minimum and maximum doses can be estimated by using an appropriate number of dogimeters mixed
randgmly with and carried by the product through the irradiation zone. A sufficient number 'of dosimeters i necessary to

obtain statistically significant results. Theoretical modeling of the maximum and minjmum doses can proyide additional
informpation.

9.4 |Review and approval of validation
Information generated during 1Q, OQ and PQ shall be reviewed. The’outcome of the review shall [be recorded.

From| a consideration of the information and its review, & process specification shall be prepared and
documented for each product.

Those documents shall include:

a) a description of the packaged product, including dimensions, density and orientation of prodpct within the
package and acceptable variations;

b) e loading pattern of product within-th€’irradiation container;

C) e irradiator operating conditions and limits (i.e. beam characteristics and conveyor speed);
d) e conveyor path(s) to be-used;

e) e dose range;

f) e routine dosimeter monitoring position(s);

Q) e relationship between the dose at the monitoring position(s) and the minimum and maximum doses;

h) r a product that is to be given multiple exposures to the radiation field, identification of any special
equirements (e.g. re-orientation or time restrictions) needed between exposures.

10 Routine monitoring and control

Prior to processing, any specific periodic tests, calibrations, maintenance tasks, and necessary requalification
shall have been performed and outcomes recorded.

Procedures for product handling and maintaining product integrity before, during, and after irradiation shall be
specified.

10.1 Process parameters

Process parameters (e.g. irradiation time, conveyor speed, product-loading configuration), shall be set,
controlled, monitored, and documented, taking into account variations in the irradiator and uncertainty in
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routine dosimetry, to ensure that the product is processed within specifications. If process parameters deviate
outside prescribed processing limits, appropriate actions shall be taken.

10.2 Product-loading configuration

Products shall be loaded into the irradiation container according to the process specification. The effect on the
dose distribution of changes or variations in the product-loading configuration shall be assessed.

The effects of changes in product densities or partially filled containers shall be assessed.

For irradiation containers containing fewer products than specified in the product-loading configuration, dose-

mapplng dat oha“ UI\IDt, tU wUIT If;l LILILJ thqt thU dUDUD darc Vv;th;ll thU OPU\JIfIUd :;Ill;to. :f dUOU IIIGP'JII Iu data d e nOt
available, thg dose-mapping procedure shall be performed to ensure that the dose distributions are adegyately
assessed.

10.3 Routine dosimetry

Dosimetry sy

stems suitable for use in routine dosimetry are described in ASTM E2628[15h

10.3.1 Dosimeter location

Dosimeter(s)

shall be placed, on the product within the irradiation container,<at the predetermined max

and minimunp dose positions, or at a qualified reference dose location.

10.3.2 Placs

The frequend
and its ration

NOTE M
some operatig

ment frequency

y of dosimeter placement shall be sufficient to verify:that the process is in control. The freqy
ale shall be specified.

bre frequent placement of dosimeters during the-production run could result in less product rejection, s
nal uncertainty or failure arise.

10.4 Processing inventory control

Systems for
receipt, load
processing a

Incoming prd

quantifying product and maittaining product inventory shall be implemented throughout pr
ng, unloading, handling and-release. Any discrepancies in the inventory shall be resolved b
nd/or release.

ducts shall be logged-and given a code related to the customer lot identification in order to id

them at each step in their path“through the irradiation facility. Facility design and administrative proce

shall ensure
colour chang

that irradiated/and non-irradiated products are segregated. A radiation-sensitive indicator (
e indicator/abel) may be affixed on each package.

Products shall betstered under appropriate conditions. If products require special storage conditions

temperature

requirements), adequate calibrated monitoring equipment shall be used to ensure that p

mum

ency

hould

bduct
efore

entify
Hures
P.g. a

(e.g.
roper

segregation

medns are implemented

10.5 Labelling

The appropriate national and international requirements for the labelling of irradiated food shall be applied.

IMPORTANT To allow consumers and food processors to choose between irradiated and non-
irradiated products, many governments have adopted labelling requirements. Labelling identifies the
product as irradiated and can inform the consumer of the purpose and benefits of the treatment
as well as handling or storage requirements. Labelling requirements differ among different national
authorities. Users should always contact such authorities before designing labels. Many countries
have adopted the internationally recognized “Radura-logo” as a means of labelling (see Figure 1). In
some countries a statement, such as “Treated with radiation”, “Treated by irradiation”, or “Treated
with ionizing energy”, has to accompany the logo or can be used instead of the logo.
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Figure 1 — International food irradiation logotype

10.6 Process interruptions

If process interruption(s) and/or process deviation(s) occur, they shall be recorded, together wit

and/d

10.7

Irrad

resp(
the ty
recof

All rg

legiti
agre

11 R

Proc

for d

syste

The
shall

Moreg]
custd

elimi

Radi

mear

h the actions

r corrective actions taken.

Irradiation process records
flator operators shall maintain adequate records identifying the product, the applied process, t
nsible for the operation, the code assigned to the incoming products, the"dosimetry resu
pe of dosimeters used, and the irradiation date. Any other data which might be of interest
ded.

cords shall be available on request to competent authorities, the ‘eustomer and other par
ate need for access to the information, and shall be kept forthe time period specified in
ment, which shall never be less than that specified in the cdrrent legislation.

Product release from irradiation process

edures for product release from irradiation shall bespecified. The procedure(s) shall define the
@signating an irradiation process as conforming; taking into account the uncertainty of the 1
m(s). If these requirements are not met, irradiated product shall be considered as non-confa

controls and related responsibilities.and authorities for dealing with non-conforming irradi
be specified.

over, the management of non=conforming product shall be agreed between the irradiator opg

ate problems and the causes of the non-conformities.

I

tion-sensitive indicators shall not be used as a proof of satisfactory radiation processing g
s of differentiating’irradiated products from non-irradiated products.

12 Maintaining process effectiveness

121

Déemonstration of continued effectiveness

he personnel
Its, including
may also be

ies having a
the technical

requirements
heasurement
rming.

ated product

rator and the

mer and defined in the technical agreement. Documented procedures and records shall be faintained to

r as the sole

Initial critical factors shall be defined according to the purpose of the irradiation process.

NOTE

In the case of controlling pathogenic or spoilage microorganisms, the critical factors are mainly associated

with the number and radiation sensitivity of microorganisms present on the product; in the case of tuber and root crops
sprouting, the critical factors are mainly related to post-harvesting conditions, among others.

These initial critical factors shall be monitored periodically in order to ensure that process is still effective to
achieve the technical objective of the irradiation process.

12.2 Equipment calibration

Procedures for calibrating the measurements instruments and for checking their performance periodically to
ensure that the instruments are functioning according to performance specifications, shall be established and
implemented. The calibrations shall be traceable to national or international standards.
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A performance check shall be made following any modification or servicing of the instruments.

12.3 Recali

bration

The original calibration of the instrumentation used to control, indicate or record the irradiation process shall

be verified at

defined intervals.

12.4 Maintenance of equipment

A maintenance plan (including preventive actions), maintenance procedures and records shall be reviewed at

specified int

rvals by a designated person and the results of the review shall be documented.

Equipment s
completed a

12.5 Requalification of the irradiation process

Requalificati
be performe
is carried ou

Requalificati

Requalificati
procedures.
corrective ad

12.6 Asses

Any change
these is judg

Any change
assessed for
that have to

The outcoms

hall not be used to process product until all specified maintenance tasks have been satisfag
d recorded.

bn of the irradiation process shall be carried out for defined product and specified equipment; i
| at defined intervals and after the assessment of any change. The exténtto which requalifig
shall be justified.

bn procedures shall be specified and records of requalificationretained.

bn data shall be reviewed against specified acceptance criteria in accordance with docum
Records shall be retained of reviews of requalification data, together with corrections mads
tions taken when the specified acceptance criteria are’not met.

sment of change

n the irradiator which could affect dose ordose distribution shall be assessed. If one or b
ed to be affected, then a requalification of part or all of IQ, OQ, and PQ shall be carried out.

fo the specified product, its packageor the presentation for irradiation shall be documente
effect on the appropriateness of the irradiation process. Those parts of process definition ¢
pe undertaken shall be determined based on the nature of the change.

of the assessment, includihg the rationale for decisions reached, shall be recorded.

torily

shall
ation

ented
b and

bth of

i and
rPQ
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