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Explanatory Material

This international standard is part of the project between ISO and ASTM International to develop and
maintain a group of ISO/ASTM dosimetry standards for radiation processing. In accordance with ISO/TC
85 N 1248, Maintenance Procedures for ISO/ASTM Radiation Processing Dosimetry Standards, a joint
meeting of ISO/TC 85 WG3 Dosimetry for Radiation Processing and ASTM Committee E61 was held in
New Orleans, Louisiana, on January 16-28 to review standards being considered for withdrawal, revision/
2] Or ConfiTmation. Atthoug O7A v 939 pubiishied 200 a0 Deen reapproved i 2018

decided that this standard should be revised to bring it in line with the new format adopted for the
ISO/ASI'M standards. A review was conducted to determine if, in addition to the format changes, technical
change$ would be required. From this review it was decided that major changes should be made tg the
standarfl and that it should be revised as a major revision.

The neyv standard covers the irradiation of blood or blood components in self-contained bloéd irradiators
using photons. The previous version also covered the use of teletherapy equipment andselectron beams.
The stapdard provides recommendations for properly implementing dosimetry in bload-irradiation. The
practicq describes a means of achieving compliance with the requirments of ISO/ASTM Practice 52628 for
dosimefry performed for blood irradiation and is intended to be read in conjunction ‘with ISO/ASTM 52628.
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he International Organization for Standardization) is a worldwide federation of national standards-bodi¢s
ember bodies). The work of preparing International Standards is normally carried out through 1SO

vernmental, in liaison with ISO, also take part in the work. ISO collaborates closely with th
tional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Draft |nternational Standards adopted by the technical committees are circulated\to the member bodies fpr

partic|pation from affected stakeholders. ASTM technical committees’follow rigorous due process balloting
procedures.

A prgject between ISO and ASTM International has been, formed to develop and maintain a group pf
ISO/ASTM radiation processing dosimetry standards. Urider this project, ASTM Commitee E61, Radiatign
Procgssing, is responsible for the development ands maintenance of these dosimetry standards with
unresfricted participation and input from appropriate 4SO member bodies.

Attenfion is drawn to the possibility that somg, of-the elements of this document may be the subject of patept
rights] Neither ISO nor ASTM InternationalCshall be held responsible for identifying any or all such patenht
rights

International Standard ISO/ASTM. 61939 was developed by ASTM Committee E61, Radiation Processinf,
through Subcommittee E61.04;'Specialty Application, and by Technical Committee ISO/TC 85, Nuclegr
energy, nuclear technologies-and radiological protection.

This fourth edition cancels” and replaces the third edition (ISO/ASTM 51939:05(2013)), which has begn
techn|cally revised.

iv © ISO/ASTM International 2017 - All rights reserved
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Standard Practice for
Blood Irradiation Dosimetry’

ISO/ASTM 51939:2017(E)

This standard is issued under the fixed designation ISO/ASTM FDIS 51939; the number immediately following the designation indicates
the year of original adoption or, in the case of revision, the year of last revision.

1. Scope

1.1 This practice outlines the irradiator installation qualifi-
cation progrim and the dosimetric procedures to be followed
during operdtional qualification and performance qualification
of the irradigtor. Procedures for the routine radiation process-
ing of blood product (blood and blood components) are also
given. If follpwed, these procedures will help ensure that blood

product e

osed to gamma radiation or X-radiation

(bremsstrahlpng) will receive absorbed doses with a specified

range.

1.2 This
blood prod
irradiators) U
X-radiation
blood irradig

1.3 The pj
irradiation i

ractice covers dosimetry for the irradiation of
ct for self-contained irradiators (free-standing
tilizing radionuclides such as '*’Cs and *°Co, or
(bremsstrahlung). The absorbed dose range for
tion is typically 15 Gy to 50 Gy.

hoton energy range of X-radiation used for blood
typically from 40 keV to 300 keV.

1.4 This practice also covers the use of radiation-sensitive

indicators f
product has

1.5 This
recommendd
radiation pr|
compliance
52628 for (
intended to
52628.

1.6 This
safety conc
responsibilit]
priate safet|
applicability)

! This practic

r the visual and qualitative indication that the
been irradiated (see ISO/ASTM Guide 51539).

ocument is one of a set of standards that provides
tions for properly implementing desimetry in
bcessing and describes a means .ofachieving
with the requirements of ISQ/ASTM Practice
osimetry performed for blogdyirradiation. It is
be read in conjunction with ISO/ASTM Practice

tandard does not pwuipoért to address all of the
rns, if any, asseciated with its use. It is the
of the user of)this standard to establish appro-
and healfl~practices and to determine the
or reguldtory limitations prior to use.

b issunder the jurisdiction of ASTM Committee E61 on Radiation

Processing and

s the/direct responsibility of Subcommittee E61.04 on Specialty

2. Referenced documents

2.1 ASTM Standards:*
E170 Terminology Relating to Radiation)Measuremenits and
Dosimetry

2.2 ISO/ASTM Standards:*
51026 Practice for Using the~Ericke Dosimetry System
51261 Practice for Calibrdtien of Routine Dosimetry
tems for Radiation Progessing
51275 Practice for Use of a Radiochromic Film Dosimetry
System
51310 Practicg for Use of a Radiochromic Optical
guide Dgsimetry System
51539 Guide for the Use of Radiation-Sensitive Indidators
5160Q7 Practice for Use of the Alanine-EPR Dosimetry Sys-
fem
§1707 Guide for Estimating Uncertainties in Dosimef{ry for
Radiation Processing
51956 Practice for Use of Thermoluminescence-Dosimetry
Systems (TLD Systems) for Radiation Processing
52116 Practice for Dosimetry for a Self-Contained| Dry-
Storage Gamma-Ray Irradiator
52628 Practice for Dosimetry in Radiation Processing
52701 Guide for Performance Characterization of QJosim-
eters and Dosimetry Systems for Use in Radiatiof Pro-
cessing

Sys-

Wave-

2.3 International Commission on Radiation Units and Mea-
surements Reports (ICRU):
ICRU 80 Dosimetry Systems for Use in Radiation Prpcess-
ing
ICRU 85a Fundamental Quantities and Units for Iohizing
Radiation

2 For referenced ASTM and ISO/ASTM standards, visit the ASTM |website,

Application, and is also under the jurisdiction of ISO/TC 85/WG 3.

Current edition approved by ASTM Jan. 1, 2016. Published XX. Originally
published as ASTM E 1939-98. Last previous ASTM edition E 1939-98. The
present International Standard ISO/ASTM 51939:2016(E) is a revision of the last
previous edition ISO/ASTM 51939:05(2013)(E).

© ISO/ASTM International 2017 - All rights reserved

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.

3 Available from the International Commission on Radiation Units and
Measurements, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814 U.S.A.
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2.4 ISO Standards:*

12749-4 Nuclear energy — Vocabulary — Part 4: Dosimetry
for radiation processing

2.5 ISO/IEC Standards:*

17025 General Requirements for the Competence of Testing

and Cal

ibration Laboratories

2.6 Guidelines on Blood Irradiation:
Guidelines on the Use of Irradiated Blood Components

(2013),

I“PI‘\QI‘P{“ by _the BCSH Blood Transfusion Task

=
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three-dimensional distribution of absorbed dose, thus rendering
a map of absorbed-dose values.

3.1.3.1 Discussion—For a blood canister, such a dose map is
obtained using dosimeters placed at specified locations within
the canister.

3.1.4 activity (A) (of an amount of radionuclide in a
particular energy state at a given time)—quotient of —dN by dt,
where dN is the mean change in the number of nuclei in that
energy state due to spontaneous nuclear transitions in the time

Force®
Recomme]
Procedy
(1993) §
Guidance
Blood (
US Foo

2.7 Joint
Reports:
JCGM 10
ation of
uncertai
JCGM 2
VIM, In
general

hdations Regarding License Amendments and
res for Gamma Irradiation of Blood Products,
JS Food and Drug Administration®

for Industry, Gamma Irradiation of Blood and
omponents: A Pilot Program for Licensing (2000)
d and Drug Administration®

Committee for Guides in Metrology (JCGM)

:2008 GUM 1995, with minor corrections, Evalu-
measurement data — Guide to the expression of
nty in measurement’

:2012 (JCGM 200:2008 with minor revisions),
ternational vocabulary of metrology — Basis and
concepts and associated terms®

3. Terminology

3.1 Defin
3.1.1 abs
the mean en
mass dm (s¢]

3.1.1.1 D
(Gy), where
kilogram of

3.1.2 abs
dD is the in
thus

3.1.2.1 D
absorbed-do
value over
Gy-min~" or

3.1.3 abs
dose within

tions:

rbed dose (D)—quotient of dé by dm, where d¢ is
ergy imparted by ionizing radiation to matter of
e ICRU 85a).

D = ds/dm )
scussion—The SI unit of absorbed dose is the gray
| gray is equivalent to the absorption of {+jeule per
the specified material (1 Gy = 1 J/kg).

rbed-dose rate (D)—quotient of @D by df, where
brement of absorbed dose in theime interval dr,

D = dD/d+ (2)
scussion—The SI unit“is Gy-s~ . However, the
e rate is often specified in terms of its average
onger time idfervals, for example, in units of
Gy-h™.
rbed-dese Mnapping—measurement of absorbed
an irradiated product to produce a one, two, or

1

interval dr (see ICRU 85a).

A= —dN/dt (3)

Unit: s~
The special name for the unit of activity'1s) the becqulerel
(Bq). 1 Bq=15s".
3.1.4.1 Discussion—
(1) The former special unit of ‘activity was the curig
1Ci=37x10"s" (exactly)
(2) The ‘particular energysstate’ is the ground state jof the
nuclide unless otherwise gpecified.
(3) The activity of anramount of radionuclide in a parficular
energy state is equal o the product of the decay constant, A, for
that state and the-numiber of nuclei in that state (that is, A=N)\).

3.1.5 appréyved laboratory—laboratory that is a recognized
national metrology institute; or has been formally accredjted to
ISO/IEC<}7025; or has a quality system consistent with the
requiremeénts of ISO/IEC 17025.

3~155.1 Discussion—A recognized national metrology| insti-
tute or other calibration laboratory accredited to ISP/IEC
17025 should be used in order to ensure traceabilityf to a
national or international standard. A calibration certfficate
provided by a laboratory not having formal recognitfon or
accreditation will not necessarily be proof of traceabilify to a
national or international standard.

(Ci).

3.1.6 bremsstrahlung—broad-spectrum electromagnefic ra-
diation emitted 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.

3.1.6.1 Discussion—

(1) In radiation processing, bremsstrahlung photong with
sufficient energy to cause ionization are generated Hy the
deceleration or deflection of energetic electrons in a [target
material. When an electron passes close to an atomic nycleus,
the strong coulomb field causes the electron to deviate frpm its
original motion. This interaction results in a loss of Kinetic
energy by the emission of electromagnetic radiation. [Since
such encounters are uncontrolled, they produce a continuous

+ Available from International Organization for Standardization (ISO), 1SO
Central Secretariat, BIBC II, Chemin de Blandonnet 8, CP 401, 1214 Vernier,
Geneva, Switzerland, http://www.iso.org.

3 Available from the National Blood Transfusion Service, East Anglian Blood
Transfusion Centre, Long Road, Cambridge, CB2 2PT United Kingdom.

¢ Available from the Office of Communication, Training and Manufacturers
Assistance (HFM-40), 1401 Rockville Pike, Rockville, MD 20852-1488, USA.

7 Document pi

roduced by working Group 1 of the Joint Committee for Guides in

Metrology (JCGM WG1). Available free of charage at the BIPM website (http:/

www.bipm.org).
8 Document pi

roduced by working Group 2 of the Joint Committee for Guides in

Metrology (JCGM WG?2). Available free of charge at the BIPM website (http://

www.bipm.org).

Phutuu cIergy distributton—that—extends up to—themaximum
kinetic energy of the incident electron.

(2) The bremsstrahlung spectrum depends on the electron
energy, the composition and thickness of the target, and the
angle of emission with respect to the incident electron.

3.1.7 calibration—set of operations that establish under
specified conditions, the relationship between values of quan-
tities indicated by a measuring instrument or measuring
system, or values represented by a material measure or a
reference material, and the corresponding values realized by
standards.

© ISO/ASTM International 2017 - All rights reserved
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3.1.7.1 Discussion—Calibration conditions include environ-

mental and

irradiation conditions present during irradiation,

storage and measurement of the dosimeters that are used for the
generation of a calibration curve.

3.1.8 dosi

quantifiable

meter—device that, when irradiated, exhibits a
change that can be related to absorbed dose in a

given material using appropriate measurement instruments and

procedures.

3.1.9 dosi

specific mas
in a single f
tions and ha

3.1.10 do
sorbed dose
ments and th
for the syste]

cgaada oo o
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3.1.20 simulated product—material with radiation absorp-
tion and scattering properties similar to those of the product,
material or substance to be irradiated.

3.1.20.1 Discussion—

(1) Simulated product is used during irradiator character-
ization as a substitute for the actual product, material or
substance to be irradiated.

(2) When used in routine production runs in order to
compensate for the absence of product, simulated product is

of material with uniform composition, fabricated
roduction run under controlled, consistent condi-
ving a unique identification code.

imetry system—system used for measuring ab-

consisting of dosimeters, measurement instru-
eir associated reference standards, and procedures
m’s use.

3.1.11 insfallation qualification (1Q)—process of obtaining

and docume
and installed

3.1.12 ir
sample duriy
uniformity.

3.1.12.1 1
ferred to a
example wit
the product,

3.1.13 iso
sorbed dose

3.1.14 md

hting evidence that equipment has been provided
in accordance with specifications.

adiator turntable—device used to rotate the
g the irradiation process so as to improve dose

iscussion—An irradiator turntable is often re-

a turntable. Some irradiator geometries, for
h a circular array of radiation sources surrounding
may not need a turntable.

ldose curves—lines or surfaces of constant ab-
through a specified medium.

lated or inte

(asurement management system—set of interre-
cting elements necessary to achieve metrological

confirmation and continual control of measurement pregesses.

3.1.15 opgrational qualification (OQ)—process of\pbtaining
and documepting evidence that installed equipment operates
within predetermined limits when used in accordance with its

operational
3.1.16 pe

rocedures.

[formance qualification (PQ)>process of obtain-

ing and docymenting evidence that _the)équipment as installed

and operated
sistently per
and thereby

3.1.17 ra
coated or im
or other ma
product and

in accordance withQperational procedures, con-
forms in accordanc€)with predetermined criteria
yields productthat’'meeting its specification.

liation-sensitive indicator—material such as a
pregnated.adhesive-backed substrate, ink, coating
erial which may be affixed to or printed on the
which, undergoes a visual change when exposed to
ation.

ionizing rad

sometimes referred to as compensating dummy.
(3) When used for absorbed-dose mapping, "simplated
product is sometimes referred to as phantom material.

3.1.21 timer setting—defined time interyal) during which

product is exposed to radiation.

3.1.22 transfer-standard dosimetry system—dosimetrly sys-
tem used as an intermediary toscalibrate other dosimetry
systems.

3.1.23 transit dose—absorbed dose delivered to a pfoduct
(or a dosimeter) while it\ travels between the non-irradiation
position and the irradiation position, or in the case| of a
movable source while the source moves into and out|of its
irradiation position.

3.1.24 validation—documented procedure for obtaining, re-
cording and interpreting the results to establish that a pfocess
will comsistently yield product complying with predetermined
specifications.

3:1.25 X-radiation—ionizing electromagnetic radjiation
which includes both bremsstrahlung and the charactgristic
radiation emitted when atomic electrons make transitipns to
more tightly bound states.

3.1.25.1 Discussion—In radiation processing applidations
(such as blood product irradiation), the principal X-radiafion is
bremmstrahlung.

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

3.2 Definitions of Terms Specific to This Standard:
3.2.1 blood product (blood and blood components)—whole
blood, red cells, frozen cells, platelet concentrates, apHeresis
platelets, granulocyte concentrates, and fresh or frozen plasma.
3.2.1.1 Discussion—Enclosure systems for blood and|blood
components are commonly referred to as “bags.”

3.2.2 canister—container used to house the blood product or
blood-equivalent product during the irradiation process.

3.1.17.1 Discussion—Radiation-sensitive indicators are of-
ten referred to as “indicators.”

3.1.18 reference-standard dosimetry system—dosimetry
system, generally having the highest metrological quality
available at a given location or in a given organization, from
which measurements made there are derived.

3.1.19 routine dosimetry system—dosimetry system cali-

brated against a reference standard dosimetry system and used
for routine absorbed-dose measurements, including dose map-
ping and process monitoring.

© ISO/ASTM International 2017 - All rights reserved

3.3 Definitions of other terms used in this standard that
pertain to radiation measurement and dosimetry may be found
in ISO 12749-4, ASTM Terminology E170, ICRU 85a and
VIM; these documents, therefore, may be used as alternative
references.

4. Significance and use

4.1 Blood and blood components are irradiated to predeter-
mined absorbed doses to inactivate viable lymphocytes to help
prevent transfusion-induced graft-versus-host disease (GVHD)
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in certain immunocompromised patients and those receiving
related-donor products (1, 2).°

4.2 The assurance that blood and blood components have
been properly irradiated is of crucial importance for patient
health. This shall be demonstrated by means of accurate
absorbed-dose measurements on the product, or in simulated
product.

4.3 Blood and blood components are usually irradiated

units containing radionuclides usually have a mechanism to
move the canister from the load/unload position to the irradia-
tion position.

5.1.1 Some common methods used for improving absorbed-
dose uniformity in the blood product are to either rotate the
canister holding the blood product in front of the radiation
source or to have multiple sources irradiating the product from
different directions.

using gamifia radiation Irom ¥ Csor “°Co sources, of
X-radiation from X-ray units.

4.4 Blood irradiation specifications include a lower limit of
absorbed doge, and may include an upper limit or central target
dose. For a|given application, any of these values may be
prescribed by regulations that have been established on the
basis of avaiflable scientific data (see 2.6).

4.5 For epch blood irradiator, an absorbed-dose rate at a
reference pgsition within the canister is measured as part of
irradiator ac¢eptance testing using a reference-standard dosim-
etry system.| That reference-standard measurement is used to
establish opgrating parameters so as to deliver specified dose to
blood and blood components.

4.6 Absoibed-dose measurements are performed within the
blood or Hlood-equivalent volume for determining the
absorbed-doge distribution. Such measurements are often per-
formed using simulated product (for example, polystyrene is
considered Hlood equivalent for '*’Cs photon energies).

4.7 Dosinmetry is part of a measurement management system
that is appljed to ensure that the radiation process meets
predetermingd specifications (see ISO/ASTM Practice 52628).

4.8 Blood and blood components are usually irradiated._in
chilled or frgzen condition. Care should be taken, therefore, to
ensure that the dosimeters and radiation-sensitive sindicators
can be used [under such temperature conditions.

4.9 Propef documentation and record keeping are critical
components [of a radiation process. Docunienitation and record
keeping reqyirements may be specified by regulatory authori-
ties or may pe given in the corporation’s quality policy.

4.10 Response of most dosinieters has significant energy
dependence pt photon energies~of“less than 100 keV, so proper
care must bg exercised whén-rieasuring absorbed dose in that
energy rangg.

frradiators and modes of operation

(ISO/ASTM Practlce 52116), or to low energy X rad1at10n
(bremsstrahlung) produced by an X-ray tube. These irradiators
house their radiation source in a protective lead shield or other
appropriate high atomic number material in accordance with
the safety requirements. Currently available units using low-
energy X-radiation (bremsstrahlung) require less shielding than
units containing gamma-emitting radioactive isotopes. Such

° The boldface numbers in parentheses refer to the bibliography at the end of this
standard.

6. Radiation source characteristics

6.1 Gamma Irradiators:

6.1.1 The source of gamma radiation used i the irradiators
considered in this practice consists of sealed ®°Co orf'*’Cs
radionuclides that are typically linear rods?arranged in ¢ne or
more planar or annular arrays.

6.1.2 Cobalt-60 emits photons“with energies of approxi-
mately 1.17 and 1.33 MeV in “nearly equal propoftions.
Cesium-137 produces photorig>with energies of approximately
0.662 MeV.

6.1.3 The radioactive decay half-lives for ®°Co and|'*’Cs
are regularly reviewed and updated. The most recent pyblica-
tion by the National Institute of Standards and Techrology
gave values af ¥925.20 (+0.25) days for ®°Co and 11018.3
(£9.5) day§dor '¥'Cs (4).

6.1.4 For gamma sources, the only variation in the jource
output is the known reduction in the activity caus¢d by
radioactive decay. This reduction in the source output aphd the
required increase in the irradiation time to deliver the| same
dose may be calculated (see 10.4.2) or obtained from [tables
provided by the irradiator manufacturer.

6.2 X-ray Irradiators,

6.2.1 Low energy X-ray irradiators use X-ray tubes that
consist of an electron source (generally a heated wfire, a
filament which emits electrons), an electrostatic field to [accel-
erate these electrons, and a converter to generate X-radjation.

6.2.2 An X-ray (bremsstrahlung) irradiator emits [short-
wavelength electromagnetic radiation, which is analogpus to
gamma radiation from radioactive sources. Although| their
effects on irradiated materials are generally similar, theselkinds
of radiation differ in their energy spectra (see 6.2.3), apgular
distribution, and dose rates. The physical characteristics [of the
X-radiation (bremsstrahlung) field depend on the design |of the
X-ray tube.

6.2.3 Currently available low-energy X-ray irradiatorp gen-
erate X-radiation with a maximum energy of 160 keY. The
aximum

energy to approx1mately 30 keV

6.2.4 The energy of the X-radiation influences the size and
shape of the canister needed to achieve the desired level of
dose uniformity in the blood canister. Filters are used to reduce
the low-energy components to improve dose uniformity in the
canister. These filters may form part of the X-ray tube or may
be material added to the irradiator or canister. Reflectors may
also be used to improve the dose uniformity.

6.2.5 The absorbed-dose rate and thus time of irradiation is
determined by the tube current.

© ISO/ASTM International 2017 - All rights reserved
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7. Dosimetry systems

7.1 Description of Dosimeters and Dosimetry Systems—
Classification of dosimeters and dosimetry systems is based on
the inherent metrological dosimeter properties and the field of
application of the dosimetry system (see ISO/ASTM Practice
52628). These classifications influence both the selection and
calibration of dosimetry systems.

7.1.1 Classification of Dosimeters—Classification of dosim-

eters is based on their inherent metrological propertie h
method of measurement may be important in the classification,
but the claskification does not include consideration of the

the effects of| influence quantities, such as temperature and dose
rate. See I§O/ASTM Practice 52628 for a list of type I
dosimeters.

7.1.1.2 Type Il Dosimeters—The classification of a dosim-
eter as a type II dosimeter is based on the complexity of
interaction Hetween influence quantities, such as temperature
and dose rat¢, which makes it impractical to apply independent
correction fgctors to the dosimeter response. See ISO/ASTM
Practice 526P8 for a list of type II dosimeters.

7.1.2 Clajsification of Dosimetry Systems:

7.1.2.1 Rdference Standard Dosimetry Systems:

(1) The ¢lassification of a dosimetry system as a reference
standard dogimetry system is based on its application. Refer-
ence standafd dosimetry systems are used as standards to
calibrate otfler dosimetry systems that are used for routine
measuremenys. In addition, the reference standard dosimétny
systems are ysed to certify the absorbed-dose rate at a reference
position witlin the irradiator. The uncertainty of the reference
standard dodimetry system will affect the uncertaiiity of the
system bein calibrated and thus the uncertainty in the ab-
sorbed dose [value for the product being irradiated.

(2) Refegence standard dosimetry systems may take the
form of systgms held at a given locatien or they may take the
form of trapsfer standard dosimetry-systems operated by a
national standards laboratory orzamsapproved laboratory. In the
case of trangfer standard doSii€try systems, dosimeters are
sent to a blood irradiation/facility for irradiation and then
returned to [the issuing \laboratory for measurement. The
requirement | that desiméters be transported without unduly
increasing tlhe measurement uncertainty restricts the type of
dosimeter thpt.eanbe used. Alanine/EPR and Fricke dosimetry

ALy ISO/ASTM 51939:2017(E)

tainty achievable with measurements made using a reference
standard dosimetry system is typically of the order of 3 % (at
the 95 % confidence level).

(4) Examples of reference standard dosimetry systems are
given in Table 1.

7.1.2.2 Routine Dosimetry Systems:

(1) The classification of a dosimetry system as a routine
dosimetry system is based on its application, that is, routine
9 e Reasureren e e . g and
process monitoring.

(2) The dosimeter used in a routine dosimetfy,sysfem is
generally a type II dosimeter, although there mgy be
exceptions, for example the use of type I alapine dosinpeters.
The expanded uncertainty achievable with measurements made
using a routine dosimetry system is typically of the orfler of
6 % (at the 95 % confidence leveld:

(3) Examples of routine desimetry systems are lisfed in
Table 2 and described in mote-~detail in Annex Al.

7.2 Routine Dosimetry\System Calibration:

7.2.1 Dosimetry systéms consist of dosimeters, mepsure-
ment instruments and their associated reference standards, and
procedures for-th€ system’s use. Prior to use, routine dosfmetry
systems shall be calibrated in accordance with docunpented
proceduresthat specify details of the calibration procesp. The
calibration curve shall cover the dose range of 15 to 30 Gy,
suitable for blood irradiation. All dosimetry equipment reguires
either calibration traceable to appropriate standards or perfor-
mance checks to verify its operation (for more informatiqn, see
the specific ISO/ASTM standard for the dosimetry gystem
being used). Similarly, the dosimetry system shall be caliprated
for each dosimeter batch used on the blood irradiajor. If
required by regulation or policy, it is necessary to demonpstrate
that dose measurements are traceable to recognized natignal or
international standards.

7.2.2 Trradiation of calibration dosimeters is a criticall com-
ponent of the calibration of the dosimetry system. Thes¢ shall
be irradiated at the reference position in the canister whgre the
dose rate was determined using reference or transfer stqndard
dosimeters issued and analyzed by an approved laboratoty. For
gamma irradiators, the most commonly used transfer stqgndard
dosimetry systems for this purpose are either Fricke or alpnine-
EPR. For low-energy X-ray irradiators, ionization chambers or
the alanine-EPR dosimetry system may be used as trpnsfer
standard dosimetry systems as long as they are calibratpd for
the appropriate energy (5, 8).

systems are omimonly used in this wav
(3) The dosimeter used in a reference standard dosimetry
system is generally a type I dosimeter. The expanded uncer-

7.2.3 Alternately, the dosimeters may be calibrated in ac-
cordance with ISO/ASTM Practice 51261.

TABLE 1 Examples of reference-standard dosimetry systems

Useful Absorbed-dose

Dosimeter Readout System Range (Gy) Reference
Alanine EPR spectrometer 110 10° ISO/ASTM 51607
Fricke UV spectrophotometer 20 to 400 ISO/ASTM 51026
lonization chamber Electrometer Can be easily applied to the blood-irradiation (5)
dose range
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TABLE 2 Examples of routine dosimetry systems

Useful Absorbed-dose

Dosimeter Readout System Range (Gy) Reference
TLD (for example, LiF) Thermoluminescence reader 10~ to 10° ISO/ASTM 51956
MOSFET semiconductor Electronic reader 1 to 200 6,7)
RadioChromic film UV/visible spectrophotometer, Transmission/Reflectance 10 to 10° ISO/ASTM 51275
densitometer
Alanine EPR Spectrometer 1to 10° ISO/ASTM 51607
Radiochromic optical waveguide Photometric means using dual wavelength photometry 1 to 10* ISO/ASTM 51310
lonization chamber Electrometer Can be easily applied to (5)
the blood-irradiation
TOUSE Tarnge

7.2.4 Cali
repeated at 1
absorbed-do
limits.

7.3 Dosin
of dosimetry
include:

7.3.1 refe
used to det
canister (see]

bration of the routine dosimetry system shall be
pgular intervals to ensure that the accuracy of the
e measurement is maintained within required

etry Applications—There are several applications
systems where blood is irradiated. These may

Fence or transfer standard dosimetry system is
brmine the reference absorbed-dose rate in the
9.3.1 for more details).

7.3.2 routine dosimetry system is used for establishing

absorbed-do

e distribution (mapping) in the canister (see 9.3.2

for more de
7.3.3 rou
routine radi

7.4 Factol
7.4.1 Fac
ally referre

ils), and
ne dosimetry system is used to monitor the
ion process (see 10.3.3 and 11.2 for more details).

s That Affect the Response of Dosimeters:
ors that affect the response of dosimeters (gener-
to as “influence quantities™), including environ-

mental cond]tions and variations of such conditions within the
irradiator, sHall be known and their effect taken into account
(see ISO/ASITM Practices 52628 and 52701 and the Standard

of the speci

7.4.2 The
applications
many routin
must be take]
energy rangg

¢ dosimetry system).

possible photon energy range for blood irradiation
is from 40 keV to 1.33 MeV._Since response of
e dosimeters depends on the. photon energy, care
h to calibrate the dosimetry system for appropriate
S.

8. Installation qualification

8.1 Objeq
program is t
and measurg
stalled in a
qualification|
ment and m|

five—The purpese”of an installation qualification
obtain and document evidence that the irradiator
ment instrwments have been delivered and in-
ccordance with their specifications. Installation
includes documentation of the irradiator equip-
Pasurement instruments: establishment of testin

operation and calibration procedures for their use; and verifi-
cation that the installed irradiator equipment and measurement
instruments operate according to specification.

Note 1—Table A2.1 gives some recommended steps in the following
areas: installation qualification, operational qualification, performance
qualification, and routine product processing. The recommended steps in
Table A2.1 are not meant to be exhaustive.

8.2 Equipment Documentation—Establish and document an
installation qualification program that includes descriptions of
the instrumentation and equipment and measurement instru-
ments installed at the blood irradiation facility. This documen-

tation shall be retained for the life of the(isradiator| At a
minimum, it shall include:

8.2.1 A description of the irradiator’s\specifications,| char-
acteristics and parameters, including any modifications|made
during or after installation,

8.2.2 A description of the l6eation of the irradiator within
the operator’s premises, ingluding its relation to any means
provided for segregating unirradiated from irradiated products,

8.2.3 Operating instractions and standard operating proce-
dures for the irrddiator and associated measur¢ment
instruments,

8.2.4 Desctiption of the construction and operation
product handling system,

8.2.5 Licensing and safety documents and procedurgs, in-
cluding\those required by regulatory and occupational phealth
and~safety agencies,

8.2.6 A description of a calibration program to ensuge that
all processing equipment that may influence absorbed-dose
delivery is calibrated periodically (for example, the resef timer
mechanism on a gamma irradiator), and

8.2.7 Descriptions, operating procedures, and caliljration
procedures for associated measurement instruments or systems
(such as those used for dosimetry).

bf the

8.3 Equipment Testing and Calibration—Test all procpssing
equipment and instrumentation that may influence abgorbed
dose in order to verify satisfactory operation of the irrgdiator
within the design specifications.

8.3.1 Implement a documented calibration program fo en-
sure that all processing equipment and instrumentatiop that
may influence absorbed-dose delivery are calibrated pgriodi-
cally.

8.3.2 If any modification or change is made to the irrddiator
equipment or measurement instruments during the installation
qualification phase, they shall be re-tested.

1o

9.1 Objective—The purpose of operational qualification of
an irradiator is to establish baseline data for evaluating
irradiator effectiveness, predictability, and reproducibility for
the range of conditions of operation for key processing
parameters that affect absorbed dose in the blood product. As
part of this process, dosimetry may be performed to: (/)
establish relationships between the absorbed dose for a repro-
ducible geometry and the operating parameters of the
irradiator, (2) measure absorbed-dose in blood-equivalent ma-
terial or other reference materials, and (3) measure the
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absorbed-dose rate at a reference position within the canister
filled with blood or simulated product.

9.1.1 In some cases, operational qualification may begin
prior to the shipment of the irradiator to the customer’s site. As
part of release-for-shipment criteria, the irradiator manufac-
turer may perform absorbed-dose mapping to establish baseline
data. After the unit is installed at the user’s site, operational
qualification is performed as part of the user’s quality assur-
ance plan (see ISO/ASTM Practice 52116).
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volume; in reality, a certain variation in absorbed-dose through
the product will exist. The irradiator characterization process
includes mapping the absorbed-dose distributions for blood or
simulated product, and identifying the magnitudes and loca-
tions D, and D,;, within the canister for a given set of
operating parameters (for example, timer setting, product
loading configuration).

9.3.2.1 Mapping of the absorbed-dose distribution shall be
done by placing dosimeters throughout the actual or simulated

9.2 Dosinetry Systems—Calibrate the routine dosimetry
system as digcussed in 7.2.

9.3 Irradijator Characterization—The absorbed dose re-
ceived by gny portion of blood product depends on the
irradiator pafameters (such as the source activity at the time of

irradiation,
distance and|
eters (such a
density and
canister).
9.3.1 Abs
standard dog
tionally rec
absorbed-do
at a refereng
simulated pr
completely f]
at the refere

e geometry of the source, the source-to-product
the irradiation geometry) and the process param-
b the irradiation time, the product composition and

the product loading configuration within the

orbed-Dose Rate—A reference- or transfer-
imetry system, traceable to nationally or interna-
gnized standards, shall be used to measure the
e rate within blood product or simulated product
e position (such as the center of the product or
bduct volume) when the simulated product nearly
1Is the irradiation volume. The absorbed-dose rate
hce position shall have a reproducible and docu-

mented relagionship to the absorbed-dose rate at locations of
maximum (Zp,,,.) and minimum (D,;,) dose within the product
or simulated| product volume. This measurement of absorbed-
dose rate at p reference position shall be used to establish the
operating pgrameters (such as timer setting) necessary.-to
deliver the specified absorbed-dose range.

Note 2—If|the irradiation conditions are different than those during
reference dose|rate measurements, these results may not-apply.

9.3.1.1 Most manufacturers of blood jrradiators use a
reference-stgndard dosimetry system to measure absorbed-dose
rate at a refeyence position within simulated product following
installation ¢f (or, in the case of seme/units, before shipping)
the irradiatof.

Note 3—F¢r reference standdrd Jdosimetry, the absorbed dose and
absorbed-dose Jrate are expressedds-absorbed dose and absorbed-dose rate
to water.

9.3.1.2 Masurementvof absorbed-dose rate at a reference
position shopld be\repeated periodically (for example, annu-
ally) and fqllowing any changes to the source, irradiation
geometry, 1 1 : H
absorbed-dose rate.

Note 4—To the degree possible, subsequent measurements of dose rate
should be performed under similar conditions to allow direct comparison
amongst test results. These results should agree with results of previous
measurements, once source decay (if applicable) or other known factors
that may affect dose are taken into account. Unexplained discrepancies
that are beyond the limit of combined uncertainty for the two procedures
should be investigated, as they could indicate problems with the dosimetry
or the operation of the irradiator.

9.3.2 Dose Mapping—Ideally, the irradiation process is
designed to irradiate blood uniformly throughout the irradiated

© ISO/ASTM International 2017 - All rights reserved

product. Placement patterns should be used that can,identify
the locations of D, and D, ;. Typically, the bloodiproduct is
relatively close to the radiation source, resulting sg\pronounced
absorbed-dose gradients near the periphery cof ,the blgod or
blood-component volume. It is important, therefore, to dhoose
a dosimeter with adequate spatial resolution to detect| these
gradients. For more information on do§¢ mapping, see |0.3.

duct is
should

Note 5—In the case of static irradiatiohs (such as when the prq
located at the center of an annular souree array), the dose mapping
be done in three dimensions.

Note 6—Dosimetry data from\previously characterized irradigtors of
the same design or theoretical calCulations may provide useful infofmation
for determining the numpenand locations of dosimeter sets needed ffor this
characterization processs

dasa
urves.
(for
Cteris-

9.3.2.2 The dese mapping information may be providg
table of dose~values for specific locations or as isodose ¢

9.3.2.3sChanges in the product handling systen
example, ‘wrradiator turntable) or radiation source chara|
tics require a new absorbed-dose mapping.

9.3.3 Transit Dose—The transit dose and its relation t
absorbed dose should be considered.

9.3.3.1 Dosimetry performed at the same dose level 4|
for blood irradiation includes the transit dose contriH
Therefore, it is usually unnecessary to measure the transi
separately.

b total

5 used
ution.
it dose

10. Performance qualification

cation
blood
edure.
n and
of the
ments
of the
) in a

10.1 Objective—The purpose of performance qualifi
is to ensure that the absorbed-dose requirements for
product can be satisfied by the selected irradiation proc
Typically, the regulatory agency specifies the minimui
maximum absorbed dose for the process. Establishment
process parameters to fulfill these absorbed-dose requirg)
is accomplished by absorbed-dose mapping (see 9.3.2)
canister filled with blood product (or simulated produc
specified loading configuration.

10.2 Product Loading Configuration—A loading confligura-
tion within the canisters for the irradiation shall be establlished
ach £ - sHReRtat this
loading configuration shall include specifications for param-
eters that influence the absorbed-dose distribution. For irradia-
tion of blood, these parameters could include volume of the
blood product, and size and shape of the blood or blood
component bag. The canister shall not be loaded beyond its
designed maximum volume.

10.3 Product or Simulated Product Absorbed-dose
Mapping—For blood product, there is a minimum dose to
achieve the desired effect and a maximum dose that the blood
can tolerate without unacceptable degradation in quality. Both
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these limits are usually defined by the pertinent regulatory
body. Establish the locations of the regions of D, and D, ;.
for the selected product-loading configuration from the dose-
mapping data.

10.3.1 Results of absorbed-dose mapping are used to deter-
mine the degree of dose uniformity. In some cases, irradiator or
process parameters can be adjusted to improve dose uniformity
(for example, reducing the blood volume to exclude it from

areas with low or high dose rates).

ALy
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10.4.2.2 In practice, absorbed-dose rate can be substituted
for activity in Eq 5. The absorbed-dose rate established during
OQ or during a subsequent characterization of the irradiator
with a reference or transfer standard dosimetry system (see
9.3.1) provides the value at t = 0. The absorbed-dose rate at
t days later can be computed from Eq 5 using A for the
appropriate radionuclide from Eq 6 or Eq 7.

10.4.2.3 Typically, for irradiators with a '*’Cs radionuclide
source, the timer setting is increased by approximately 1.1 %

10.3.2 If any changes are made to the irradiation geometry

or mode o
location of
dose mappi
addition, thi

10.3.3 R

operation that could affect the magnitude or
e absorbed-dose extremes, repeat the absorbed-
to the extent necessary to establish the effect. In

established dose rate should be verified.

tine Monitoring Position—If routine monitoring

during procg¢ssing is required, identify a routine monitoring
position for [the selected loading configuration. This may be,

for examplef the location fo D

location in
be placed

min OF D, Or an alternate
on the canister. Dosimeters or indicators should
this position(s) during routine processing, SO

accessibility| should be considered. During dose mapping,
dosimeters shall be placed at this location so as to establish the

relationship petween dose at this location and D

and D_;,,.

max

This relatiopship shall be reproducible and documented as

process con

10.4 Esta
the absorbed|
parameters s
configuratio1
lished based
in 10.3 in ¢
standard me
position (sea
absorbed doj
parameter s
established
absorbed-do
throughout ¢

10.4.1 Tin
required to d
given by:

where DR is
position.

10.4.2 Ad]
culation in

ol requirements.

blishing Operating Parameters—To ensure that
dose is within specified limits, values of operating
hall be established for the selected product loading
1, and dose specification. These values are estab-
on results of the absorbed-dose mapping described:
bnjunction with results of reference- or transfer-
psurements of absorbed-dose rate at a reference
9.3.1). For most gamma irradiation facilities, the
e is controlled by adjusting a single eperating
ich as the timer setting. The valueés that are
or the operating parameters should result in an
ke distribution that is within) specified limits
he irradiation volume.

her Setting Calculation*—The amount of time (7)
eliver a desired dose D16 the reference position is

#=_P/DR 4)
the current absorbed dose rate at that reference

justing for Radioactive Decay—An important cal-
he- use of gamma sources 1s the correction for

radioactive (

nential loss of act1v1ty, A, with time is given by:

— —At
A, =Aye

(5

where A, is the source activity at time ¢, A, is the known
activity at some earlier time (#=0), and /4 is the decay constant
for the given radionuclide.

10.4.2.1 Using the values of half-lives from 6.1.3, the

values for 4

for °°Co and '¥’Cs are:
For®Co, L = 3.60039 X 10~* day ™'
or¥Cs, A = 6.29087 X 107> day !

(6)
(7

every six months to compensate for the loss of activityAr¢m the
radioactive decay and to continue to deliver the dose/within the
specified limits. Typically, for irradiators with a/%'Co raglionu-
clide source, the timer setting is increased by approximately
1.1 % every month.

11. Routine product processing

11.1 Operating Parameters_tnd* Control—Before rputine
irradiation of blood product,.sét’the operating parameters as
established during performance qualification (taking info ac-
count source decay, if necessary). All critical operating pJaram-
eters that can affect the”absorbed-dose distribution shiall be
controlled and mofifored during routine processing. [These
parameters inclide: for gamma irradiators — product lopding,
timer settingpand turntable rotation, and for X-ray irradigtors —
product loading, tube voltage and current, and canister rofation,
if applieable. Control, monitor, and document the opdrating
parameters to help ensure that the product is procesged in
aegordance with specifications. If the operating paragneters
deviate from prescribed processing limits, take apprqpriate
actions.

11.2 Routine Monitoring of the Radiation Process—Rputine
measurements of absorbed dose to the blood product will help
ensure that the product has been treated with the dose|range
prescribed for the process. The absorbed dose may be| mea-
sured at a routine monitoring position (see 10.3.3). Radfation-
sensitive indicators may be used to monitor the radiation
process (see ISO/ASTM Guide 51539). In order to deteft any
anomalies during the course of the irradiation, more thdn one
routine monitoring position may be used.

11.2.1 Process Monitoring Using Dosimeters—Routine pro-
cess monitoring may be performed using a routine dosjmetry
system. Routine dosimetry is part of the verification procgss for
establishing that the irradiation process is under control|

Note 7—The absorbed-dose distribution in the canister is hlready
known from the most recent dose mapping. However, the use of a
sufﬁment number ot strategrcally placed dosrmeters serves to confifm that

operatlon of a blood 1rrad1at0r absorbed dose measurements made on the
product at regular intervals provide the operator and regulatory authorities
an independent quality control record for the process. When D, ;, has been
set by the regulatory authorities, the ability to measure the absorbed dose
with proper statistical control is a critical requisite of Good Manufacturing
Practices (GMPs).

11.2.1.1 Dosimeter Location(s)—When used, place one or
more dosimeters on the blood bag or blood component bag at
predetermined locations of the D, and D, ;, or at a routine
monitoring position (see 10.3.3 and 11.2). Under predefined
conditions of operation, the absorbed dose at the routine

© ISO/ASTM International 2017 - All rights reserved
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monitoring position has a quantitative and reproducible rela-
tionship with D, and D, ;. (see 10.3.3).

11.2.1.2 Dosimeter Placement Frequency—A sufficient
number of bags should be selected on which to place dosimeter
sets in order to verify that the absorbed dose received by the
product falls within specified limits. The pertinent regulatory
body may prescribe this frequency.

11.2.2 Process Monitoring Using Radiation-sensitive
Indicators—Routine process monitoring may be performed
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11.5 Partially Loaded Canisters—Irradiations may be per-
formed using less product than that used for the dose mapping
carried out during PQ (see 10.3). For partially loaded canisters,
the D, received by the product may be greater than the D,
measured in the fully loaded canister. Care must be taken,
therefore, to ensure that the maximum dose allowed by
regulation (if applicable) is not exceeded during routine
irradiation. Changes to the absorbed-dose distribution arising
from partially loaded canisters may be minimized by the use of

using radiatipn-sensitive indicators in order to obtain a visual
and qualitatijve indication that the product has been irradiated.

Note 8—U
use of dosimet
indicate that tH

11.2.2.1 |
used, place
predeterming

11.2.2.2
Frequency—
which to pla
been expose
prescribed b

11.3 Envi
environment
dosimeter or]
process or p
dosimeter an
the dosimet
radiation-serj
such conditi
using the in
taken in hai
before and a
Guide 5153

listed in 2.2].

11.4 Chil
Absorbed dqg
during irradi
sensitive ind
The dose-m:
senting the
can be appli
routine dosi
ture of the
blood and b
perature cort

e of radiation-sensitive indicators is not a replacement for
brs. Indicators cannot measure dose, but only qualitatively
e blood bag has been irradiated.

Radiation-sensitive Indicator Location—When
one or more indicators on the blood product at
d accessible location(s).

Radiation-sensitive  Indicator ~ Placement
A sufficient number of bags should be selected on
be indicators in order to verify that the product has
d to ionizing radiation. This frequency may be

the pertinent regulatory body.

ronmental Effects—If there is a change in the
(for example, temperature or humidity) of a
radiation-sensitive indicator during the irradiation
'e- or post-irradiation storage, the response of the
d indicator may be affected. If this occurs, correct
er response for any such effect, if possible. A
sitive indicator’s response cannot be corrected for
ons, and therefore, care should be taken when
dicators in those conditions. Care must also be
ndling and storage of dosimeters and indicatets
ter irradiation (see ISO/ASTM Practice 5270+ and
, and practices for individual dosimetrySystems

ed or Frozen Blood and Bloed\'Components—
se is not a function of blood. product temperature
htion. The response of the dosimeter and radiation-
cator, however, may be a function of temperature.
\pping information fef-simulated product (repre-
\ctual product geemnetry) at ambient temperature
ed to the chilled or frozen product. If performing
netry with chilled product, determine the tempera-
losimeter during irradiation of chilled or frozen
ood cemponents and apply the appropriate tem-
ection if applicable.

simulated product placed at the appropriate Iocations fin the
canister.

12. Maintenance of validation

12.1 Mechanical and electrical checks ©f;the entire ifradia-
tor should be performed periodically tg.provide assurange that
the irradiator is consistently operating”within specifications.
Also, irradiator absorbed-dose rhapping should be typically
carried out on an annual cyclé<and should be repeated|when
changes are made to the irradiator that might affect th¢ dose
distribution in the blood- product.

13. Measurement uancertainty

13.1 All dose,measurements need to be accompanied|by an
estimate of{uncertainty. Appropriate procedures are rpcom-
mended INNISO/ASTM Guide 51707 and ISO/ASTM Practice
51261 see also GUM).

13.2 All components of measurement uncertainty shopld be
included in the estimate, including those arising|from
calibration, dosimeter variability, instrument reproducibility,
and the effect of influence quantities. A full quantjtative
analysis of components of uncertainty is referred to |as an
uncertainty budget, and is then often presented in the fqrm of
a table. Typically, the uncertainty budget will identify all
significant components of uncertainty, together with| their
methods of estimation, statistical distributions, and rhagni-
tudes.

14. Keywords

14.1 absorbed dose; absorbed-dose mapping; blood; |blood
components; blood products; blood irradiation; bremsstrahl-
ung; dosimeter; dosimetry system; gamma radiation; irragliator;
ionizing radiation; measurement quality assurance planj mea-
surement uncertainty; radiation-sensitive indicators; refefence-
standard dosimeter; routine dosimeter; transfer-standaid do-
simeter; ICS 17.240; X-radiation
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ANNEXES

(informative)

Al. CHARACTERISTICS OF SOME ROUTINE DOSIMETERS

Al.1 Thermoluminescence dosimeter (TLD) dosimetry
system
Al.1 For more information on this dosimetry system, see

A1.3 Radiochromic film dosimetry system
Al.3 For more information on this dosimetry system, see
ISO/ASTM 51275 and ICRU 80.

ISO/ASTM Practice 51956.
Applicablg dose range: 10~ to 10° Gy
Applicablg dose rate range: 102 to 10'* Gy s!
Use: Elecfrons/Gamma radiation/ X-radiation (Bremsstrahl-

ung)
Physical ¢haracteristics of TLD: After irradiation, when
crystalline mnaterial is subjected to a carefully controlled

heating program, the freed electrons and holes from traps
recombine yith the emission of characteristic light. Most
commonly employed materials for TLD are LiF, CaF,, CaSO,,
and Li,Bi,O},. The dosimeter is small and the material is used
in the form gf powder, pellets, single crystals, or in sealed glass
tubes or bulbs, or suspended in plastics.

Instrumenfation characteristics: Heat cycling TL reader.

Environmgntal factors:

Temperatyre: Not generally sensitive; however, varies with
material.

Humidity] Not generally sensitive; however, varies with
material.

Ambient Light: Varies with material.

Time: TLPs generally fade after irradiation; readout time
after irradiatjon must be controlled.

Energy dgpendence: Sensitive to variation in X-ray energy

ET dosimeter
. re information on this dosimetry systeniysee Refs
(6, 7).

Applicablg dose range: 1 to 200 Gy

Applicablg dose rate range: <107 to 105Gy s!

Use: Elecfrons/Gamma radiation (Brémsstrahlung)

Physical characteristics of dosimeter’) These dosimeters con-
sist of semiconductor chips whosé)electrical characteristics
change pernjanently upon irradidtion. The electrical effect is
measured elgctronically andnis linear with absorbed dose over
the specified dose range. (Ehe dosimeter is small and comes in
the form of| a sealed<transistor package with pins to make
electrical coptact for reading. The dosimeter stores the dose
information.

Instrumenation characteristics: The instrument is an elec-
tronic meter that measures a change in voltage on the dosimeter
and converts this directly to absorbed dose. A printer is usually
used which prints absorbed dose as well as time and date
information. Operation of reader requires no special skill.

Environmental factors:

Temperature: Not sensitive.

Humidity: Not sensitive.

Ambient light: Not sensitive.

Time: Dosimeter read-out may change with time after
irradiation.

Energy dependence: Sensitive to variation in X-ray energy

Applicable dose range: 1 to 10° Gy
Applicable dose rate range: <10'* Gy s~
Use: Electrons/Gamma radiation/ X-radiation' (Bremsstrahl-
ung)
Physical characteristics: These dosimeters consist of dyes

that change color upon irradiation. Filfa-thicknesses vary from
a few micrometers to about 1 mms

1

Instrumentation characteristies: "VIS/UV spectrophotdmeter
(various wavelengths).
Environmental factors:
Temperature: This dosimeter has positive irradiatior] tem-
perature dependence, effect depending on film type, and hould
be protected frofn temperatures >60°C.
Humidity;~Some are sensitive to humidity (may be sedled in
water-tight plastic envelopes).
Ambient light: These dosimeters are sensitive to arhbient
lightceonditions, especially ambient light with wavelgngths
<870 nm.

Energy dependence: Sensitive to variation in X-ray epergy

Al.4 Alanine/EPR dosimetry system
Al.4 For more information on this dosimetry systerh, see
ISO/ASTM Practice 51607 and ICRU 80.
Applicable dose range: 1 to 10° Gy
Applicable dose rate range: <10® Gy s~
Use: Electrons/Gamma radiation/ X-radiation (Bremsstrahl-
ung)
Physical characteristics: This dosimeter is used in thg form
of tablets, small rods, or rope of 3 to 5-mm diametgr and
various lengths, consisting primarily of a-alanine and a|small
amount of paraffin or other binder material.
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Instrumentation characteristics: EPR spectrometer.

Environmental factors:

Temperature: Irradiation temperature coefficient variep with
alanine formulation.

Humidity: Somewhat sensitive to humidity.
preconditioning.

Pquire

Ambient light: Not generally sensitive to UV light.
Energy dependence: Sensitive to variation in X-ray energy

A1.5 Radiochromic optical waveguide dosimetry system
Al.5 For more information on this dosimetry system, see
ISO/ASTM Practice 51310.

Applicable dose range: 1 to 10* Gy

Applicable dose rate range: < 10° Gy s~

Use: Gamma radiation/ X-radiation (Bremsstrahlung)
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