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the International Organization for Standardization) is a worldwide federation of national standards bed
member bodies). The work of preparing International Standards is normally carried out through |
nical committees. Each member body interested in a subject for which a technical committee has b
plished has the right to be represented on that committee. International organizations, goveramental g
povernmental, in liaison with 1SO, also take part in the work. ISO collaborates clesely with
hational Electrotechnical Commission (IEC) on all matters of electrotechnical standatdization.

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

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

Dt project between 1ISO and ASTM International has beenxformed to develop and maintain a group
ASTM radiation processing dosimetry standards. Under<this pilot project, ASTM Subcommittee E10.
Mmetry for Radiation Processing, is responsible for the.development and maintenance of these dosims
jards with unrestricted participation and input from*appropriate ISO member bodies.

. Neither ISO nor ASTM International shall be held responsible for identifying any or all such pat
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national Standard ISO/ASTM 51310/was developed by ASTM Committee E10, Nuclear Technology §
cations, through Subcommittee E10.01, and by Technical Committee ISO/TC 85, Nuclear Energy.
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INTERNATIONAL

Standard Practice for
Use of a Radiochromic Optical Waveguide Dosimetry
System !

This standard is issued under the fixed designation ISO/ASTM 51310; 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 E 958 Practice for Measuring Practical(Spéeciral Bandwidth

1.1 This practice covers the procedures for handling, test- _Of Ultraviolet-Visible Spectrophotometers
ing, anfl using a radiochromic optical waveguide dosimetry E 102_6 Practice for Using the Fricke Refergnce Standard
system|to measure absorbed dose in materials irradiated by Dosimetry System
photons in terms of absorbed dose in water. 2.2 ISO/ASTM Standards: - .

1.2 This practice applies to radiochromic optical waveguide 91261 Guide for Selectionnand Calibration |of Dosimetry
dosimelers that can be used within part or all of the specified _ Systems for Radiatiori Proc_ess?_ng
ranges|as follows: 51400 Practice for Characterization and Pefformance of a

1.2.1| The absorbed dose range is from 1 to 10 000 Gy for High-Dose Radiation Dosimetry Calibratior) Laborafory
photong 51707 Guide for Estimating Uncertainties in Posimetry for

1.2.2| The absorbed dose rate is from 0.001 to 1000 Gy/s. _ Radiation Proeessidg o _
1.2.3| The radiation energy range for photons is from 0.1 to 2.3 International Commission on Radiation Units and

10 Me\l. Measurements (ICRU) Reporis:
1.2.4| The irradiation temperature range is from —78 to CRY;Report 14 Radiation Dosimetry: X-Rayp and Gamma
+60°C. Rays with Maximum Photon Energies Betwgen 0.6 and 50

1.3 This standard does not purport to address all of the ¢ MeV o _
safety foncerns, if any, associated with its use. It is the»/CRU Report 17 Radiation Dosimetry: X-Rgys Generated

responsibility of the user of this standard to establish appro-~ _at Potentials of 5 to 150 kv -
priate dafety and health practices and determine the applica- |CRU Report 34 The Dosimetry of Pulsed Rpdiation

bility of{regulatory limitations prior to use. ICRU Report 60 Fundamental Quantities and Units for
lonizing Radiation
2. Refdgrenced documents

2.1 ASTM Standards?

E 170 Terminology Relating to Radiation* Measurements 3-1 Definitions: _
and| Dosimetry 3.1.1 analysis wavelengthwavelength used in a spectro-

E 275 Practice for Describing and-Measuring Performanc@hotometric instrument for the measurement of optical absor-

of Ultraviolet, Visible, and Neaf nfrared Spectrophotom- bance or reflectance. _ _
etefls 3.1.2 calibration curve—graphical representation of the

E 66§ Practice for the Application of Thermoluminescence-dosimetry system’s response function.

Dodimetry (TLD) SystemSfor Determining Absorbed Dose  3-1.3 dosimeter batch-quantity of dosimeters made from a
in Hadiation-Hardness Testing of Electronic Devices specific mass of material with uniform compositfon, fabricated

E 925 Practice forthePeriodic Calibration of Narrow Band-in @ single production run under controlled, copsistent condi-
Pags Spectrophefometers tions and having a unique identification code.

3.1.4 dosimetry systermsystem used for det¢rmining ab-
sorbed dose, consisting of dosimeters, measjurement instru-

*This puideris¢linder the jurisdiction of ASTM Committee E10 on Nuclear ments and their associated reference standardq, and procedures
Technology -and-Applications and is the direct responsibility of Subcommitteefqy the system’s use.
E10.01 or) Desimetry for Radiation Processing, and is also under the jurisdiction of
ISO/TC 85/WG 3.
Current edition approved April 5, 2004. Published June 15, 2004. Originally
published as ASTM E 1310-89. Last previous ASTM edition E 1316--@6TM
E 1310-94 was adopted by I1SO in 1998 with the intermediate designation I1SO
15559:1998(E). The present International Standard ISO/ASTM 51310:2004(E)
replaces ISO 15559 and is a minor revision of the last previous edition ISO/ASTM
51310:2002(E).
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or—————
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM  ® Annual Book of ASTM Standardgol 12.02.
Standards volume information, refer to the standard’s Document Summary page on * Available from the International Commission on Radiation Units and Measure-
the ASTM website. ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, U.S.A.

3. Terminology

© ISO/ASTM International 2004 — All rights reserved 1


https://standardsiso.com/api/?name=436ee96a0b402725903e26d2d4bed602

ISO/ASTM 51310:2004(E) &ﬂl&
I

ul

3.1.5 measurement quality assurance pladocumented

4.2 In the application of a specific dosimetry system,

program for the measurement process that ensures on asorbed dose is determined by use of a calibration curve

continuing basis that the overall uncertainty meets the requirdraceable to national or international standards.

ments of the specific application. This plan requires traceability 4.3 The absorbed dose determined is usually specified in
to, and consistency with, nationally or internationally recog-water. Absorbed dose in other materials may be determined by

nized standards.
3.1.6 net responseAR— radiation—induced change in the 51261.
relationship of measured absorbance at a specific wavelength

determingd—by—subtracting—thepre—trradiatien—responte;

applying the conversion factors discussed in ISO/ASTM Guide

Note 1—For a comprehensive discussion of various dosimetry meth-

. i ods applicable to the radiation types and energies didcussed in this
from the post-irradiation response, practice, see ICRU Reports 14, 17, and 34.
AR=R-R, @ 4.4 These dosimetry systems commonfy are gdpplied in the
with: industrial radiation processing of a variéty of products, for
A, example_, the sterilization of medical"devices ahd radiation
R= A (2 processing of foods4(6).
R, = [% N 5. Apparatus
5.1 The following shall bejyused to determine alysorbed dose
and whefe: ) with radiochromic opticalkWwaveguide dosimetry systems:
A,  =|optical absorbance at the analysis wavelendth, 5.1 .1 Dosimeters—A batch or portion of a batch) of radio-
and chromic optical waveguide dosimeters.
Aver | Optical absorbance at a reference wavelengif, 5.1.2 Spectrophotometer or PhotometeAn indtrument,
] . ) ) ] either a speetrophotometer equipped with a spegial dosimeter
3.1.7 optical waveguide-device that contains an optical poider and “associated coupling optics (see Refor an
path at 4 high ir_1dex of refraction relative to the materia'example), or a modified photometer (see Fig. 1| for a block
enclosing the optical path. . _ diagratm>of an instrument that uses a reference |wavelength),
3.1.8 rgdiochromic optical waveguidespecially prepared payifg documentation covering analysis waveldngths, accu-
optical waveguide containing ingredients that undergo aga&y of wavelength selection, absorbance determjnation, spec-
ionizing rpdiation—induced change in photometric absorbancgyy) bandwidth, and stray light rejection.
This charjge in absorbance can be related to absorbed dese in5 1 3 Holder, to position the dosimeter reprodufibly in the
water (, P).° measuring light beam.
3.1.9 rdference wavelengthy,.—wavelength selected for
comparispn with the analysis wavelength. This wavelength i  performance check of instrumentation
;2353{;] et i grgz)nrhngltii?: Sgﬁ;iisor?sssi,r? iﬁéedd Og:‘;}hﬂcgzﬂcal coupling 6.1 Check and document the performanc;e of the photometer
3.1.10 fesponse functiea-mathematical representation of or_spectrophotometer (see ASTM Practices EI275, E 925,

the relatignship between dosimeter respense and absorbed d& .58’ and. E102.6)' Use reference standards
for a given dosimetry system. national or mternat:onal s_,tandards, unless the ph

3.2 Definitions or other terms_used in this standard tha?pgti{rfp\?v(ﬁg;nig;s dae5|rg];(r)1t£)r:1e§grdecshzléﬁhalrj]ze.c
pertain tol radiation measurement.and dosimetry may be found ™ gap '

in ASTM [Terminology E 170 DPefinitions in E 170 are com- accuracy of the absorbance scale at intervals not

traceable to
ptometer’s or

ocument the
o exceed one

patible with ICRU 60: that-decument, therefore, may be usedmonth during periods of use, or whenever there afe indications
as an altgrnative reference. Of poor performance.
4. Significance and use

4.1 The radiechromic optical waveguide dosimetry system Waverengtn
provides ja_means of measuring absorbed dose in materials. : F':'"
Under thg "influence of ionizing radiation such as photons, A—Q
chemical reactions take place in the radiochromic optical A +
waveguide creating and/or modifying optical absorbance bands
in the visible region of the spectrum. Optical response is Photoveltaic | Ratio - Log Digital
determined at selected wavelengths using the equations in Cells ? i
3.1.6. Examples of appropriate wavelengths for the analysis for .
specific dosimetry systems are provided by their manufacturerL:f,ght S
and in Refs 1) through ). sW@"ﬁ_’z-—??

ngr"ne' Wavelength

Selection
° The boldface numbers in parentheses refer to the bibliography at the end of this Filter

practice.

FIG. 1 Block Diagram of the Instrument Described in Section 5

© ISO/ASTM International 2004 — All rights reserved
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6.1.2 When using a spectrophotometer, check and document8.1.3 Visually inspect the dosimeters for imperfections (for
the precision and bias of the wavelength scale and absorbanegzample, loss of end fittings). Discard any dosimeters that

scale at or near the selected analysis wavelength(s) at intervadow imperfections.

not to exceed one month during periods of use, or whenever 8.1.4 Identify the dosimeters with an appropriate code that

there are indications of poor performance.
6.1.3 Document the comparison of information obtained in 8.1.5 Store the dosimeters in accordance wit

6.1.1 or 6.1.2 with the original instrument specification toturer's written recommendations.

verify adequate performance. 8.2 Irradiation Procedure

Q21 Nant

roacnaonba

can be related to the manufacturer, type, and batch.

h the manufac-

for each

arminn tha nen rradintine
O ot e e pPremm Ot o e SPpoT

7. Calipration of the dosimetry system

7.1 RHrior to use, the dosimetry system (consisting of ﬂ _ | .
specifid batch of dosimeters and specific measurement instry_f€ading several dosimeters and dogumen
ments) inty, provided this practice meets the_precisio

shall be calibrated in accordance with the user’ﬁ
bnted procedure that specifies details of the calibratio

and quality assurance requirements. This calibration X
shall be repeated at regular intervals to ensure that tAB29ué material.

y of the absorbed dose measurement is maintaine E;aztignMark the packaged dosimeters approp

8.2.4 Irradiate the.dasimeters.

r the application.

documég
8.2.2 Where necessary, package the dosim

process
process
accura
within fequired limits. Calibration methods are described in
ISO/AYTM Guide 51261.

7.2 alibration of Dosimeters-Irradiation is a critical com- Note 3—The dosimeters may be irradiated in the prg
ponent|of the calibration of the dosimetry system. Calibratiorprocessing or in &medium of similar composition, or wat
shall b¢ performed in one of three ways by irradiating thedimensions so &s to approximate electron equilibrium
dosimelers at: equilibrium_cenditions may not exist within dosimeters p

7.2.1]a accredited calibration laboratory th‘?lt provides A ase pear interfaces of different materials. Irradiation |
absorbgd dose (or an absorbed-dose rate) having measuremgiih ganditions, such as on the surface of a product pacl
tracealjility to nationally or internationally recognized stan-to faonitor the absorbed dose delivered to the product
dards, pr toithe absorbed dose within the product by correction fag

7.2.2| an in-house calibration facility that provides an afxconditions.

sorbed|dose (or an absorbed-dose rate) having meastitemen8.3 Analysis Procedure

tracealfility to nationally or internationally recognized-stan- 8.3.1 Avoid any exposure to stray ultraviolet
dards, or may induce coloration of the dosimeter (see 8.
a production or research irradiation facility together 8.3.2 Determine the post-irradiation respor
erence or transfer standard dosimetefs that have meaelected analysis wavelength(s) used for cal
nt traceability to nationally or internationally recog-dosimetry system.

8.3.3 Calculate the net respongeR, as follow

AR=R-R,
8.3.4 Determine the absorbed dose from
urve or response function.

transfelf standard dosimeter, the calibration irradiation may be
performed only as stated in 7,2.27or in 7.2.2 at a facility that
meets the requirements in JISO/ASTM Practice 51400. ¢
7.4 Measurement Instrument Calibration and Performance9. Characterization of each batch of dosimeter
Verificafion—For the calibration of the instruments, and for the - g 1 Reproducibility of Net Response
verificajion of instrument performance between calibrations, g 1.1 Determine the reproducibility of net res
see ISB/ASTM Guide 51261 and/or instrument-specific 0perpatch of dosimeters by analyzing the data frd

ating manuals, dosimeters irradiated during the calibration p

dosimeter at the selected analysis Wavelengt;%g. This may be
one for each dosimeter or by use of an aveiRg

termined
ing the uncer-
N requirements

eters in a UV-

iately for iden-

duct undergoing
br, of appropriate
conditions. Such
aced throughout

the produget under actual processing conditions. This particularly is the

nder nonequilib-

cage, is often used
hd may be related
tors under certain

radiation that
1.1).

8, at the
bration of the

(72

(3
he calibration

ponse for each
m the sets of
ocess at each

dose value.
8. Prodedure
8.1 Examination—anc : v e aleuta
8.1.1 Exposure to ultraviolet (UV) radiation may cause thefor each dose value as follows:
dosimeter to change color. Perform tests to ensure that the
handling and reading environment does not cause measurable
color development. If needed, place UV filters over fluorescent
lights or windows to reduce color development.

CV = 100X [i—;j]

that are unusually large.

Note 2—Dosimeters may be stored in UV—opaque material to further Note 4—In general
avoid the effects noted in 8.1.1. |

8.1.2 Handle the dosimeter along the sides, never at th#€ extreme, the batch should be rejected.
ends. Handling should be kept to a minimum. 9.2 Effect of Absorbed Dose Rate

© ISO/ASTM International 2004 — All rights reserved
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9.2.1 The shape (slope) of the calibration curve associateil. Minimum documentation
with some radiochromic optical waveguide dosimeters may be 11 1 Record the dosimeter manufacturer, type
affected by the absorbed dose rate for a given application. If ager, and code.

, batch num-

application requires an absorbed dose rate that is significantly 11 2 Record or reference the date of calibration, calibration

different from the absorbed dose rate used in calibrating thggyrce, and associated instruments used.

dosimetry system, significant error may be introduced into the 11 3 Record or reference the irradiation environmental con-

determination of absorbed dose.

ditions for the routine dosimeters, including temperature,

Note 5—Appropriate documented information regarding the magni-Pressure (if other than atmospheric), relative humidity, and

tude and €fffect(s) due to absorbed dose rate may be obtained from t
scientific liferature §, 9), dosimeter manufacturer, distributor, irradiation
facility opefator, or a qualified testing organization.

Note 6—The use of electron scavengers in the formulation of the
dosimeter ¢an reduce or eliminate the absorbed dose rate &fedt (

11.4 Record the date of irradiation and .the da
the nonirradiated and irradiated dosimeters.are
11.5 Record the analysis wavelength(s), pr

irradiation response, the net responseyand the
9.2.2 the absorbed dose rate for a given application differs 11.6 Record or reference the uncertainty in

from the|calibration absorbed dose rate, the effect of thigose.
differencg on dosimeter response shall be taken into account11.7 Record or reference the\guality assurance]
(see ISOJASTM Guide 51261). dosimetry system application:

9.3 Pogt-Irradiation Characterization X

9.3.1 Jome types of dosimeters may fade or may continué2- Measurement uncertainty
color devglopment after irradiation. This effect may depend on 12.1 To be meapingful, a measurement of al
post-irradiaiton storage conditions such as temperature. lshall be accompanied by an estimate of uncertai
order to determine if this is significant in a given application, 12.2 Components of uncertainty shall be iden
measure [the absorbance at the selected wavelength(s) over theging to one of two categories:
period of|anticipated analysis and over the range of expected 12.2.1 AypeA— those evaluated by statistical 1
storage cpnditions.

9.3.2 If the net response measured in 9.3.1 varies signifi- 12.3yOther ways of categorizing uncertainty
cantly with post-irradiation storage time, apply correctionwidely used and may be useful for reporting unc
factors fof such time-dependent variations taking into accourgxample, the termprecisionandbias or randomang
the calibration curve for that batch of dosimeters in ordertaatic (non-random) are used to describe different
minimize |dosimetric errors during routine application. uncertainty.

9.3.3 Hor a given set of irradiation conditions, this“proce- 12.4 If this practice is followed, the estimate
dure neefls to be performed only once for a givén-batch gbanded uncertainty of an absorbed dose deterr
dosimetefs. dosimetry system should be less than 6 % for a cq

9.4 Otter Factors—The effects of temperature; background k=2 (which corresponds approximately to a 95
ultraviole{ radiation, electron equilibrium, and-incident energyconfidence for normally distributed data).
_spectrum shall be. taken into a}ccount. Appropriate written Note 7—The identification of Type A and Type B uncertai
informatign regarding the magnitude “and effect(s) upon th%n the methodology for estimating uncertainties published
measuremment made by the dosimetry system may be obtain@gernational Organization for Standardization (1SO) in the
from the [scientific literature3-5(8;19, dosimeter manufac- Expression of Uncertainty in Measuremeh8), The purpose
turer, disfributor, irradiation facility operator, or a qualified of characterization is to promote an understanding of h
testing organization. statements are developed and to provide a basis for t
comparison of measurement results.

Note 8—ISO/ASTM Guide 51707 defines possible sou

10. Appligation of dogiétry system tainty in dosimetry performed in radiation processing facili

es on which
nalyzed.

- and post-
bsorbed dose.
e absorbed

plan used for

sorbed dose
nty.
tified as be-

nethods, or

12.2:2 TypeB— those evaluated by other meas.

have been
Priainty. For
system-

Categories of

of the ex-
hined by this
verage factor
% level of

hties is based
in 1995 by the
Guide to the

of this type

w uncertainty

he international

ces of uncer-
ies and offers

10.1 The numbgr jof dosimeters required for the measuresrocedures for estimating the magnitude of the resulting {incertainties in

ment of ghsorhed dose at a location on or within a material ihe measurement of absorbed dose using a dosimet
determingd by the precision of the dosimetry system and th@ocument defines and discusses basic concepts of measu

y system. The
ement, including
lue, error and

required pfevision associated with the application. Appendigstimation of the measured value of a quantity, "true” va

X3 of Practice E 668 describes a statistical method for deter-

mining this number. P
10.2 Follow the prOCEdUreS of 8.2 and 8.3. (overall) uncertainty.
10.3 Determine the absorbed dose from the net response

value(s) and system calibration curve that results from follow-13. Keywords

ing the procedures in Section 8.
10.4 Record the calculated absorbed dose and all otheadiation; ionizing radiation; optical waveguide

relevant data as outlined in Section 11. quality control; radiation processing; ICS 17.240

rovided for estimating their values. Methods are also

nd methods are
provided for

calculating the combined standard uncertainty and estimating expanded

13.1 absorbed dose; dosimetry; electron beams; gamma

dosimetry;
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