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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 1SO
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 1SO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

ASTM International is one of the world’s largest voluntary standards development organizations with global
participation from affected stakeholders. ASTM technical committees follow rigorous due process balloting
procedures.

A pilot project between ISO and-ASTM ‘International ‘has been formed to‘develop and maintain a group of
ISO/ASTM radiation processing dosimetry standards, Wnder this pilot:project, ASTM Subcommittee E10.01,
Dosimetry for Radiation Processing, is‘responsible for the development and maintenance of these dosimetry
standards with unrestricted participation and input from appropriate ISO member bodies.

Attention is drawn to the possibility'that'some of the elements of'this International Standard may be the subject
of patent rights. Neither ISO nor ASTM‘Unternationalshall'be 'held ¥esponsible for identifying any or all such
patent rights.

International Standard ISO/ASTM 51275 was developed by ASTM Committee E10, Nuclear Technology and
Applications, 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 Film Dosimetry System

This standard is issued under the fixed designation ISO/ASTM 51275; 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 Dosimetry (TLD) Systems for Determining Absorbed Dose

1.1 This practice covers the handling, testing, and procedure _in Radiation-Hardness Testing of Electronic Devices

absorbed dose in materials irradiated by photons or electrons in _Pass Spec_trophotomet%rg _ _
terms of absorbed dose in water. E 958 Practice for Measuring Practical Spectral Bandwidth

1.2 This practice applies to radiochromic film dosimeters _Of Ultraviolet-Visible Spectrophotometérs
that can be used within part or all of the specified ranges as E 1026 Practice for Using the Fricke Reference Standard

follows: Dosimetry Systerh

1.2.1 The absorbed dose range is 1 Gy to 100 kGy. 2.2 ISO/ASTM Standards: o o

1.2.2 The absorbed dose rate i1102to 1 X 10" Gy/s 51204 Practice for Dosimetry in Gamma Irradiation Facili-
(1-4)2 ties for Food Processifg

1.2.3 The radiation energy range for both photons and 51205 Practice for Use of a Ceric-Cerous Sulfate Dosimetry
electrons is 0.1 to 50 MeV. Systent

1.2.4 The irradiation temperature range is —78 to +60°C. 51261 Guide for Selection and Calibration of DOSimetry
1.3 This practice applies to radiochromic films of various _ Systems for Radiation Processing _
formats, including small pieces used to measute a sifgle 463517072 Guide for, Estimating Uncertainties in Dosimetry for

value, strips used for one-dimensional dose-mapping, and Radiation Erocessiﬁg o o .
sheets used for two-dimensional do$é:mapping:) Thrée-] 28 International Commission on Radiation Units and

dimensional dose-mapping may be achieved by proper placé/easurements (ICRU) _Re_poﬁs: _
ment of any of these formats. ICRU Report 14 Radiation Dosimetry: X—Rays and Gamma

1.4 This standard does not purpart to. address all of the — Rays with Maximum Photon Energies Between 0.6 and 50

safety concerns, if any, associated with its use, It is the MeV o )
responsibility of the user of this standard to establish appro- 1CRU Report 17 Radiation Dosimetry: X-Rays Generated

priate safety and health practices and determine the applica- _at Potentials of 5 to 150 kv

bility of regulatory limitations prior to use. ICRU Report 34 The_ D_osimetr_y of Pulsed Radiation _
ICRU Report 35 Radiation Dosimetry: Electron Beams with
2. Referenced Documents Energies Between 1 and 50 MeV
2.1 ASTM Standards: ICRU Report 60 Radiation Quantities and Units

E 170 Terminology Relating to Radiation Measurement%
and Dosimetry o
E 178 Practice for Dealing with Outlying Observatins 3.1 Definitions: .
E 275 Practice for Describing and Measuring Performance 3-1.1 analysis wavelengtrwavelength used in a spectro-
of Ultraviolet, Visible, and Near Infrared Spectrophotom- Photometric instrument for the measurement of optical absor-
E 456 Terminology Relating to Quality and Statisfics 3.1.2 calibration curve—graphical representation of the
E 668 Practice for Application of Thermoluminescence-doSimetry system'’s response function.
3.1.3 dosimeter batch-quantity of dosimeters made from a
specific mass of material with uniform composition, fabricated
This guide is under the jurisdiction of ASTM Committee E10 on Nuclear IN @ Single production run under controlled, consistent condi-
Technology and Applications and is the direct responsibility of Subcommitteetions and having a unique identification code.

E10.01 on Dosimetry for Radiation Processing, and is also under the jurisdiction of 3 1 4 dosimetry systema system used for determining
ISO/TC 85/WG 3. . . .

Current edition approved Jan. 22, 2002. Published March 15, 2002. Origin.’:llly’;‘bsorbed dOS(f,', ConS|_Stmg of dosimeters, measurement instru-
published as ASTM E 1275-88. Last previous ASTM edition E 1275-@6TM ments and their associated reference standards, and procedures
E 1275-93 was adopted by ISO in 1998 with the intermediate designation ISGor the system’s use.

15557:1998(E). The present International Standard ISO/ASTM 51275:2002(E) is a 3.1.5 measurement quality assurance plaa documented
revision of 1ISO 15557. o
2 The boldface number in parentheses refer to the bibliography at the end of thiffogram for the measurement process that ensures on a

. Terminology

practice.
2 Annual Book of ASTM Standardgol 12.02. —_—
4 Annual Book of ASTM Standardgol 14.02. 8 Available from the International Commission on Radiation Units and Measure-
S Annual Book of ASTM Standardgol 03.06. ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, USA.
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continuing basis that the overall uncertainty meets the require- 5.1.2 Spectrophotometer or Photometdraving documen-
ments of the specific application. This plan requires traceabilityation covering analysis wavelength range, accuracy of wave-
to, and consistency with, nationally or internationally recog-length selection, absorbance determination, spectral band-
nized standards. width, and stray light rejection. Examples of appropriate

3.1.6 net absorbance AA—change in measured optical wavelengths for analysis for specific dosimetry systems are
absorbance at a selected wavelength determined as the absolptevided by the manufacturer and in Ref3:14, 19)

difference between the pre-irradiation absorbancg,and the 5.1.3 Holder, to position the dosimeter reproducibly in and
post-irradiation absorbance, A, as follows: perpendicular to the measuring light beam.
AA =IA — Ay. ) 5.1.4 Calibrated Thickness Gagwith a precision oft2 %

of the film thickness (at a 95 % confidence level), if the film’s

3.1.6.1 Discussior—In practice, an average pre-irradiation thickness is to be measured.

absorbance, A, may be used to determine net absorbance.
3.1.7 radiochromic film-dosimeterspecially prepared film Note 2—Documentation provided by the manufacturer of the radio-

bance under ionizing radiation. This change in optical absor™ay be substituted for direct measurement of thickness by the user. This

. information should be verified by the user by analyzing a representative
bance can be related to absorbed dose in water. sample of films y y yzing P
3.1.8 response functiea-mathematical representation of  Nore 3—Some radiochromic film dosimeters contain a substrate which

the relationship between dosimeter response and absorbed d@sgot radiochromic. With such dosimeters the thickness is not measured.

for a given dosimetry system. 5.1.5 Packaging materials for radiochromic films, where
3.1.9 specific net absorbanc&k)—Net absorbanceA, at o ging ! I e Tims, W

o : applicable.
a selected wavelength divided by the optical pathlength, PP
through the dosimeter material as follows: 6. Performance Check of Instrumentation
Ak = AA/d. 2 6.1 The performance of the photometer or spectrophotom-

3.2 Definitions of other terms  used in this. standard tha€ter, shall be checked as specified in Section 7.4, and docu-
pertain to radiation measurement an@ desimetry may be foun@ented. _
in ASTM Terminology Standard E 170. Definitions in ASTM; 6.1.1 When using a spectrophotometer, check and document
E 170 are compatible with ICRU 60; that document, thereforethe’accuracy ofithe wavelength scale and absorbance scale at or

may be used as an alternative reference. near the analysis wavelength(s) at intervals not to exceed one
month-during periods of use and as specified by the end-user’s
4. Significance and Use internal procedures.

4.1 The radiochromic film dosimetry system:provides,a.; 2112, When using a photometer, check and document the

means of determining absorbed dose in materials. Under tecuracy of the absorbance scale at intervals not to exceed one
influence of ionizing radiation, chemical reactions take place ifnonth during periods of use and as specified by the end-user's
the radiochromic film creating or enhancing, or both, opticalntérnal procedures. _ o

absorption bands. Absorbance is determined within these 6-1.3 Compare the information obtained in 6.1.1 or 6.1.2
radiation-induced absorption bands using a spectrophotomet@’r‘th the original instrument specifications to ensure adequate

or photometer (See 5.1.2). performance. _ _ . e
4.2 In the application of a specific dosimetry system, 6.2 Check the thickness gage prior to first use and periodi-
gally thereafter to assure reproducibility and lack of zero drift.

absorbed dose is determined by use of a calibration curv ! i .
Check and document the calibration of the gage at intervals not

traceable to national standards. . :
4.3 The absorbed dose determined is usually specified i €xceed six months. Use gage blocks, traceable to national
b@}andards for this purpose.

water. Absorbed dose in other materials may be determined
applying the conversion factors discussed in ISO/ASTM Guide;  cgjibration of the Dosimetry System

51261. . . . .
7.1 Prior to use, the dosimetry system shall be calibrated in

Note 1—For comprehensive discussion of various dosimetry method$iccordance with the user’s documented procedure that speci-
applicable to the radiation types and energies discussed in this practicfes details of the calibration process and quality assurance
see ICRU Reports 14, 17, 34, and 35. requirements. This calibration procedure shall be repeated at

4.4 Radiochromic film dosimetry systems are commonlyregular intervals to ensure that the accuracy of the absorbed
applied in the industrial radiation processing of a variety ofdose measurement is maintained within required limits. De-
products, for example, sterilization of medical devices andailed calibration procedures are provided in ISO/ASTM Guide

processing of food¢l1, 13) 51261.
7.2 Calibration of Dosimeters-Irradiation is a critical com-
5. Apparatus ponent of the calibration of the dosimetry system. Calibration

5.1 Components of the Dosimetry Systeithe following irradiations may be performed in several ways, including
shall be used to determine absorbed dose with radiochromicradiating the dosimeters using:
film dosimetry systems: 7.2.1 a calibration facility that provides an absorbed dose or
5.1.1 Radiochromic Film Dosimeters an absorbed-dose rate having measurement traceability to

2 © ISO/ASTM International 2002 — All rights reserved
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nationally or internationally recognized standards, or equilibrium conditions may not exist within dosimeters placed throughout
7.2.2 an in-house calibration facility that provides an ab-the product under actual processing conditions. This particularly is the
sorbed dose or an absorbed-dose rate having measuremé&fte near interfaces of different materials. Irradiation under nonequilib-
i~ . . - - rium conditions, such as on the surface of a product package, is often used
traceability to nationally or internationally recognized stan to monitor the absorbed dose delivered to the product and may be related
dards, or to absorbed dose within the product by correction factors under certain

7.2.3 a production or research irradiation facility togetherconditions. For a detailed discussion of this subject, see ISO/ASTM Guide
with reference or transfer—standard dosimeters that have meat261.

surement traceability to nationally or internationally recog-
nized standards.

7.3 When the radlqchromlc film .dos[met_er IS gsed 85 8nduce coloration of the dosimeter film (see 8.1.1).
transfer—standard dosimeter, the calibration irradiation may be

performed only as stated in 7.2.1, and not as stated in 7.2.2 0r8'3'2 Determ!ne the post-irradiation absorbance, A, at the
703 Selected analysis wavelength(s).

7.4 Instrument Calibratior—Calibrations of the individual 8.3.3 If appropriate for the dosimeter being used, measure

instruments used in the analysis of the dosimeters shall bt ?ckwcl,(;l;n:r?; (;)c];cﬁacehntdtﬂzlvae:gtiggm’ or use the average
verified at periodic intervals. These calibrations shall be ’
traceable to nationally or internationally recognized standards Norte 6—Certain films may be too thin to allow the accurate determi-
where available. For example, if an optical absorbancenation of thickness using conventional gage technology. In such cases,
measuring instrument such as a spectrophotometer or densitgatistical methods may be employed in order to provide the uncertainty
meter is used, then appropriate standards shall be used to verif§lues discussed in Section 12.
the accuracy of the optical absorbance at a specified wave-8.3.4 Calculate the absorbed dose based on the pre- and
length(s). (See ASTM Practices E 275, E 925, and E 958.) post-irradiation absorbances, the thickness, if appropriate, and
the calibration curve or response function.

8.3 Analysis Procedure
8.3.1 Avoid any exposure to ultraviolet radiation that may

8. Procedure
.. Note' 7—Examples -of radiochromic film dosimeter applications that
8.1 Examination and Storage Precedure * /- employ reflectance techniques or alternative methods for determining net
8.1.1 Ultraviolet radiation may cause the film te_changeand specific,riet absorbance appear in the literature. The user may choose
color. Perform tests to assure that the handling/reading ‘envie refer to these techniqu¢ss, 16)
ronment does not cause measurable color development. If
needed, place ultraviolet filters over fluorescent Jlightssords Gharacterization of Each Batch of Dosimeters
windows to reduce color development (see alsa:9:3/1). 9cb-Reproducibility: of 'Specific Net Absorbance
8.1.2 Handle dosimeters according to manufacturerss.in-, 9,175 For each batch of dosimeters, the reproducibility of
structions. Avoid handling dosimeter surfaces with bare finspecific net absorbance should be obtained by analyzing the
gers. data from the sets of dosimeters irradiated during the calibra-
8.1.3 Visually inspect the films for imperfections. Gently tion at each dose value.
dust the dosimeters if necessary. Discard any dosimeters thatglz Use the Samp|e standard deviation_l($determined
show imperfections such as scratches that could give rise t@uring calibration to calculate coefficients of variatioB\( )

erroneous readings. for each absorbed dose value as follows:

8.1.4 Identify the dosimeters.

8.1.5 Store the dosimeters according to the manufacturer’s Ccv= St X 100(%) (3)
written recommendations. ak

8.2 Irradiation Procedure 9.1.3 Document these coefficients of variation and note any

8.2.1 Determine the pre-irradiation absorbanggfér each  that are unusually large.
dosimeter film at the S(.:"leCted analysis wavelength. This may Note 8—In general, if the coefficients of variation values are greater
be done for each dosimeter or by use of an average A han 2 %, then a redetermination of the data should be considered, or the
determined by reading several dosimeters and documenting tigtch of dosimeters should be rejected.

variation. . .
9.2 Post-Irradiation Characterization

Note 4—If the orientation of the dosimeter has an effect on the 9.2.1 Some types of dosimeters may fade or may continue
absorbance reading, keep track of the dosimeter orientation (for exampl@olOr development after irradiation. This effect may depend on
by marking a corner or edge of the dOSImeter?. _ post-irradiation storage conditions such as temperature, humid-

8.2.2 If necessary, package the dosimeters to provide corty, or atmosphere. In order to determine if this is significant in

trolled environmental conditions during irradiation. a given application, measure the absorbance at the selected
8.2.3 Mark the packaged dosimeters appropriately for idenwavelength(s) over the period of anticipated analysis and over
tification. the range of expected storage conditigis8, 14, 15, 2Q)
8.2.4 Irradiate the dosimeters. 9.2.2 If absorbances measured in 9.2.1 are found to vary

Note 5—The dosimeters may be irradiated in the product undergoingignificantly with post-irradiation storage time, then apply
processing or in a medium of similar composition, or water, of appropriatecorrection factors for such time-dependent variations, taking
dimensions so as to approximate electron equilibrium conditions. Sucinto account the calibration curve for that batch of dosimeters,

© ISO/ASTM International 2002 — All rights reserved 3
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in order to minimize dosimetric errors during routine applica- 11.7 Record or reference the measurement quality assurance
tion. plan used for the dosimetry system application.

9.2.3 For a given set of irradiation conditions, this proce-
dure needs to be performed only once for a given batch ot2. Measurement Uncertainty

dosimeters. 12.1 To be meaningful, a measurement of absorbed dose
9.3 Other Factors shall be accompanied by an estimate of uncertainty. Compo-

9.3.1 The effects of temperature, humidity, absorbed doSgents of uncertainty shall be identified as belonging to one of
rate, incident energy spectrum, electron equilibrium and backg,,q groups:

ground ultraviolet radiation shall be taken into account. See (A) those which are evaluated by statistical methods, or
Refs2-6 and11-15for examples of the types and magnitudes B) those which are evaluated by other mean '
of the effects. Appropriate written information regarding the (B) whi valu y S

magnitude and effect(s) upon the measurement made by theAdditional information is given in ISO/ASTM Guide 51707
dosimetry system may be obtained from the scientific litera2Nd references 17 and 18, where these components are referred

ture, dosimeter manufacturer, distributor, irradiation facility {0 @ Type A and Type B, respectively. In reporting uncertainty,

operator, or a qualified testing organization. other classifications such as precision and bias may be useful.
o _ 12.2 If this practice is followed, the estimate of the com-

10. Application of Dosimetry System bined uncertainty of an absorbed dose determined by this

10.1 The number of dosimeters required for the measuredosimetry system should be within about6 % at a 95 %
ment of absorbed dose on or within a material is determined bgonfidence level (corresponding to a coverage factor of 2).

the preC|S|(_)n of th.e dOSImetry sy_stem and th.e required pr?CI' Note 9—The identification of Type A and Type B uncertainties is based
sion assomat_ed with the _app“cat'on- Appendix X3 O_f '_DraCt'C_eon the methodology adopted in 1993 by the International Organization for
E 668 describes a statistical method for determining thisstandardization (ISO) for estimating uncertainty. This is different from the
number. way uncertainty has been traditionally expressed in terms of “precision”
10.2 Follow the procedures in.accordance with 8.2 and 8.3and “bias,” where precision is a measure of the extent to which replicate
10.3 Determine the absorbed!dosg fton the/mean specifféeasurements made under specified conditions are in agreement, and bias
net absorbance values and the system calibration curve thi§t2,Systematic error (see ASTM Terminologies E 170 and E 456).

; ; § Thé purpose of using the method of expressing uncertainties as Type A
rSee'Sct:{{lit()Sn f;om following the procedures in{ActetdaRle W'thand Type B recommended in the ISO Guide to the Expression of

Uncertainty in Measuremel(18) is to promote an understanding of how
10.4 Record the calculated absorbed dose and) all 10th@fsertainty statements are arrived at and to provide a basis for the

relevant data as outlined in Section, 11, : international;comparison of measurement results.
. . . NoTe 10—ISO/ASTM Guide 51707 defines possible sources of error in
11. Minimum Documentation Requirements dosimetry performed in radiation processing facilities and offers proce-
11.1 Record the dosimeter manufacturer, type, and batctiures for estimating the resulting magnitude of the uncertainties in the
number (code). measurement results. Basic concepts of measurement, estimate of the

ﬁneasured value of a quantity, “true” value, error and uncertainty are

11.2 Record or reference the date of calibration, calibratio defined and discussed. Components of uncertainty are discussed and

source, and associated mstrumgnts ysgd- . methods are given for evaluating and estimating their values. Their
11.3 Record or reference the irradiation environmental CONgontributions to the standard uncertainty in the reported values of
ditions for the dosimeters, including temperature, pressure (ibsorbed dose are considered and methods are given for calculating the
other than atmospheric), relative humidity, and composition ofombined standard uncertainty and an estimate of overall (expanded)
the surrounding atmosphere (if other than air). uncertainty.
11.4 Record the date of irradiation and the dates on which
the non-irradiated and irradiated dosimeters are analyzed. 13. Keywords
11.5 Record the absorbance and thickness data, if appropri- 13.1 absorbed dose; dose measurement; dosimeter; dosim-

ate, and the resulting absorbed dose values. etry; electron beam; gamma radiation; ionizing radiation;
11.6 Record or reference the uncertainty in the value of theuality control; radiation processing; radiochromic dosimetry;
absorbed dose. radiochromic film; ICS 17.240
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