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15555 E 1205-93 Practice for use of a ceric-cerous sulfate dosimetry system

15556 E 1261-94 Guide for selection and calibration of dosimetry systems for
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Use of a Radiochromic Film Dosimetry System'

This standard is issued under the fixed designation E 1275; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1.2 This prhctice applies to radiochromic film dosimeters
that can be uged within part or all of the specified ranges as
follows:

1.2.1 The apsorbed dose rangeis 1 X 1072 to 1 X 102 kGy.

1.2.2 The apsorbed dose rateis 1 X 1072 to 1 x 10!3 Gy/s
(1-4).2
1.2.3 The fadiation energy range for both photons and

electrons is 0. to 50 MeV.
1.2.4 The ifradiation temperature range is —78 to +60°C.
1.3 This stgndard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility pf the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced| Documents

2.1 ASTM Standards:

E 170 Termjinology Relating to Radiation Measurements
and Dosimetry3

E 178 Practjce for Dealing with Outlying Qbservations*

E 275 Practjce for Describing and Measuring Performance
of Ultraviolet, Visible, and Near( Infrared Spectro-
photometers®

E 668 Pracfice for Application 6f~Thermoluminescence-
Dosimetry (TLD) Systems dor Determining Absorbed
Dose in Radiation-Hardness Testing of Electronic De-
vices?

E 1026 Pragtice for Using the Fricke Reference Standard
Dosimetry System?

E 1204 Praptice for' Dosimetry in Gamma Irradiation
Facilities for"Food Processing?

E 1205 Prdctiece fo e 0
Dosimetry System?

E 1261 Guide for Selection and Application of Dosimetry
Systems for Radiation Processing of Food?

! This practice is under the jurisdiction of ASTM Committee E-10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee
E10.0! on Dosimetry for Radiation Processing.

Current edition approved April 15, 1993. Published July 1993. Originally
published as E 1275 - 88. Last previous edition E 1275 - 88¢!-

2 The boldface numbers in parentheses refer to the list of references at the end
of this practice.

3 Annual Book of ASTM Standards, Vol 12.02.

4 Annual Book of ASTM Standards, Vol 14.02.

3 Annual Book of ASTM Standards, Vol 14.01.

the next edition.

2.2 International Commission on Radiation Units and

ICRU Report 14—Radiati(;n Dosimetry:

0.6 and 50 MeV®

ICRU Report 17—Radiation Dosimeétry: X
ated at Potentials of 5 to 150/kV*

ICRU Report 33—Radiation ‘Quantities and

Rays and

Gamma Rays with Maximum PhotomEnergies Between

Rays Gener-

Units®

ICRU Report 34—The Dosimetry of Pulsed [Radiation®
ICRU Report 35—Radiation Dosimetry: Electron Beams

with Energies Between 1 and 50 MeV$

3. Terminology
3.1 Definitions;
3.1.1 absarbed dose, D—the quotient of de b

de is themean energy imparted by ionizing rag

matter,of mass dm (see ICRU Report 33).

de

D=3m

The special name for the unit for absorbed dos
(Gy):

1Gy=11J-kg!

Formerly, the special unit for absorbed dose wa

I rad = 1072 J-kg~! = 102 Gy

3.1.2 analysis wavelength—wavelengih used
tion and routine application.

y dm, where
iation to the

e is the gray

s the rad:

for calibra-

3.1.3 batch—quantity of dosimeters made fr¢m a specific
mass of material with uniform composition, fapricated in a
single production run, and having a unique identification

code.

3.1.4 calibration curve—graphical or mathe
tionship between the specific net absorbance
sorbed dose for 2 given dosimetry system. Th
curve can also serve as the response function.

3.1.5 calibration facility—combination of an
diation source and its associated instrumentati

specific locations and in a specific material

matical rela-
and the ab-
e calibration

ionizing ra-
on that pro-

DSOTroca—aose ratCS at

traceable to

national standards, and therefore, may be used to calibrate
the absorbed dose response of routine or other types of

dosimeters.

3.1.6 dosimetry system—system used for determining ab-
sorbed dose, consisting of dosimeters, measurement instru-
mentation, the calibration curve, reference standards, and

procedures for the system’s use.

3.1.7 measurement quality assurance plan—a docu-

6 Available from International Commission on Radiation Un
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814,

its and Measure-
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mented program for the measurement process that qualifies
the total uncertainty of the measurements (both random and
systematic error components); this plan shall demonstrate
traceability to national standards and shall show that the
total uncertainty meets the requirements of the specific
application.

3.1.8 net absorbance, AA—radiation-induced change in
measured absorbance at a selected wavelength(s) determined
by subtracting the pre-irradiation absorbance, 4,, from the
post-irradiation absorbance, 4; as follows:

AM=A, - A,

width, and stray light rejection.

5.1.3 Holder, to position the dosimeter reproducibly in
and perpendicular to the measuring light beam.

5.1.4 Calibrated Thickness Gage, with a precision of
+2 % of the film thickness (at a 95 % confidence level).

NoTe 2—Documentation provided by the manufacturer of the
radiochromic film dosimeter with regard to the film thickness and its
variability may be substituted for direct measurement of thickness by
the user. This information should be verified by the user by analyzing a
representative sample of films
NOTE 3——Somc radxochromnc ﬁlm dosxmctcrs contain a substrate
i not-radiochrom h-s 08 he thickness is not

This term is al4o referred to as induced absorbance.

3.1.9 radiockromic film dosimeter—specially prepared
film containing ingredients that undergo an ionizing radia-
tion-induced change in optical absorbance. This change in
optical absorbance can be related to absorbed dose in water.

3.1.10 specific net absorbance, k—net absorbance, A4, at
a selected wavelength(s) divided by the thickness, ¢, of the
dosimeter as follows:

k= 0A8A/t

3.1.11 traceqbility—ability to show that a measurement is
consistent withl appropriate national standards through an
unbroken chain of comparisons.

3.2 Other appropriate terms may be found in Termi-
nology E 170.

4. Significance] and Use

4.1 The radjochromic film dosimetry system provides a
means of deternining absorbed dose in materials. Under the
influence of ionizing radiation, chemical reactions take place
in the radiochfomic film creating or enhancing, or both;
optical absorption bands. Absorbance is determined .at the
selected wavelgngth(s) within these radiation-induced ab-
sorption bandy. Examples of appropriate wavelengths for
analysis for spgcific dosimetry systems are provided by the
manufacturer dnd in Refs. 3 through 14.

4.2 In the application of a specific dosimetry system,
absorbed dose |is determined by use of“a-calibration curve
traceable to national standards.

4.3 The absgprbed dose determined is usually specified in

Iy Sy
applied in the industrial radiation processing of a variety of
products for example, sterilization of medxcal devices and
processing of foods (11, 13).

5. Apparatus

5.1 Components of the Dosimetry System—The following
shall be used to determine absorbed dose with radiochromic
film dosimetry systems:

5.1.1 Radiochromic Film Dosimeters.

5.1.2 Spectrophotometer or Photometer, having documen-
tation covering analysis wavelength range, accuracy of wave-
length selection, absorbance determination, spectral band-

6. Performance Check of Instrumentation

6.1 The performance of the photometer or [spectropho-
tometer shall be checked and do¢umented. (Sge Practices
E 275 and E 1026.)

6.1.1 When using a spectrophotometer, check and docu-
ment the bias and precision/of the wavelength scale and
absorbance scale at or near the analysis wavdlength(s) at
intervals not to exceed-one month during periods of use, or
whenever there are(indications of poor performance.

6.1.2 When using a photometer, check and dgcument the
bias and precision of the absorbance scale at intgrvals not to
exceed one month during periods of use, or whe¢never there
are indications of poor performance.

6.1.3..Compare the information obtained in 6{1.1 or 6.1.2
with ‘the original instrument specifications to pnsure ade-
quate performance.

6.2 Check the thickness gage before, during, and after use
to assure reproducibility and lack of zero drift.| Check and
document the calibration of the gage at integvals not to
exceed six months. Use gage blocks, traceable|to national
standards for this purpose.

7. Calibration of Dosimeters

7.1 To calibrate a dosimetry system, use an|electron or
gamma irradiation facility, as appropriate, whosq dose rate is
traceable to national standards and which mdets the fol-
lowing requirements:

7.1.1 Specify the calibration absorbed dose fin terms of
absorbed dose in water, or in another material [appropriate
for the specific application (see 4.3).

7.1.2 Determine the absorbed dose rate of th¢ calibration
field by use of a reference or transfer dosimetry|system (see
Guide E 1261, Practice E 1026, and Practice E 1205).

7.2 Provide the conditions for calibration of dpsimeters as

7.2.1 Position the dosimeter in the calibration radiation
field in a defined, reproducible location.

7.2.2 When using a gamma-ray source for calibration,
surround the dosimeters with a sufficient amount of material
to ensure electron equilibrium conditions.

Note 4—For example, in determining absorbed dose in water with a
$Co source, approximately 3 to S mm of polystyrene (or equivalent
polymeric material) should surround the dosimeters in all directions.

7.2.3 Make the calibration field within the volume occu-
pied by the dosimeter(s) as uniform as possible. The varia-

tion in absorbed dose rate within the volume should be
within +1 %.
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7.2.4 Contro! (or monitor) environmental factors, such as
temperature and humidity, during irradiaticn of the dosim-
eters. Take into account any variations of such factors that
affect dosimeter response (see 9.1).

7.3 Calibrate each batch of dosimeters prior to routine
use.

7.3.1 Use a set of at least five dosimeters for each
absorbed dose value (see 9.3 of Practice E 668 for guidance
on the selection of an appropriate number of dosimeters).

7.3.2 Irradiate thesc sets of dosxmeters to at Ieast ﬁve
known absorbgd-dese-va :
in order to detprmine the cahbratlon curve of the dosxmetry
system. Measure a minimum of four absorbed dose values
per decade of absorbed dose range (see 8.1 and 8.2).

Note 5—The|determination of zero absorbed dose may be used as
an absorbed dose|value for determining the calibration curve.

7.3.3 Determine the appropriate response for the dosime-
ters, either spegific net absorbance, k, or net absorbance, AA4.

7.3.4 Calculate the mean response, kK or A4, and the
sample standazd deviation, s,,_,, for each set of five (or more)
dosimeters at gach dose value.

Note 6—The

sample standard deviation is calculated from the

8.1.4 Identify the dosimeters.

8.1.5 Store the dosimeters according to the manufactur-
er’s written recommendations.

8.2 Irradiation Procedure:

8.2.1 Determine the pre-irradiation absorbance, 4,, for
each dosimeter film at the selected analysis wavelength. This
may be done for each dosimeter or by use of an average A4,
determined by reading several dosimeters and documenting
the variation.

8.2.2 If necessary, package the dosxmeters to provide

; ed-en Fen g-irradiation.

1denuﬁcatxon.
8.2.4 For calibration, use an irradiation facilify that meets
the requirements of Section 7 and follow the procedures in
that section.
8.2.5 For general application“of the dosime
industrial process monitoring, see Practice E 124,

system in

NoTe 8—The dosimeters, may be irradiated in the product under-
going processing or in a medium of similar compositiop, or water, of
appropriate dimensions (50 ‘as to approximate electrq
conditions. Such equilibrium conditions may not exist wi
ters placed throughout the product under actual process

sample data set of n values as follows:

where:
k = individuT dosimeter response, (A4,/f), and
i =12 ...)]n

7.3.5 Plot the mean response, k or A4, versus absorbed
dose and/or d¢rive this relationship using a suitable analyt=
ical (mathematical) method. Choose an analytical forth (for
example, lineaf, polynominal, or exponential) that provides
a best fit to th¢ measured data.

7.3.6 Examine the resulting calibration curvefor goodness
of fit.

this calibration procedure/if any value (or
significantly from the determined curve, and
if discarding this value would result’in there being insuffi-
cient data to aequately define th€curve.

NoTe 7—1In g¢neral, if a meandspecific net absorbance value deviates
more than £2 % [from the detertnined curve, then a redetermination of
that datum shou|d be considered. See Practice E 178 for guidance on
dealing with outlfers.

7.3.8 Repe
exceed twelve

the. calibration procedure at intervals not to
onths.

This particularly/is the case near interfaces of diffe
Irradiation under nonequilibrium conditions, such as on
product package, is often used to monitor the absorbed d
the product and may be related to absorbed dose within

rent materials.
the surface of a
se delivered to
the product by

correction factors under certain conditions. For a detailgd discussion of

this\subject, see Guide E 1261.
8.3 Analysis Procedure:

8.3.1 Avoid any exposure to ultraviolet radiation that
may induce coloration of the dosimeter film (sde 8.1.1).
8.3.2 Determine the post-irradiation absorbance, A, at

the selected analysis wavelength(s).

8.3.3 If appropriate for the dosimeter being u
the thickness of each dosimeter film, or use
thickness provided by the manufacturer and d
variation.

NOTE 9—Certain films may be too thin to allow

determination of thickness using conventional gage tech
cases, statistical methods may be employed in order
precision and bias values discussed in Section 12.

8.3.4 Calculate the absorbed dose based on
post-irradiation absorbances, the thickness, if
and the calibration curve generated in 7.3.5.

Note 10—Examples of radiochromic film dosimet|

that employ reflectance techniques or alternative metl

bed, measure
the average
bcument the

the accurate
hology. In such
o provide the

the pre- and
appropriate,

br applications
hods for deter-

8. Procedures

8.1 Examination and Storage Procedure:

8.1.1 Ultraviolet radiation may cause the film to change
color. Perform tests to assure that the handling/reading
environment does not cause measurable color development.
If needed, place ultraviolet filters over fluorescent lights or
windows to reduce color development.

8.1.2 Handle the film with tweezers and only on the
corners.

8.1.3 Visually inspect the films for imperfections. Gently
dust the dosimeters if necessary. Discard any dosimeters that
show imperfections that could give rise to erroneous read-

ings.

mining net and specific net absorbance appear in the literature. The user

may choose to refer to these techniques (15, 16).

9. Characterization of Each Batch of Dosimeters

9.1 Reproducibility of Specific Net Absorbance:
9.1.1 For each batch of dosimeters, the reproducibility of
specific net absorbance should be obtained by analyzing the

data from the sets of dosimeters irradiated
calibration at each dose value (see 7.3.2).
9.1.2 Use the sample standard deviations

during the

(s,—,) deter-

mined during calibration (see 7.3.4) to calculate coefficients

of variation (CV) for each absorbed dose value

cv=§nk-=lxnoo(%)

as follows:
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9.1.3 Document these coefficients of variation and note
any that are unusually large.
NoOTE 11—In general, if the coefficients of variation values are

greater than 2 %, then a redetermination of the data should be
considered, or the batch of dosimeters should be rejected.

9.2 Post-Irradiation Characterization:

9.2.1 Some types of dosimeters may fade or may con-
tinue color development after irradiation. This effect may
depend on post-irradiation storage conditions such as tem-
perature, humidity, or atmosphere. In order to determine if
this is significant i iv icati measure th
absorbance at |the selected wavelength(s) over the period of
anticipated anElysis and over the range of expected storage

conditions (7, 8, 14, 15).

9.2.2 If absprbances measured in 9.2.1 are found to vary
significantly with post-irradiation storage time, then apply
correction factprs for such time-dependent variations, taking
into account the calibration curve for that batch of dosime-
ters, in order fo minimize dosimetric errors during routine
application.

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

9.3 Other Factors:

9.3.1 The effects of temperature, humidity, absorbed dose
rate, incident |energy spectrum, electron equilibrium and
background ulfraviolet radiation shall be taken into account
2, 3, 4, 5, 4, 11, 12, 13, 14, 15). Appropriate written
information regarding the magnitude and effect(s) upon the
measurement [made by the dosimetry system may be ob-
tained from thg scientific literature, dosimeter manufacturer,
distributor, irrgdiation facility operator, or a qualified testing
organization.

10. Applicatiop of Dosimetry System

10.1 The nymber of dosimeters required for the ‘measure-
ment of absorfied dose on or within a material i$'determined
by the precisign of the dosimetry system™and the required
precision assogiated with the application. Appendix X3 of
Practice E 668|describes a statistical method for determining
this number.

10.2 Follow| the procedures¢in-dccordance with 8.2 and
8.3.

10.3 Determine the absorbed dose from the mean specific
net absorbancq values and/the system calibration curve that
results from fpllowing\the procedures in accordance with
Section 7.

10.4 Record the calculated absorbed dose and all other

relevant data as outlined in Section 11.

11. Minimum Documentation Requirements

11.1 Record the dosimeter manufacturer, type, and batch
number (code).

11.2 Record or reference the date of calibration, calibra-
tion source, and associated instruments used.

11.3 Record or reference the irradiation environmental
conditions for the dosimeters, including temperature, pres-
sure (if other than atmospheric), relative humidity, and
composition of the surrounding atmosphere (if other than
air).

11.4 Record the date of irradiation and the\dates on which
the non-irradiated and irradiated dosimeters arg analyzed.

11.5 Record the absorbance and thickness data, if appro-
priate, and the resulting absorbed dose values.

11.6 Record or reference the,-precision and| bias in the
value of the absorbed dose.

11.7 Record or reference the measurement
ance plan used for the dgsimetry system applicgtion.

12. Precision and Bids

12.1 To be méaningful, a measurement of aisorbcd dose
shall be accompanied by an estimate of the uncertainty in
the measured.value. Factors contributing to the] total uncer-
tainty may-be separated into two types, precisipn (random)
and bias) (systematic). Guide E 1261 discusse§ sources of
uncertainty and lists some of the possible factors that affect
precision and bias. Additional information [is given in
Practice E 668 and Ref. 16.

12.2 The random and non-random uncertainfies involved
in measuring absorbed dose using this dosimjetry system
should be estimated or determined. The overal] uncertainty
in absorbed dose should be estimated from a combination of
these uncertainties, and the procedure for compining these
errors should be specifically stated or referenced |n all results.

12.3 If care is taken in carrying out this test method, the
combined uncertainty of an absorbed dose defermined by
the dosimetry system should be within 6 % at a 95 %
confidence level. If desired, the random uncerfainty of the
dosimetry system may be determined by fqllowing the
statistical procedures described in Practice E 668.

13. Keywords

13.1 absorbed dose; dose measurement;| dosimeter;
dosimetry; electron beam; gamma radiation; ioning radia-

tion; quality control; radiation processing; radiochromic
dosimetry; radiochromic film
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