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15554 E 1204-93 Practice for dosimetry in gamma irradiation facilities| for food
processing

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
radiation processing

15557 E 1275:93 Practice for use of a radiochromic film dosimetry system

15558 E1276-96 Practice for use of a polymethylmethacrylate dosimetry system

15559 E 1310-94 Practice for use of a radiochromic optical waveguide |dosimetry
system

15560 E 1400-95a Practice for characterization and performance of a |high-dose
radiation dosimetry calibration laboratfory

15561 E 1401-96 Practice for use of a dichromate dosimetry system
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E 1431-91 Practice for dosimetry in electron and bremsstrahlung irradiation
facilities for food processing

E 1538-93 Practice for use of the ethanol-chlorobenzene dosimetry system

E 1539-93 Guide for use of radiation-sensitive indicators

E 1540-93 Practice for use of a radiochromic liquid dosimetry system

E 1607-94 Practice for use of the alanine-EPR dosimetry system

E 1608-94 Practice for dosimetry in an X-ray (bremsstrahlung) facility for
radiation processing

E 1631-96 Practice for use of calorimetric dosimetns systemsfor electron
beam dose measurements and dosimeter calibration$

E 1649-94 Practice for dosimetry in an electron-beam facility for radiation
processing at energies between 300 keV and 25 MeV

E 1650-94 Practice for use of cellulose acetate dosimetry system

E 1702-95 Practice for dosimetry in a gamma irradiation facility for radiation
processing

E 1707-95 Guide for estimating uncertdipties in dosimetry for radiation
processing

E 1818-96 Practice for dosimetry /n.,an electron-beam facility for radiation

processing at energies between 80 keV and 300 keV
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Standard Practice for Use of a
Radiochromic Optical Waveguide Dosimetry System

ISO 15559:1998(E)

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St. Philadelphia, Pa 19103
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM
If not listed in the current combined index, will appear in the next edition.

This standard is issued under the fixed designation E 1310; 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.
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2. Referenced
2.1 ASTM

hctice covers the handling, testing, and proce-
a radiochromic optical waveguide dosimetry
sure absorbed dose in materials irradiated by
ms of absorbed dose in water.

ractice applies to radiochromic optical
imeters that can be used within part or all of
hnges as follows:

bsorbed dose range is from 1 to 10 000 Gy for

bsorbed dose rate is from 0.001 to 1000 Gy/s.
hdiation energy range for photons is from 0.1

radiation temperature range is from —78 to

pndard does not purport to address all of the
s, if any, associated with its use. It is the
bf the user of this standard to establish appro-
hd health practices and determine the applica-
tory limitations prior to use.

Documents

Standards:

E 170 Te
and Dosi
E 177 Pract
ASTM T
E 178 Pract
E 275 Practi
of Ultra
photomet
E 666 Prac

inology Relating to Radiation Measuréments
etry?

ce for Use of the Terms Precision and Bias in

st Methods?

ce for Dealing with Outlying Observations?

e for Describing and Measuring Performance
iolet, Visible, and-\Near Infrared Spectro-
rs
ice for Calculating Absorbed Dose from

Band-Pass Spectrophotometers?

E 958 Practice for Measuring Practical Spectral Band-
width of Ultraviolet-Visible Spectrophotometers?

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

! This practice is under the jurisdiction of ASTM Committee E-10 on Nuciear
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Dosimetry for Radiation Processing.

Current edition approved Sept. 15, 1994. Published November 1994, Originally
published as E 1310 - 89. Last previous edition E 1310 - 89.

2 Annual Book of ASTM Standards, Vol 12.02.

3 Annual Book of ASTM Standards, Vol 14.02.

4 Annual Book of ASTM Standards, Vol 14.01.

ETZ204 Practice for Dosimetry in Gamma Irradiation
Facilities for Food Processing?

E 1205 Practice for Use of a Cemc-Cefous Sulfate
Dosimetry System?

E 1261 Guide for Selection and Calibration
Systems for Radiation Processing?

E 1275 Practice for Usehof a Radiochromic Film
Dosimetry System?

E 1276 Practice for Use of a Polymethylmethacrylate
Dosimetry System?

2.2 International Commission on Radiatiop Units and

Measurements (ICRU) Reports:®

ICRU Report/14—Radiation Dosimetry: [X-Rays and
Gamma Rays with Maximum Photon Energies Between
0.6 and'50 MeV

ICRU Report 17-—Radiation Dosimetry: X-Rays Gener-
ated at Potentials of 5 to 150 kV

ICRU Report 33—Radiation Quantities and

ICRU Report 34—The Dosimetry of Pulsed

f Dosimetry

Units
Radiation

3. Terminology

3.1 Definitions:
3.1.1 absorbed dose, D—the quotient of de bly dm, where
de is the mean energy imparted by ionizing radfation to the
matter of mass dm (see ICRU Report 33).
_de
T dm

The special name of the unit for absorbed dos¢ is the gray
(Gy):

1Gy=11Jxkg™!

Formerly, the special unit for absorbed dose waf the rad:

lrad = 10"2J x kg~' = 102 Gy

3.1.2 analysis wavelength, \—the wavelength used for
calibration and routine application.

-+ natical rela-
tionship between dosimeter response and the absorbed dose
for a given dosimetry system; this term is also referred to as
the response function.

3.1.4 calibration facility—a combination of an ionizing
radiation source and its associated instrumentation that
provides traceable, uniform, and reproducible absorbed dose
rates at specific locations and in a specific material; it may be
used to calibrate the response of routine or other types of
dosimeters as a function of absorbed dose.

3.1.5 dosimeter batch—quantity of dosimeters made from

3 Available from International Commission on Radiation Units and Mecasure-
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814.
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a specific mass of material with uniform composition,
fabricated in a single production run under controlled,
consistent conditions, and having a unique identification
code.

3.1.6 dosimetry system—a system used for determining
absorbed dose, consisting of dosimeters, measurement in-
struments and their associated reference standards, and
procedures for the system’s use.

3.1.7 measurement quality assurance plan—a docu-
mented program for the measurement process that quan’uﬁes

T components) thxs plan shall demonstrate
traceability to |national standards, and shall show that the
total uncertaifjty meets the requirements of the specific
application.

3.1.8 net regponse, AR—the radiation-induced change in
the relationship of measured absorbance at a specific wave-
length determjned by subtracting the pre-irradiation re-
sponse, R, frgm the post-irradiation response, R

AR =R, - R,
where:
A
m- o]
A)\rel' !
A
o= |32
where: Aref]0
A, = optica| absorbance at the analysis wavelength, A, and

A,.r = optical absorbance at a reference wavelength, Aref.
A block diagrgm of an instrument capable of measuring R,
or Ry is showr] in Fig. 1.

3.1.9 opticdl waveguide—a device that contains an optical
path at a high index of refraction relative to the material
enclosing the ¢ptical path.

3.1.10 radiqchromic optical waveguide—a specially pre-
pared optical waveguide containing ingredientsithat undergo
an ionizing [radiation-induced change in\\photometric
absorbance. Tlhis change in absorbance/can’ be related to
absorbed doselin water (1, 2).6

3.1.11 referpnce wavelength, Aref=—the wavelength se-
lected for comparison with the analysis wavelength. This
wavelength is| chosen to minimize effects associated with
optical coupling and othef ’g€ometric variations in the
dosimeter.

3.1.12 tracdability—the) ability to show that a measure-
ment is condistentewith appropriate national standards
through an unbroken chain of comparisons.

3.2 Other 3ppropriate terms may be found in Termi-
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FIG. 1 Block Diagram of the instrument-Described fin Section §

3.1.8. Examples of appropriatenwavelengths for [the analysis
for specific dosimetry systems, are provided by their manu-
facturers and in Refs (1) through (5).

4.2 In the applicationvof a specific dosimgtry system,
absorbed dose is detérmined by use of a calibration curve
traceable to natipnal standards.

4.3 The absorbed dose determined is usually|specified in
water. Absorbed dose in other materials may bel determined
by applying the conversion factors discussed in Guide
E 1261,

NOTE |—For a comprehensive discussion of varipus dosimetry
methods applicable to the radiation types and energies discussed in this
practice, see ICRU Reports 14, 17, and 34.

4.4 These dosimetry systems commonly are applied in the
industrial radiation processing of a variety of groducts, for
example, the sterilization of medical devices apd radiation
processing of foods (4-6).

S. Apparatus

5.1 The following shall be used to determipe absorbed
dose with radiochromic optical waveguide dosimetry sys-
tems:

5.1.1 Dosimeters—A batch or portion of |a batch of
radiochromic optical waveguide dosimeters.

5.1.2 Spectrophotometer or Photometer—An|instrument,
either a spectrophotometer equipped with a special dosim-
eter holder and associated coupling optics (7), or a modified
photometer (Fig. 1), having documentation covgring analysis
wavelengths accuracy of wavelength selection| absorbance

nology E 170.

4. Significance and Use

4.1 The radiochromic optical waveguide dosimetry
system provides a means of measuring absorbed dose in
materials. Under the influence of ionizing radiation, chem-
ical reactions take place in the radiochromic optical
waveguide creating and/or modifying optical absorbance
bands in the visible region of the spectrum. Optical response
is determined at selected wavelengths using the equations in

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

ULLcnumdUUIl bpculdl Udnuwmm ard stray ught rejecuon
5.1.3 Holder, to position the dosimeter reproducibly in
the measuring light beam.

6. Performance Check of Instrumentation

6.1 Check and document the performance of the photom-
eter or spectrophotometer (see Practices E 275, E 925, E 958,
and E 1026).

6.1.1 When using a photometer, check and document the
precision and bias of the absorbance scale 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 spectrophotometer, check and docu-
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