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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 ISO, 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 1ISO and ASTM International has been formed to develop and maintain a group of
ISO/ASTM radiation processing dosimetry standardssjUnder: 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 document may be the subject of patent
rights. Neither ISO nor ASTM International shall be held responsible for identifying any or all such patent
rights.

International Standard ISO/ASTM 51276 was developed by ASTM Committee E10, Nuclear Technology and
Applications, through Subcommittee E10.01, and by Technical Committee ISO/TC 85, Nuclear energy, nuclear
technologies and radiological protection.

Annex A1 of this International Standard is for information only.

iv © ISO/ASTM International 2012— All rights reserved
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INTERNATIONAL

Standard Practice for

An American National Standard

Use of a Polymethylmethacrylate Dosimetry System’

This standard is issued under the fixed designation ISO/ASTM 51276; 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 is a practice for using polymethylmethacrylate
(PMMA) dosimetry systems to measure absorbed dose in
materials irradiated by photons or electrons in terms of
absorbed dose to water. The PMMA dosimetry system is
classified as a routine dosimetry system.

1.2 The PMMA dosimeter is classified as a Type II dosim-
eter on the basis of the complex effect of influence quantities
(see ASTM Practice E2628).

1.3 This document is one of a set of standards that provides
recommendations for properly implementing dosimetry in
radiation processing, and describes a means of achieving
compliance with the requirements of ASTM E2628 “Practice
for Dosimetry in Radiation Processing” for a PMMA dosimetry
system. It is intended to be read in conjunction with ASTM
E2628.

1.4 This practice covers the use “of- PMMA" dosimetry
systems under the following conditions:

1.4.1 the absorbed dose range is 0.1 kGy to 150°kGy:.

1.4.2 the absorbed dose rate is 1 X 1072 to 1 X 107 Gy-s™".

1.4.3 the photon energy range is 0.1 to 25 MeV.

1.4.4 the electron energy range,is,3/t0,25,:MeV: ,

1.5 This standard does not purport to address|allof the
safety concerns, if any, associated with its use. It is the
responsibility of 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:?

E170 Terminology Relating to Radiation Measurements and
Dosimetry

E275 Practice for Describing and Measuring Performance
of Ultraviolet and Visible Spectrophotometers

E2628 Practice for Dosimetry in Radiation Processing

E2701 Guide for Performance Characterization of Dosim-
eters and Dosimetry Systems for Use in Radiation Process-
ing

! This practice is under the jurisdiction of ASTM Committee E10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Radiation Processing: Dosimetry and Applications, and is also under the
jurisdiction of ISO/TC 85/WG 3.

Current edition approved Feb. 22, 2012. Published July 2012. Originally
published as E 1276 — 88. ASTM E 1276 - 96°' was adopted by ISO in 1998 with
the intermediate designation ISO 15558:1998(E). The present Third Edition of
International Standard ISO/ASTM 51276:2012(E) is a major revision of the Second
Edition of ISO/ASTM 51276:2002(E).

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

© ISO/ASTM International 2012— All rights reserved

2.2 ISO/ASTM Standards:?

51261 Guide for Selection and Calibration of Dosimetry
Systems for Radiation Processing

51707 Guide for Estimating Uncertainties in Dosimetry for
Radiation Processing

2.3 International Commission on Radiation Units and

Measurements (ICRU) Reports: >

ICRU Report 60 Fundamental Quantities and Units for
Ionizing Radiation

ICRU Report 80 Dosimetry Systems for Use in Radiation
Processing

2.4 ISO Reports:*

GUM Guide to the Expression of Uncertainty in Measure-
ment, 1995.

VIM International Vocabulary of Basic and General Terms
in Metrology, 2008

3. Terminology

3.1 | Definitions:

3.1.1 calibration curve—expression of the relation between
indication-and corresponding measured quantity value (VIM).

3.1.1.1 Discussion—in.radiation processing dosimetry stan-
dards, the term dosimeter response is generally used rather than
“indication”. Thus, a calibration curve is an expression of the
relation between the dosimeter response and the corresponding
measured quantity value.

3.1.2 dosimeter—a device that, when irradiated, exhibits a
quantifiable change that can be related to absorbed dose in a
given material using appropriate measurement instruments and
procedures.

3.1.3 dosimeter batch—quantity of dosimeters made from a
specific mass of material with uniform composition, fabricated
in a single production run under controlled, consistent condi-
tions, and having a unique identification code.

3.1.4 dosimeter response—reproducible, quantifiable effect
produced in the dosimeter by ionizing radiation.

Note 1—For PMMA dosimeters, the specific absorbance is the dosim-
eter response.

3.1.5 dosimeter stock—part of a dosimeter batch held by the
user.

3.1.6 measurement management system—set of interrelated
or interacting elements necessary to achieve metrological
confirmation and continual control of measurement processes.

3 Available from International Commission on Radiation Units and Measure-
ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, U.S.A.

4 Available from International Organization for Standardization (ISO), 1, ch. de
la Voie-Creuse, Case postale 56, CH-1211, Geneva 20, Switzerland, http:/
WWW.is0.0rg
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3.1.7 polymethylmethacrylate (PMMA) dosimeter—piece of
specially selected or developed PMMA material, individually
sealed by the manufacturer in an impermeable sachet, that
during exposure to ionizing radiation exhibits a characterizable
change in specific optical absorbance as a function of absorbed
dose.

Note 2—The piece of PMMA, when removed from the sachet after
irradiation, is also commonly referred to as the dosimeter.

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

3.1.9 response—see dosimeter response.

3.1.10 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.

3.1.11 specific absorbance (k)—optical absorbance, A,, at a
selected wavelength N, divided by the optical path length, d:

k=Ayd D

3.2 Definitions of other terms used in this practice that
pertain to radiation measurement and dosimetry may be found
in ASTM Terminology E170. Definitiohsfin EL70:are compat-
ible with ICRU Report 60; that document, therefore, may be
used as an alternative reference.

4. Significance and use
4.1 The PMMA dosimetry system provides a meang-for

measuring absorbed dose based on arichange dnroptidalabsot-o

bance.

4.2 PMMA dosimetry systems are commonly used in indus-
trial radiation processing, for example in the sterilization of
medical devices and the irradiation of foods.

5. Overview

5.1 PMMA dosimeters may be manufactured by various
methods. For example, the raw material has historically been
cast, extruded, or injection molded. Fundamentally, ingredients
required for the promotion and control of polymerization and
stability, and, in the case of dyed dosimeters, specified quan-
tities of dyes appropriate for the required range of response, are
dissolved in methylmethacrylate, which is then polymerized.
The material is then conditioned to adjust the water content,
and the response to radiation is verified using appropriate
sampling and testing before release for packaging, and ulti-
mately for use.

5.2 Ionizing radiation induces chemical reactions in the
material, which create or enhance absorption bands in the
visible and/or ultraviolet regions of the spectrum. Optical
absorbance determined at appropriate wavelengths within these
radiation-induced absorption bands is quantitatively related to
the absorbed dose. ICRU Report 80 provides information on
the scientific basis and historical development of the PMMA
dosimetry systems in current use.

5.3 The difference between the specific absorbance of un-
irradiated and irradiated PMMA is dependent upon the wave-
length of the light which is used to make the measurement.

ALy
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Typically, the manufacturer specifies the recommended wave-
length that optimizes sensitivity and post-irradiation stability.
The wavelengths recommended for examples of commonly
used systems are given in Table Al.1.

6. Influence quantities

6.1 Factors other than absorbed dose which influence the
dosimeter response are referred to as influence quantities and
are discussed in the following sections. (See also ASTM Guide
E2701.) Examples of such influence quantities are temperature
and dose rate.

6.2 Pre-Irradiation Conditions:

6.2.1 Dosimeter Conditioning and Packaging—Pieces of
PMMA are pre-conditioned by the manufacturer to optimize
water concentration, and sealed in impermeable aluminum foil
laminate sachets to maintain that condition.

6.2.2 Time Since Manufacture—With appropriate manufac-
turing, packaging and storage conditions, the shelf-life of some
types of PMMA dosimeters has been shown to exceed ten years
@.°

6.2.3 Temperature—Exposure to temperatures outside the
manufacturer’s recommended range should be minimized to
reduce the potential for adverse effects on dosimeter response.

62 4\ Rélative| Humidity—~The effect of humidity is elimi-
nated by the 1solation provided by the sachet.

6:2.5 tEaposureyto Light—The effect of light exposure is
eliminated by the isolation provided by the sachet.

6.3 Conditions during Irradiation:

6.3 1" Irradiation Temperature—the dosimeter response is
dffécted by“temperature and shall be characterized.

632 “Absorbed-Dose Rate—the dosimeter response is af-
fected by the absorbed-dose rate and shall be characterized.

6.3.3 Dose Fractionation—the dosimeter response may be
affected by incremental exposures and should be characterized.

6.3.4 Relative Humidity—the effect of humidity is elimi-
nated by the isolation provided by the sachet.

6.3.5 Exposure to Light—the effect of light exposure, if any,
is eliminated by the isolation provided by the sachet.

6.3.6 Radiation Energy—the dosimeter response is depen-
dent upon the radiation energy and the dosimeters shall be
irradiated for calibration under the conditions of use.

6.4 Post-Irradiation Conditions:

6.4.1 Time—the time between irradiation and dosimeter
reading shall be standardized and should conform to the
manufacturer’s recommendations.

6.4.2 Temperature—Exposure to temperatures outside the
manufacturer’s recommended range should be minimized to
reduce the potential for adverse effects on dosimeter response.

6.4.3 Conditioning Treatment—Post-irradiation treatment is
not applicable.

6.4.4 Relative Humidity—Prior to opening the sachet, the
effect of humidity is eliminated by the isolation provided by the
sachet.

> The boldface numbers in parentheses refer to the bibliography at the end of this
practice.

© ISO/ASTM International 2012— All rights reserved



6.4.5 Exposure to Light—Prior to opening the sachet, any
effect of light exposure is eliminated by the isolation provided
by the sachet.

Note 3—Two categories of post-irradiation change are of concern
when devising a practical operational protocol for the use of dosimeters:
the changes which occur if the sachet is left unopened; and those which
occur after it is opened. It is good practice to assess the post-irradiation
change of dosimeters under both of these conditions. Examples of results
obtained by a manufacturer are given in (2).

6.5 Response Measurement Conditions:

6.5.1 Exposure to Light—After opening the sachet, expo-
sure to light may affect the response of the dosimeter. Users
should follow manufacturer’s recommended practices.

6.5.2 Temperature—Exposure to temperatures outside the
manufacturer’s recommended range should be minimized to
reduce the potential for adverse effects on dosimeter response.

6.5.3 Relative Humidity—After opening the sachet, pro-
longed exposure to extreme humidity conditions may affect the
response of the dosimeter. Therefore, the time between opening
the sachet and dosimeter reading should be minimized.

7. Dosimetry system and its verification

7.1 Components of the PMMA Dosimetry System—The
following are components of PMMA dosimétryssystems:

7.1.1 Polymethylmethacrylate Dosimeters.

7.1.2 Calibrated Spectrophotometer (or an eduivalent( in=
strument), capable of measuring optical absorbance at the
analysis wavelength and having documentation specifying
analysis wavelength range, accuracy_of wavelength selection
and absorbance determination, spectral bandwidth, and stray
light rejection.

7.1.2.1 Means of verifying the accuracy of optical
absorbance-measurement, for example through the use of
certified optical absorption filters, covering more than the
range of absorption encountered.

7.1.2.2 Means of verifying wavelength calibration, for ex-
ample through the use of certified filters.

7.1.3 Holder, to position the dosimeter reproducibly in, and
perpendicular to, the analyzing light beam.

7.1.4 Calibrated Thickness Gauge.

7.1.4.1 Means of verifying thickness gauge calibration, for
example through the use of certified thickness gauge blocks,
exceeding the range of thicknesses encountered.

7.2 Measurement Management System, including the do-
simeter batch calibration curve resulting from calibration
according to ISO/ASTM 51261, and the procedures for use.

7.3 Performance Verification of Instrumentation:

7.3.1 At prescribed time intervals, and whenever there are
indications of poor performance during periods of use, the
wavelength and absorbance scales of the spectrophotometer
shall be checked at or near the analysis wavelength, and the
results documented. This information should be compared with
the instrument specifications to verify adequate performance,
and the result documented. (See ASTM Practice E275.)

7.3.2 At prescribed time intervals the calibration of the
thickness gauge shall be checked and the result documented.
The thickness gauge shall also be checked before, during, and,

© ISO/ASTM International 2012— All rights reserved
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if considered appropriate, after use, to ensure reproducibility
and absence of zero drift.

8. Incoming dosimeter stock assessment

8.1 A protocol shall be established for the purchase, receipt,
acceptance and storage of dosimeters.

8.2 For dosimeters received, the user shall perform an
incoming inspection of a representative sample to verify, for
example, batch designation against the manufacturer’s certifi-
cation, sachet integrity, and that the sample’s thickness range,
pre-irradiation absorbance, and radiation response, are within
documented specifications.

8.3 Retain sufficient dosimeters for additional investiga-
tions, or for use during verification, or recalibration.

8.4 Store dosimeters according to the manufacturer’s writ-
ten recommendations, or as justified by published data or
experience.

9. Calibration

9.1 Prior to use of each batch of dosimeters, the dosimetry
system shall be calibrated in accordance with the user’s
procedures, which shall detail the calibration process and
quality assurance requirements in compliance with ISO/ASTM
Guide 51261,

9.2" The uiser’s Vdosimetry system calibration procedures
shall.take,into account the influence quantities associated with
pre-irradiation; irradiation, and post-irradiation conditions ap-
plicable to the process in the user’s facility (see Section 6).

Note~4—f prior experience, manufacturer’s recommendations, or
soientific litetature’ (sée Refs 1428)  suggest that the conditions experi-
enced by thi¢ dosimeters are likely to influence dosimeter response and
increase the uncertainties significantly, the calibration irradiation of the
dosimeters should be performed under conditions similar to those in
routine use (2,27,28).

9.3 Multiple calibration curves may be required to accom-

modate particular dose ranges or post-irradiation measurement
intervals.

10. Routine use

10.1 Before Irradiation:

10.1.1 Ensure that the dosimeters are selected from an
approved batch stored according to user’s procedures and
manufacturer’s written recommendations, and that they are
within shelf life and calibration expiration dates.

10.1.2 Inspect each dosimeter sachet for external imperfec-
tions, for example sachet seal integrity and presence of PMMA
piece. Discard any dosimeters that show unacceptable imper-
fections.

10.1.3 Mark the packaged dosimeters appropriately for
identification, or if preferred, and if provided by the manufac-
turer, use the unique reference or bar-code of the dosimeter.

10.1.4 Place the unopened dosimeters at specified locations
for irradiation.

10.2 Post-Irradiation Analysis Procedure:

10.2.1 Retrieve the dosimeters.

10.2.2 Maintain the PMMA pieces in their sealed packages
in an approved location under specified conditions prior to
measurement. See 6.4 and 6.5.
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10.2.3 Specific absorbance of dosimeters should be mea-
sured within a specified time interval (see 6.4.1 and Ref (26))
and under conditions (6.5) which take account of potential
post-irradiation changes.

10.2.4 Verify instrument performance according to docu-
mented procedures. See 7.3.

10.2.5 Inspect each dosimeter sachet for imperfections, for
example, compromised sachet integrity. Document any imper-
fections.

10.2.6 For each dosimeter, perform the following:

10.2.6.1 Open the package and remove the PMMA piece,
handling it by its edges.

10.2.6.2 Inspect the PMMA piece for any imperfections,
such as scratches. Document any imperfections.

Note 5—If a dosimeter is found to be scratched, a reliable measure-
ment can usually be obtained by repositioning the PMMA piece, for
example by inverting it, so that the scratch is not in the light beam path of
the spectrophotometer.

10.2.6.3 If necessary, clean the PMMA piece before analy-
sis. An accepted method is wiping with paper tissue moistened
with an appropriate solvent such as ethanol or propanol.

10.2.6.4 Position the PMMA piece in the holder in the
instrument, taking care to align it properly, and to' position, it
perpendicular to the analyzing light beam.

10.2.6.5 Measure and record the absorbance at the selected
analysis wavelength (see Table Al.1 for manufacturer’s rec-
ommendations).

10.2.6.6 Measure the thickness of the PMMA piece in-the

region traversed by the analyzing lightbeam!
10.2.6.7 Calculate the specific absorbance.

10.2.6.8 Determine the absorbed dose from the specific
absorbance and the appropriate calibration curve (see 9.3).

11. Documentation requirements

11.1 Record details of the measurements in accordance with
the user’s measurement management system.

12. Measurement uncertainty

12.1 All dose measurements need to be accompanied by an
estimate of uncertainty. Appropriate procedures are recom-
mended in ISO/ASTM Guides 51707 and 51261 (see also
GUM).

12.1.1 All components of uncertainty should be included in
the estimate, including those arising from calibration, dosim-
eter variability, instrument reproducibility, and the effect of
influence quantities. A full quantitative analysis of components
of uncertainty is referred to as an uncertainty budget, and is
then often presented in the form of a table. Typically, the
uncertainty budget will identify all significant components of
uncertainty, together with their methods of estimation, statis-
tical distributions and magnitudes.

12.1.2 The estimate of the expanded uncertainty achievable
with measurements made using a routine dosimetry system
such as PMMA is typically of the order of =6 % (k = 2), which
corresponds approximately, to'a 95 % level of confidence for
normally distributed data.

13. "Keywords

13.1 absorbed dose; dose; dosimeter; dosimetry system;
electron-beam; gamma radiation; ionizing radiation; irradia-
tion; " PMMA"- ‘polymethylmethacrylate; radiation; radiation
processing; radiation sterilization

ANNEX

(informative)

Al. INFORMATION ON POLYMETHYLMETHACRYLATE (PMMA) DOSIMETERS

Al.1 This information is intended to serve as a guide only,
since available sources of dosimeters and dosimeter perfor-
mance may change.

Al.2 A general list of available PMMA dosimeters is given
in Table Al.1.

Al.3 Note that the absorbed dose ranges are recommended
ranges. In some cases it may be possible to extend the lower

TABLE A1.1 Basic properties of available PMMA dosimeters

Dosimeter Nominal Analysis Absorbed
T Thickness, Wavelength, Dose Range,
ype
mm nm kGy

Harwell Red 4034 3 640 5 to 50
Harwell Amber 3042 3 603 or 651 110 30
Harwell Gammachrome YR® 2 530 0.1t0 3
Radix W 1.5 280 or 320 1to 150

and upper dose limits with possible consequent loss of dosim-
etric accuracy.

Al.4 Some suppliers are listed in Table A1.2.
Al.5 The radiation response of some types of PMMA

TABLE A1.2 Some suppliers of polymethylmethacrylate (PMMA)
dosimeters

Dosimeter Address

Harwell Harwell Dosimeters Ltd.,
540 Becquerel Ave.,
Harwell S& Campus

DIDCOT Oxfordshire, OX11 OTA, England

Radix Radia Industry Co., Ltd.,
168 Ooyagi
Takasaki
Gunma 370-0072,
Japan

© ISO/ASTM International 2012— All rights reserved



dosimeters is known to be dependent on water content, so these
dosimeters are normally supplied in sealed leak-tight packages.
These packages protect the dosimeters, ensure a stable water
content, and prevent undue exposure to light before absorbance
measurements.

ISO/ASTM 51276:2012(E)

Al.6 Information on environmental and post-irradiation
effects and their possible influence on dosimetric accuracy may
be obtained from the suppliers.

Bibliography

(1) Bett, R., Watts, M. F.,, Plested, M. E., “The shelf life of dyed
polymethylmethacrylate dosimeters,” Radiation Physics and Chem-
istry, Vol 63, 2002, pp. 793-797.

(2) Whittaker, B., Watts, M. F., “The Influence of Dose Rate, Ambient
Temperature and Time on the Radiation Response of PMMA Dosim-
eters,” Radiation Physics and Chemistry, Vol 60, 2001, pp. 101-110.

(3) Takehisa, M., Sato, Y., Sasuga, T., Haneda, N., Haruyama, Y., and
Sunaga, H., “Gamma-ray Response of a Clear, Crosslinked PMMA
Dosimeter, Radix W,” Radiation Physics and Chemistry, Vol 76,
2007, pp. 1619-1623.

(4) Seito, H., Ichikawa, T., Haneda, N., Kaneko, H., Sato, Y., Watanabe,
H., and Kojima, T., “Characteristics study of clear polymethylmeth-
acrylate dosimeter, Radix W, in several kGy range,” Radiation
Physics and Chemistry, Vol 78, 2009, pp. 356-359.

(5) Chu, R. D. H., and Antoniades, M. T.,“Use of Ceric Sulphate and
Perspex Dosimeters for Calibration ofelrradiation Facilities, " "IAEA.
Report SM192/14, International Atomi¢ Energy 'Agency Publication,
Vienna, 1975.

(6) Miller, A., Bjergbakke, E., and McLaughlin, W. L., “ Some Limitations
in the Use of Plastic and Dyed Plastic Dosimeters,” International
Journal of Applied Radiation and Isotopes, Vol 26, 1975, pp. 611-620.

(7) Olejnik, T. A., “Red 4034 "Perspex’ Dosimeters in Industrial Radiation
Sterilization Process Control,” Radiation Physics and Chemistiy, Nok
14, 1979, pp. 431-447.

(8) Barrett, J. H., “Dosimetry with Dyed and Undyed Acrylic Plastic,”
International Journal of Applied Radiation and Isotopes, Vol 33, 1982,
pp. 1177-1187.

(9) Whittaker, B., Watts, M. F., Mellor, S., and Heneghan, M., “Some
Parameters Affecting the Radiation Response and Post-Irradiation
Stability of Red 4034 ’Perspex’ Dosimeters,” Proceedings of the
International Symposium, “High-Dose Dosimetry,” IAEA Publication
STI/PUB/671, Vienna, 1984.

(10) Levine, H., McLaughlin, W. L., and Miller, A., “Temperature and
Humidity Effects on the Gamma-Ray Response and Stability of
Plastics and Dyed-Plastic Dosimeters,” Radiation Physics and Chem-
istry, Vol 14, 1979, pp. 551-574.

(11) Al-Sheikhly, M., Chappas, W. J., McLaughlin, W. L., and Hum-
phreys, J. C., “Effects of Absorbed Dose-rate, Irradiation Tempera-
ture, and Post Irradiation Temperature on the Gamma Ray Response
of Red Perspex Dosimeters,” Proceedings of an International Sym-
posium, “High Dose Dosimetry for Radiation Processing,” IAEA
Publication STI/PUB/846, International Atomic Energy Agency,
Vienna, 1991.

(12) McLaughlin, W. L., Boyd, A. W., Chadwick, K. H., McDonald, J. C.,
and Miller, A., “Dosimetry for Radiation Processing,” Taylor and
Francis (publishers), London, New York, Philadelphia, 1989.

(13) Glover, K. M., Plested, M. E., Watts, M. F., and Whittaker, B., “A
Study of Some Parameters Relevant to the Response of Harwell
PMMA Dosimeters to Gamma and Electron Irradiation,” Radiation
Physics and Chemistry, Vol 42, 1993, pp. 739-742.

(14) Sohrabpour, M., Kazemi, A. A., Mousavi, H., and Solati, K,
“Temperature Response of a Number of Plastic Dosimeters for
Radiation Processing,” Radiation Physics and Chemistry, Vol 42,
1993, pp. 783-787.

© ISO/ASTM International 2012— All rights reserved

(15) Miller, A., and Chadwick, K. H., “Dosimetry for the Approval of
Food Irradiation Processes,” Radiation Physics and Chemistry, Vol
34, 1989, pp. 999-1004.

(16) “Absorbed Dose Determination in Photon and Electron Beams,”
TIAEA, Technical Report Series, No. 277, Vienna, 1987.

(17) Whittaker, B., “Uncertainties in Absorbed Dose as Measured Using
PMMA Dosimeters,” Radiation Physics and Chemistry, Vol 42, 1993,
pp. 841-844.

(18) Whittaker, B., “Recent Developments in Poly(Methyl Methacrylate)/
Dye Systems for Dosimetry Purposes,” Proceedings of the Interna-
tional Symposium, “Radiation Dose and Dose Distribution Measure-
ments in the Megarad Range,” National Physical Laboratory, United
Kingdom, 1970.

(19) Barrett, J. H., Glover, K. M., McLaughlin, W. L., Sharpe, P. H. G.,
Watts, M. F., and Whittaker, B.,” A High-Dose Intercomparison Study
Involving< Rdd ‘4034 {'Perspex’ and Radiochromic Dye Film,”
UKAEA, Harwell Report AERE-R13159, 1988, Radiation Physics
and KChemistry, Vol 36, 1990, pp. 505-507.

(20) Kojima, T., Haneda, N., Mitomo, S., Tachibana, H., and Tanaka, R.,
“The Gamma-Ray Response of Clear Polymethylmethacrylate Do-
simeter, Radix RN15,” Journal of Applied Radiation and Isotopes,
Vol /43,1No.,d0, 1992, p141197:

(21) Chadwick; K- H., “The Effect of Light Exposure on the Optical
Density of Irradiated Clear Polymethylmethacrylate,” Physics in
Medicine and Biology, Vol 17, 1972, pp. 88-93.

(22) Chadwick, K. H., “The Effect of Humidity on the Response of HX
’Perspex’ Dosimeters,” IAEA Report TECDOX-321, 1984.

(23) Whittaker, B., “A New PMMA Dosimeter for Low Doses and Low
Temperatures,” Radiation Physics and Chemistry, Vol 35, 1990, pp.
699-702.

(24) Miller, A., “Dosimetry for Radiation Processing,” Proceedings of an
International Symposium on Radiation Chemistry and Processing,
Czechoslovakia, Radiation Physics and Chemistry, Vol 28, 1986, pp.
521-529.

(25) Chadwick, K. H., “Radiation Measurements and Quality Control,”
Radiation Physics and Chemistry, Vol 14, 1979, pp. 203-212.

(26) Ellis, S. C., Barrett, J. H., and Morris, W. T., “ Radiation Standards
and Dosimetry for Radiation Processing,” Proceedings of the Inter-
national Conference, “Radiation Processing for Plastics and Rubber,”
Cambridge, UK, 1984.

(27) Biramontri, S., Haneda, N., Tachibana, H., and Kojima, T., “Effect of
Low Irradiation Temperature on the Gamma-Ray Response of Dyed
and Un-dyed PMMA Dosimeters,” Radiation Physics and Chemistry,
Vol 48, No. 1, 1996, pp. 105-109.

(28) Sharpe, P., Miller, A., “Guidelines for the Calibration of Dosimeters
for use in Radiation Processing,” Centre for lonising Radiation
Metrology publication, CIRM29, 2009.

(29) Seito, H., Ichikawa, T., Hanaya, H., Soto, Y., Keneko, H., Haruyama,
Y., Watanabe, H., Kojima, T., “Application of clear polymethylmeth-
acrylate dosimeter, Radix W, to a few MeV electron in radiation
processing,” Radiation Physics and Chemistry, Vol 78, 2009, pp.
961-965.



	Ý3�Ïµ–aþz«⁄žÑk»Õ
\+u¶^pmÙ"*õ%&łÌÂ$⁄“Y…—ÁOpé=,Ì·‘�zGfð�ÆzV⁄¡�ŠÑ<Ñ&˙s]_⁄�ﬁUıCnu�NS[—ïÖ

