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INTERNATIONAL

Standard Practice for

An American National Standard

Use of a Cellulose Triacetate Dosimetry System?

This standard is issued under the fixed designation ISO/ASTM 51650; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision.

1. Sco

1.1 Tjhisis a practice for using a cellulose triacetate (CTA)
dosimetfy system to measure absorbed dose in materias
irradiatgd by photons or electrons in terms of absorbed dose to
water. The CTA dosimetry system is classified as a routine
dosimetfy system.

1.2 Tjhe CTA dosimeter is classified as a type Il dosimeter
on the besis of the complex effect of influence quantities on its
responsg (see ASTM Practice E2628).

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

1.4 Tjhis practice covers the use of CTA dosimetry systems
under the following conditions:

1.4.1|The absorbed dose range is 10 kGy to 300 kGy.

1.4.2 [The absorbed-dose rate range is 3 Gy/s to 4x10%°
Gy/s (1).2

1.4.3|The photon energy range is 0.1 to 50 MeV.

1.4.4|The electron energy range is 0.2 to 50 MeV.

1.5 This standard does not purport to address,alt of the
safety qoncerns, if any, associated with its use® It is the
responsibility of the user of this standard to(establish appro-
priate spfety and health practices and determine the applica-
bility of{regulatory limitations prior to_tise:

2. Referenced documents

2.1 ASTM Standards:®

E170] Terminology Relatingte Radiation M easurements and
Dogmetry

E275| Practice for Deseribing and Measuring Performance
of Ultraviolet ang*Visible Spectrophotometers

! This gractice is under the jurisdiction of ASTM Committee E61 on Radiation

Pssing
E2701 Guide for Performance Characterizationpf Dosim-
eters and Dosimetry Systems for Use in Radiatign Process-
ing
2.2 |ISO/ASTM Sandards:®
51261 Practice for Calibration of,'Routine Dosinetry Sys-
tems for Radiation Processing
51707 Guide for Estimating.Uncertainties in Dogimetry for
Radiation Processing
2.3 International Cemmission on Radiation Units and
Measurements (ICRU)~Reports:4
ICRU Report 85aFundamental Quantities and| Units for
lonizing Radiation
ICRU Repori)80 Dosimetry Systems for Use in| Radiation
Processing
24 Aoint Committee for Guides in Metrology (JCGM)
Reports:
JCEGM 100:2008, GUM 1995, with minor cprrections,
Evauation of measurement data — Guide to the Expres-
sion of Uncertainty in Measurement®
JCGM 200:2008, VIM, International vocabulary|of metrol-
ogy — Basis and general concepts and associatpd terms®

3. Terminology

3.1 Definitions:
3.1.1 absorbed-dose mapping—measurement ofl absorbed
dose within an irradiated product to produce a ong-, two- or
three-dimensional distribution of absorbed dose, thus rendering
a map of absorbed-dose values.
3.1.1.1 Discussion—The CTA dosimeter strip with appro-
priate length provides the opportunity for high [resolution
measurement of dose distribution, such as depth doge distribu-
tion.

3.1.2 absorbed-dose rate (D)—absorbed dose in[a material
per incremental time interval, i.e., the quotient of [dD by dt.
Also see E170. The Sl unit is Gy s™. (ICRU}60, 4.2.6)

D = dD/dt )
3.1.2.1 Discussion—(1) The absorbed-dose ratg is often

Processing-end d espenRsHity-e-Subee 6+-02-er-DesHretry
Systems, and is also under the jurisdiction of 1SO/TC 85/WG 3.

Current edition approved by April 9, 2013. Published June 2013. Originally
published as ASTM E 1650-94 with title: Practice for Use of Cellulose Acetate
Dosimetry Systems. ASTM E 1650-94 was adopted by 1SO in 1998 with the
intermediate designation 1SO 15570:1998(E). The present Third Edition of Inter-
national Standard ISO/ASTM 51650:2013(E) is a major revision of the Second
Edition of I1SO/ASTM 51650:2005(E).

2 The boldface numbers in parentheses refer to the bibliography at the end of this
standard.

3 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 Sandards volume information, refer to the standard's
Document Summary page on the ASTM website.
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specified In terms of its average value over Tonger time
intervals, for example, in units of Gy-min™* or Gy-h. (2) In

4 Available from the International Commission on Radiation Units and Measure-
ments, 7910 Woodmont Ave., suite 800, Bethesda, MD 20814, USA.

5 Document produced by Working Group 1 of the Joint Committee for Guidesin
Metrology (JCGM/WG 1). Available free of charge at the BIPM website (http://
www.bipm.org).

& Document produced by Working Group 2 of the Joint Committee for Guidesin
Metrology (JCGM/WG 2). Available free of charge at the BIPM website (http://
www.bipm.org).
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gamma industrial irradiators, dose rate may be significantly
different at different locations. (3) In electron-beam irradiators
with pulsed or scanned beam, there are two types of dose rate:
average value over several pulses (scans) and instantaneous
value within a pulse (scan). These two values can be signifi-
cantly different.

3.1.3 calibration curve—expression of the relation between
indication and corresponding measured quantity value.

ALy
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4.2 CTA dosimetry systems are commonly used in industrial
radiation processing, for example in the modification of poly-
mers and sterilization of health care products.

4.3 CTA dosimeter film is particularly useful in absorbed
dose mapping because it is available in a strip format and if
measured using a strip measurement device, it can provide a
dose map with higher resolution than using discrete points.

(VTVMIT2008)

3.1.3.1 Discussion—In radiation processing standards, the
term “dosimeter response” is generally used for “indication”.

3.1.4 cgllulose triacetate dosimeter—piece of CTA film
that, durirlg exposure to ionizing radiation, exhibits a quanti-
fiable chgnge in specific net absorbance as a function of
absorbed

or interagting elements necessary to achieve metrolégical
confirmatipn and continual control of measurement processes.

3.1.10 feference standard dosimetry system-=<dosimetry
system, generally having the highest metrolegical quality
available @t a given location or in a given @rganization, from
which megsurements made there are deyived.

3.1.11 fesponse—see dosimeter response.

3.1.12 foutine dosimetry systepr—dosimetry system cali-
brated aggnst a reference standaredosimetry system and used
for routing absorbed dose measurements, including dose map-
ping and process monitorifg.

3.1.13 ¢pecific net absorbance (Ak)—net absorbance, AA,,
at a selectpd wavelength, A, divided by the optical pathlength,
d, through the dosimeter as follows:

Ak = AA/d @
3.1.14 Definitions of other terms used in this practice that

5S—Overview

5.1 CTA dosimeters are manufactured by casting-¢ellulose
triacetate with a plasticizer, triphenylphosphate;.and $olvents,
for example, a methylene chloride-methanol. mixture|(5, 11).

5.2 The commercially available dosivieter film is in the
format of 8 mm width and 100 m Jength rolled on [a spool,
which is described in the informativéannex.

5.3 lonizing radiation induces-chemical reactionsfin CTA
and the plasticizer, which create or enhance optical algsorption
bands in the ultraviolet, tegions of the spectrum.| Optical
absorbance at appropriate,wavelengths within these radiation-
induced absorption (bands is quantitatively related to the
absorbed dose. ICRU Report 80 provides informatiop on the
scientific basis and historical development of the CTA dosim-
etry systems-in. current use.

5.4 Theldifference between the specific net absorlpance of
un-irradiated and irradiated CTA dosimeter dependd signifi-
cantlyen the analysis wavelength used to make the absgorbance
méasurement. Typically, the manufacturer recommends the
analysis wavelength that optimizes sensitivity arjd post-
irradiation stability. The analysis wavelengths reconymended
for some commonly used systems are given in Table[A1.1.

6. Influence quantities

6.1 Factors other than absorbed dose which influence the
dosimeter response are referred to as influence gyantities.
These influence quantities include those related to the¢ dosim-
eter before, during, and after irradiation and those related to the
dosimeter response measurements (see ASTM Guide|E2701).
Influence quantities affecting dosimeter response are djscussed
below.

6.2 Pre-Irradiation Conditions:

6.2.1 Dosimeter Conditioning and Packaging—Th¢ dosim-
eter may require conditioning and packaging, particularly for
low dose rate (gamma) irradiation. See 6.3.4.

Note 1—Conditioning CTA film and packaging pieces of if in envi-
ronmentally impermeable pouches under controlled relative|humidity
conditions will provide for the most consistent dosimeter |response,
however the film is often used with no packaging

pertain to radiation measurement and dosimetry may be found
in ASTM Terminology E170. Definitions in E170 are compat-
ible with ICRU Report 85a; that document, therefore, may be
used as an aternative reference.

4. Significance and use

4.1 The CTA dosimetry system provides a means for mea-
suring absorbed dose based on a change in optical absorbance
in the CTA dosimeter following exposure to ionizing radiation
(5, 7-14).

6.2.2 Time Since Manufacture—The pre-irradiation absor-
bance increases very slowly with time and depends on the
access to air (oxygen). The pre-irradiation absorbance of the
outer layer(s) of a roll of CTA film may, therefore, increase
more than the inner layers;, hence, it may be advisable to
discard the outer layer(s) of the film. Measure the pre-
irradiation absorbance before using the dosimeter. Alterna-
tively, compare the pre-irradiation absorbance to the average
value noted at the time of calibration to determine if there is
any significant change that should be taken into account.

© ISO/ASTM International 2013 — All rights reserved


https://standardsiso.com/api/?name=e5c0b2e5d75c528662dff48f22ed95a0

Note 2—The pre-irradiation absorbance to be used in the calculation of
specific net absorbance will either be the value as measured before
irradiation by the user, or a user-determined average pre-irradiation
absorbance.

6.2.3 Temperature—Avoid exposure to temperatures out-
side the manufacturer’'s recommended range to reduce the
potential for adverse effects on dosimeter response.

6.2.4 Relative Humidity—There is no known effect on
dosimeterrespense-

AHID’ ISO/ASTM 51650:2013(E)
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6.4.5 Exposure to Light—The dosimeter is insensitive to
visiblelight, however, exposure to UV light may have an effect
and should be characterized. Exposure to UV after irradiation
may increase the post-irradiation absorbance of the film, and
likely depends on the intensity of the UV (6).

Note 4—The post-irradiation absorbance of the film has been shown to
change over longer storage periods (greater than 24 hours) and is
dependent on the temperature and relative humidity during post-

6.2.5 [Exposure to Light—The dosimeter is insensitive to
visible l|ght; however, exposure to UV light may have an effect
and shopld be characterized. Exposure to UV prior to irradia-
tion may increase the pre-irradiation absorbance of the film,
and depends on the intensity of the UV (6).

6.3 {onditions During Irradiation:

6.3.1|Irradiation Temperature—The dosimeter response is
affected|by temperature, particularly at low dose rates, and this
effect shall be characterized (3, 6, 13, 14).

6.3.2 [Absorbed-Dose Rate—The dosimeter response is af-
fected Ipy the absorbed-dose rate and this effect shall be
charactdrized (2, 4-8, 11-13).

6.3.3|Dose Fractionation—The dosimeter response is af-
fected by dose fractionation and shall be characterized (4).

6.3.4 [Relative Humidity—The dosimeter response is af-
fected by relative humidity, particularly at low dose rates and
relative [humidity extremes. This effect shall be characterized
(3, 6, 8)11, 13).

6.3.5|Exposure to Light—The dosimeter is insensitive to
visible l|ght, however, exposure to UV light may have an effect
and sholild be characterized. Exposureto UV during irradiation
may ingrease the optical absorbance of the film, and tikely
dependq on the intensity of the UV (6).

6.3.6 |Radiation Energy—There is no known effeet on do-
simeter fesponse, however, the irradiation of 125:micron thick
CTA filn using electron energies below 300 keV can result in
a dose gradient through the film.

6.4 PFost-Irradiation Conditions:

6.4.1 [Time—The dosimeter response varies with the time
interval [between radiation expasure and dosimeter measure-
ment (3| 4, 6, 8, 14). This effectshall be characterized and the
measurgment time standardized.

Note 3—The absorbaneéfirst decreases and then slowly increases with
storage tifne longer than fifteen minutes after high dose-rate electron beam
irradiatioh. The dosifeter response will become more stable about two
gr irradiation: Therefore, it is recommended that the absorbance

after |rrad|aI|on does have an effect and shall be characterlzed
The user may need to control the post-irradiation storage
temperature within a defined range (6).

6.4.3 Conditioning Treatment—No advantageous post-
irradiation treatment has been found (8).

6.4.4 Relative Humidity—The rate of change of the post-
irradiation absorbance may be affected by relative humidity
and shall be characterized. The user may need to control the
post-irradiation storage relative humidity within a defined
range (3, 6, 11, 13).

© ISO/ASTM International 2013 — All rights reserved

TTradiation storage. The user should characterize tonger termp effects and
define storage conditions if measurements will be made autsitle of the time
interval used during calibration of the dosimetry systerfi(see §.4.1) (6, 13).

6.5 Response Measurement Conditions:
6.5.1 Exposure to Light—The dogifneter is insensitive to
visiblelight, however, exposure to UV¥light may haje an effect
and should be characterized. Exposure to UV after |irradiation
may increase the post-irradiation~absorbance of the film, and
likely depends on the intepsity of the UV (6).
6.5.2 Temperature—The-temperature conditions| used dur-
ing routine measurementshall be consistent with thelconditions
during calibration.
6.5.3 Relative Humidity—The relative humidity |conditions
used during,rottine measurement shall be consistefit with the
conditions-daring calibration.

7. Dosimetry system

7.2 Components of the CTA Dosimetry System—T|he follow-
ing are components of a CTA dosimetry system:
7.1.1 Cellulose Triacetate Dosimeter Film.

7.1.2 Calibrated Spectrophotometer (or an equ|valent in-
strument), capable of determining optical absorbance at the
analysis wavelength and having documentation [specifying
wavelength range, accuracy of wavelength selection and ab-
sorbance determination, spectral bandwidth, and ftray light
rejection.

7.1.2.1 Means of verifying optical absorbance, fgr example
using certified optical absorption filters, covering mgre than the
range of absorption encountered.
7.1.2.2 Means of verifying wavelength calibration, for ex-
ample using certified filters.

7.1.3 Holder, to position the dosimeter reproduciply in, and
perpendicular to, the analyzing light beam during @bsorbance
measurement.

Note 5—Automatic dosimeter strip reading equipment is commonly
used to measure long strips of CTA film (see Table A1l3 for more
information).

7.1. 4 Calibrated Thlckn&ss Gauge (optional).

tbration, for
example through Certlfled Thlckness Gauge Blocks exceeding
the range of thicknesses encountered.

7.2 Measurement Management System, including the do-
simetry system calibration curve resulting from calibration
according to ISO/ASTM Practice 51261 (see Section 9).

7.3 Performance Verification of Instrumentation:

7.3.1 At prescribed time intervals, or 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
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results documented. Thisinformation 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 recorded. The
thickness gauge shall also be checked before, during, and, if
considered appropriate, after use, to ensure reproducibility and
absence of zero drift.

ALy
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10.1.5 Place the dosimeters at specified locations for irra-
diation.

10.2 Post-Irradiation Analysis:

10.2.1 Retrieve the dosimeters.

10.2.2 Store the dosimeters in an approved location under
specified conditions prior to measurement (see 6.4).

10.2.3 Measure the specific absorbance of dosimeters at a
time (see 6.4.1) and under conditions (see 6.5) which take

8. Incoming dosimeter stock assessment

8.1 A process shal be established for the receipt, accep-
tance, and| storage of dosimeters.

8.2 Onfeceiving anew dosimeter stock, the user shall check
the batch designation against the manufacturer’s certification
and perfolm an incoming inspection. The user should verify,
for examp|e, that the thickness, pre-irradiation absorbance, and
variability| of response are within documented specifications.

Note 6—CTA dosimetry system users often accept the manufacturer’s
stated thickmess and do not perform such verification.

8.3 Rethin sufficient dosimetersfor additional investigations
or for use|during verification, or recalibration.

8.4 Stofe dosimeters according to the manufacturer’s rec-
ommendations, or as justified by published data or experience.

9. Calibrgtion
igr toinitial use of each dosimeter stock the dosimetry

ments.

If prior experience, manufacturer’ s.recommendations, or
ature (see references) suggest that)the conditions experi-
dosimeters are likely to influence dosimeter response and
increase theg uncertainties significantly, the,calibration irradiation of the
dosimeters phould be performed under, conditions similar to those of
routine use [see ISO/ASTM 51261{0r Tetails).

9.3 Multiple calibratiogcurves may be required, for ex-
ample, td accommodafg, particular dose ranges or post-
irradiationl measurenient intervals.

10. Routipe use
10.1 Preparation for Use:

account of potential post-irradiaiion changes. 'I

10.2.4 Verify instrument performance according-{o docu-
mented procedures (see 7.2).

10.2.5 For each dosimeter, perform the following:

10.2.5.1 Inspect it for any imperfectiens) such as sgratches.
Document any imperfections.

Note 8—If a dosimeter is found to_he scratched, a reliablef measure-
ment can sometimes be obtained by repositioning the dosimeter in the
spectrophotometer holder, for example by inverting it, so that the scratch
is not in the light beam path ef\the spectrophotometer.

10.2.5.2 If necessary;-Clean the dosimeter before gnalysis.
An accepted methodvis'wiping the film with a dry, loy-lint or
lint-free cloth.
10.2.5.3 Pasition the dosimeter in the holder in the|spectro-
photometer;
10.2:5.4*Measure and record the absorbance at the|selected
analysis wavelength (see Table A1.1 for manufacturger’s rec-
ommendations).
10.2.5.5 Measure the thickness of the dosimetey in the
region traversed by the analyzing light beam, if appligcable.

Note 9—Alternatively, the manufacturer’s stated average ¢r a user-
determined average should be used.

10.2.5.6 Calculate the specific net absorbance uging the
measured or average thickness.

10.2.5.7 Determine the absorbed dose from the specific net
absorbance and the appropriate calibration curve (sedq Section
9).

10.3 Additional Information:

10.3.1 The dosimeter film irradiated to doses exceegling 200
kGy becomes brittle to some degree and must be handled with
care. This may limit the practical dose range dependirjg on the
type of testing and handling required.

10.3.2 During the preparation and measurement, {o avoid
transmission of finger-prints or other residue, do not tpuch the
dosimeter surface with bare fingers. These kinds of| surface
contaminations can affect the measurement. Use a| pair of
tweezers for handling the dosimeter, holding it at a cofner or a

10.1.1 Enstre—that—thedosmeters—are—setected—from—an
approved stock 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 Measure the pre-irradiation absorbance of the film
(see 6.2.2).

10.1.3 Inspect each dosimeter piece for external imperfec-
tions, for example the presence of scratches on the CTA film.
Discard any film pieces or sections that show unacceptable
imperfections.

10.1.4 Mark the dosimeters appropriately for identification.

side, or use powder free gloves.

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 Guide 51707 (see also GUM).

© ISO/ASTM International 2013 — All rights reserved
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12.2 All components of uncertainty should be included in
the estimate, including those arising from calibration, dosim-
eter response reproducibility, instrument reproducibility, and
the effect of influence quantities. A full quantitative analysis of
components of uncertainty, referred to as an uncertainty
budget, is 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-

ALy
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used as per this practice is typically of the order of £6 —8 %
for a coverage factor k = 2 (which corresponds approximately
to a 95 % level of confidence for normally distributed data).

13. Keywords

13.1 absorbed dose; cellulose triacetate; CTA; dose; dosim-

eter; dosimetry system; electron beam; gamma radiation;
LoRizHRgadhation—Hradiation—adiation—adi-aleR-Rrocess ng;

tical digrbotionsand agnitudes.
12.3 [The estimate of the expanded uncertainty achievable
with mgasurements made using a CTA dosimetry system and

Al.1| Thisinformation isintended to serve as a guide only,
since ajailable sources of dosimeters and dosimeter perfor-
mance thay change.

Al.2| A list of available CTA dosimeters is given in Table
All

A1.3| The absorbed dose range is the recommended range.
In somecases it may be possible to extend the lower and upper
dose linits with possible consequent loss of dosimetric accu-
racy.

Al.4 | Some suppliers of the film are listed in Table A1.2.

TABIE Al.1 Basic properties of available CTA dosimeters

Nominal Analysis, Absorbed
Dosimeter Thickness, Wayelength, Dose Range,
mm am kGy
FTR-J125 0.125 280" 10 to 300

A Other fnalysis wavelengths near 280nm have been suggested and demon-
strated (19).

ANNEX

(informative)

Al. INFORMATION ON (CTA) FILM DOSIMETERS

radiation sterilization

TABLE A1:2 Known suppliers of CTA dosimeté¢
Type Supplier Address
FTR-125

=

S

FujiFilm Corporation
7-3 Akasaka 9-Chome,
Minato-Ku, Tokyo, 107-0052 Japan

FTR-125 GEX Corporation
(distribution for Fuji)
7330 S. Alton Way, Suite 121,
Centennial, CO 80112 USA
FTR-125 Aérial—Centre de Ressources Technolggiques

(distribution for Fuiji)

Parc d’Innovation, Rue Laurent Fries,
BP 40443

F-67412 llikirch, Cedex, France

A15 Some suppliers of specialized CTA str|p reading
equipment are shown in Table A1.3.

A1.6 Information on environmental and post{irradiation
effects and their possible influence on dosimetric response may
be obtained from the supplier and information is pdiblished in
the references listed in this standard.

© ISO/ASTM International 2013 — All rights reserved


https://standardsiso.com/api/?name=e5c0b2e5d75c528662dff48f22ed95a0

