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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standgrds bodies

(ISO member bodies). The work of preparing International Standards is normally caried out th
technical committees. Each member body interested in a subject for which a techni¢al Committes
established has the right to be represented on that committee. International organizations, governr
non-governmental, in liaison with 1SO, also take part in the work. ISO collaborates closel

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for-its further maintenance are
in the ISO/IEC Directives, Part 1. In particular the different approvalGtiteria needed for the differe

rough 1SO
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hental and
with the

described
nt types of

ISO documents should be noted. International Standards are drafted in accordance with the editoffial rules of

ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

Attention is drawn to the possibility that some of the elements of this document may be the subjeqd
rights. ISO and ASTM International shall be held responsible for identifying any or all such pa
Details of any patent rights identified during\the development of the document will be in the Introduc
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this doctiment is information given for the convenience of users ang
constitute an endorsement.

For an explanation on theoluntary nature of standards, the meaning of ISO specific terms and e
related to conformity( assessment, as well as information about ISO’s adherence to the W
Organization (WTQ) principles in the Technical Barriers to Trade (TBT) see the following URL: wy
iso/foreword.htm:

This document was prepared by ASTM Committee E61 Radiation Processing and by Technical
ISO/TC 85, nuclear energy, nuclear technologies and radiological protection.

This\third edition cancels and replaces the second edition (ISO/ASTM 51538:2009), which
technically revised.
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INTERNATIONAL

Standard Practice for

Use of the Ethanol-Chlorobenzene Dosimetry System’

This standard is issued under the fixed designation ISO/ASTM 51538; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision.

1. Scops

1.1 THis practice covers the preparation, handling, testing,
and prodedure for using the ethanol-chlorobenzene (ECB)
dosimetry system to measure absorbed dose to water when
exposed [to ionizing radiation. The system consists of a
dosimetef and appropriate analytical instrumentation. For
simplicity, the system will be referred to as the ECB system.
The ECH dosimeter is classified as a type I dosimeter on the
basis of the effect of influence quantities. The ECB dosimetry
system njay be used as a reference standard dosimetry system
or as a rqutine dosimetry system.

1.2 THis document is one of a set of standards that provides
recommejndations for properly implementing dosimetry in
radiation| processing, and describes a means of achieving
compliance with the requirements of ISO/ASTM Practice
52628 fgr the ECB system. It is intended to be read in
conjunctipon with ISO/ASTM Practice 52628.

1.3 THis practice describes the mercurimetric titration
analysis gs a standard readout procedure for the ECB dosimetét;
when us¢d as a reference standard dosimetry system. Other
readout fnethods (spectrophotometric, oscillometric) ‘that are
applicablp when the ECB system is used as a routing‘desimetry
system afe described in Annex Al and Annex A2

1.4 This practice applies only to gamma radiation,
X-radiatipn/bremsstrahlung, and high energy electrons.

1.5 THis practice applies provided-the/following conditions
are satisfled:

1.5.1 The absorbed dose rangejs-between 10 Gy and 2 MGy
for gamnja radiation and betweenl 10 Gy and 200 kGy for high
current electron accelerators=(1, 2).? (Warning—the boiling

! This prjctice is underthe jurisdiction of ASTM Committee E61 on Radiation
Processing 4nd is the ‘direct responsibility of Subcommittee E61.02 on Dosimetry
Systems, anfl is also\under the jurisdiction of ISO/TC 85/WG 3.

Current pditionNapproved April 25, 2017. Published June 2017. Originally
published ay ASTM E1538-93. Last previous ASTM edition E1538-99. ASTM

point of ethanol chlorobenzene solutions is~apprximately
80 °C. Ampoules may explode if the temperatuge during
irradiation exceeds the boiling point. This,boiling poifit may be
exceeded if an absorbed dose greater than200 kGy i$ given in
a short period of time.)
1.5.2 The absorbed-dose rate is, 1&ss than 10° Gy k~'(2).
1.5.3 For radionuclide gamima-ray sources, the injfitial pho-
ton energy is greater than)0.6 MeV. For bremgstrahlung
photons, the energy of\the electrons used to prdduce the
bremsstrahlung photens.is equal to or greater than 2 MeV. For
electron beams, the, initial electron energy is greatpr than 8
MeV (3).

Note 1—FhE, same response relative to ®°Co gamma radiation was
obtained imhigh-power bremsstrahlung irradiation produced by a 5 MeV
electron, aceelerator (4).

Nore\2—The lower energy limits are appropriate for a |cylindrical
dosimeter ampoule of 12-mm diameter. Corrections for dosp gradients
across the ampoule may be required for electron beams. The HCB system
may be used at lower energies by employing thinner (in| the beam
direction) dosimeters (see ICRU Report 35). The ECB system 1pay also be
used at X-ray energies as low as 120 kVp (5). However, in tHis range of
photon energies the effect caused by the ampoule wall is confiderable.

Note 3—The effects of size and shape of the dosimeter on tle response
of the dosimeter can adequately be taken into account by performing the
appropriate calculations using cavity theory (6).

1.5.4 The irradiation temperature of the dosimeter|is within
the range from —-30 °C to 80 °C.

Note 4—The temperature dependence of dosimeter responge is known
only in this range (see 5.2). For use outside this range, thel dosimetry
system should be calibrated for the required range of irradiatidn tempera-
tures.

1.6 This standard does not purport to address §ll of the
safety concerns, if any, associated with its use. |lt is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine thq applica-
bility of regulatory limitations prior to use. Specific|warnings
are given in 1.5.1, 9.2 and 10.2.

1.7 This international standard was developed fn accor-
dance with internationally recognized principles on ftandard-

E1538-93 was adopted by ISO in 1998 with the intermediate designation ISO
15563:1998(E). The present International Standard ISO/ASTM 51538:2017 (E) is a
major revision of ISO/ASTM 51538:2009(E). DOI:10.1520/ISOASTM51538-17.

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

© ISO/ASTM International 2017 — All rights reserved
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2. Referenced documents

2.1 ASTM Standards:*

C912 Practice for Designing a Process for Cleaning Techni-
cal Glasses

D1193 Specification for Reagent Water

E170 Terminology Relating to Radiation Measurements and
Dosimetry

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

1SO
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2.6 International Commission on Radiation Units and Mea-
surements (ICRU) Reports:7

ICRU Report 35 Radiation Dosimetry: Electrons with Initial
Energies Between 1 and 50 MeV

ICRU Report 80 Dosimetry Systems for Use in Radiation
Processing

ICRU Report 85a Fundamental Quantities and Units for
Tonizing Radiation

3. Terminology
er zy

E666 Hractice for Calculating Absorbed Dose From Gamma
or X| Radiation

E668 Hractice for Application of Thermoluminescence-
Dosjmetry (TLD) Systems for Determining Absorbed
Dos¢ in Radiation-Hardness Testing of Electronic Devices

E925 Bractice for Monitoring the Calibration of Ultraviolet-
Visible Spectrophotometers whose Spectral Bandwidth
doeg not Exceed 2 nm

E958 Bractice for Estimation of the Spectral Bandwidth of
Ultrgviolet-Visible Spectrophotometers

2.2 ISP/ASTM Standards:*

51261 PPractice for Calibration of Routine Dosimetry Sys-
temq for Radiation Processing

51707 Guide for Estimation of Measurement Uncertainty in
Dosjmetry for Radiation Processing

52628 Practice for Dosimetry in Radiation Processing

52701 Guide for Performance Characterization of Dosim-
eterd and Dosimetry Systems for Use in Radiation Pro-
cessing

2.3 ISP Standards:*
127494 Nuclear energy — Vocabulary — Part 4: Dosimetry
for fadiation processing

2.4 ISQ/IEC Standards:*
17025 [General Requirements for the Competence of Testing
and [Calibration Laboratories

2.5 Jojnt Committee for Guides~in/Metrology (JCGM)
Reports:
JCGM]100:2008, GUM 1995, with minor correctons Evalu-
atio} of measurement data.= Guide to the Expression of
Uncgrtainty in Measurértient’
JCGM| 200:2012, (JCGM 200:2008 with minor revi-
siony) VIM, Indfernational Vocabulary of Metrology —
Basip and General Concepts and Associated Terms®

3.1 Definitions:

3.1.1 approved laboratory—Ilaboratory that'i$) a r¢cognized
national metrology institute, or has been formally accedited to
ISO/IEC 17025, or has a quality systef~eonsistent| with the
requirements of ISO/IEC 17025.

3.1.1.1 Discussion—A recognizédjnational metrolpgy insti-
tute or other calibration laboratory accredited to [ISO/IEC
17025 should be used in erder to ensure traceabllity to a
national or internationale-standard. A calibration ¢ertificate
provided by a laboratory'not having formal recognition or
accreditation will not-hecessarily be proof of traceability to a
national or internatienal standard.

3.1.2 calibration—set of operations that establih, under
specified conditions, the relationship between values|indicated
by a measuring instrument or measuring system, pr values
represented by a material measure or a reference mafterial, and
the *eorresponding values realised by standards.

3.1.2.1 Discussion—Calibration conditions includ¢ environ-
mental and irradiation conditions present during iryadiation,
storage and measurement of the dosimeters that are used for the
generation of a calibration curve.

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

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

3.1.4 dosimetry system—system used for determjning ab-
sorbed dose, consisting of dosimeters, measuremeht instru-
ments and their associated reference standards, and pfocedures
for the system’s use.

3.1.5 ethanol-chlorobenzene dosimeter—partly deoxygen-
ated solution of chlorobenzene (CB) in 96 volume % ¢thanol in
an appropriate container, such as a flame-sealed glass|fampoule,
used to indicate absorbed dose by measurement of the amount
of HCI formed under irradiation.

3.1.6 measurement management system—set of infterrelated
or interacting elements necessary to achieve mefrological
confirmation and continual control of measurement gprocesses.

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 Standards volume information, refer to the standard’s
Document Summary page on the ASTM website.

+ Available from International Organization for Standardization (ISO), ISO
Central Secretariat, Chemin de Blandonnet 8, CP 401, 1214 Vernier, Geneva,
Switzerland, http://www.iso.org.

> Document produced by Working Group I of the Joint Committee for Guides in
Metrology (JCGM WGI). Available free of charge at the BIPM website (http:/
www.bipm.org).

¢ Document produced by Working Group 2 of the Joint Committee for Guides in
Metrology (JCGM WG?2). Available free of charge at the BIPM website (http://
www.bipm.org).

3.1.7 metrological traceability—property of a measurement
whereby the result can be related to a reference through a
documented unbroken chain of comparisons, each contributing
to the measurement uncertainty.

3.1.8 molar linear absorption coefficient ¢,,—constant relat-
ing the spectrophotometric absorbance, A,, of an optically

7 Available from the Commission on Radiation Units and Measurements, 7910
Woodmont Ave., Suite 800, Bethesda, MD 20814, USA.

© ISO/ASTM International 2017 — All rights reserved
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absorbing molecular species at a given wavelength, A, per unit
pathlength, d, to the molar concentration, ¢, of that species in
solution:
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TABLE 1 Radiation chemical yields (G) for the formation of HCI
in typical ECB solution formulations

Radiation Chemical Yields
at 20 °C8 (umol - J7)

¢ = Ay (1) Concentration Density at 20 °C Raltiq of 60Co 4 to 10 MeV
m= dXe of CB, vol % kg - m= Coefficients”  Gamma  Electrons (3)
. 5 1 Radiation
(ST unit: m” mol™" ) 9)
3.1.8.1 Discussion—It is sometimes expressed in units of L 4 819 0.989 0.42¢
mol™! em~". 10 839 0.995 0.52
o . ) . 20 869 1.006 0.59
3. 1 .9 }ﬁtdutttulb Ll"rCl'l«lel ]LCL’d C(/\«/\ HUUtl\/llt \Jf IL(A) b)’ 6_ 24‘ SGG ‘I 011 GUC 057D
40 925 1.027 0.63

where n{x) is the mean amount of a specified entity, Xx,
produced], destroyed, or changed by the mean energy, &,
imparted|to the matter.

G(x) = n(x)/g (2)
(ST unit: mol J7h

3.1.10| reference standard dosimetry system—dosimetry
system, penerally having the highest metrological quality
available|at a given location, from which measurements made
there are|derived.

3.1.11 |routine dosimetry system—dosimetry system cali-
brated agpinst a reference standard dosimetry system and used
for routirfe absorbed-dose measurements, including dose map-
ping and|process monitoring.

3.1.12|type 1 dosimeter—dosimeter of high metrological
quality, the response of which is affected by individual influ-
ence quaftities in a well-defined way that can be expressed in
terms of findependent correction factors.

3.2 Ddfinitions of Terms Specific to This Standard:

3.2.1 gonductometry—analytical method based on the mea*
surement| of conductivity of solutions.

3.2.1.1) Discussion—The conductivity of a solution depends
on the cdncentration of free ions in the solution.

3.2.2 ¢scillometry—electroanalytical method-of* conductiv-
ity measurements, when high-frequency (1 ‘to 600 MHz)
alternatinlg current is applied to measure ot follow changes in
the composition of chemical systems.

3.3 Ddfinitions of other terms_uSed in this standard that
pertain tq radiation measurement‘and dosimetry may be found
in ISO 1[2749-4, ASTM Terminology E170, ICRU 85a and
VIM; thepe definitions, therefore, may be used as an alternative
referencefs.

4. Signiffjcance and use

4.1 The ECB.doSimetry system provides a reliable means of
measuring absotbed dose to water. It is based on a process of
radiolytiq fopmation of hydrochloric acid (HCIl) in aqueous

A The ratio of the photon mass energy-absorption coefficients,for whter and the
dosimeter solution at ®°Co gamma ray energy:

(M ofp),
(MadP)p

B Radiation chemical yield of HCI in the dose(tange from 100 Gy to [100 kGy.
€ Upper dose range 20 kGy.
D Lower dose range 1 kGy. This formuldtien ‘also contained 0.04 % hcetone and
0.04 % benzene.

f=

4.4 The concentration of chlorobenzene in the solution can
be varied so as to simulate a number of materials i} terms of
the photon niass energy-absorption coefficients (u.,fp) for X-
and gamma jradiation, and electron mass collision| stopping
powers (S/p), over a broad energy range from 1072 to {00 MeV
(11;14).

4.5 The ECB dosimetry system may be used With other
tadiation types, such as neutrons (15), and protpns (16).
Meaningful dosimetry of any radiation types and| energies
novel to the system’s use requires that the respective|radiation
chemical responses applicable under the circumstances be
established in advance.

5. Effect of Influence Quantities

5.1 Guidance on the determination of the performance
characteristics of dosimeters and dosimetry systen]s can be
found in ISO/ASTM Guide 52701. The relevant [influence
quantities that need to be considered when using [the ECB
dosimetry system are given below.

5.2 The irradiation temperature dependence of {losimeter
response is a complex function of dose and tempefature for
each concentration of chlorobenzene (that is, for ea¢gh formu-
lation). This dependence arises directly from the temperature
dependence of radiation chemical yield, G. The analysis of the
published data (17) shows that the irradiation teperature
dependence of G between 20 °C and 80 °C at any chloroben-
zene concentration can be described bv a Qimp]P Pmponential

ethanolic solutions of chlorobenzene by ionizing radiation ((7,
8), ICRU 80).

4.2 The dosimeters are partly deoxygenated solutions of
chlorobenzene (CB) in 96 volume % ethanol in an appropriate
container, such as a flame-sealed glass ampoule. Radiation
chemical yields (G) for the formation of HCI in typical ECB
solution formulations are given in Table 1.

4.3 The irradiated solutions indicate absorbed dose by the
amount of HCI formed. A number of analytical methods are
available for measuring the amount of HCI in ethanol (10).

© ISO/ASTM International 2017 — All rights reserved 3

expression:

G,= G, exp[k(t — 20)] (3)

where:

G, = radiation chemical yield in umol J™' at a given tem-

perature ¢ in °C,

G, = radiation chemical yield in umol J™' at 20 °C (G, for
different ECB solutions are given in Table 1), and
k = temperature coefficient in °C™' applicable at a given

dose.
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5.2.1 The values of k are given in Table 2.

6. Interferences

6.1 The ECB dosimetric solution response is not particu-
larly sensitive to impurities which occur in commercially
available components, chlorobenzene and ethanol of the ana-
Iytical reagent (AR) grade purity or equivalent (pro analysi,
p.a., and puriss). For high-accuracy results, organic materials
of technical grade purity (or purum) can be purified by

&y

ness of such material depends on the energy of the photon (see
ASTM Practices E666 and E668).

Note 5—The dosimetric ampoule commonly used has a capacity of
about 5 mL. Quick-break, glass ampoules or “Type 1 glass” colorbreak
ampoules or equivalent containers, may be used. Commercially available
pharmaceutical ampoules have been found to give reproducible results
without requiring additional cleaning.

8. Reagents
d in this

distillatigrr

=

6.2 Cqre should be exercised in filling ampoules to avoid
depositing solution in the ampoule neck. Subsequent heating
during sgaling of the ampoule may cause an undesirable
chemical|change in the dosimetric solution remaining inside
the ampdule neck. Test tubes with ground-glass stoppers are
therefore| preferred to sealed ampoules for measuring doses
below 1(JO Gy. For the same reason, care should be given to
avoid heating the body of the ampoule during sealing.

6.3 The dosimetric solution is somewhat sensitive to ultra-
violet light and should be kept in the dark for long-term
storage. No special precautions are required during routine
handling | under normal laboratory lighting conditions, but
strong ultraviolet (UV) sources such as sunlight should be
avoided (18).

7. Apparatus

7.1 THis practice describes mercurimetric titration of radi-
olytically| formed CI™ ions as a standard readout procedure for
the ECB [system when used as a reference-standard dosimetry
system.

7.2 For the analysis of the dosimetric solution, Ause a
precision|burette capable of measuring volumes with 0:01 mL
resolutiof. If necessary, check the original calibration of
volumetr|c glassware and, if necessary, recalibrate to attain
0.1 % relative uncertainty. Control the temperature of all
solutions| during handling at 20 * 2 %C\'‘to ensure correct
measurerpent of volumes.

7.3 Uge borosilicate glass or equivalent chemically resistant
glass to sfore the reagents and the-prepared dosimetric solution,
and to pgrform the titration: Cl€an all apparatus thoroughly
before ude (see ASTM Practice C912).

7.4 Uge a sealed glaSs ampoule or other appropriate glass
container{to hold thé dosimetric solution during irradiation. For
photons, |surround=the container with material of thickness
sufficient| to produce approximate electron equilibrium condi-
tions durfng-calibration irradiations. For measurement of ab-

Q.] Ana]}t;r\al rnagpnt gradp r\hpmir-a]c oha” he i1
practice for preparing all solutions.®

8.2 Triply distilled water from coupled all-glasq stills or
water from a high-quality commercial purification unjt capable
of achieving Total Oxidizable Carbon (T/O4€.) conter]t below 5
ppb should be used. Type II reagemnt'.water as spg¢cified in
ASTM Specification D1193 is alsd‘considered to b¢ of suffi-
cient quality for use in preparing\solutions and 96 volume %
ethanol.

Note 6—High-purity watey” is commercially available from some
suppliers. Such water, labélléd HPLC (high-pressure liquid chfomatogra-
phy) grade, is usually Gufficiently free of impurities to be used in this
practice.

9. Preparation of dosimeters

9.1 Dosimetric solutions may contain any concenfration of
CB. For, practical reasons, only a few characteristic| formula-
tions Have been thoroughly characterized. Table 1 lists these
typical formulations in terms of CB concentrations gnd radia-
tion chemical yields pertaining to these concentratiops.

9.2 Prepare 96 volume % aqueous ethanol first iy adding
absolute ethanol into a volumetric flask containing the appro-
priate amount of water. (Warning—FEthanol is flammable.)
Use this aqueous ethanol for making the dosimetric|solutions
of the desired concentrations by adding it into volume}ric flasks
containing appropriate amounts of CB. Store the dosimetric
solution in the dark. (Warning—Chlorobenzene is tdxic and a
skin irritant. Appropriate precaution should be taker] to avoid
contact with the solution during preparation and analysis of the
dosimeters. Used solutions should be disposed of as lazardous
waste.)

9.3 Fill the dosimeter ampoules with the dosimgtric solu-
tion. Bubble the solution in the ampoule with nitfogen for
about 1 min at about 1 bubble per second through a 1-mm
capillary. Flame-seal immediately after bubbling. Exefcise care
to avoid depositing solution in the ampoule ne¢k. Store
dosimeters in the dark.

sorbed dose T —Water, Use TIateriats that—rave Tadiation=
absorption properties essentially equivalent to water, for
example, polystyrene and polyethylene. The appropriate thick-

8 Reagent specifications are available from the American Chemical Society, 1115
16th Street, NW, Washington, DC 20036, USA.

TABLE 2 Temperature coefficients k (°C)~" for typical ECB solution formulations as derived from Ref (17)

Concentration of CB, vol % 2.5 kGy 5 kGy 10 kGy 15 kGy 20 kGy 25 kGy
4 -0.0002 -0.0004 -0.0007 -0.0011 -0.0015 -0.0019

10 0.0018 0.0014 0.0009 0.0002 0.0 0.0

20, 25, 40 0.0037 0.0031 0.0020 0.0013 0.0008 0.0

Norte 1— For intermediate doses interpolation should be made.

© ISO/ASTM International 2017 — All rights reserved
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Note 7—To minimize the removal of the vapor above the dosimetic
solution in the ampoules, the nitrogen is saturated with the vapors of the
dosimetric solution by passing it through ECB solution of the same
composition before the bubbling of the dosimeter ampoules.

10. Calibration of the mercuric nitrate solution

10.1 The dosimeter measurement procedure is based on the
titration of chloride ions formed by irradiation. Free chloride is
precipitated with mercuric ions as insoluble HgCl,, where-
upon the excess of He** jons gives a violet-red i :

the indicqitor diphenycarbazoe in acid medium (19).

10.2 Prepare approximately 5 x 10~ mol dm™ Hg(NOs), in
acidic aqfieous ethanol. First dissolve an appropriate amount of
Hg(NO;)p, in water acidified with sufficient HNO; to attain the
concentrgtion of the acid in the final solution, 0.05 mol dm™ .
(Warning—Mercuric (I) nitrate is highly toxic. Acute expo-
sure of sin and mucous membranes produces violent corrosive
effects. (hronic exposure causes many pathological changes.
Appropripte precautions should be exercised in handling it.
Used solutions should be disposed of as hazardous waste.
Hazards ¢f mercury poisoning can be avoided by using some of
the alterfjative readout methods described in Annex A2 and
Table A3}1 in Annex A3.)

10.2.1 |Prepare standard solutions of NaCl in water. Make
several cpncentrations to enable cross-checking. Suitable
concentrgtions are 5 x 107, 1.0 x 1072, 1.5 x 1072, and 2.0 x
1072 mo| dm™. If kept properly in ground-glass stoppered
bottles, these solutions are stable for years. Avoid contamina-
tion of the standard solutions by using for daily work small
portions pof these solutions kept in small ground-glass stop-
pered flagks. Replenish standard solutions in the small flasks\ds
necessary.

10.2.2 |Prepare 0.2 mol dm™ HNOj; in ethanoljand 1 %
ethanolic| solutions of diphenylcarbazone (DPC).,

10.3 Distribute technical grade ethanol, te” beakers for
titration, [ 10 mL into each. Pipet standard® NaCl solution
quantitatjvely to beakers with ethanol/Add 1 mL of 0.2 mol
dm™ HNO; and 7 drops of 1 % DPC and shake. Titrate with
Hg(NO, }; solution from the buret(€yFhe solution in the beaker,
which is finitially yellow-orangésturns to reddish-violet at the
end poin{.

10.4 onstruct or calculate the best straight line through the
points: (donsumption 6f Hg(NO5),) versus (milliequivalents of
NaCl). The small\positive intercept represents the blank;
inverse slope gives concentration of Hg(NOs), solution.

Note 8+Vetlumes of the standard NaCl solutions should be such that
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11.2 Calibration Irradiation of Dosimeters—Irradiation is a
critical component of the calibration of the dosimetry system.
Calibration irradiations shall be performed at an approved
laboratory.

11.2.1 Specify the dose in terms of absorbed dose to water.

11.2.2 When the ECB dosimeter is used as a routine
dosimeter, the calibration irradiation may be performed by
irradiating the dosimeters at (a) an approved laboratory using
criteria specified in ISO/ASTM Practice 51261, (b) an in-house

whbratrot—rretty—thrat—provides—ar—absorbed—doqe (o1 an
absorbed-dose rate) having traceability to nationally| or inter-
nationally recognized standards, or (c) a produdetion firradiator
under actual production irradiation conditionss together with
reference- or transfer-standard dosimetersissued andl read by
an approved laboratory.

Note 9—If the procedures outlined in Sections 5 — 10 are fofllowed, the
radiation chemical yield for the ethanel-chlorobenzene dosimetfic solution
is expected to be in agreement with‘th¢ values shown in Table| | or in the
literature and to be approximately tonstant over the dose range. Quality
control testing of the dosimetri¢ Solution can be performed by|comparing
dosimetric solution paramétets'such as the radiation chemical yjield of HCI
with accepted values, Ufythe radiation chemical yield is s]gnificantly
different from that in. Table 1 or in the literature, there is an irjdication of
possible contaminafipn of the solution, or some other problen that needs
to be resolved:

11.2.3Calibration shall be performed for all new dosimetric
solutions.If the preparation procedure has been denjonstrated
to give' consistently the same radiation chemical }ield, the
ngmber of absorbed-dose levels required for the cplibration
irradiations can be reduced to the minimum needed|to check

the response and to demonstrate its linearity with ddse.

11.3 Measurement Instrument Calibration and Perfformance
Verification—For the calibration of the instruments, ahd for the
verification of instrument performance between calibrations,
see ISO/ASTM Practice 51261 and/or instrument-specific
operating manuals.

11.4 Dosimeter Measurement by Mercurimetric Tjtration:

11.4.1 Transfer the irradiated dosimetric solutign into a
beaker for titration. Rinse the dosimeter ampoule several times
with a total volume of 5 mL of technical grade ethangl, so that
the final volume in the beaker is 10 mL. Add 1 mL df 0.2 mol
dm™ HNOj; and 7 drops of DPC and titrate to the sgme color
change as that observed during calibration of the|mercuric
nitrate solution.

Note 10—If high absorbed doses are to be measured, use fppropriate
portions of irradiated dosimetric solution, taking care that total] volume in
the beaker is 10 mL.

11.5 Analysis:

the consur 1pﬁuub of-the—titrantsotuttomromcatibratiomrare—simttarto-the
consumptions when analyzing irradiated dosimetric solutions. Take two
different volumes of each standard solution to enable cross-checking. The
concentration of mercuric nitrate solution should be calibrated daily.

11. Calibration of the dosimetry system

11.1 The dosimetry system shall be calibrated prior to use
and at intervals thereafter in accordance with the user’s
documented procedure that specifies details of the calibration
process and quality assurance requirements. Calibration re-
quirements are given in ISO/ASTM Practice 51261.

© ISO/ASTM International 2017 — All rights reserved

11.5.1T Subtract the blank (as defined in 10.4) from the
amounts of Hg(NO;), solutions consumed and calculate [CI7],
the concentration of radiolytically formed Cl™ ions in each
dosimeter:

(equivalents of C1~) = (equivalents of Hg?*) X (4)

(mL of titrant) — (blank)
mL of dosimetric solution

11.5.2 Correct response for the irradiation temperature by
using Eq 3 (see 5.2).
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11.5.3 Obtain a calibration curve for [C17] as a function of
the absorbed dose, D. Fit the data by means of a least-squares
method with an appropriate analytical form that best fits the
data.

11.6 Quality control:
11.6.1 For quality control of the dosimetric solution calcu-
late the radiation chemical yield as follows:

ALy
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13.1.2 Record or reference the date, irradiation temperature,
temperature variation (if any), dose range, radiation source
(including dose rate and energy), and associated instrumenta-
tion used to calibrate and analyze the dosimeters.

13.2 Application:

13.2.1 Record the date and temperature of irradiation, tem-
perature variation (if any), and the date and temperature of

G(cr) = [Cl] (5) absorbance measurement, for each dosimeter.
h Dp ]Q ") 9 ppf‘{'\l“fl Oor I“P‘Fﬂi‘pl’\f‘p fhﬁ I“QI’];Q";{'\Y‘I Solirce type and
where: characteristics.
D = krlown absorbed dose to the dosimetric solution, Gy 13.2.3 Record the consumption of the titrart;\net ¢onsump-
p = depsity of the dosimetric solution, kg m™ tion value, temperature correction (if applicable), and resulting

11.6.2 |Published values of G(C17) and p are found in Table
1 or in [the literature (3, 9, 20). The calculated radiation
chemical|yield should agree with the published values within
the measyirement uncertainty. If the calculated radiation chemi-
cal yield|differs from the published value by more than the
expanded uncertainty with a coverage factor k = 2, there is an
indicatiof of possible contamination of the solution or some
other proplem that needs to be resolved.

Norte 11}—Eq 5 is only to be used for the purpose of quality control of
the dosimefric solution, and not for calculating an unknown dose from the

dosimeter fesponse [C17]. The calibration curve obtained in 11.5.3 should
be used fof determining dose.

12. Application of dosimetry system

12.1 Hor use as a transfer-standard dosimeter, a minimum of
two dosifneters should be used for each absorbed-dose mea-
surement| The number of dosimeters required for the measure-
ment of gbsorbed dose on or within a material is determined by
the reproducibility associated with the dosimetry system.and
the requjred measurement uncertainty associated with the
applicati¢gn. Appendix X3 of ASTM Practice E668 desctibes a
statistical method for determining this number.

12.2 Tlhe measurement and analysis procedures should be
performefl in accordance with 11.4 and 11%S.

12.3 The absorbed dose to water i§ determined from the
analysis fesults and the calibration curye.

Note 13—The absorbed dose to maferials other than water irradiated
under equialent conditions may be Cal¢tilated using the procedure given
in ASTM Practices E666 and EG68.

12.4 Requirements for\récording the calculated absorbed
dose valyes and all othex felevant data are outlined in Section
13.

13. Minimumsdocumentation requirements

13.1 dajibration of the Dosimetry System:

13.1.1 LRecord the dosimeter type and batch number (code)

absorbed dose for each dosimeter. Referénce the cplibration
curve or the response function used to,0btain the absofbed-dose
values.

13.2.4 Record or reference the.Components of uncgrtainty in
the value of the absorbed dese:

13.2.5 Record or referénee the measurement qualiity assur-
ance plan used for the dosimetry system application

14. Measurement Uncertainty

14.1 AllLdese measurements need to be accompanjiied by an
estimate of uincertainty. Appropriate procedures are recom-
mended in ISO/ASTM Guide 51707 (see also GUM)).

142 All components of uncertainty should be influded in
the’estimate, including those arising from calibration flosimeter
reproducibility, instrument reproducibility, and the |effect of
influence quantities. A full quantitative analysis of components
of uncertainty may be referred to as an uncertainty bydget, and
is then often presented in the form of a table. Typically, the
uncertainty budget will identify all significant comppnents of
uncertainty, together with their methods of estimatign, statis-
tical distributions and magnitudes.

14.3 If this practice is followed, the estimate of the ex-
panded uncertainty of an absorbed dose determinefl by this
dosimetry system should be less than 3 % for a coverjge factor
k = 2 (which corresponds approximately to a 95 % level of
confidence for normally distributed data).

15. Keywords

15.1 absorbed dose; dose; dose measurement; dosimeter;
dosimetry system; ECB; electron beam; ethanol-chlorobenzene
dosimeter; gamma radiation; ionizing radiation; irfadiation;
photons; radiation; radiation processing; referencd-standard
dosimeter: X-radiation: ICS 17 240
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ANNEXES

(informative)

Al. SPECTROPHOTOMETRIC READOUT

Al.1 Apparatus

A1.3.3 Measurement:

Al.1.1| For the analysis of the dosimetric solution, use a
high-predision spectrophotometer capable of measuring absor-
bance values up to 2 with an uncertainty of no more than =1 %
in the redion of 400 to 500 nm. Use quartz cuvettes with 10 to
100-mm [pathlength for spectrophotometric measurements of
the solutlon. The cuvette capacity must be small enough to
allow it fo be thoroughly rinsed by the solution of secondary
complex fand still leave an adequate amount of that solution to
fill the duvette to the appropriate level for the absorbance
measurerhent. Control the temperature of all reagent solutions,
of the glgssware and solvents, and of the dosimetric solution at
20 *= 2 IAC during absorbance measurements.

A1.2 Spectrophotometer calibration

A1.2.1] Check the wavelength scale of the spectrophotom-
eter. Appropriate wavelength standards are holmium-oxide
filters or folutions, and may be obtained from the spectropho-
tometer thanufacturer or other scientific laboratory instrument
suppliers| For more details see ASTM Practices E275, E925,
and E95§.

Note A].1—For example, holmium-oxide solutions in sealed cuvettes
are availabjle as certified wavelength standards (SRM 2034) for use in\the
wavelength region of 240 to 650 nm from the National Institute of
Standards pnd Technology (NIST).

A1.2.2| Check the accuracy of the photometric.(absorbance)
scale of the spectrophotometer. Certified absotbance standard
filters or [solutions are available for this purpose (21).

Norte A].2—Examples of absorbance standdrds ‘are solutions of various
concentratfons such as SRM 931d and SRM™935 and metal-on-quartz
filters such as SRM 2031. These standards dfe available from the NIST.

A1.3 Irnadiation and measurément procedures

A1.3.1) Calibration Irtadiation of Dosimeters—Separate
five dosineters from the~rémainder of the batch and do not
irradiate them. Use them'in determining A . Follow 11.2 for the
remaindef of the_procedure.

AT.3.3.1 Serthe spectral bandwidth of the spectupphotom-
eter at no more than 1 nm, and maintain the room tefnperature
during measurement at 20 = 2 °C. Determine the exact
wavelength of the absorbance peak of the-solution by making
a spectral scan of an irradiated sample. The'peak wevglength is
about 485 nm.

A1.3.3.2 Set the balance of the\§pectrophotometgr to zero
with air only (no cuvette) in thedight path(s).

A1.3.3.3 Fill a clean cuvette of 5-cm pathlengtl] with 96
volume % ethanol. Carefully wipe the cuvette extdrior win-
dows through which/the' light beam passes with|a clean,
lint-free tissue or cloth."Measure the absorbance with air only
in the reference beam of the spectrophotometer. Rdcord this
value (A_,).

A1.3.3.4 Empty the 96 volume % ethanol from tHe cuvette
and rinse/it"at least once with the solution from a vplumetric
flask. Discard the rinse solution and fill the cuvefte to the
appfopriate level with more solution from the sane flask.
Carefully wipe off any solution on the exterior surfages of the
cuvette as instructed in A1.3.3.3. Place the cuvefte in the
sample holder and measure the absorbance.

Note Al.4—Inadequate rinsing of the cuvette between |dosimetric
solutions can lead to errors due to solution carryover (cross-
contamination). Techniques for minimizing this effect are discussed in Ref
(21).

A1.3.3.5 Check the zero balance after each sglution is
measured with air only in the light beam(s). Periodically during
the measurement process, remeasure the absorbance of 96
volume % ethanol, first rinsing the cuvette with the golvent to
detect any drift in the zero balance of the spectrophotpmeter or
contamination of the cuvette, and take appropriate ¢orrective
actions if required.

Al1.3.4 Analysis:
A1.3.4.1 Calculate the mean absorbance of the unfrradiated
dosimeters, A, (see A1.3.1). Calculate the net absorbpnce, AA,

for each irradiated dosimeter by subtracting A, [from its
A1.3.2| Development of the Colored Secondary Complex— . y £ 4
AQKN . . . T . absorbance, A, as follows:
Transfer fh€irradiated dosimetric solution quantitatively into a
25—mL A\ lulllctl ib ﬂab}\. AL‘IL‘[ }.5 lllL Uf 5.“5 lllU} L‘llll_ dLlUCUUb AA=A=A 0 (Al 1)

HCIO,, 50 uL of 0.37 mol dm~ aqueous Fe(NO,),, and 0.5 mL
of saturated alcoholic solution of Hg(SCN),, in that order,
followed by 96 volume % ethanol to the mark. The color
develops for 5 min in the dark and is measured against solution
prepared in the same way but using unirradiated dosimetric
solution (blank) in a 5-cm cuvette.

Note A1.3—Choice of the cuvette pathlength depends on the maximum
absorbance that can be measured accurately by the spectrophotometer and
on the dose range and dosimeter formulation chosen for a given
calibration.

© ISO/ASTM International 2017 — All rights reserved 7

A1.3.4.2 Correct response for the irradiation temperature
(see 5.2).

A1.3.4.3 Obtain a calibration curve for AA as a function of
absorbed dose, D. Fit the data by means of a least-squares
method with an appropriate analytical form that provides a best
fit to the data.

A1.3.4.4 The basic equation for calculation of the radiation
chemical yield for the dosimetric solution is as follows:

G = AAvipe, D d (A1.2)
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where:

G = radiation chemical yield of chloride ions, mol 7Y
A4A = change in absorbance at about 485 nm,

v = dilution factor,

p = density of the dosimetric solution, kg m™>,

g, = molar linear absorption coefficient, m> mol™!,

D, = absorbed dose in dosimetric solution, Gy, and

d = optical pathlength of the dosimetric solution in the

cuvette, m.

&y

measurement. The number of dosimeters required for the
measurement of absorbed dose on or within a material is
determined by the reproducibility associated with the dosim-
etry system and the required measurement uncertainty associ-
ated with the application. Appendix X3 of ASTM Practice
E668 describes a statistical method for determining this num-
ber.

A1.4.2 The measurement and analysis procedures should be

PPrfnrde in accordance with A1 33 and A1 34

Published—vatues-eof-Gand-p-are-foundtnTable—tand-in-the
literature| The calculated radiation chemical yield should agree
with the published values within the expanded uncertainty.

A1.3.4|5 For an irradiation- and absorbance-measurement
temperatyire of 20 °C, with a 5-cm pathlength cuvette and
dilution fpctor 5, and using the value of ¢,, = 399 m? - mol™" at
485-nm yavelength, Eq A1.2 reduces to:

AA

G = 0.2506
Dyp

(A1.3)

Al.4 Application of the dosimetry system

A1.4.1] For use as a transfer-standard dosimeter, a minimum
of two dosimeters should be used for each absorbed-dose

A2.1 Ostillotitrator

A2.1.1| The oscillotitrator consists of the reader including
controls pnd the oscillator, which is built together with the
ampoule |holder.

A2.1.2| The unirradiated or the irradiated (desimeter am-
poules hjve to be placed into the ampoule-holder for high-
frequency conductometric readout. Due«to,'the different con-
centratiofs of conducting species in thelsolution, that is, caused
by irradifition, different instrument deflections are shown on
the metey (22, 23).

A2.1.3| Depending on th&Zepncentration of the conducting
species, fhat is, on the @bsorbed dose, different sensitivity
ranges hgve to be set.on(the meter unit.

A2.2 Calibration

A2.2.1| Calibtation Irradiation of Dosimeters—Separate
one dosipéter from the remainder of the batch and do not

A2. OSCILLOMETRIC READOUT

A1.4.3 The absorbed dose to water is determined|from the
analysis results and the calibration curve.
Note A1.5—The absorbed dose to materials othéx than water irradiated

under equivalent conditions may be calculated-using the procedlures given
in ASTM Practices E666 and E668.

Al.4.4 Requirements for recotding the calculated|absorbed
dose values and all other relevant data are outlined ip Section
12.

A2.2.2 Preparation of Calibration Curve’®—To esthblish the
calibration curve, that is, the relationship between [absorbed
dose and instrument deflection, set the oscillotitrator fccording
to manufacturer’s instructions. For the Model OK-3(2/1 from
Radelkis, Budapest, the oscillotitrator can be set in tfvo ways:

A2.2.2.1 Set the sensitivity range of the oscillotitrgtor using
the “sensitivity coarse” button. Set the “incr.-decr.”|direction
reversal push button to “incr.” position. With an unfrradiated
dosimeter in the holder, bring the meter pointer to zdro by the
“compensation coarse” and “compensation fine” knobs. Set the
“sensitivity fine” knob to maximum position. Place the dosim-
eter ampoules of known absorbed doses, in increasing order,
into the ampoule holder, and record the instrument ¢leflection
shown on the meter. When necessary, that is, when the pointer
is off scale, change the sensitivity by using the “densitivity
coarse” buttons. In this way a calibration curve can bg obtained
in the dose range from 1 to 50 kGy, which can be degcribed by
a suitable mathematical function. In order to set the ifistrument
for later measurements a calibration ampoule of known dose is

irradiate TUSE T 0T ZCTOIME e MSITUMeEnt. Foitow STCUon
11.2 for the remainder of the procedure.

Note A2.1—For oscillometric measurements the size of the ampoule,
that is, the diameter and the wall thickness of the ampoules, have to be
checked so that ampoules can be sorted according to dimension. In order
to achieve suitable accuracy in the measured dose value (that is,
uncertainty value of less than 5 %) the diameter of the ampoules must be
the same within 0.1 mm to that of the calibration ampoules.

required to select the suitable sensitivity range. By setting the
“compensation coarse” knob to other positions, calibration

° This procedure applies to the oscillotitrator Model OK-302/1 by Radelkis,
Hungary. Refer to pertaining instruction manuals for different models. A new
readout instrument, the oscillometric reader by Sensolab, Hungary, is a program-
mable digital unit with a slightly different procedure. This procedure is available
from the manufacturer: Sensolab Ltd., T6rok Ignac utca, H-2131, God, Hungary.
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