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Attention is drawn to the possibility that some of the elements of this document may be the subject of pat

right
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the International Organization for Standardization) is a worldwide federation of national standards bed
member bodies). The work of preparing International Standards is normally carried out through |
nical committees. Each member body interested in a subject for which a technical committee has b
plished has the right to be represented on that committee. International organizations, govefamental g
povernmental, in liaison with 1SO, also take part in the work. ISO collaborates clesely with
hational Electrotechnical Commission (IEC) on all matters of electrotechnical standatdization.

International Standards adopted by the technical committees are circulated te‘the member bodies
0. Publication as an International Standard requires approval by at least 75% of the member bod
hg a vote.

M International is one of the world’s largest voluntary standards develepment organizations with glo
Cipation from affected stakeholders. ASTM technical committees féllow rigorous due process ballot
bdures.

Dt project between 1ISO and ASTM International has beenxformed to develop and maintain a group
ASTM radiation processing dosimetry standards. Under<this pilot project, ASTM Subcommittee E10.
Mmetry for Radiation Processing, is responsible for the.development and maintenance of these dosims
jards with unrestricted participation and input from*appropriate ISO member bodies.

. Neither ISO nor ASTM International shall be held responsible for identifying any or all such pat
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national Standard ISO/ASTM 51540/was developed by ASTM Committee E10, Nuclear Technology §
cations, through Subcommittee E10.01, and by Technical Committee ISO/TC 85, Nuclear Energy.
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INTERNATIONAL

Standard Practice for
Use of a Radiochromic Liquid Dosimetry System

This standard is issued under the fixed designation ISO/ASTM 51540; 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 E 170 Terminology Relating to Radiation Neasurements

1.1 This practice covers the procedures for preparation, and Dosimetry . .
handling, testing, and using radiochromic liquid dosimetry E 275 Practice for Describing and Megasuring Performance
systemf of radiochromic dye solutions held in sealed or capped ©f Ultraviolet, Visible, and Near Infrared Spgctrophotom-
containrs (for example, ampoules, vials). It also covers the use _€ters _ _
of spedtrophotometric or photometric readout equipment for E 666 Practice for Calculating Absorbed Dos¢ from Gamma

measufing absorbed dose in materials irradiated by photons ©F X Radiation <\ _
and eldctrons. E 668 Practice for Application of Thermolyiminescence-

1.2 This practice applies to radiochromic liquid dosimeter ~ Dosimetry (TLD) Systems for Determining Absorbed Dose

solutior}s that can be used within part or all of the specified _in Radiation-Hardness Testing of Electronigq Devices
ranges [as follows: E 925 Practice_for)the Calibration of Narrow Band-Pass

1.2.1| The absorbed dose range is from 0.5 to 40 000 Gy for _SPectrophotermeters . .
photong and electrons. E 958 Practice for Measuring Practical Specjral Bandwidth

1.2.2| The absorbed dose rate is from3@® 10" Gy/s. of Ultraviotet-Visible Spectrophotometers

1.2.3| The radiation energy range for photons is from 0.01 to E 1026 Practice for Using the Fricke Refergnce Standard
20 Me\. Dosimetry System

1.2.4| The radiation energy range for electrons is from 0.01 2.2-"ISO/ASTM Standards: o .
to 20 MeV. 51261 Guide for Selection and Calibration [of Dosimetry
_ _ ) Systems for Radiation Processing
Note 3—Since electrons with energies less than 0.01 MeV may Mot 51400 Practice for Characterization and Petformance of a

penetrate the c_ontamer of the solutlo_n, the soluﬂo_ns may be stirrethin an High-Dose Gamma Radiation Dosimetry Calibration
open begker with the electrons entering the solutions dir¢t)l§ 1

e _ Laboratory
1.2.5| The irradiation temperature range is from —40 10 51707 Guide for Estimating Uncertainties in Posimetry for
+60°C. Radiation Processirig

1.3 This standard does not purport to address all of the 23 |nternational Commission on Radiatiop Units and
safety foncerns, if any, associated with its use. It is th& easurements (ICRU) Repofts:
respongibility of the user of this standard, to establish appro- |cru Report 14 Radiation Dosimetry: X-Rayk and Gamma
priate gafety and health practices and.determine the applica-  Rays with Maximum Photon Energies Betwgen 0.6 and 50

bility of{regulatory limitations prior.to/use. MeV
ICRU Report 17 Radiation Dosimetry: X-Ray$ Generated at
2. Refdgrenced documents Potentials of 5 to 150 kV
2.1 ASTM SFandards? ~\- , ICRU Report 34 The Dosimetry of Pulsed Rpdiation
C 91¢ Practice for Designing a Process for Cleaning Tech- |cry Report 35 Radiation Dosimetry: Electrdn Beams with
nicql Glasses Energies between 1 and 50 MeV
ICRU Report 37 Stopping Powers for Electjons and Pho-
tons

1 This practice_iSitmder the jurisdiction of ASTM Committee E10 on Nuclear . . . "t .
Technolody and Applications and is the direct responsibility of Subcommittee |CRU Report 44 Tissue Substitutes in Radiafion Dosimetry
E10.01 or) Desimetry for Radiation Processing, and is also under the jurisdiction of and Measurement
ISOC/TC 85/V\c/j_G' 3. - ICRIL Report 60 Fundamental Quantities and Units for

urrent edition approved April 5, . Published June 15, . Originally i L
published as E 1540—93. Last previous ASTM edition E 1546-98STM lonizing Radiation
E 1540-93 was adopted by ISO in 1998 with the intermediate designation 1SQ .
15565:1998(E). The present International Standard ISO/ASTM 51540:2004(Ep- Terminology
replaces ISO 15565 and is a minor revision of the last previous edition ISO/ASTM 3.1 Definitions:
51540:2002(E).

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

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM  “ Annual Book of ASTM Standardgol 12.02.

Standards volume information, refer to the standard’s Document Summary page on ° Available from the International Commission on Radiation Units and Measure-
the ASTM website. ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814, U.S.A.
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3.1.1 calibration curve—graphical representation of the 4. Significance and use
dosimetry system'’s response function. 4.1 The radiochromic liquid dosimetry system

provides a

3.1.2 dosimeter batch-quantity of dosimeters made from & means of measuring absorbed dose in mate(&/g). Under
specific mass of material with uniform composition, fabricatedihe influence of ionizing radiation, chemical reactions take
in a single production run under controlled, consistent condipace in the radiochromic solution modifying the amplitudes of

tions and having a unique identification code.

3.1.3 dosimetry systemsystem used for determining ab- gyred at the selected wavelength(s) within th
sorbed dose, consisting of dosimeters, measurement instryp,
ments anetaes RE-PFreCeaHrey 2 the Use of a specific dosSImetry System,
for the syistem’s use. curve or response function relates the dosimeter]

3.1.4 mleasurement quality assurance pladocumented g, absorbed dose traceable to a nationally, or i
program |for the measurement process that ensures on r8cognized standard1, 12)

continuing basis that the overall uncertainty meets the require- 4 3 The absorbed dose that is measured is us

ments of the specific application. This plan requires traceability,, \water. Absorbed dose in other matérials may be

to, and cpnsistency with, nationally or internationally recog-applying the conversion factors diseussed in 1ISO/A
nized stahdards. 51261.

3.1.5 nmolar linear absorption coefficiente()—constant
relating the spectrophotometric absorbarg,of an optically Note 2—For a comprehensite)discussion of various dg
absorbing molecular species at a given wavelengtipér unit ~ °ds applicable fo the radiayon types and energies dig
pathlength €) to the molar concentratiomr, of that species in practice, see ICRU Repq{t534, 17, 34, 35, and 37.
solution (2-4). €= A,/(d X c). SI Unit: m? mol™. 4.4 These dosimetry systems may be used in
3.1.6 net absorbance AA—change in measured optical radiation processing of a variety of products, for

sorption bands (see also ISO/ASTM Guide 512

optical absorption band@8-10) Absorbance values are mea-

ese affected
61).
calibration

5 response to
ternationally

ally specified
evaluated by
ASTM Guide

simetry meth-
cussed in this

the industrial
bxample the

absorbange at a selected wavelength determined as the absolsterilization_6f medical devices and radiation pfocessing of

foods (5, Zn13)
4.5 Thé available dynamic range indicated

in 1.2.1 is
dyes (Table

f materials in

ficients, (1
nss collision

for a givgn dosimetry system. stopping powers, [(b) dE/dN, over a broad specfral energy
3.1.9 specific net absorbancAk)—Net absorbance) A, at  range from 0.01 to 100 Me\(18). For special agplications
a selected wavelength divided by the optieal pathlendth, certain tissue-equivalent radiochromic solutiony have been
through the dosimeter material as followsk ="AA/d. designed to simulate various materials and anatgmical tissues,
3.2 Definitions of other terms used fin this standard thain terms of values of (y/p) for photons and [(}) diE/dX for
pertain tol radiation measurement and doesimetry may be founelectrons(18) (see also ICRU Report 44). Tabulations of the
in ASTM |Terminology E 170. Definitions in E 170 are com- values of (i4{p) for water(19), the anatomical tissug¢&7, 19)
patible with ICRU 60; that document, therefore, may be usednd three specially designed radiochromic solutipns, for pho-
as an altgrnative reference. tons over the energy range from 0.01 to 20 MeV, and
TABLE 1 Three Available Radiochromic Leuco Dyes, Their Molecular Structures, Molecular Weights, and Values of €., and Colgr Index
Numbers of the Parent Dyes (14, 15)
Radiochromiq Leuco Dye-{ctde) Molecular Structure Molecular Weight C'\élgflf?gile‘r':filr_ﬁ’gﬁrlpggll) Color Indgx No.
Pararosaniling cyanide (PRC) (See diagram below left) 314.376 140 000 (A = 550 nm) 42 500
Hexa(hydroxyethylpararosaniline (See diagram below center) 578.715 100 000 (A = 600 nm) (none gfven)
Necvzaf:f:si(;c;‘r,\id’e (NFC) (See diagram below right) 356.455 130 000 (A = 560 nm) 42 500

“These values of molar linear absorption coefficients are given in Ref (14, 16) for 2-methoxyethanol solutions containing 17 mM acetic acid. The values may vary

somewhat in other solvents and with other additives.

N’.‘Z\Tﬁ
C-CN

NG,H,

i % “|(°z“4°“’z i““‘z"4°”5
CCN

Ny NH, NHp
ey
C-CN
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TABLE 2 Selected Radiochromic Solution Formulations and the Radiation Chemical Yields of Dye Cations in Solution

Radiochromic Radiochromic Leuco  Wavelength for . . .
. . . Radiation Chemical Nominal Dose
Leuco Dye Solution Formulation Dye Concentration Spectrophotometer, vield. umol - Range. G References
(See Table 1) (mmol L™Y) nm s 9e. Gy

HHEVC Dissolve in 2-methoxy ethanol containing 17 mmol 5 599 0.025 10-1000 (5)
L1 acetic acid

PRC Dissolve in 2-methoxy ethanol containing 51 mmol 5 549 0.033 10-3000 (1)
L1 acetic acid

NFC Dissolve in dimethyl sulfoxide containing 17 mmol 0.1 554 0.0031 100-30 000 (14)
L1 acetic acid

PRC [ Dissoive T aimethySuifoxide COTtaiTig L7 1ot 5 557 070040 3=407000 (11)
L1 acetic acid and 30 mmol L™ nitrobenzene

HHE\C Dissolve in mixture of 85 % n-propanol and 15 % 2 605 0.0051 50-5000 (15)
triethylphosphate (by volume), containing 34
mmol L™ acetic acid, 500 parts-per-million
nitrobenzoic acid and 10 % polyvinyl butyral (by
weight)

NFC Dissolve in mixture of 85 % triethylphosphate and 2 557 0.0055 100-10 000 (12)
15 % dimethyl sulfoxide (by volume), containing
68 mM acetic acid, 500 parts-per-million
nitrobenzoic acid and 10 % polyvinyl butyral (by
weight)

HHE\C Dissolve in mixture of 85 % triethylphosphate and 100 608 0.28 0.5-10 17)

15 % dimethyl sulfoxide (by volume), containing
68 mM acetic acid, 500 parts-per-million
nitrobenzoic acid and 10 % polyvinyl butyral (by
weight)

tabulatipns of the values of [() dE/dX (17) for water, the  equipped, with a tightly closed cap. The solutjon should be
tissues|and the radiochromic solutions for electrons over thetored at <30°C in the dark.
energy [range from 0.01 to 20 MeV are given in REfg, 13, ) ) )
18). Fof additional information see ISO/ASTM Guide 51261, 0™ 3—Any glass container should be cleaned with laboratory dis-
ASTM Practice E 666, and ICRU Reports 14, 17, 35, 37 ancglled Water_and detergent, rinsed with doubly d|;5t|lled wafer and then Wl_th

’ ! ’ ’ ’ thanol, dried at elevated temperature (>300°C) and ¢ooled to ambient

44. laboratory temperature before being used to hold the dgsimetric solution.
For more detail on cleaning glassware, see ASTM Pragtice C 912.

5. Appgratus Note 4—The glass ampoules or vials for irradiation fommonly have
5.1 The following shall be used to determine absorbed doseapacities of 2 to 5 mL. The glass is commonly ambgr to protect the
with radliochromic liquid dosimetry systems: solution from stray ultraviolet light.
5.1.1{Batch or Portion of a Batch of Radiochtromic Liquid ) .
5.1.2|Spectrophotometer or Photometétaving documen- 6. Performance check of instrumentation
tation covering analysis wavelengths, iaccuracy of wavelength 6.1 Check and document the performance offthe photometer
selectign, absorbance determination,sanalysis bandwidth, arst spectrophotometer. (For detailed informatior}) on these per-
stray light rejection. The spectrophotometer should be able teormance checks, see ASTM Practices E 275, E 925, and
read vikible spectrum absorhance values of up to 2 with ag 958.) Use reference standards traceable to rfational or inter-
uncertgdinty of no more tharfl %. national standards.
5.1.3|Glass Cuvetteshaying optical windows and path 6 1.1 When using a photometer, estimate anfl document the
lengthsfof 5 to 100 mm¢depending on the dose range of interegkcyracy of the absorbance at time intervals nat to exceed one

and onlthe size of thie dosimeter ampoule used for irradiationmonth during periods of use, or whenever therelare indications
Glass ]Iow cells-with parallel optical windows may be an of poor performance.
a

irradiation=6f-the-solutions-

alternative means-of holding the solutions for spectrophotom- 6.1.2 When using a spectrophotometer, estifnate and docu-

etrg/.14 ol | i b d for st ment the accuracy of the wavelength and absorpance at or near
o ganglass containeérsmay be used for Storage or yne gelected analysis wavelength(s) at time intervals not to

exceed one month during periods of Use, or whenever there are

5.1.4.1 Containers for storing the solutions should hav‘?ndications of poor performance

glass, aluminum, or polyethylene liners for the lids. The lids 6.1.3 Document the comparison of information obtained in
should be compatible with the unirradiated and irradiated6 b , P . ot
1.1 or 6.1.2 with the original instrument specification to

solution. ; ; )
5.1.4.2 Use glass ampoules which are flame sealed fo\fer."cy gdequa_\te performance and take appropriate corrective
action if required.

containing the solution during irradiation, or alternatively,
glass vials with lids having aluminum or polyethylene liners, or
disposable plastic vials, using only polymeric materials known""
to be resistant to any chemical effects by the solvents that are 7.1 Solvents—The solvents for dissolving radiochromic dye

used. Another type of container for irradiation may be a cuvettgrecursors include a number of liquid polar organic solvents,

Preparation of dosimeters

© ISO/ASTM International 2004 — All rights reserved 3
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reagent grade or better. Examples include: ethanol, isopro- 8.2 Calibration Irradiation of Dosimeters-Irradiation is a

panol, n-p

dimethylformamide, dimethylsulfoxide, triethylphosphdie

ropanol, 2-methoxyethanol, 2-ethoxy-ethard]N-

9-11, 14-16, 18)The choice of the solvent depends on whichby irradiating the dosimeters at:
dosimeter formulation is needed for a given use (see 7.3). Use 8.2.1 an accredited calibration laboratory that provides an
a solvent from a bottle that has not previously been opened #bsorbed dose (or an absorbed-dose rate) having measurement
the solvent is likely to degrade after opening (for example, bytraceability to nationally or internationally recognized stan-

critical component of the calibration of the dosimetry system.
Calibration irradiations shall be performed in one of three ways

forming peroxides). dards, or

7.2 Dyg—Prectrsors=The-raciochromic-tye-prectrsor-sor——8=22—Ar--heuse-calibration—taciity—that-provides an ab-
utes for lifjuid dosimeters include the leuco dyes listed in Tableorbed dose (or an absorbed-dose rate) hayving| measurement
1. traceability to nationally or internationally reeoghized stan-

7.3 Formulations, Molar Linear Absorption Coefficients, dards, or

and Radi
solvents,

sible as ifdicated in the literature. Table 1 lists nominal valuesurement traceability to nationatly, or internation

of molar |

(14, 16)
7.4 Pre

resentatiy

ation Chemical YieldsA variety of combinations of ~ 8.2.3 A production or research irradiation facil
radiochromic dyes, and selective additives are poith reference or transfer standard gdosimeters th

near absorption coefficients, also derived from Refshized standards.
8.3 When the radiochromic™iquid dosimeter i

paration of Dosimeter SolutionsTable 2 lists rep- reference or transfer standard dosimeter, the ca

7.4.1
covered
or other
out long g

in each case to dissolve the additives (for example, acetic aci

nitrobenz
dye.
7.4.2 H
solution
sealing N
dosimetri
same red
ampoule
and some
an irritan
recomme)
cised.

NoTte 5
standard r
over speci
radiation ¢
16). Such s
appropriatd
spectrophd
water (seef

from ingredlients as-described in Table 2, each new solution should b 1.5 [

calibrated 4
quality (5,

h
}rlenmeyer flask, using a magnetic stirring apparat

e formulations of radiochromic liquid dosimeters. diation may be performed only as stated in 8.2.1,
ese solutions are made at room temperature in g facility that meets-the requirements in Practicg

utomatic stirring system. Stirring should be carrieq 8-4 Measurement Instrument Calibration and H

nough to ensure complete dissolution. It is preferabl¥erification=Fkor the calibration of the instruments
yerificationnof instrument performance between

hic acid, polyvinyl butyral) before adding the leucoS€€ ISQ/ASTM Guide 51261 and/or instrument-s
ating-manuals.
8.5" Fig. 1 shows a calibration curve for a typicd

xercise care in filling ampoules to avoid depositing .77 . .
g amp P 9 ic liquid dosimeter.

n the ampoule neck. Subsequent heating during1
nay cause an undesirable chemical change in ti'ga Measurement and analysis
C solution remaining in the ampoule’s neck. Fer'the

son, exercise care to avoid heating the bady of the9-1 Depending on the radiochromic solution
during sealingWarning—Some leuco dyé-solutes 'ables 1 and 2), set the spectrophotometer at tf

on extended exposure. Appropriate: precautions d9Utiné measurements.

hded by the suppliers of ingredients shall be exer- 9-2 Seét the balance of the spectrophotometer
only air (no cuvette or flow cell) in the light path(

Some of the solutions listed ifi Table 2 are supplied as Note 6—For the formulations in Table 2, control of tempd

bference dosimeters, withswell-characterized linear responségectrophotometry Is not essential because the temper

ied dose ranges, irradiation temperature-dependence valu %,”PegeSgggzosph:;?lvrgsgicthmee?:;reen:aetzt; Iju?i?\twfneeggu?
hemical yields, and Jinear molar absorption coeffici¢hgs 9 ' ' P ¢

olutions do not always/heed calibration and may be used with
radiation chemical/yields and valuesegfat an assigned

ty together
at have mea-
ally recog-

5 used as a
libration irra-
or in 8.2.2 at
ISO/ASTM

erformance
and for the

calibrations,
pecific oper-

| radiochro-

used (see
e appropriate

solvents may be flammable or toxic.ahmay becomwavelength. Use the same bandwidth for caliprations and

to zero with
).

rature during

hture coefficient
hd —0.01 % per
bment should be

tometric wavelength for the evaluation of absorbed dose in
16) and ASTM Practice E 1026). When preparing solutions

ince/batches of commercially supplied leuco dyes may vary i
, AL N3)

3 1.0

8. Calibration of the dosimetry system

8.1 Prior to use, the dosimetry system (consisting of a
specific batch of dosimeters and specific measurement instru-

ments) s

documented procedure that specifies details of the calibration
process and quality assurance requirements. This calibration

0.5

hall be calibrated in accordance with the user's 99 10'00
Absorbed Dose, Gy

0 500

procedure shall be repeated at regular intervals to ensure that F!C- 1 Calibration Curve of a Typical Radiochromic Liquid

the accur

acy of the absorbed dose measurement is mamtam%gﬁso (by Volume), Containing 68 mmol-L

osimeter [2 mM HHEVC in a Mixture of 85 % TEP and 15 %
~1 Acetic Acid and 500

within required limits. Calibration methods are described in ppm Nitrobenzoic Acid and 10 % PVB (by Weight)], in Terms of

ISO/ASTM Guide 51261).

AAgos nm Versus D (19)

© ISO/ASTM International 2004 — All rights reserved
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within the temperature range from 20 to 30°C. 11.1.2 Record or reference the irradiation date, irradiation

9.3 Select a clean cuvette of a selected optical pathlengti€mperature, temperature variation (if any), dose range, radia-
Fill the cuvette with the solvent (or solvent mixture) used fortion source, and associated instrumentation used to calibrate
the radiochromic solution being calibrated, and measure th@nd analyze the dosimeters.
absorbance (with air only in the reference beam of the 11.2 Application o
spectrophotometer). Record this valug §). 11.2.1 Record the date and temperature of irradiation, tem-

’ perature variation (if any), and the date and temperature of

Note 7—Choice of the cuvette pathlength depends on the maximunypsorbance measurement. for each dosimeter.
absorbance that can be measured accurately by the spectrophotometerand 1 5 4 panred v '

vafaranen tha radiatian oqy
on the dpse range and dosimetric solution’s concentration chosen for ah“""t" ."ET"”'“ efreference—the—ratiation—squrce type and
given calibration. characteristics.

) . 11.2.3 Record the absorbance, net abhsorbance value, tem-
9.4 Empty the cuvette and rinse at least once with theerapyre correction (if applicable), and résulting|absorbed dose

dosimeter solution from an ampoule. Discard the rinse portiof, each dosimeter. Reference the calipration curve or response
of the splution and fill the cuvette to the appropriate level with¢,ction used to obtain the absorBed dose valles.

more splution from the same ampoule. Carefully wipe off any 17 5 4 Record or reference the*uncertainty jn the value of
solutior} on the exterior surface of the cuvette and measure tqﬁe absorbed dose.

absorbgance. Repeat this procedure for all unirradiated and 11 2 5 Record or referefice the measuremet
irradiateéd solutions, rinsing with blank solvent or solution
betweeh ampoules.

t quality assur-
ance plan used for the_dosimetry system appli¢ation.

Note §—Inadequate rinsing of the cuvette can lead to errors due tol2. Measurement-uncertainty

solution Carryover (cr_oss-contamination). Techniques for minimizing this 15 1 To pe meaningful, a measurement of fabsorbed dose
effect arg discussed in Ref83) and (14) shall be accofopanied by an estimate of uncerfainty.

9.5 Reriodically during the measurement process, remeasure12.2 Cemponents of uncertainty shall be idgntified as be-
the abgorbance of the solvent (or solvent mixtu), first  longing to-one of two categories:
rinsing |the cuvette with the solvent (or solvent mixture). 12:2.1 Type A—those evaluated by statisticdl methods, or
CompafeA  with A ,in order to detect and correct for any drift  4212.2 Type B—those evalutated by other means.
in the zero balance of the spectrophotometer or contaminatiofr;12.3 Other ways of categorizing uncertainfy have been

of the quvette. widely used and may be useful for reporting uncertainty. For
9.6 Always check zero reading with only air in the Jight example, the termprecisionandbias or randomajnd system-

paths gf the instrument. atic (non-random) are used to describe differer]t categories of
9.7 Using a mean absorbancé,, of the unirradiated uncertainty.

dosimefers, calculate the net absorbarnog, for eaeh’ irradi- 12.4 If this practice is followed, the estimate of the ex-

ated ddsimeter. panded uncertainty of an absorbed dose detgrmined by this

dosimetry system should be less than 6 % for a foverage factor
10. Use of dosimetry systems k=2 (which corresponds approximately to a 95 % level of

10.1 |Use a minimum of two dosinteters for each doseconfidence for normally distributed data).
measuement. The number of d05|meter3_ required f9f .the Note 9—The identification of Type A and Type B uncerainties is based
measuement of absorbed dose-at a location on or within @n the methodology for estimating uncertainties publishgd in 1995 by the
materigl is determined by the/uncertainty of the dosimetryinternational Organization for Standardization (ISO) in fhe Guide to the
system|and the acceptabléuncertainty associated with the ugepression of Uncertainty in MeasuremeR@). The purpoge of this type

Appendix X3 of ASTM-Practice E 668 describes a statisticalof characterization is to promote an understanding of|how uncertainty
method for determinifig this number statements are developed and to provide a basis foll the international

g . comparison of measurement results..
10.2 |Control oz fgohitor the temperature of the dosimeters Note 10—ISO/ASTM Guide 51707 defines possible gources of uncer-

0_'““”9 rradiation: Tak_e Into account any tem_perature_ _Var'afainty in dosimetry performed in radiation processing fagilities and offers
tions t}at affect dosimeter response (that is, specific Nefrocedures for estimating the magnitude of the resulting uncertainties in

absorbance), ‘For the formulations in Table 2 the temperaturéde measurement of absorbed dose using a dosimetry system. The

dependence of dosimeter response during irradiation betweeiecument defines and discusses basic concepts of meagurement, including

20 and 50°C is -0.2 % per degree Cels{i3). estimation of the measured value of a quantity, “true” value, error and
10.3 Determine the absorbed dose values from the né{ncertainty. Components of uncertainty are discussed and methods are

. - ovided for estimating their values. Methods are also provided for
absorbance values and the calibration curve or reSpon§ Iculating the combined standard uncertainty and estimating expanded

function. (overall) uncertainty.
10.4 Record the absorbed dose values and all other relevant
data as outlined in Section 11. 13. Keywords

o ) ) 13.1 absorbed dose; dosimetry; electron beams; gamma
11. Minimum Documentation Requirements radiation; ionizing radiation; liquid dosimeter; quality control;
11.1 Calibration: radiation processing; radiochromic dosimetry; radiochromic
11.1.1 Record the dosimeter type and batch number (coddjquid; radiochromic solution; ICS 17.240
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