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povernmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
hational Electrotechnical Commission (IEC) on all matters of electrotechnical standatdization.

0. Publication as an International Standard requires approval by at least 75% of the member bod
hg a vote.
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jards with unrestricted participation and input from*appropriate ISO member bodies.
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es

member bodies). The work of preparing International Standards is normally carried out through 150

en
nd
he

International Standards adopted by the technical committees are circulated te‘the member bodies [for

es

M International is one of the world’s largest voluntary standards develepment organizations with glopal

of

ASTM radiation processing dosimetry standards. Under<this pilot project, ASTM Subcommittee E10.D1,

try

bCt
ch

nd

© ISO/ASTM International 2002 — All rights reserved


https://standardsiso.com/api/?name=2b55f5b65062e71c0e50beca0f36fe63

ISO/ASTM 51261:2002(E)

ISO Sy
=xz= il

INTERNATIONAL

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

This standard is issued under the fixed designation ISO/ASTM 51261; 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 1026 Practice for Using the Fricke Refer

1.1 This guide covers the basis for selecting and calibrating _D0simetry Systerh
dosime}ry systems used to measure absorbed dose in gamma2-2 |SO/ASTM Standards:
ray or K-ray fields and in electron beams used for radiation 91204 Practice for Dosimetry in-Gamma Irra)
processing. It discusses the types of dosimetry systems that ties for Food ProcessiAg \
may be employed during calibration or on a routine basis as 91205 Practice for Use of a Ceric-Cerous Sul
part of quality assurance in commercial radiation processing of _ Systemd _ _
products. This guide also discusses interpretation of absorbed®1275 Practice for Use.of a Radiochromic F
dose ahd briefly outlines measurements of the uncertainties Systent

bnce Standard

Hiation Facili-
fate Dosimetry

Im Dosimetry

associdted with the dosimetry. The details of the calibration of 51276 Practice foryUse of a Polymethylmethacrylate Do-

the anflytical instrumentation are addressed in individual _ Simetry Systér .
dosimelry system standard practices. 51310 Practice for Use of a Radiochrg
1.2 The absorbed-dose range covered is up to 1 MGy (100 _ Waveguide Dosimetry Systém
Mrad). |Source energies covered are from 0.1 to 50 Mev 51400¢Practice for Characterization and Pe
photons and electrons. High-Dose Radiation Dosimetry Calibratior]
1.3 Thhis guide should be used along with standard practices 51401 Practice for Use of a Dichromate Dosi
and gujdes for specific dosimetry systems and applications St431 Practice for Dosimetry in Electron ang
in other standards. ung Irradiation Facilities for Food Processf
osimetry for radiation processing with neutrons or 91538 Practice for Use of the Ethanol-Chlof
heavy ¢harged particles is not covered in this guide. simetry Systerf _ .
1.5 This standard does not purport to address all*of the 951540 Practice for Use of a Radiochromic |
safety foncemns, if any, associated with its usé) It is the _ €Uy Syster'ﬁ _
respongibility of the user of this standard to establish appro- 51607 Practice for Use of the Alanine-EH

priate dafety and health practices and deteimine the applica- Systent _ _ _ _

Calibrations
51649 Practice for Dosimetry in an Electron
for Radiation Processing at Energies betwe

2. Refgrenced Documents

2.1 ASTM Standards:
E 170 Terminology Relating to” Radiation Measurements

mic Optical

formance of a
Laboratory

metry System
Bremsstrahl-

19

pbenzene Do-

iquid Dosim-
R Dosimetry

hetry Systems

for Electron Beam Dose Measurements and Dosimeter

Beam Facility
bn 300 keV and

te Dosimetry

and Dosimetr§ 25 MeV?
E 178 Practice for Dealihg’with Outlying Observatiéns 51650 Practice for Use of Cellulose Acets
E 456 Terminology Relating to Quality and Statistics System$

51702 Practice for Dosimetry in a Gamma |
cility for Radiation Processirfg

51707 Guide for Estimating Uncertainties in

51956 Practice for the Use of Thermol
Dosimetry (TLD) Systems for Radiation Pr

2.3 International Commission _on Radiatio

E 666 Practice for€alculating Absorbed Dose from Gamma
or X Radiatior

E 668 Practicevfor Application of Thermoluminescence-
Dogimetry(TLD) Systems for Determining Absorbed Dose
In Radiation-Hardness Testing of Electronic Devices

rradiation Fa-

Dosimétry
iminescence-
bcessing

h Units and

Measurements Reports:

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

Current edition approved Jan. 22, 2002. Published March 15, 2002. Originally
published as ASTM E 1261 — 88. Last previous ASTM edition E 1261 — 00. ASTM
E 1261 — 94" was adopted by ISO in 1998 with the intermediate designation 1SO
15556:1998(E). The present International Standard ISO/ASTM 51261:2002(E) is a
revision of 1ISO 15556.

2 Annual Book of ASTM Standardgol 12.02.

2 Annual Book of ASTM Standardgol 14.02.

MeV*

Potentials of 5 to 150 k¥

© ISO/ASTM International 2002 — All rights reserved

ICRU Report 14 Radiation Dosimetry: X-rays and Gamma
rays with Maximum Photon Energies Between 0.6 and 50

ICRU Report 17 Radiation Dosimetry: X-rays Generated at

ICRU Report 34 The Dosimetry of Pulsed Radiafion

4 Available from International Commission on Radiation Units and Measure-
ments, 7910 Woodmont Avenue, Suite 800, Bethesda, MD 20814, USA.
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ICRU Report 35 Radiation Dosimetry: Electron Beamssurement is in agreement within acceptable limits of uncer-

with Energies between 1 and 50 M&V tainty with comparable nationally or internationally
ICRU Report 37 Stopping Powers for Electrons andstandards.

Positroné
ICRU Report 60 Radiation Quantities and Ufits

3. Terminology

3.1 Definitions:
3.1.1 accredited dosimetry calibration lahoraterya laho-

organization.

recognized

3.1.11 primary—standard dosimeterdosimeter, of the
highest metrological quality, established and maintained as an
absorbed dose standard by a national or international standards

3.1.12 process load-a volume of material with a specified

ratory thqt meets specific performance criteria and has bedRading coniiguration irradiated as a single entity.
tested anfd approved by a recognized accrediting organization. 3-1.13 quality assurance-all systematic actions
3.1.2 cglibration curve—graphical representation of the to provide adequate confidence that a calibrati
dosimetry} system’s response function. ment, or process is performed to a predefined le
3.1.3 calibration facility—combination of an ionizing radia- ~ 3.1.14 reference—standard dosimetedosimeter
tion sour¢e and its associated instrumentation that provides raetrological quality used as a standard to prov
uniform a|
traceable| to national or international standards at a specifiedasing primary—standard dosimeters.
location gnd within a specific material, and that may be used to 3.1.15 response functiohfnathematical represg
derive the¢ dosimetry system’s response function or calibratiofhe relationship between dosimeter response and
curve. for a given dosimetry\system.

' 3.;.4 cln.arged particle equilibr.iur_aC\—the cont_llition tha’g ex- 3.1.16 routine «ibsimeter-dosimeter calibrated
|_sts in an |r_1cre_mental yolume within a material under _|rrad|a- rimary, reference; or transfer—standard dosimete
tion if the k|net|c_energ|es and number of charged partlc_les (OFoutine absdfbed dose measurement.
sglcur:ntZPE) entering the volume are equal to those leaving thatt.?"l'l?dSimu,l[?te.d produet—tg masglof tme:';]erial V\;
3.1.4.1Discussior—When electrons are the predominantalon and scattering properties similarto those o
charged particle, the term “electron equilibrium” is often usedma’tem;1| or s'ubstar.me to. be imadiated. )
to descriEe charged-particle equilibrium. See also the discuse3-1-17-1Discussior—Simulated product is used
sions attgched to the definitions of kerma and absorbed dose iftdiator characterization as a substitute for the a
E 170. material or substance to be irradiated. When us
3.1.5 dpsimeter batch-quantity of dosimeters made from a Production runs, it is sometimes referred to as a g
specific nfass of material with uniform composition fabricateddUmmy. When used for absorbed-dose mapping,
in a singl
tions, agc having a unique identification code. 3.1.18 dosimeter stock-part of a dosimeter bat
3.1.6 dpsimetry systemsystem used to determine absorbedthe user.
dose, consisting of dosimeters, measurement instruments and3.1.19 transfer—standard dosimeterdosimeter, o
their ass@ciated reference standards;and procedures for teeence—standard dosimeter, suitable for transpor
system’s |use. ferent locations used to compare absorbed dose
3.1.7 efectron equilibriura—charged particle equilibrium 3,120 verification—confirmation by examinatior
for electrgns. _ _ _ tive evidence that specified requirements have b
3.1.8 mleasurement interCcemparisera process by which 3.1.20.1 Discussior—In the case of measuring

an on-sitg measurementSystem is evaluated against a measyigs regylt of verification leads to a decision to rest
ment of aJstandard reféreénce device or material that is traceabbe; to perform adjustments, repair, downgrade

to a natignally or intgfnationally recognized standard. obsolete. In all cases it is required that a written
3.1.8.1|DiscussioR~In radiation processing, reference stan-y arification performed be kept on the instrument
dard or fransfer-standard dosimeters are irradiated at ong.qq.

necessary
bn, measure-
el of quality.
of high

de measure-

hd reproducible absorbed dose, or absorbed dose rateents traceable to, and consistent with, measufements made

bntation of
Absorbed dose

against a
I and used for

th attenu-
the product,

during ir-

Ctual product,
ed in routine
ompensating
the simulated

5 production run under controlled, consistént condiProduct is sometimes referred to as phantom mafterial.

ch held by

ften a ref-
between dif-

heasurements.
of objec-

Pen met.

Pquipment,

re to service
or declare
trace of the

s individual

g\r/ﬁ;aﬂs facm_ty, and sent to another for ana]ysus. Alterna- 3.2 Definitions of other terms used in this s
irradiation facility. The irradiated dosimeters are then sent bac
to the issuing laboratory for analysis.

3.1.9 measurement quality assurance ptaa documented
program for the measurement process that assures on
continuing basis that the overall uncertainty meets the require‘i
ments of the specific application. This plan requires traceability™
to, and consistency with, nationally or internationally recog- 4.1 lonizing radiation is used to produce vari

nized standards. effects in products. Examples include the ste

in ASTM Terminology E 170. Definitions in ASTM
ogy E 170 are compatible with ICRU 60; that

Significance and Use

andard that

!t(Jertain to radiation measurement and dosimetry may be found

Terminol-
document,

t%erefore, may be used as an alternative reference.

ous desired
rilization of

3.1.10 measurement traceabiliythe ability to demonstrate medical products, processing of food, modification of poly-
by means of an unbroken chain of comparisons that a meamwers, irradiation of electronic devices, and curing of inks,

© ISO/ASTM International 2002 — All rights reserved
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coatings, and adhesivés, 2)°. The absorbed doses employed TABLE 1 Examples of Reference—Standard Dosimeters

in these applications range from about 10 Gy to more than 100 Useful Refer-
kGy. Dosimeter Readout System Absorbed encesA
. - . . Dose, G
4.2 Regulations for sterilization of medical products and—— — y
radiation processing of food exist in many countries. Thesgnzaton chamber Fectrometer 107010 (11.12)
i N . alorimeter Thermometer 10° to 10 (13)
regulations may require that the response of the dosimetryianine EPR spectrometer 1 to 105 (14)
system be calibrated and traceable to national standards Cericl cerous sulfate UV|Spectr?1photor|neter or 10%t010°  (15,16)
: ; P solution electrochemical
3). Adequatg do_S|metry, with proper statistical controls and potentiometer
OCUMgHtatoeh; REEESSatyto—enRSuFenar e S (17,18)
properly processed. ton, i
: . conductivity
4.3 F roper dosimetric me_asurements_ must be employed 1i%rrous sulfate solution UV spectrophotometer 20404 X 109 (19)
ensure [that the product receives the desired absorbed dose. TH@ssiumsilver UVAvisible 10% 197105 | (20)
dosimefers must be calibrated. Calibration of a routine dosim- dichromate spectrophotometer
stem can be carried out directly in a national or “These references are not exhaustive; others‘may be found in the literature.

dosimeters. Alternatively, it may be carried out throughprocess monitoring. Discussions about the sel
of a local (in-house) calibration facili() or in a  bration of routine dosimeters are provided in
ion irradiator. All possible factors that may affect therespectively. Examples.of¥outine dosimeters arg
response of dosimeters, including environmental condition2; more details of the.characteristics of several g
and vatfiations of such conditions within a processing facilitymay be found in Annex A4.

should |be known and taken into account. The associated 5.1.4 Transfer~Standard DosimetetsTransfe
analytidqal instrumentation must also be calibrated. dosimeters areyspecially selected dosimeters u
ring dose_ihformation from an accredited or nati

5. Dos|meter Classes and Applications ; S A
. . . ) _laboratery,/to an irradiation facility in order
5.1 Dosimeters may be divided into four basic classes ifraceability for that calibration facility. Transfer

accordance with their relative quality and areas of applicationgjmaters should be used under conditions s
as follops: _ _ isstiing laboratory. They may be either refe
5.1.1|Primary—Standard DosimeterPrimary—standard do-(Cgosimeters (Table 1) or routine dosimeters (Taf
simeters are established and maintained by national standargga acteristics meeting the requirements of
laboratgries for calibration of radiation environments (ﬁe'ds)-application. In addition to the references given i
Primary-standard dosimeters are typically used to calibrate o re|evant information on some other types of d
intercompare radiation environments in dosimety_calibrationye found in ASTM Practice E 668 and in ISO/AS
laboratgries, and are not normally used as routine dosimeter§y 275 and 51276,
Discusgions about the selection and calibtation of primary-
—standqrd dosimeters are provided in 6 and 8.2.1, respec-Note 1—None of the reference-standard dosimeters
tively. Tlhe two most commonly used primary—standard dosim_eters listed have all of the desirable characteristics give
eters afe ionization chambers and ealorimeters (for details, see

pction and cali-
6.2 and 8.4,

b listed in Table
f these systems

r—standard
sed for transfer-
pnal standards
to establish
L.standard do-
ecified by the
ence—standard
le 2) that have
the particular
h Tables 1 and
osimeters may
TM Practices

or routine dosim-
N in Section 6 for

ICRU R eports 14. 17. 34. and 35) TABLE 2 Examples of Routine Dosimeters
5.1.2|Reference—Standard BosimeteReference—standard posimeter Readout System ;21“' éssome" z:é‘ZVSA
dosimeters are used to calibrate radiation environments and to —

; R . . _ ; nine EPR spectrometer 1to 10 (14)
calibrate routine d_osmetprs. Reference stand.ard dosme} y§e d polymethyl- Visible spectrophotometer 107 to 10° (21.22.23)
may al$o be used in routine dosimetry applications for radia- methacrylate
tion prdcessing whefe higher quality dosimetry measurementgear rr:olyrr:ethyl- UV spectrophotometer  10° to 10° (21,24)

H H H H methacrylate
are desired. W|de_ly used reference _d03|meters include th&juiose acetate Spectrophotometer 109104 x 10F (25)
ferrous|sulfate(Ericke) aqueous solution (see ASTM Practic@ithium borate, lithum  Thermoluminescence 107 to 103 (26)
E 1026) and\the alanine-EPR dosimetry system (see ISO[tfi:l}O“d; de (optcal U\;ﬁd?brl hoto. 107 to 108 o
- B H H ium tiuoriae (optica isible spectrophoto- 0
ASTM Practice 51607). Discussions gbout the select|9n an_H grade) meter
calibrationZof reference—standard dosimeters are provided iRadiechromi dye-films—\isible-spectrophotometer—i—to—302 (6,8,28)
6.2 and 8.2.2, respectively. Devices used as primary—standar@o'ut'ons_aopt'ca'
. . wave guide
dosimeters may also be used as reference—standard doSimet@(y. cerous suifae  Potentiometer or UV 10° 10 105 (15)
in which case they shall be calibrated (see 8.2.2). Examples 0fsolution spectrophotometer
reference dosimeters are listed in Table 1; more details of thEeS'Lf;UtS_of]UP”C sulfate UV spectrophotometer  10°to 5 x 10°  (29)
e . utl
charactenstu;s of Seyeral SyStem$ may be found in Annex _A4Ethanol chlorobenzene Spectophotometer, 10to 2 X 105  (18)
5.1.3 Routine Dosimeters-Routine dosimeters are used in  solution color titration, high-
radiation processing facilities for absorbed dose mapping and frequency conductivity
Amino acids Lyoluminescence 107 to 10* (30)
reader
2
° The boldface numbers given in parentheses refer to the bibliography at the erldOSFET Voltmeter 1102 x10 ©1)
of this guide. AThese references are not exhaustive; others may be found in the literature.

© ISO/ASTM International 2002 — All rights reserved 3
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an “ideal” transfer-standard dosimeter. However, such dosimeters may @nd labor required for dosimeter readout and interpretation,
used as transfer—standard dosimeters if the absence of one or moggd

desirable characteristics has negligible effect on the response of the 6.2.2.4 Ruggedness of the system (resistance to damage

dosimeter,

response into conformity within the necessary limits of uncertainty for th
application.

6. Selection of Dosimetry Systems
6.1 Primary Standard Dosimetry SystenThe criterion for

the sele
national
applicati
6.2 Re
Dosimetr
6.2.1G
6.2.1.1
range of
6.2.1.2
6.2.1.3
6.2.1.4
systemat
humidity
6.2.1.5
including
6.2.1.6
dosimetry
a fitted ¢
interest,
6.2.1.7
tal conditi
during, a
of enviro
ment shal
6.2.1.8
dose rate
6.2.1.9
irradiation
6.2.1.1
and betw
6.2.1.1
tion of the
of the a
desirable
materials
of a prodd
to distang
cant, and

or if correction factors can be applied to bring the dosimeter’
e

simetry Systems
6.2.3.1 Long pre-irradiation shelf life,

P

?juring routine handling and use in a processing environment).
6.2.3 Additional Criteria Specific to Transfer Standard Do-

6.2.3.2 Post-irradiation response stability (ability to be ar-

niad) A
LLIAASAS y FRRCE )

aboratory depends on the SpeCifiC measurement 6233 Portablllty, that is ab|l|ty to withstand.sh
n requirement. irradiation facility and insensitivity to extremes.of e
erence Standard, Transfer Standard and Routinédl conditions during transport.
Systems 7. Analytical Instrument Calibration aRd Perform
utabilty of the dosimeter for the absorbed-dose /ST TCaEON
itabili imeter for rbed- \ .
uttability of the dosimeter for e absorbed-dose 7.1 Before the overall system is’calibrated, an

nterest and for use with a specific product, . RN R
Stability and reproducibility of the system intervals between calibrations; the individual co
Ease of system calibration ' struments of the dosimetr{-system shall be calib
Ability to control or correét system response forh"’“{e their perfprmance Vetified. These periodic ¢
c error, such as those caused by temperature a %nfy the stability ofthekomponents of the system
for exa{mple see R¢6)) emonstrate that the.components are performing
Overall initial and operational cost of the system,When the overaj s_ystem was callbr_ated. .
dosimeters, readout equipment, and labor . 7.1.1 If ap_proprlate standards exist, calibrate t
; ' y instruments in"accordance with documented proct

Variance (that is, correlation coefficient) of the inst < ¢ ¢ ble t
system response data within established limits aboH?e INHnents: measurements are traceanle o
pternatlonally recognized standards.

alibration curve over the absorbed-dose range d i
g 7.1:1.1 For optical absorbance measurements

H_ophotometer, check and document that the wa
eabsorbance scales are within the documented sp
or near the analysis wavelength using optical absg
S !

and wavelength standards traceable to national o
standards.

ed-/-1.1.2 For thickness measurements using

gauge, check and document that the instrumg
e(iiocumented specifications using gauge blocks
national or international standards.

p 7-1.2 For dosimetry system instruments where
internationally recognized standards do not exist,

.instrument performance using documented indus

Dependence of dosimeter response on environme
ons (such as temperature, humidity, and light) befon
d after calibration and production irradiation. Effect
mental conditions on the dosimeter readout equip
| also be considered.

Dependence of dosimeter response on absorb
or incremental delivery of absorbed dose, or both,
Stability of dosimeter response both before and aft
D Agreement of dosimeter(response within a batc
pen batches,

| Effects of size, location, orientation, and composi-, ;
dosimeter on the radiation field or the interpretation;"’lcm.rer.S procedures to dgmc_)nstrate that the
hsorbed-dose méasurement. In cases where it janctioningin accordance with its own performan
to measure abserbed dose at the interface of differe“?ns'

(for exampleyat a bone-tissue interface or the surfaceNote 3—For example, the alanine dosimetry system en
ct), dosirmeters should be used that are thin compar@dramagnetic resonance (EPR) spectroscopy for analy

es over.which the absorbed-dose gradient is Signiﬁzperation of the EPR spectrometer instrumentation is
appropriate EPR spin standards such as irradiated alar

itch sample, or Mn(ll) in CaO (see ISO/ASTM Practi

pping to an
hvironmen-

hnce

H at periodic
mponent in-
ated or shall
hecks should
, and should
as they were

he individual
pdures so that
nationally or

using a spec-
velength and
ecifications at
rbance filters
international

a thickness
nt is within
traceable to

nationally or
erify correct
try or manu-
nstrument is
Le specifica-

ploys electron
5is. The proper
verified with
ine dosimeters,
e 51607 for

6.2.1.1

b ‘Effects of differences in radiation energy spectr%eta”S)

between calibration and product irradiation fields.

a dosimetry system.

o _ _ 7.1.3 Repeat instrument calibration or instrument perfor-
Note 2—Availability of adequate information on the performance mance verification at periodic intervals between the overall
characteristics of the dosimetry systems should be considered in selecti%g,stem calibrations in accordance with documented proce-

dures, and again if any maintenance or modification of the

6.2.2 Additional Criteria Specific to Routine Dosimetry instrument occurs that may affect its performance.

Systems
6.2.2.1

. .. N 4—For some analytical instrumentation, correct pe
Ease and simplicity of use o m ‘ P

rformance can

be demonstrated by showing that the readings of dosimeters given known

6.2.2.2 Availability of dosimeters in reasonably large quan-gpsorbed doses are in agreement with the expected readings within the

) _ _ limits of the dosimetry system uncertainty. This method is only applicable
6.2.2.3 Time required for dosimeter response developmentyr reference standard dosimetry systems where the long term stability of

tities
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minimum dose D,,,), then, calculate log(base 10) of this ratiQ: =

7.1.4 Instrument calibrations and instrument performancé®9(Pma/Dmin)- If Q is equal to or greater than 1, calculate the product of

verifications shall be conducted by qualified individuals in
accordance with documented quality procedures.

7.1.5 Calibration or performance verification of each instru-
ment shall demonstrate that the measurements are with
specified limits over the full range of utilization.

the minimum number of sets to be used.
8.3.2 For each absorbed dose point, use

see ASTM Practice E 668).

5 X Q, and round this up to the nearest integer value. This value represents

the number of

osimeters required to achieve the desired confidence level

8.3.3 Position the dosimeters in the calibration radiation

variation in

8. Dosimetry System Calibration field in a defined. reproducible location. Th
8.1 General absorbed-dose rate within the volume occupieg
8.1.1| The calibration of a dosimetry system consists of thesters should be as low as practically possible’

irradiati
over th
calibrat]
bration
perforn
calibrat
shall m
51400
measu
ognized standards.

on of dosimeters to a number of known absorbed doses 8.3.4 When using a gamma-ray source-or X
e range of use, analysis of the dosimeters usingalibration, surround the dosimeter with a suffic
bd analytical equipment, and the generation of a calimaterial to achieve approximate eléctron equ
curve or response function. Calibration verification istions (7).

ed periodically to confirm the. Contmu?d v§I|d|ty O.f.t.he Note 7—The appropriate thickness of such material
on curve or response fun'c'tlon_. Calibration famht@senergy of the radiation (see/ASTM Practices E 666
et the requirements specified in ISO/ASTM Practicneasurement of absorbed dése in water, use materials
hnd therefore shall have an absorbed-dose rate that h@Sorption properties essentially equivalent to water. F
ement traceability to nationally or internationally rec-soCo source, 3 to 5 mim)of solid polystyrene (or equi

No In several countries, the national standard is realized indi 8.3.5 Monitgk.and, if required, control the te
TE 3—| ¥ ; i i iati
! tge dosimeters’during irradiation.

rectly thrpugh a calibrated radiation field. For example, the absorbed-dos
rate in the center of 8°Co source array at the U.S. National Institute of  Note 85T minimize temperature extremes and to ai
Standards and Technology (NIST) has been well characterized by calgnent of dosimeter temperature it is important that there
rimetry gnd is one of the national standards used by NIST to irradiateontact*between the dosimeters and a heat sink espe
referencg standard, transfer standard, and routine dosimeters to knowaany or x-ray irradiation.

absorbegi-dose levels, o 8.3.6 If the response of the dosimeters i

8.1.2| Procedures, protocols, and training of personnel Shaﬂumidity and they are not in a sealed container
be proided to ensure that the correct absorbed dose is-given rthuired control the relative humidity during irf
dosimefers. 8.3.7 Specify the calibration dose in terms of

8.2 Qalibration of Dosimetry Classes \ interest. The calibration dose is usually specifi
8.2.1|Primary—Standard DosimetersThese deyices do not  gnsorbed dose in water. See Annex A1l for con

require|calibration against other standards bécause their megy; calculating the absorbed dose in different n]
suremegnts are based on fundamental physical principles. 8.4 Absorbed Dose Rate Effects
8.2.2|Reference—Standard Dosimeter€alibration of ref- 8.4.1 For some routine dosimetry systems,
erencetstandard dosimeters is cafried out by national Qesponse at different absorbed-dose rates for
accredited laboratories using criteria’ specified in ISO/ASTMypsorbed dose may differ over portions of
Practicg 51400. _ working range. This divergence may be depen
8.2.3| Transfer—Standard ~DosimetersTransfer—standard factors, such as the magnitude of the absorbed
dosimefers may be selected from either reference—standafgiation (gamma, electron beam, or X ray). If
dosimefers or routine dosimeters (see 5.1.4). Transfer-standggse rate effects are not known, divergence
dosimeters shall be ¢alibrated by the class distinction requ"eperformed. In these tests, other factors that
ments pf the dogsimeter type selected for dose measuremegsimeter response, for example irradiation
intercomparison.transfer (see 8.2.2 and 8.2.4). _ should be either fixed or kept within a narro
8.2.4|Routine: Dosimeters-Calibration of routine dosim- divergence may be checked by several meth
eters i$ performed by irradiation of the dosimeters in amethods are described in Annex A5.

material) should surteund the dosimeter in all direction$.

by the dosim-

-ray beam for
ent amount of
librium condi-

depends on the
pnd E 668). For
hat have radiation-
br example, for a
alent polymeric

mperature of

in the measure-
be good thermal
cially for electron

5 affected by
monitor, and if
adiation.

he material of
ed in terms of
version factors
aterials.

the dosimeter
the same given
the system’s
lent on several
Jose and type of
the absorbed
tests shall be
ould influence
temperature,
v range. The
ods. Two such

calibratjon-facility or in a production irradiator followed by

8 5 Transit Dose Effects
S—o—HHAHSH P OSEeE=HEES

analysis at the production irradiator.
8.3 Calibration Procedure

8.5.1 Transit dose effects occur when the timing of a
calibration irradiation does not take into account the dose

8.3.1 The number of sets of dosimeters required to deteleceived during the movement of the dosimeters or the source

mine the calibration curve or response function of the dosimint, and out of the irradiation position. For example, the timer
etry system depends on the absorbed-dose range of utilizatiog, 5 Gammacell-type irradiator does not start until the sample
Use at least five sets for each factor of ten span of absorbeglayer reaches the fully-down (irradiate) position. Some dose
dose, or at least four sets if the range of utilization is less thak eceived as the drawer goes down and after the irradiation as
a factor of ten. the drawer goes up that is not accounted for in the timer setting.
Note 6—To determine mathematically the minimum number of sets to T his transit dose can be significant for low-dose irradiations
be used, divide the maximum dose in the range of utilizatiyp() bythe  and should be determined experimentally and taken into
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account when calculating timer settings. Two methods ofions in a production irradiator may introduce uncertainties that
determining transit dose correction are given in Annex A2. are difficult to quantify. Transporting of the dosimeters to and
8.6 Frequency of Calibration and Verification from the calibration facility may also introduce uncertainties
8.6.1 Calibrate the dosimetry system for each new batch ofom pre- and post-irradiation storage effects.
reference standard, transfer standard, or routine dosimeters8.8.1.1 Irradiate routine dosimeters to known absorbed
prior to use. doses in a calibration facility.
8.6.2 At an interval not exceeding one year, re-calibrate the 8.8.1.2 Specify to the calibration facility that the irradiation
dosimetry system for each batch of reference standard, transfepnditions should be as similar as possible to those in the actual

standard,o i rese—condhtio aehirg the energy
n/| temperature,

and irradiatio

should be
analysis.

(see Section 7). Depending on seasonal variations in ambiemutine use. The variation of these conditions
condition$ (for example, temperature and relative humidity)documented and incorporated into the-uncertaint
the interyal between re-calibrations may be decreased (SeeNOTE 11—The temperature and absorbed dose rate ¢xperienced by
Note 4). . . . . dosimeters may vary during a productiop run. However, itfis usually not
8.6.3 \ferify the calibration of the dosimetry system for eachpractical to perform the calibration-8f the dosimeters ufder the same
new stock of reference standard, transfer standard, and routinerying conditions. To approximate, production irradiator donditions, the
dosimete[s using at least three absorbed doses over the range@foration should be perforned at a fixed temperatufe somewhere

applicatidn in order to confirm that their responses are the sanftween the average and.theimaximum temperatures engountered during
as for thd current stock routine production; and,.if a/calibration facility with the desjred dose rate

8.7 Calibrati dD M tU tainti is available, at a fixed,dose rate somewhere between the Javerage and the
: agbraton an ose Measurement Uncertainfies maximum dose rates, experienced during routine productign. The possible

8.7.1 The uncertainties in the calibration and absorbed dosgfects of differencés'in temperature and dose rate betweeh the calibration
measurement of a dosimetry system depend on the specifigcility and praduction irradiator can be minimized by pgrforming the
dosimetny system employed. Refer to ISO/ASTM Guide 5170%alibration/using the method described in 8.8.3.

and the gppropriate standard for a given dosimetry system for g g 1.3 ‘Adverse environmental conditions (sudh as high or

uncertainfy statements. See 2.1 and Annex A4 for references {g,, ternperature and humidity) during transport of the dosim-

the apprdpriate dosimetry system standards. _ eters to and from the calibration facility may| affect the
8.8 Irradiation of Dosimeters-The irradiation of routine *gosimeter response.

dosimetefs may be performed by one of three different méth- g g 1 4 package dosimeters to minimize the effects of envi-
ods. One|method (described in 8.8.1) calls for routine dOsiM;onmental conditions during transport.
eters to e irradiated in a gamma, electron beam~0r X-ray g g 1 5 |nclude maximum temperature indicdtors in the

(bremsstiahlung) calibration facility. The second method (degqsimeter package during transport to determine f the calibra-
scribed ir{ 8.8.2) calls for routine dosimeters to hgirradiated ijo, has been compromised and is therefore inv4lid.

an in-houyse calibration facility that has an abserbed-dose rate 8.8.1.6 Confirm that the environmental condifions during

measure by refergnce. or transfer—standarq dosmeters. Tﬂﬁnsport have not changed the response of the dpsimeter. This
third method (described in 8.8.3) calls ferroutine dosimeters t ay be achieved by sending a set of dosimeter irradiated to
be irradipted together with referancg” or transfer—standarcg:mwn absorbed doses along with the set of dosinjeters sent for
dosimeters in the production iradisgdr. calibration. The readings of the two sets of dosimeters should
Note 9—The response of some foutine dosimeters may be affected bpe compared when they are returned with re
the combirfed effect of severalcenvifonmental factors such as absorbeadditional dosimeters given the same absorbed dpse and stored
dose rate, pnergy spectrum,gemperature, or relative humidity (includinginder controlled conditions.
seasonal vpriations in tempgrature or relative humidity). For these cases, g g 1 7 cCalibration curves for routine dosim

it may not|be possible tortake these combined effects into account b . . . - - .
applying a [correction€actor. Therefore, the calibration of routine dosim-.}Sbtalnecl by Irradlatmg dosimeters in a calibr

eters should be performied using irradiation conditions similar to those idTadiator shall be verified for the actual conditions
the actual production irradiator. production irradiator (see 8.8.1.8).

Note 10+-The response of reference and transfer—standard dosimeters 8.8.1.8 Calibration verification may be performed by irra-
to environkentaleffects—such—as—temperature—and relative humidi diatinag-the routine-dosimate ogetherwith ncestandard
absorbed-dose rate, and energy spectrum, should be documented. Diffgyr transfer—standard dosimeters to a minimum of three different
ences in the dos_imeter response between calibra.tion and use conditiog&sorbed doses in the production irradiator. The reference-
should be taken into account using known correction factors. _standard or transfer—standard dosimeters should be of a

8.8.1 Irradiation Using a Calibration Facility—The cali-  different type than the routine dosimeters to reduce the prob-
bration of routine dosimeters using a gamma, electron beam, ability that both types of dosimeters are influenced by the same
X-ray calibration facility meeting the requirements of ISO/ combined environmental effects. Ensure that the routine and
ASTM Practice 51400 has the advantage that the dosimetersference standard or transfer dosimeters receive the same
are irradiated to accurately known absorbed doses und@bsorbed dose (see 8.7 and 8.8.3.5 for guidance). Corrective
well-controlled and documented conditions. However, use oaction will be required if the differences in dose readings
these routine dosimeters under different environmental condbetween the routine dosimeters and the reference standard or

ion facility
of use in the
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transfer dosimeters are significant in comparison to the accwr applying a correction factor in cases where a single factor is
racy required for the application. Appropriate corrective actionapplicable over the entire dose range of interest.
may include: repeating the calibration using more appropriate 8.8.3 Irradiation Using a Production Irradiato—The cali-
environmental conditions, carrying out a full calibration in abration of routine dosimeters by irradiating the dosimeters
production irradiator (see 8.8.3), or applying a correction factotogether with reference or transfer—standard dosimeters in the
in cases where a single factor is applicable over the entire doggroduction irradiator has the advantage that the environmental
range of interest. conditions are similar to those encountered during routine
8.8.2 Irradiation Using an In-House Calibration Facility-  production, reducing the requirement to make corrections to
The calibratiorrofrottine—dosimeters—using—amin-house—catithe—rott virorrental  effects.
bration| facility has the advantage that the pre- and postHowever, great care must be taken to ensure that the routine
irradiatjon storage conditions of the dosimeters can bend reference or transfer—standard dosimeters irradiated to-
controlled so that they are similar to those encountered duringether receive the same absorbed d@efFor some produc-
routine |production. However, it may not be possible for thetion irradiators, calibration by this;technique| may not be
in-house calibration facility to meet all the irradiation require- practical because of limitations in' ¢overing thg full range of

ments ¢f ISO/ASTM Practice 51400. utilization during irradiator operations.
8.8.2|1 Irradiate routine dosimetry systems to known ab- 8.8.3.1 Calibration of routife dosimeters in the production
sorbed|doses in an in-house calibration facility. irradiator using reference ot transfer—standard flosimeters pro-

8.8.2|2 The absorbed-dose rate of the in-house calibratioides a calibration curve_or response functior) valid for the
facility shall be demonstrated to be traceable to nationally ofctual production irradiation conditions existing during the
interna’l:.lonally recognized standards by direct measuremeg@libration. This method takes combined environmental factors
intercomparisons or calibrations using transfer—standard dddoto account tothie extent that the referenge or transfer

simeters supplied by a nationally recognized radiation dosimdosimeter response can be corrected for diffefences in envi-
etry caljbration laboratory. ronmentalfactors between the calibration facilify and produc-

8.8.2|3 Measurement intercomparisons or calibrations ofion iradiator. _
absorbed-dose rates of the in-house calibration facility shall be 8-8:3:2 Use reference—standard or transfer—gtandard dosim-

perforned at least once every three years and after any chan??rs supplied and analyzed by a nationally re¢ognized radia-
in sourge activity or geometry. 1on dosimetry calibration laboratory to demonsijrate traceabil-

8.8.2|4 The requirements of 8.8.1.2 are equally applicablextY {© national standards. _
an in-hpuse calibration facility. 8.8.3.3 Reference—standard or transfer—stangdard dosimeters

8.8.2|5 Calibration of routine dosimeters using an_in-hous btained commercially or prepared !n accordgnce with pl.‘b'
calibratjon facility reduces the possibility of changes in the ished standards and analyzed on site may bg used provided

response due to adverse storage conditions during transportttg‘fj‘t the reference standard or transfer stanard dosimetry
dosimelers. After irradiation, the irradiated ddsimeters shoul(?ys'[emS have_ been callprated n accordance_ 'th. 8.'2 and 8.3.
be storgd under similar conditions to those encountered in the 8.8.3.4 (_:allbrate routine dosimeters by irrpdiating ther_n

producfion irradiator and read at appreximately the same timggether with reference-standard or transfer—gtandard dosim-

after irfadiation as the dosimeters used in routine productioFfte.rS under actual production irradiation condftions over the
dosimelry. entire range of normal use.

8.8.2|6 Calibration curves feor,Toutine dosimetry systems diffsé?é::\fe Bgts\’/lvgelnathcsgirsgr%r; dpgg::gieg?\t/
obtained by irradiating dosimeters using an in-house calibra:

. - g and reference standard or transfer dosimeter.
282 diﬁ’::yofsgsag igih(\a/eglrfcl)ilicgi%eneir?égisfgz for the actual should hold the two types of dosimeters so that they do not

8.8.2|7 Calibratigi@rerification may be performed by irra- significantly shield each other, that the geometry is appropriate

diating th tine-dosimeters togeth ih ref tand for the radiation source employed, and that th¢y are as close
ating the routine-gosimeters together with retérence standag gether as possible. See Figs. 1 and 2 for exfamples of such

or trangfer—standard dosimeters to three different absorb ckages employed for gamma-ray or X-ray saurces. See Fig.

doses in the\production irradiator. The reference standard for an example of a package suitable for [electron-beam
transfe—standard dosimeters should be of a different type thagburces

inimizes the
d by the routine
The package

mental effects. Ensure that the routine and reference standaggtermined by irradiating calibration packages containing transfer or
or transfer dosimeters receive the same absorbed dose (see g ren(_:e—standard dosimeters in all dosimeter positions within the
and 8.8.3.5 for guidance). Corrective action will be required ifcal'braItlon package.

the differences in dose readings between the routine dosimeters8.8.3.6 When thick and thin dosimeters are irradiated to-
and the reference standard or transfer dosimeters are significagether, surround the thin dosimeters by sufficient polymeric
in comparison to the accuracy required for the applicationmaterial to ensure that the attenuation characteristics are
Appropriate corrective action may include: repeating the cali-similar and to ensure that the dosimeters receive the same dose.
bration using more appropriate environmental conditions, car- 8.8.3.7 To calibrate dosimeters under conditions similar to
rying out a full calibration in a production irradiator (see 8.8.3),those used for processing, place the calibration packages with
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Gamma irradiation phantom (1)
FIG. 1 Hxample of Calibration Package Allowing Alanine Dosimeters to be Placed on Either Side of<Thin Film Routine Dosimeters

l 5 I 16 ] 5 l Dimensions: mm i N\
nN 5 5]
\\\§
Cavity for
reference standard
ampoules and — 70 80
routine dosimeters
NN
N
N
DN : o] |
Cut AB )
26 = 80 -

Gamma irradiation phantom (2)

FIG. 2 Example of Calibration Package.Allowing Reference Standard Ampoules and Routine Dosimeters to be Placed Adjacent to Each
Other

product ¢r simulated<{product in process loads where th@radiation, analyze dosimeters at approximately the time after

absorbedrdose variation over the area containing dosimetersiisadiation when dosimeters will be analyzed during routine

within spgcified linits. production. Alternately, the time dependence of the dosimeter
Note 134-The SBsorbed-dose rate, temperature, and energy spectrjiSPONSe after irradiation can be characterized and a correction

ocation of the dosimeter on or in the procesiCtor applied for the time of analysis.

e 10 pe consigereag wnen evaluanng overall 8 9 4 P g ment ang-retain-a ~Tabe

dosimeter uncertainties during routine use. O Alis of albration aa
8.8.3.8 Allguidance givenin 8.8.1.3-8.8.1.6 shallbe metfor g 151 calculate and document the mean respdasend

the transport of the reference— or transfer—standard dosimeteme sample standard deviatid®, (,) for each set of dosimeters
8.9 Analysis of Dosimeters at each absorbed-dose value. The sample standard deviation,

_ 8.9.1 Check the performance of the analytical mstrumenta-%_b is calculated from the sample data setrof/alues as
tion (see 7.1). follows:

8.9.2 Analyze dosimeters using analytical instrumentation

with calibration traceable to national standards. 3k - k2
8.9.3 If the dosimeter response changes with time after S = n—1 @
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-
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Electron Beam Phantom

FIG. 3 Ekample of Calibration Package Allowing Alanine Dosimeters and Thin-Film Dgsimeters to be Irradiated at the Same Position pn
the Depth-Dose Curve

where: palymer product is specified in terms of absorbed dose in water
k= if" value ofk. because most food or polymer products are| nearly water-
8.10.P Calculate the coefficient of variatioBV, for each*..equivalent in terms of radiation absorption prdperties. If the
absorbéd dose value as follows: radiation absorption properties of the product differ from those
S, of water, then interpretation of the absorbed dosg in the product
Cv= % % 100%) (20 may be accomplished by means of cavity theqry (see Annex
Al).

Note }4—In general, if anyCV values are greateffthan a value 9.2 Electron equilibrium conditions may nof exist within
prescribgd for a specific dosimetry system apd-application, then gosimeters placed throughout the product undelf actual process-
L%d;rtféz 'r';a;'ﬁgulgfbtehfejg;t: 4 should be considered, or the stock ofq ¢4 gitions. This particularly is the case nedr interfaces of

) o different materials, for example, at bone-tissue ipterfaces or on

8.10.8 Graphically plot dosimeterresponse versus absorbgfle surface of a product package. Absorbed dose measured
dose tojobtain the calibration curye, or use a suitable computfger non-equilibrium conditions is sometimes Used to monitor
code, Qr both, to derive the €quivalent response function ifhe apsorbed dose within the product using the procedures

mathematical form. Choosg-an analytical form (for examplegescribed in ISO/ASTM Practices 51204, 51431, and 51702.
linear, polynomial, or exponential) that provides an appropriate

fit to the measured data (See ISO/ASTM Guide 51707) 10. Minimum Documentation Requirements

.10.4 Examin resultin libration curve or r n . . :
8.10 amine (¢ resulting calibration curve or response 10.1 Document the dosimetry system selectdd including the

functior} for goodnigss of fit within specified limits, dosimeter manufacturer, type and batch number, and instru-
8.10.p Repeat-this calibration procedure to the extent nec- =1, byp ’
nts used for analysis.

.. . e
essary |f any response value exceeds accepted statistical limlt . L . .
of the gletermined curve, and if discarding this value would 10.2 Document the dosimeter calibration data, including

) e e o date reference standard or transfer standard, and description of
result inthere OEMgmMsSumcrenttata (0 adeguatery aetme

c o
curve (see ASTM Practice E 178 for guidance on dealing witfhe facility used. - I
outliers). 10.3 Docu!'nent or refere_nce a description of the radla_tu_)n
8.10.6 Calibration curves or response functions generategPUrce used in processing, including the type, nominal activity
using one analytical instrument shall not be used with anothe?” Peam parameters, and any available information on the
instrument unless it has been demonstrated that the measufé€rgy spectrum. o ,
ments of the dosimeters’ response agree within specified limits 10-4 Document the irradiation temperature and relative

over the full absorbed dose range. humidity for dosimetry systems whose performance is affected
by these environmental conditions (see 8.8, and Notes 9 and
9. Interpretation of Absorbed Dose in a Product 10).

9.1 Generally, the absorbed dose in an irradiated food or 10.5 Document or reference the method used to convert
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dosimetry measurements to absorbed-dose values in water. agreement, and bias is a systematic error (see ASTM Terminologies E 170

10.6 Document the value and the assigned uncertainty of th@nd E 456 and ASTM Practice E 177). The purpose of using the method
measurements of absorbed dose. of expressing uncertainties as Type A and Type B recommended in the ISO

. uide to the Expression of Uncertainty in Measuren{&fj is to promote
10.7 Document or reference the measurement quality assugn understanding of how uncertainty statements are arrived at and to

ance plan used for the routine dosimetry. provide a basis for the international comparison of measurement results.
11. M U . Note 16—ISO/ASTM Guide 51707 defines possible sources of error in
- Measurement Uncertainty dosimetry performed in radiation processing facilities and offers proce-

11.1 To be meaningful, a measurement of absorbed doskires for estimating the resulting magnitude of the uncertainties in the
shall be aees j A—esti e ertain ompdie ement re Basi ncepts of me ement, estimate of the

nents of {incertainty shall be identified as belonging to one 0rf’neasured value of a quantity, “true” value, error anghUncertainty are
defined and discussed. Components of uncertainty ‘argl discussed and

two groups: - ; . . . .
. . methods are given for evaluating and estimating._their| values. Their
11.1.1 [Those which are evaluated by statistical methods, Qiniributions to the standard uncertainty in, the”reporfed values of

11.1.2 [Those which are evaluated by other means. Addiapsorbed dose are considered and methods;are given fof calculating the
tional infgrmation is given in ISO/ASTM Guide 51707 and combined standard uncertainty and an €stiate of ovefall (expanded)
Refs (9 ahd 10), where these components are referred to agincertainty.
Type A arld Type B, respectively. In reporting uncertainty, other.

classificafions such as precision and bias may be useful. 12. Keywords AN . .
12.1 absorbed dose; calibration facility; dose |traceability;

Note 15+ The identification of Type A and Type B uncertainties are dosimeter: dosimeter seléction: dosimeter calibrqtion: dosim-
based on the methodology adopted in 1993 by the International Organi- - o L Do
zation for |Standardization (ISO) for estimating uncertainty. This isetry system; electron_beam; gamma ray; ionizifg radiation;

different frgm the way uncertainty has been traditionally expressed ifPfimary—standard dasimeter; quality assurance; fadiation pro-
terms of precision and bias, where precision is a measure of the extent &£SSING; reference—s_tandard dosimeter; routine dosimeter;
which replicate measurements made under specified conditions are tnansfer—standard dosimeter; ICS 17.240

n
0

ANNEXES

(informative)

Al. INTERPRETATION OF ABSORBED DOSE

Al.1 FKor irradiations using a photon source, the‘dosimeter ~ TABLE ALl.1 Electron Mass Collisign Stopping Powers,
may be cpnsidered as a cav{f§) in the material.ifiterest, and Slp (MeV cm*/g)

the intergretation of absorbed dose in matefials is as foIIows:EIectron Air Water Polystyrene  Bone LiF
. . . . . energy
Al.1.1 (If the sensitive region of the desimeter is very thin (vev)
compared to the range of the highest\energy secondary elegro1 19.75 22.56 22.23 19.71 17.96
trons, thgn most of the energy deposited in the dosimeter and-02 11.57 13.17 12.96 1161 10.55
in the malerial surrounding it results from secondary electrons’% 6848 v 7631 6.903 6.252
i X . 4 $0.06 5.111 5.797 5.688 5.163 4.670
produced|outside the dosimetéek(that is, in the equilibrium layero.os 4.198 4.757 4.666 4.246 3.838
of materigl). Thus, the absorbed dose in the matebg|,is 0.1 3.633 4.115 4.034 3.678 3.323
iven by 0.2 2.470 2.793 2.735 2,507 2.261
g Y- 0.4 1.902 2.145 2.101 1.931 1.737
(gp) 0.6 1.743 1.956 1.911 1.760 1.583
D= S/—'" q (A1.1) 0.8 1.683 1.879 1.832 1.690 1521
( p)d 1 1.661 1.844 1.794 1.658 1.491
. 2 1.684 1.825 1.768 1.643 1.474
where: o ) 4 1.790 1.877 1.816 1.697 1513
(Sh), and(Sp)y = mass collision stopping power for the 6 1.870 1.919 1.859 1.740 1.547
surrounding material and dosimeter 8 1.931 1.951 1.891 1773 1.572
N 0 1979 1976 1916 1799 1592
respectively, and _ 20 2.134 2.051 1.989 1.874 1.654
Dy = absorbed dose in the dosimeter. 40 2.282 2.120 2.053 1.942 1711
Al1.1.1.1 Values of mass collision stopping powers are given®° 2.341 2.157 2.089 1.978 1.742
in Table A1.1 (see ICRU Report 37).
Al.1.2 If the sensitive region of the dosimeter has a
thickness much greater than the range of the highest energy
secondary elections, then most of the energy deposited in it b _ (Hen /P)m (A12)
results from the secondary electrons produced within the ™ (Men /p)g ¢ '

dosimeter itself. Thus, the absorbed dose in the material is h
given by: where

10 © ISO/ASTM International 2002 — All rights reserved
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= mass energy-absorption coeffi- Al.1.3, then the absorbed dose in another material of interest,

cients for the material and dosim- M, irradiated under essentially identical conditions, is given

eter, respectively. by:

A1.1.2.1 Values of mass energy absorption coefficient are
given in Table A1.2 and Reffl) and (32).

Al1.1.3 If the sensitive region of the dosimeter has a
thickness between the two limits discussed in Al.1.1 andWhere:
A1.1.2, then Eq Al.1 and Eq Al1.2 may be combined with Zm

U O Ielie cIc

(Fen/Pre

Drrp = (Hen /P ml

absorbed dose in materiad,,
absorbed dose in materi

mass energy absorption
materialm.

Ve

0 nre
(Men/P)m coeffig
1.1—The collision stopping powers and energy absorption . .
coefficiefts are energy dependent; however, for low atomic number NOTE Al.2—For a photon energy spectrum incldding ¢
4 and for the energy range considered in this guide (0.1 to 590 keV: the ratios of mass energy absorption“coefiicien
e ratios of the stopping powers and energy absorption coefficient§'1-3 are essentially equal to unity for, mpst food or pg
do not vary significantly as a function of energy. For these conditions, thé:ompared to water.
in the absorbed dose given in Eq Al.1 and Eq Al.2is usually A1.1.5 A correction for radiation energy def
!ess' thar) 10 %. Rgtios of mass energy absorp_ti_on coefﬁc_ients are plottggl necessary in the case.6f.materials having pH
in Fig. AlL.1 and Fig. A1.2. Ratios of mass collision stopping powers arepropel,,[ies greatly differentfrom water (such as

(A1.3)

rest, and

ient for the

nergies down to
t in Eq A1.2 and
lymer materials

endence may
oton absorption
pone or metal).

lotted in Fig. A1.3. . .

P g ] If the photon energy.spectrum at the point of|interest has a
AL.1} If the absorbed dose has been determined undefgnificant companent below 0.2 MeV and, if tHe spectrum is
equilibrjum conditions in a materiaip, by A1.1.1, A1.1.2, or  known, then a hodre accurate absorbed-dosé value can be

obtained by integration of Eq Al1.2 or Eq Al1.3,|or both, over
TABLE A1.2 Photon Mass Energy Absorption Coefficients, p enlp the entire-photon energy spectrum (see A1.1.3).
(cm?/g) (32) s .
F— e Weier Polystyrene Bone T Al.2\Forirradiations using an electron sourcg, the absorbed
Energy daséyin the material can be interpreted as follows:
(Mev) Al.2.1 At any given depth in a material of interest the dose
8-8; g-;‘s‘gg g-g‘s‘gs (1)-2(1)35 36632 3-2234 may be determined with a dosimeter that is thin compared to
004 006833 006947 003264 04507 0.07890 the range of the incident electrons. The absorbgd dose may be
0.06 0.03041 003190  0.02172  0.1400 0.03223 calculated using Eq Al.1. However, all of rre following
8-28 8-85‘3‘% 8-822% 8-8282 8-822:2 gggggg conditions are necessary: (a) the depth in the naterial shall be
0.2 002672 003192 002857  0.03003 0.02484 Iess_ _than the _incident electron range; (b) the| ratio of mass
0.4 002949 003279 003175  0.03069 0.02734 collision stopping powers (material/dosimeter) ghall be essen-
8-2 8-8;323 g-gg;gg 8'82132 8-8283; g-g%?i tially constant; and (c) the degraded electrons gt a given depth
IS 002789 003103 003006  0.09875 0.02585 shall have sufficient energy to traverse the_ dosimeter thickne;‘s.
2 0.02345  0.02608 0.02524 002421 0.02173 Therefore, for materials considered in this guigle, Eq Al1.1 is
4 001870  0.02066  0.01979 (\0.01975 0.01733 ; ;
s 001647 001806 0.01708 \D0.01788 001528 valid for electron energies down to about 0.05 t0]0.1 M88).
?o g-gii;g 8-81222 8-83‘512 8-81232 8-81;4112 Note Al.3—For most cases, this method of absorbed-dose interpreta-
%0 0.01311 001382 T2 0.01568 001211 tion requires an incident beam energy of at least 0.9 MeV. However,
20 0.01262 0.01298 5701128 0.01546 0.01154 energies down to 0.1 MeV may b(_e used for_surface treafment of product_s.
60 0.01242 0.01261 0.01086 0.01511 0.01123 Measurements of absorbed dose in a material at such loyv incident energies
may be difficult to interpret.
© ISO/ASTM International 2002 — All rights reserved 11
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FIG. Al.2 Ratios of Mass Energy Absorption Coefficients — Expanded View

7 ......
6
¥ ! '-._./Bone
£ sk
= ;
&4
=, Air
E 3 !
= LiF
g 2 - -L 5
2
s ot N
_____~Polystyrene
0 1ol 1 1!'1111' | oty el 1 v a1l 1 bl L 1 111
0.01 0.1 l 10 100
Photon Energy, MeV
FIG. Al.1 Ratios of Mass Energy Absorption Coefficients
1.4
] LiF
g 121 e, /
/‘\a 1 '0 ™ . /\-——-—_-—\ " -
3 T e =
< ogf Ar ST
g =
< 06 - N /\Polystyrene
g 7 J/
0.4 ~ ——ts
02!!!' 1 1 l!!llil 1 1 !!'!l!' 1 ’!ll!ll' [ L Lol Ll Ll
0.01 0.1 1 10 100
Photon Energy, MeV

12

© ISO/ASTM International 2002 — All rights reserved


https://standardsiso.com/api/?name=2b55f5b65062e71c0e50beca0f36fe63

ISO/ASTM 51261

1.15

1.10 |- .
r /
1.056 - Polystyrene

A2.1

as follows: transit dose.

A2.111 In the first method, select a series of incremental _ _
irradiation times that start as close to zero as.is possible with A2.2 To calculate a corrected timer setti
the spegific dosimetry system employed. It maybe necessary ttradiations, first convert the transit dose into

utilize g

capabillty such as alanine) than the system normally employeBy the current dose rat®}. Subsequent timer se
for roufine use. Use at least five different irradiation times.calculated using the formula:

Analyz¢ the results using linear regression analysis. A graph of D

the results should look similar te’ Fig. A2.1. Note that the t=— —t,

intercept with the Y axis gives-the value of the transit dose. D

A2.1,
dosime
and pe
times t
obtain

z
2 1.00F _ \ /
m \—h < -
< 0.95F —
E 0.90 - . // .
/a . ._.—._--:“"”"‘""—-—. — ——-\
2 0.85 - Bone
) LiF
0.80 = rereremr I
0.75 ol 1 | lxlnvl (1 IR EEES ] 1 1111111 1 1.1 111
0.01 0.1 1 5 -
Electron Energy, MeV.

FIG. Al1.3 Ratios of Mass Collision Stopping-Powers

A2. DETERMINATION OF FTRANSIT DOSE

:2002(E)

Two methods for the determination of transit dose‘arecalculate the average of the three measurenients to get the

dosimetry system with a higher sefsitivity (lower doseirradiation time (transit time,); that is, divide the

P In the second-method, select a high sensitivity where:
fer such as the/Ficke. Set the irradiator timer at zer@, = the target dose and t is the timer settir
form ten irradjation cycles. The dosimeter receives ten achieve that dose.
e transit . dese; hence divide the total dose by ten to
he transit.dose. Repeat this process three times, and

© ISO/ASTM International 2002 — All rights reserved 13
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FIG. A2.1 Transit Dose Effect
A3..SOURCES OF UNCERTAINTY
A3.1 [This annex lists some of the factors that could A3.2.6 Absorbed dose delivered to dosimeterd during cali-
contribute to the uncertainty in the measurement of absorbelration,
dose for p specific dosimetry system:“Because of the diverse A3.2.7 Calibration of radiation source used [to irradiate
types of dosimeters covered in this guide and the large numbelosimeters during calibration,
of possibje applications, no attempt is made to quantify the A3.2.8 Determination of dosimetry system reqponse func-
potential uncertainties for aspecific dosimeter type. Not all otion (calibration curve),
the factofs listed are applicable to any specific dosimeter A3.2.9 Dosimetry response dependence on gnvironmental
system, fut they illustrate the range of possibilities that mayonditions (for example, temperature, humidity, atmosphere),
need to Qe considered. before, during, and after irradiation,
) ) _ A3.2.10 Stability of dosimeter response befofe and after
A3.2 Rossiblefactors that may contribute to the uncertaintyrradiation,
in absorbpd-dose measurements are listed below. These lists are\3.2.11 Dosimeter response dependence on|dose rate or
not intended-to be exhaustive. but are illustrative of some of th@gse fractionation{dose delivered-in-discrete-stebs), or both,

more common sources of uncertainties in radiation dosimetry. A3.2.12 Dosimeter response dependence on geometrical
A3.2.1 Variation in response of a group of dosimeterseffects (for example, the size and orientation of the dosimeter),

irradiated
A3.2.2
A3.2.3

to the same dose level, A3.2.13 Dosimeter response dependence on
Variation in thickness of individual dosimeters, energy spectrum between calibration and produc
Dosimeter system analytical instrumentation (forsources,

differences in
tion radiation

example, variation in absorbance reading, wavelength setting, A3.2.14 Calibration of dosimetry system analytical equip-

etc.),
A3.2.4

simeters (for example, timing of irradiations, transit dose),

A3.2.5

ment,
Reproducibility of absorbed dose delivered to do-
surrounding dosimeters, and

Irradiation source decay correction for given date, A3.2.16 Value of half-life of the source.

14 © ISO/ASTM International 2002 — All right:
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A4. EXAMPLES OF DOSIMETER CHARACTERISTICS

TABLE A4.1 Alanine/EPR Dosimeter

TABLE A4.3 Cellulose Acetate Dosimeter

Note—For more information on this dosimetry system,
Practice 51650.

ISO/ASTM 51261:2002(E)

see ISO/ASTM

Applicable Dose Range: 5 X 10° to 10° Gy.
Applicable Dose Rate: 3 X 1072 t0 3 X 107 Gy s™%.

NoTe—]
Practice

51607.

Applical
Applical
Use: El

ble Dose Range: 1 to 10° Gy.
le Dose Rate: <10® Gy s™%.
ctron/gamma ray/X ray

Physical Characteristics:

This
5-mr

dosimeter is used in the form of tablets, small rods, or rope of 3 to
diameter and various lengths, consisting primarily of a-alanine and

a small amount paraffin or other binder.

Instrum

Environ
Tem
latio
Hum|
Amb

bntation Characteristics: EPR spectrometer.
nental Factors:
erature: Irradiation temperature coefficient varies with alanine formu-

dity: Somewhat sensitive to humidity. May require preconditioning.
ent Light: Not generally sensitive to UV light.

NoTe—
Practice

TABLE A4.2 Calorimetric Dosimetry Systems

51631.

Dose R
Applical
Use: El
Physica

Gen

ener
Instrum
Environ

hnge: Approximately 102 to 10° Gy.

le Dose Rate: > 10 Gy s™%.

ctron/gamma ray/X ray.

Characteristics:

rally designed in cylindrical shapes. The dimensions depend on the
hy of the electron beam, gamma, or X-ray spectrum.

Entation Characteristics: High sensitivity voltage or slxrent meters.
nental Factors:

Temperature: Not applicable.

Hum|
Amb

dity: Not applicable.
ent Light: Not applicable.

For more information on this dosimetry system, see ISO/ASTM

For more information on this dosimetry system, see ISO/ASTM

Use:
Electron/gamma ray/X-ray. Appropriate corrections factors_m
between electron and gamma ray use.

Physical Characteristics:
Most cellulose acetate films are produced in 8-mm wide rolls
dosimetry.

Instrumentation Requirements: UV spectrophétometer (various

Environmental Factors:
Temperature: Irradiation temperature cOgfficient approximatel
(o)™
Humidity: This dosimeter is senSitive to changes in humidity.
Ambient Light: These dosiméters are not sensitive to ambient
tions.

t be applied

pspecially for
avelengths).

+0.5%

light condi-

TABLE.A44 Ceric Cerous Sulfate Dosimeter

Note 1—The 'solutions may be evaluated by platind
terms of changes in cerous concentration according to
of a poténtiemeter.

Notg, 2*—For more information on this dosimetry sy
ASTM Practice 51205.

m electrodes in
millivolt readings

stem, see 1SO/

Applicable Dose Range: 5 X 102 to 10° Gy.

Applicable Dose Rate: <10° Gy s™*

Use: Electron/gamma ray/X ray.

Physical Characteristics:
The typical dosimeter consists of an aqueous solution of 1.5
dm™ Ce(S0,),, Ce,(S0,)s and 0.4 mol dm™2 H,SO,. The do|
usually irradiated in sealed 2-mL glass ampoules of 10-mm in|
Before spectrophotometry, solutions are diluted 50 or 100 tim
mol dm~ sulfuric acid.

Instrumentation Requirements: .
UV spectrophotometer (usual wavelength: 320 nm); electroch
tiometer (see Note 1).

Environmental Factors:
Temperature: Irradiation temperature coefficient varies with C4
centration.
Humidity: Not applicable.
Ambient Light: These dosimeters are not sensitive to normal
conditions.

1072 mol
Eimeter is
her diameter.
s with 0.4

bmical poten-

3* jon con-

mbient light
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