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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

rights.
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Appl

Anngxes Al and A2 of this Inteérnational Standard are for information only.

the International Organization for Standardization) is a worldwide federation of national standards bod

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 closely 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 52116 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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Standard Practice for
Dosimetry for a Self-Contained Dry-Storage Gamma-Ray
Irradiator *

ThIS standard is issued under the fixed designation ISO/ASTM 52116; the number immediately following the designation indicates the

Tattat=\l adnnhnn Oy n-the-case-of rn\nclnn the-vearof lastravision
24

1. Scope 2. Referenced documents

1.1 This practice outlines dosimetric procedures to be fol- 2.1 ASTM Standards:
lowed With self-contained dry-storage gamma-ray irradiators. E 170 Terminology Relating tonRadiation N
If followed, these procedures will help to ensure that calibra- and Dosimetry

fleasurements

tion angl testing will be carried out with acceptable precision E 177 Practice for Use of the-“Terms Precisi
and acfuracy and that the samples processed with ionizing ASTM Test Method3

radiation from gamma rays in a self-contained dry-storage E 456 Terminology Reélating to Quality Statis
irradiatpr receive absorbed doses within a predetermined E 1026 Practice for\Using the Fricke Refers
Dosimetry System

irradiators, namely self-contained dry- tion Hardness Testing of Silicon Electronic [
137Cs or®%Co irradiators (shielded freestanding irra-  Co-60 Soufces

. It does not cover underwater pool sources, panoramic 2.2 |SOJASTM Standards:

-ray sources such as those raised mechanically or51204 Practice for Dosimetry in Gamma Irra|
) ties for Food Processifg

ator, nor does it cover self-contained bremsstrahlung., 51205 Practice for Use of a Ceric-Cerous Sul
i System

Systems for Radiation Processing
51275 Practice for Use of a Radiochromic F
System

cedure$ specific to dosimetry in blood irradiation, see 1SO/ 51310 Practice for Use of a Radiochrg

ASTM Practice 51939. For proceduresspecific to dosimetry in ~ Waveguide Dosimetry Systeém

radiation research on food and sagticultural products, see 51400 Practice for Characterization and Pe

ISO/ASTM Practice 51900. For procedures specific to radia- High-Dose Gamma Radiation Dosimetry

tion hatdness testing, see ASTM Practice E 1249. For proce- Laboratory

dures gpecific to the dosimetry-in the irradiation of insects for 51401 Practice for Use of a Dichromate Dosi

sterile release programs,see ISO/ASTM Guide 51940. In those 51431 Practice for Dosimetry in Electron ang

cases ¢overed by ISO/ASTM Practices 51939, 51900, 51940, ung Irradiation Facilities for Food Processf,

or ASTIM E 1249, those-standards take precedence. In addition, 51538 Practice for Use of the Ethanol Chlor

this practice doesot cover absorbed-dose rate calibrations of simetry Systerh

radiation protection instrumentation. 51540 Practice for Use of a Radiochromic L
1.5 This standard does not purport to address all of the etry Systerd

safety encerns, if any, assomated with its use. It is the 51607 Practlce for the Use of the Alanine-E

n and Bias in
ffcs
ence Standard

bevices Using

diation Facili-
fate Dosimetry
of Dosimetry

Im Dosimetry

mic Optical

formance of a
Calibration

metry Syétem
Bremsstrahl-

L)
pbenzene Do-
iquid Dosim-

PR Dosimetry

respongibii
priate safety and health practlces and determlne the appllca- 51608 Practice for Dosimetry in an X-Ray
bility of regulatory limitations prior to use. ung) Facility for Radiation Processifg

(Bremsstrahl-

51650 Practice for Use of the Cellulose Acetate Dosimetry

System
51702 Practice for Dosimetry in a Gamma |

This practice is under the jurisdiction of ASTM Committee E10 on Nuclear CI|Ity for Radiation Processm’g

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 June 21, 2002. Published Dec. 15, 2002. Originally
published as ASTM E 2116-00. Last previous edition ASTM E 2116-00.

2 Annual Book of ASTM Standardgol 12.02.
2 Annual Book of ASTM Standardgol 14.02.
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51707 Guide for Estimating Uncertainties in Dosimetry for D de @)
Radiation Processifdg dm

51900 Guide for Dosimetry in Radiation Research on Food 3.1.1.1 Discussior~The discontinued unit for absorbed
and Agricultural Products _ dose is the rad (1 rad = 100 erg/g = 0.01 Gy). Absorbed dose

51939 Practice for Blood Irradiation Dosimetry is sometimes referred to simply as dose. For a photon source

51940 Guide for Irradiation of Insects for Sterile Releaseunder conditions of charged particle equilibrium, the absorbed
Programs dose,D, may be expressed as:

2.3 International Commission on Radiation Units and

Measure eports — )

ICRU 14 Radiation Dosimetry: X-Rays and Gamma Rays P

with Maximum Photon Energies Between 0.6 and 50 MeV where:

ICRU 44 Tissue Substitutes in Radiation Dosimetry and ® particle fluence (particlesf)

Meagurement E = energy of the ionizing radiatior’ (J/parti¢le), and
ICRU b1 Quantities and Units in Radiation Protection Hefp = mass energy absorption "coefiicient “fkm). If

Dosiinetry bremsstrahlung production within thel specified
ICRU 60 Fundamental Quantities and Units for lonizing material is negligible,\the mass energy|absorption

Radigtion Metrology coefficient (4,/p).1s.equal to the mags energy
2.4 ANSI Standards: transfer coefficient (j/p), and absorbed dose is
ANSI N323, Radiation Protection Instrumentation Test and equal to kerma if, in addition, charggd particle

ation equilibrium_exists.

eport N433.1, Safe Design and Use of Self- 3.1.2 absorbed-dese mappirgmeasurement of| absorbed
Contgined, Dry-Source Storage Gamma Irradiators (Catdose within a process load using dosimeters placed at specified
egory |) locations to-pfoduce a one-, two-, or three-dimenisional distri-

2.5 NCRP Publication$: bution of~aksorbed dose, thus rendering a map |of absorbed-

. 3.4:3 absorbed-dose rate '(D—the absorbed dose in a
NCRP Report No. 69, Dosimetry of X-Ray and Gamma Raymaterial per incremental time interval, that is, thg quotient of

to 50, MeV S
2.6 ISP Publications’ D= ®)
ISO/IEC 17025, General Requirements for the Competence ) L

of C4libration and Testing Laboratories Slunit: Gy - §°.

ISO 1[137 Sterilization of Health Carec-PRroducts— 3.1.3.1 Discussion—The absorbed-dose rate often is speci-
Reqyirements for Validation and Routine Control- fied in terms of total value ob as a function of lopger time

Radiation Sterilization intervals, for example, in units of Gy-mihor Gy-h1.
2.7 IAEA Publication? 3.1.4 activity (A)—of an amount of radioactive nuclide in a
IAEATECDOC-619 X-Ray and Gadmma-Ray Standards forparticular energy state at a given time, the quotieniby dt,
Detegtor Calibration wheredN is the expectation value of the number?f spontane-
3. Termirjology ous nuclear transformations from that energy state in the time
3.1 Definitions: interval dt (ICRU 60).
3.1.1 absorbed dose {Byquantity of ionizing radiation A= dN Unit: s )
energy inpparted per unit'mass of a specified material. The SI dt '

unit of apsorbed .dgse is the gray (Gy), where 1 gray is The unit of activity,A, is the becquerel (Bq).
equivalerft to the-absorption of 1 J/kg of the specified material 3.1.4.1 Discussior—The former special unit of agtivity was
(1 Gy = 1§ J/kg)\’Fhe mathematical relationship is the quotienthe curie (Ci).
of de by dmywherede is the mean incremental energy imparted _ o 1 o
by ionizi o ; (see 1Ci=3.7x10"°s? = 3.7x 10" Bq (exactly (5)
ICRU 51). The particular energy state is the ground state of the nuclide
- unless otherwise specified. The activity of an amount of
4 International Commission on Radiation Units and Measurements (ICRU), 791dadioactive nuclide in a particular energy state is equal to the
Woodmont Ave., Suite 800, Bethesda, MD 20810, U.S.A. product of the decay constamnt, for that state and the number

y ézmerican National Standards Institute, 25 West 43rd St., New York, NY 10036,of nuclei in the state (that i% — N)\) (see decay constant).

6 National Council on Radiation Protection (NCRP), 7910 Woodmont Ave., Suite 3.1.5 calibration—the process whereby the response of a
800, Bethesda MD 20814, U.S.A. measuring system or measuring instrument is characterized

7 International Organization for Standardization (ISO), 1 rue de Varembé, Casghrough comparison with an appropriate standard that is
Postale 56, CH-1211 Geneva 20, Switzerland. let ti Il int ti I ized standard

& International Atomic Energy Agency (IAEA), Wagrammerstrasse 5, P.O. Boxtr‘?’lceab €10 a nauonally or internationally recognized stanaard.
100, A-1400 Vienna, Austria. 3.1.6 calibration curve—graphical representation of the

2 © ISO/ASTM International 2002 — All rights reserved
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dosimetry system'’s response function.

3.1.7 calibration facility—combination of an ionizing radia- ~ 3.1.16 exposure rate (¥—the quotient ofdX by
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was the roentgen (RL R =2.58 X 10 C - kg™ (exactly).

dt, where

tion source and its associated instrumentation that providesd@X is the increment of exposure in the time intertl,

uniform and reproducible absorbed dose, or absorbed dose rate,
traceable to national or international standards at a specific
location and within a specified material, and that may be used
to derive the dosimetry system’s response function or calibra-
tion curve.

3.1.7
ments |

X
X=G
Unit: C kg™t s™

3.1.17 half life (t,,,)—seedecay constant.

h units of exposure (see 3.1.15).

3.1.8|canister—a container, usually an aluminum or steel
cylindef, used to house the sample, or simulated produc
during the radiation process.

3.1.9|charged particle equilibrium-the condition that ex- ) . ; o N,
ists in 4n incremental volume within a material under irradia-Stationary shielded |rrad_|at|on poglebn z_;\nd Whe_”.
tion if the kinetic energies and number of charged particles (0|‘S completed, to move it to {1, Unloading positi

each type) entering that volume are equal to those leaving that 3.1.20 irradiator sample“chamber-the accessi
volume

volume in which a samplé’or sample holder mg
3.1.9|1 Discussior—When electrons are the predominant the loading/unloadipg\ position of the irradiato
charged particle, the term “electron equilibrium”

is often usegd@mma cell) priorto-irradiation, and which can
to desgribe charged particle equilibrium. See also the discu@' the S?mp'? positioning SySte”.‘ o the iradia
sions aftached to the definitions of kerma and absorbed dose g13'1'21 irradigyor t_urntablt_e—d(_aw_ce usgd to ro
ASTM E 170. iated sgmplgs durllng the irradiation to improve
3.1.1p decay constantN)—of a radioactive nuclide in a dose ynjformity ratio.
particulpr energy state, the quotientd#f by dt, wheredP is the
probabllity of a given nucleus undergoing spontaneous nucle
transitign from that energy state in the time interval dt (ICRUt

positioning system back and forth between
ynloading and the irradiation positions.

" 3.1.19irradiator rotor—the sampl&D position
used to load the sample or sample, holder, to

mple, with an annular array of radiation sourc
e 'sample, may not need a turntable.
3.1.22isodose curve-lines or surfaces of

°0) sorbed dose through a specified medium.
A= Unit st (8) 3.1.23 measurement intercomparisefa proceg
an on-site measurement system is evaluated ag
3.1.1p.1Discussior-The quantity (In 2)X is cemmonly  ment of a standard reference device or material
called half life,t,,,, of the radioactive nuclide, that-is, the time g g nationally or internationally recognized sta
taken fpr the activity of an amount of radioactive nuclide to  3.1.23.1 Discussior—In radiation processing
becomg half its initial value. standard or transfer standard dosimeters are i

3.1.1f dose uniformity ratie-ratio oftmaximum to mini- jrradiation facility, and sent to another for
mum apsorbed dose within the process load. The concept éxample, an issuing laboratory may send do
also referred to as the max/min dose ratio. irradiation facility and the irradiated dosimeters|

3.1.1p dosimeter—a device that, when irradiated, exhibits a to the issuing laboratory for analysis.

®)

er in which

TD—hl_l—rrﬁl_gH&mWscussmn— Oome manuiacturers caliprate instra- o oreT )
the sample to be irradiated is transported) by the sample

the loading/

ing system
rotate it to the
the irradiation
on.

ble enclosed

y be placed in
I (typically a
be transported
fion position.
ate the irra-
(decrease) the

3.1.21.1 Discussior—Some irradiator geometries, for ex-

bs surrounding
onstant ab-

s by which
ainst a measure-
that is traceable
ndard.

reference
radiated at one
analysis. For
simeters to an
are sent back

quantifiable change in someZproperty of the device which can 3.1.24 kerma (K}—the quotient ofiE, by dm wieredE, is

be relajed to absorbed-dgse in a given material using appréhe sum of the initial kinetic energies of all

priate measurement instrumentation and techniques. particles liberated by uncharged particles in
3.1.1B dosimetry{systema system used for determining material.

absorbg¢d dose,‘consisting of dosimeters, measurement instru-

ments and theirassociated reference standards, and procedures

for the pystem’s use.

dE,

_ ot i -1
K=4gm Unit:J kg

The special name for the unit of kerma is grg

the charged
h mdss of

)
y (Gy).

3.1.1x'electron equilibriuma—charged particle equilibrium
for electrons.

3.1.15 exposure (X)-the quotient ofdQ by dm, where the
value ofdQis the absolute value of the total charge of the ions®
of one sign produced in air when all the electrons (negatron
and positrons) liberated by photons in air of maka are
completely stopped in air (ICRU 60).

dQ
X=am

Q4 o0 + Lt 1
o- L.zo Measttementguanty-assurance ma'ﬁ'd

program for the measurement process that

ents of the specific applications. This plan req
recognized standards.

by means of an unbroken chain of compariso
surement is in agreement within acceptable li
Unit: C kg™ tainty with comparable nationally or international
3.1.15.1 Discussior—Formerly, the special unit of exposure standards.

@)

© ISO/ASTM International 2002 — All rights reserved
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ensures on a

ontinuing basis that the overall uncertainty meets the require-
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ity to, and consistency with, nationally or internationally

3.1.26 measurement traceabilitythe ability to demonstrate

ns that a mea-
mits of uncer-
lly recognized
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3.1.27 radioactive—source decayspontaneous nuclear accessible irradiator sample chamber connected with a sample
transformation of an unstable nucleus, with emission of gositioning system, for example, irradiator drawer, rotor, or
particle or photon or both; rate of decay usually is expressed iirradiator turntable, as part of the irradiation device.
terms of radionuclide decay constant or half-life. 4.2 Self-contained dry-storage gamma-ray irradiators can be

3.1.28 reference-standard dosimetea dosimeter of high used for many radiation processing applications, including the
metrological quality, used as a standard to provide measuréollowing: calibration of dosimeters; dosimeter studies for
ments traceable to and consistent with measurements maggsearch; irradiations of relatively small samples for inducing
with primary—standard dosimeters. desired radiation effects or for radiation process validation

3.1.29 yEsettimer—arT efectroric t e al_ purposes; Irradiation of materials or biological samples for
is equippgd as part of the irradiator to time the period for whichprocess compatibility studies; batch irradiations/pf microbio-
the samyle is to be irradiated. Besides the timer, it containkgical, botanical, or in-vitro samples; irradiation of small
reset buttons or switches for rezeroing the timer clock, and it i;inimals; radiation “hardness” testing of: eléctrofics compo-
usually cpnnected to the sample positioning system, irradiataients and other materials; and batch adiation processing of
drawer, of irradiator rotor. relatively small containers of samples,*such as blgpod products,

3.1.30 foutine dosimeter-dosimeter used for routine insect canisters, prosthetic devices,’and pharmageuticals.
absorbedrdose measurement, calibrated against a primary-,
referencd-, or transfer-standard dosimeter. Note 1—In the case of irradiated“health care products| pharmaceuti-

3.1.31 $ample holder—a relativelv small container that fits cals, foodstuffs, animals and plants, the assurance that they are properly
o pamp y irradiated is of crucial importance. The irradiator operator] must demon-

f"‘t a f'xed or repeatable position in the enclosed C,hamber of ths‘%rate by means of accurate)absorbed dose measurementf in sample, or in
irradiatior device that serves to hold the sample in a reproduGimulated product, thai-ihe specified absorbed dose i achieved (see
ible way, find, in the case of dosimeters being calibrated, serveso/ASTM Guide 51261, 1ISO/ASTM Practices 51204, 51400, 51702, and
to provid¢ standardized electronic equilibrium conditions durdSO 11137). For most applications, the absorbed dose |s expressed as
ing irradigtion. The sample holder often is referred to as theabsorbed dosg ip water (see ISQ/ASTM Guide 51261). Fof conversjpn of
product holder. abs_sorbed dose_ in water to that in other materials, for example, silicon,
3.1.32 $imulated produet-a mass of material with attenu- solid-state‘devices, polymers, see Annex Al of ISO/ASTM|Guide 51261.
ation and| scattering properties similar to those of the product, 4.3\Self-contained dry-storage gamma-ray irrgdiators con-
material, jor substance to be irradiated. taim,a sealed source, or an array of sealed sources completely
3.1.32.1 Discussior—Simulated product often is used dur-*held in a dry container constructed of solid materials. The
ing irradiptor characterization as a substitute for the actuatealed sources are shielded at all times, and human access to
product, material or substance to be irradiated. When used ithe chamber undergoing irradiation is not physicglly possible
routine prioduction runs, it is sometimes referred to as.comperdue to design configuration (see ANSI N433.1).
sating dummy. When used for absorbed-dose mapping, simu- 4.4 For each irradiator, an absorbed—dose rate|at a reference
lated progluct is sometimes referred to as a phantom materigjosition within the sample or sample holder is measured. That
3.1.33 fransfer—standard dosimetera dosjmeter, often a measurement is used to calculate the timer settirg required to
reference-standard dosimeter, suitable for transport betweejgliver the specified absorbed dose. The irradiator manufac-
different locations, used to compare absorbed-dose measungrer may perform reference-standard measurements and dose-
ments. mapping measurements within the irradiation chgmber.
3.1.34 fransit dose—absorbed dose delivered to irradiated
samples hile the item to be irfadiated in a fixed or turntable Note 2—For reference—standard dosimetry, the absofbed dose and

position moves into or out of ttab position or while the movableabsorbed-dose rate can be expressed in water or other material which has
source mbves into or out.gFIs irradiation position similar radiation absorption properties to that of the samplep or dosimeters

- . | being irradiated. In some cases, the reference—standard dpsimetry may be
3.1.34.1 Discussior-See’ISO/ASTM Guide 51261 for de- performed using ionization chambers, and may be calibrdted in terms of

tails. exposure (C kgh), or absorbed dose in air, water or fssue (gray).
3.1.35 yalidation—establishment of documented evidenceMeasurements performed in terms of exposure apply to ignization in air,

which provides_ & high degree of assurance that a specifiedd care should be taken to apply that measurement to tie sample being

process Will €orisistently produce a product meeting its prede!radiated.

termined [specifications and quality attributes. 4.5 Dosimetry carried out with such sources may be part of
3.2 Definitions of other terms usSed In thiS standard thag measurement quality assurance program that is applied to

pertain to radiation measurement and dosimetry may be foungnsure that the radiation process, test or calibration meets

in ASTM Terminology E 170. Definitions in ASTM Terminol- predetermined specificatiorfs).®

ogy E 170 are compatible with ICRU 60; that document, 4 g Apsorbed-dose mapping for establishing the locations of

therefore, may be used as an alternative reference. minimum ;) and maximum ,,..,) doses usually is per-

4. Significance and use formed using the sample or simulated product (see 9.3).

4.1 Self-contained dry-storage gamma-ray irradiators con-
tain radioactive sources, namel’Cs or ®°Co, that emit

ionizing eleCtromagr_]etiC radiatiop (ggmma rays), under prop-  stpe poldface numbers in parentheses refer to the bibliography at the end of this
erly shielded conditions. These irradiators have an enclosedtandard.

4 © ISO/ASTM International 2002 — All rights reserved
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5. Types of facilities and modes of operation
5.1 Self-Contained Gamma IrradiatorsTypical self-

Ay

ul

7.2 Description of Dosimeter Classes

ISO/ASTM 52116:2002(E)

7.2.1 Dosimetry systems are used to measure absorbed

contained dry-storage gamma-ray irradiators are illustrated if0se. They consist of the dosimeters, measurement instruments
Annex Al. These irradiators house the radiation source(s) in @nd their associated reference standards, and the procedures for

protecti

ve lead shield (or other appropriate solid high atomicthe system’s use.

number material), and usually have a sample positioning 7.2.2 Dosimeters may be divided into four basic classes
mechanism tied to an accurate calibrated reset timer to lower @ccording to their accuracy and areas of application: primary-
rotate the sample holder from the load/unload position to the-standard, reference—standard, transfer—standard, and routine

irradiati
and do
tively in
9.3). D¢
Refs(1
such ir
commo
purport
5.1.1
caniste
that the]
are alo
5.1.2
to, or

mecharism. In this case, a sample is moved to a predeterminea@nges are\given in a table in ISO/ASTM Guide

distanc
may be

51.3
array, r
tion. In
be nect

5.1.4
approp
out the

6. Rad

6.1 T
considg
or 137(
singly @

6.2 d
1.17 ar
emits p
NCRP

6.3 T
5.2708

respect
tain 134

on position. Detalils on the calibration of dosime(@)s ~ dosimeters. ISU/ASTM Guide 51261 provides
5e mapping in such irradiators may be found, respednation about the selection of dosimetry systen
ISO/ASTM Guide 51261 and in this practice (7.3 and applications.
ptails on the designs of such irradiators may be found in 7.2.2.1 Primary—Standard DosimetefsPrimar]
and(3). Details on safety considerations in the use ofdosimeters are established and maintained by
adiators may be found in ANSI Report N433.1. Fourdards laboratories for calibration of radiation
n modes of operation are described. This does ndfields) and other dosimeters. The two most ¢
to include all modes of operation. primary—standard dosimeters™are ionization
One method of use is to rotate the sample holder aggalorimeters.

[ on an irradiator turntable in front of the source such 7.2.2.2 Reference—Standard Dosimeters
only points that remain a fixed distance from the sourcReference—standard dosimeters are used to ca
ng an axis of rotatiofl and 3). environments and-routine dosimeters. Referen
A second method is to move the sample holder closesimeters also may be used as routine dosimetg

b from the source to achieve a desired dose. A turntab&pplication in this practice, the following refere
used to achieve a uniform ddqdég dosimeters may be suitable: alanine, ferrous S
Athird method is to distribute the source in an annulacerie’cerous sulfate solution, potassium/silver
psulting in a relatively uniform absorbed-dose distribudution, ethanol chlorobenzene solution, calorim
this design, the irradiator turntable normally would netization chamber.
pssargl). 7.2.2.3 Transfer—Standard DosimetersTransf
A fourth method is to use opposed sources wittdosimeters are specially selected dosimeters u
iate beam flattening to obtain a uniform dose throughring absorbed-dose information from an accred
sample hold€l). standards laboratory to an irradiation facility
establish measurement traceability for that

ation source characteristics .
dosimeters should be used under carefully co

red in this practice consist of.sealed eIemen‘fQ@;ﬁ _standard dosimeters may be selected from e
s, which are typically linear rqu or pencils arranged_gtandard or routine dosimeters and shall ha
r in one or more planar or_cylindrical arrays.
obalt-60 emits photons with energies of approximatelysige 51261.
d 1.33 MeV in nearly equal proportions; cesium-137 _ _ _
hotons with enerdigs of approximately 0.662 MeV (see Note 3—In the routine operation of a self-contair
58 for the detailed radioactive decay components) irradiator, absorbed-dose measurements made in the
. 50, 137 . " trolled environmental and geometrical conditions of calib
he half-lives-for**Co and ™Cs are approximately processing provide the operator and regulatory aut
(-0.0013) ngars(‘l) a%nd 30-_07. £0.03) years(5), independent quality control record for the documentatig
vely. Iiaddition, th&*’Cs radiation source may con- ) ) . )
s aé an impurity that may affect the dose rate produced /-2-2-4 Routine DosimetersRoutine dosimet

by the

ddation source over time. used for quality control and routine monitoring

detailed infor-
s for different

y—standard
national stan-
environments
bmmonly used
chambers and

\librate radiation
re—standard do-
rs. Examples of

away from, the radiation source using a transporteference—standard dosimeters along with their useful dose

51261. For the
nce—standard
ulfate solution,
lichromate so-
eter, and ion-

br—standard
sed for transfer-
ted or national
in order to
acility. These
ntrolled condi-

he radiation sources used in the-irradiation devicegions as per the protocol of the issuing laborgtory. Transfer-

ither reference-
e performance

characteristics that meet the requirements listed in ISO/ASTM

ed dry-storage
sample under con-
ation, testing, or
horities with an
n procedyre

ers may be
Proper dosi-

6.4

Or gamma-ray sources, the only variation in the SourcaTetrie-teehnifuesinctuding-calibration—shattb

e employed to

output is the known reduction in the activity caused by©€nsure that measurements are reliable and accurate. Examples

radioactive decay. The reduction in the source strength and tH routine dosimeters along with their useful dose ranges are
required increase in the irradiation time for the same dose (sedVen in ISO/ASTM Guide 51261.

Note 8)
by the i

7. Dosi

may be calculatgd) or obtained from tables provided

rradiator manufacturer. dosimetry system be evaluated for those param

with self-contained dry-storage irradiators that
metry systems

7.2.3 Dosimetry System Selectiesit is important that the

eters associated
may influence

the dosimeter response, for example, differences in gamma-—ray

7.1 Dosimetry systems used to determine absorbed dose energy, absorbed-dose rate, and environmental conditions, such
dose rate shall cover the absorbed dose range of interest aad temperature, relative humidity, and light. Guidance as to

shall be calibrated before use.
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ISO/ASTM Guide 51261. Details for individual dosimetry between the absorbed dose for a reproducible geometry and the
systems are given in ASTM Practice E 1026, ISO/ASTMoperating parameters of the irradiatq) to characterize

Practices 51205, 51275, 51276, 51310, 51401, 51538, 51548bsorbed-dose variations when facility and proce
51607, and 51650.
7.3 Calibration of Dosimetry Systems
7.3.1 Prior to use, routine dosimetry systems shall bematerial and other reference materials.

ssing param-

eters fluctuate statistically through normal operations, @yd
to measure absorbed-dose distributions in simulated product

calibrated in accordance with the user’s documented procedure 8.3 Equipment DocumentatierEstablish and document an

that specifies details of the calibration process and qualityrradiator qualification program to demonstrate th

CITIC Or operating WIthir [ ) 1 and w
ce an absorbed-dose distribution in simulat
absorbed-dose measurement is maintained within requirgskedetermined specification. Document for\the
limits. Irrgdiation is a critical component of the calibration of irradiator the descriptions of instrumentation an
the dosimetry system. Detailed calibration procedures aror ensuring the reproducibility in absetbed-do
provided jn ISO/ASTM Guide 51261. within specified limits.

7.3.2 Cplibration Irradiation of Reference— or Transfer- 8.4 Equipment Testing and Calibration
—Standarfl DosimetersCalibration irradiations shall be per- g4.1 Processing EquipmeptThe absorbed dose
formed Ry irradiating the reference— or transfer—standar@ simulated product depends on the operating |{
dosimetefs using a calibration facility that provides an ab+he irradiator.
sorbed dgse or absorbed-dose rate having measurement traceg 4.1.1 Test all processing equipment and ins
ability to hationally or internationally recognized standards. hat may influence.&bsorbed dose in order to verify

7.3.3 Calibration Irradiation of Routine Dosimeters  gperation of the itradiator within the design speci
Calibratign irradiations may be performed in several ways, g 41 2 Implefent a documented calibration

including firradiating the routine dosimeters using a calibration, ¢ ;re that-all processing equipment and instrun

at the irradia-

onsistently

bd product to
life of the
| equipment
5e delivery,

in sample
arameters of

trumentation
satisfactory
fications.
program to
nentation that

facility that provides an absorbed dose or an absorbed-dose r y infléénce absorbed-dose delivery are calibr
having measurement traceability to nationally or internation—ca”y, for.example, the irradiator reset timer mech
ally recognized standards; or an in-house calibration facility, a1 pasis.

that provifles an absorbed dose or an absorbed-dose rate havin
measurement traceability to nationally or internationally rec
ognized gtandards.

ated periodi-
anism on an

®74.2 Measurement EquipmeniThe accurac
“absorbed-dose measurement depends on the co
and calibration of the analytical equipment used in
The self-contained dry-storage gamma-ray irradiators cov-Of the dosimeters.

5 practice are the most typical irradiation devices)used for 8.4.2.1 Check the performance of the analytical equipment
.allbrlatllons as qted here. Calibration laboratories also may UsSeriodically to ensure that the equipment is functiohing accord-
radiation devices. o ing to performance specifications. Repeat this check following
easurement Instrument Calibration*and Perfor- 4y equipment modification or servicing and prior fo the use of
erification-For the calibration, of, the individual he equipment for a dosimetry system calibration| This check
ts used in the analysis of thesdosimeters, and for theyn pe accomplished by using standards such|as calibrated
h of instrument performante) between calibrationsgptical density filters, wavelength standards, qr calibrated

ASTM Guide 51261. ) thickness gages supplied by the manufacturer qr national or
tors that Affect the \Response of Dosimeters g.credited standards laboratories.

Factors that affect the response of dosimeters, including g 45 5 Implement a documented calibration
environmental conditions~and variations of such conditions,qre that all analytical equipment used in the
within the processing {acility, shall be known or taken into yocimeters is calibrated periodically

account (see ISO/ASFM Guide 51261). 8.4.3 Typical testing steps and testing frequend
8. Pre- apd post-installation qualification in Annex A2.

8.1 Pr¢- and(post-installation qualification involves using 8.5 Irradiator Characterizatior—The absorbed
atyintegral stages prior to or after the installatiorceived

y of the
rrect operation
the analysis

NoTe 4—
ered in thi
dosimeter
panoramic

7.3.4 M
mance \
instrumer
verificatio
see ISO/

7.4 Fa

program to
analysis of

ies are given

dose re-
ne irradiator
procedure anufa 0 . ; ity ne of irradia-
criteria, and it usually includes absorbed-dose mapping antion, the geometry of the source, the source-to-sample distance,
measuring the absorbed-dose rate at one position within th#e irradiation geometry and sample holder design, and the
sample chamber. processing parameters such as the irradiation time, the sample
8.2 Objective—When self-contained dry-storage irradiators composition and density, and the sample loading configuration.
are used to irradiate samples in situations requiring validation 8.5.1 In order to facilitate reproducible absorbed-dose de-
of the process and qualification of the facility, the purpose oflivery to the sample, the transit dose should be small relative to
pre- and post-installation dosimetry is to establish baseline datae total dose received by the sample. The effect on transit dose
for evaluating the facility effectiveness, predictability, andcaused by movement of the sample or source to and from the
reproducibility for the range of operating conditions. Forirradiation position should be considered and quantified. Pro-
example, dosimetry can be usgd to establish relationships cedures for measuring and correcting for transit dose in terms

© ISO/ASTM International 2002 — All rights reserved
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t applications are

can be applied as a correction factor to the dose as calculated from the 8-5.7 An important calculation in the use of gamma-ray

calibrated irradiator absorbed-dose rate.
radionuclide source, the reduction in activity

8.5.2 The irradiator characterization process includes maoerxponential. For an initial activity of, (at time =

ping the absorbed-dose distributions on irradiated sample

simulated product (see 9.3). Dosimetry data from previousl;}lt some later timet, is given by:

sources is the correction for radioactive decay. For a pure

with time is
0 which is

sually specified as the date of the last calibration), the activity

characterized irradiators of the same design or theareticAl
calculations may provide useful information for determining
the number and location of dosimeters needed for this charac- Ao
terizatign process or test. where A, is the source activity at time,~“and
8.5.3| Ideally, the irradiation procedure is designed to irra-constant)\, for a given radionuclide,,iscdefined
diate the sample uniformly; in reality, a certain variation in In(2)
absorbed dose through the sample will exist. Absorbed-dose A=
mapping is used to determine the magnitude and locations of
D.,ox ad D, for a given set of operating parameters, for, . . . . .
e;a‘lar);\ple, timgr setting, sample loading configuration. In mosf2 1S the haIf-Ilfe for a given ra‘f;?”“d'de- The
self-conjtained dry-storage irradiator applications the sample igamma-ray emission biyCo and"*'Cs are 5.270

: : ) s years (4) and 30.07-¢:0.03) years(5), respecti
close t@ the centerline axis where the dose-rate distribution i 65.2422 days pé&year, the values koin Eq 11

A

e—}\t

t1/2
where:

relatively uniform; however, when the sample chamber is full 137 )

or nealfly full, the sample may extend radially close to theand Cs aresasHollows:

source%, resulting in pronounced absorbed-dose gradients near For %%Co, \ = 3.60054x 107 day™

the pefiphery of the sample. It is important, therefore, to

choose|a dosimeter, that is able to detect these gradients. For 1¥7Cs,\ = 6.3111% 10° day™
8.5.4| Map the absorbed-dose distribution by placing dosim-

The decay factor is defined as follows:
Af At

Decay Facto= — =€
y Ao

eters t
placem
D

hroughout the sample or simulated product. Select
Nt patterns that can identify the location®gf, and
min®
NoTEe §
located
dry-stord
sions. W]
a turntay
arbitrary
ataleve
result is
irradiatiof

8.5.5
that im
acterizgtion of the irradiator.

8.5.6| Most dry-storage ifradiator manufacturers use a refer-
ence—sfandard dosimetry system to measure the absorbed-dose
rate at fa reference\focation (such as the center of the samplevhere: ) ) )
chambér. That absorbed-dose rate also may be measured wifip: 'S the timer setting necessary to deliver the requirg
routine |dosimeters, which have been calibrated using a calXamPIe Dy at a imet; (TS, is the timer setting at son

. £ X k= 0, to deliver the same target dose.
bration |facility (see ISO/ASTM Guide 51261). The measure-

—In the case of static irradiations, such as when the;dample is, NoTe 8—Examples of using these equations to obtain
bt the center of an annular source array of the sélfcontainedfven as follows: for an elapsed time period of 500 da
ge irradiator, the dose mapping should be donexifi-three dimeficay constants according to Eq 12 and 13, Eq 14 giv
hen a uniform and symmetrically placed sample.is irradiated of®” ~ CO and—Cs of 0.835248 and 0.968934, respecti
le, the dose mapping can be done in two difiensions, such as anoince the absorbed-dose rafe, due to gamma-ray
vertical plane through the axis of rotatidn of a horizontal plang”@dionuclide source also varies exponentially with the g
where the dose distribution is relatively uniform. In this case, th&lose rateD ,, at a given timet, is given by:

h three-dimensional mapping due ¢othe uniform rotation during Dt _ Do e

- where:

Changes in any component of the irradiation systen®, is the dose rate at time Dy, is the dose rate at some ¢

acts the current characterization may require a recha: _ _ )
The timer setting,TS necessary to deliver the targetf

(TS, = (T, - €

(10)

the decay
DS:

(11)
half-lives for
B€0.0013)

ely. Using
for®°Co

(12

(13)

(14)

decay factors are
ys and using the
bs decay factors
vely.

Emission by a
ecay tintae

(15)
barlier tine=(

ed central dose

lyaries inversely with the dose rate or source activity, afd is given by:

(16)

d target dose, for
e earlier time,

b adjustments of

ment miay-Be used to calculate the reset timer setting necessar$Nore 9—Calculations of source decay, and therefor

to deliver the specified absorbed dose to the sample. T = 0 ¢ id i
continued usage of this timer setting, adjusted for source decay,” ). to avoid compounding errors.
will help to ensure that samples will be irradiated, tested, 09, Process qualification
processed to the specified minimum absorbed dose. If the
sample volume occupies much less than the available irradieh-C
tion volume, care must be taken to ensure that Ehg,
delivered to the sample is still within specification (see
10.2.1.1). The frequency of testing depends on the manufa

) ; . %’ample loading configurations or in simulated
turer’'s recommendations and user requirements.

ers, always should be done as referenced to the date of last calibration

9.1 Objective—The purpose of dosimetry in process quali-

ation is to ensure that the absorbed-dose requirements for a
particular sample can be satisfied. This is accomplished by
absorbed-dose mapping (see 9.3) of specific samples and

product repre-

senting the near-worst case geometry to determine the magni-

Note 7—Procedures and typical frequencies for testing of self-tude and location oD, and D, and the irradiator timer

© ISO/ASTM International 2002 — All rights reserved
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setting necessary to achieve the absorbed doses within the sdtenuators, temperature control devices, or bulky fixtures

requirements.
9.2 Sample Loading ConfiguratierA loading configura-

inside the irradiator chamber.

9.3.2 If the locations of absorbed-dose extremes identified

tion for the irradiation should be established for each sampleluring the mapping procedure of 9.3 are not readily accessible
type. The documentation for this loading configuration shallduring routine source operation, alternative positions may be
include specifications for parameters such as sample sizesed for routine dosimetry. The relationships between the
sample mass or sample density, which influence the absorbedbsorbed dose at these alternative positions and the absorbed-

dose distribution.

dose extremes should be established, shown to be reproducible,

NoTe 10
the design

9.3 Sa
MappingH
storage i
desired e
without d
targeting
achieving
lish the |
selected
eters thro
or simula
Dmax and
receive in
sheets m

as illustrgted in Fig. 18).

9.3.1 I
location
irradiator
mapping
amples a

—The sample holder or canister should not be loaded beyonﬁl”u SORUITIETIE.

bd maximum volume.

mple or Simulated Product Absorbed-Dose;
-For each sample treated in the self-contained dry-
radiator there is a minimum dose to achieve th
fect and a maximum dose that the sample can toleraé%
pgradation in quality. Often, the process is defined b
a known dose to the center of the sample Wh”‘?rradiation geometry.

the required minimum dose everywhere else. Estab-

bcations of the regions @, and Dy, for the 19 Routine sample bafch processing

sample and sample loading pattern by placing dosim-
ughout the volume of interest for one or more sample 10.1 Process Pafameters and ContreFor sam

ed product. Concentrate the dosimeters in regions
D in With fewer dosimeters placed in areas likely to
termediate absorbed dose. Dosimeter film in strips
hy be employed to obtain useful informafirb, 7)

9.3.4 When a single radioisotope souree is bei

sorbed-dose distribution. Any<change in the

tion shodld“be controlled and monitored during

any changes that could affect the magnitude o
hf the absorbed dose extremes are made to th
or mode of operation, repeat the absorbed-des
to the extent necessary to establish the effect: e
e the insertions of accessories, such as field-flatteningore 11—It is the responsibility of the user to determine

ese parameters deviate from prescribed proc
ake appropriate actions.

necessary process parameters.

Chambers—Routine measurements of absorbed

Distance From Chamber Base, mm

minimum dose prescribed by the process. Often,
minimum absorbed dose is not measured. T
absorbed dose at the reference dose position s
known and reproducible relationship with the min

10.2.1 Routine Process Monitoring Using Dd
Routine processing monitoring may be performe
tine dosimeters. It can be part of the verification
establishing that the radiation process is under ¢

10.2.1.1 Dosimeter Locatior-Place one or mo
eters on the sample at predetermined locations o
D..in Or at a reference dose position (see 9.3.2).

reproducible relationship witlD,,,, and D,i,. Any
dosimetry at a reference position, which could
center-line dose-rate position where the dose-rat

8s°°Co and'®’Cs, source decay dees-not changs

Mistribution usually is attributed\to a change in th

ocessing, set the operating parameters as estd
process qualification, taking into account source d
(ﬁritical paranjeters that can affect the absorbed-glose distribu-

dose distribution associated with different types of san

10.2 Routine Dosimetry in Full or Partially Fu

9.3.3 Results from the absorbed-dose mapping will be used
to determine the degree of dose uniformity; and fo show that
he irradiation was within specification for that application.

g used, such
the relative

elative dose

e sample or

ble batch
blished during
ecay. All the

routine pro-

cessingyincluding, sample loading, timer setting, and turntable
Irotation. Document the process parameters to he
& sample is processed in accordance with spe

Ip ensure that
cifications. If
essing limits,

the absorbed-
ples, and the

[l Sample
dose to the

sample will help ensure that it has been treafed with the

however, the
e measured
hould have a
imum dose.
simeters

d using rou-
process for
bntrol.

re dosim-
and

he absorbed
ntitative and
accurate

be either a
e distribution

is relatively uniform or the established positions of the maxi-
mum absorbed dosé(,,,) and the minimum absorbed dose

. % v T = ' (Dmin), Offers a quantitative, independent method of achieving
&0 8 01 ! 130 and maintaining standard measurement quality assurance and
Arbitrary X, mm radiation process or test control.

FIG. 1 Example of dose mapping results normalized to a central

dose of 100 %
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10.2.1.2 Dosimeter PlacementThe placement for moni-
toring shall be sufficient to ensure that the absorbed dose
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received by the sample falls within specified limits.

Note 12—The absorbed-dose distribution in the sample or simulate
product should already be known from the pre- or post-installation
dosimetry and dose mapping described in Sections 8 and 9.

10.2.1.3 Environmental EffectsIf there is a change in the

tainty limits.

ISO/ASTM 52116:2002(E)

11.2 If this practice is followed, the estimate of the ex-
(Panded uncertainty of an absorbed dose determined by a
specified dosimetry system should be within specified uncer-

Note 13—The identification of Type A and Type B uncertainties is

environment (for example, temperature or relative humidity) ofoased on the methodology adopted in 1993 by the International Organi-

a dosimeter during the radiation process or pre- or po
irradiation_storage, the response of the dosimeter ma
affecteq(1). If required, correct the dosimeter response for any;, - replicate measurements made under specifiett
such effect. Care also must be taken in handling and storage g§reement, and bias is a systematic error (see ASTM'Te
dosimefers before and after irradiation (see ISO/ASTM Guidend E 456, and ASTM Practice E 177). The puffidse of
51261 and practices for individual dosimetry systems). of expressing uncertainties as Type A and Type\B recomrj
10.2.[L.4 Chilled or Frozen SamplesAbsorbed dose is not Guide to the Expression of Uncertainty inMeasuren(&)i
a functfon of the temperature of the irradiated sample; how—a:‘o\‘/’iggeésézg‘ijs"‘f%r(;L:‘i’r‘]’l’efr:‘;‘fgairtg’o ;t;‘;?ir;‘g:tgf ?T:‘Za
ever, the response of the dosimeter may. be a fu.nctlon o.f th% Note 14—ISO/ASTM Guide 51707 defines possible s
sample| temperature. The_ dose-mapping information for Slmudosimetry performed in radiation ‘processing facilities g
oduct (representing the actual sample geometry Qfyres for estimating the resulting magnitude of the un
rst case geometry) at ambient temperature can bgeasurement results. Basi¢concepts of measureme
to the chilled or frozen sample. Exercise care whemeasured value of a(quantity, “true” value, error and
ning the temperature of the dosimeter during irradiatioflefined and discussed. Components of uncertainty
d or frozen samples and when applying the appropriat@em_ods_ are given ‘for evaluating and_ estimating thq
hture correction. Dosimeters that exhibit a highlycOTtioutions, touthe standard uncertainty in the reg
. absorbed dgsé are considered, and methods are given|
pture-dependent response should not be placed in 10G&mpined standard uncertainty and an estimate of o
th large temperature gradients (see ISO/ASTM Guidncertainty.
hnd practices for individual dosimetry systems).

applied
determ
of chillg
temper
temper
tions wi

51261 14)3 The components of uncertainty involved

11. Mepsurement uncertainty ment shall be estimated or determined. The ove

11.1 [To be meaningful, a measurement of absorbed dadB the measurement may be estimated from a
shall bg¢ accompanied by an estimate of uncertainty. Gompdhese components, and the procedure for ¢
nents df uncertainty shall be identified as belonging te‘éne ogomponents shall be stated or referenced sp
two graups: results.

11.1.1 Those that are identified by statistical methods, or

11.1.p Those that are evaluated by other. means. 12. Keywords

11.1.
51707
referreq
uncerta
may be

B Additional information is given inISO/ASTM Guide  12.1 batch radiation processing; calibration

to as Type A and Type B, reSpectively. In reportingdry-storage irradiators; gamma cells; gamma r.
inty, other classifications,.such as precision and biasn process validation; radiation effects testing;
useful. irradiators

stzation for Standardization (ISO) for estimating uncertainty. This is
b(gfferent from the way uncertainty has traditionally been expressed in

re of the extent to
conditions are in
minologies E 170
Lising the method
hended in the ISO
5 to promote
arrived at and to
surement results.
urces of error in
nd offers proce-
certainties in the
t, estimate of the
uncertainty are
re discussed and
bir values. Their
orted values of
for calculating the
erall (expanded)

in a measure-
rall uncertainty
combination of
bmbining these
ecifically in all

pof dosimeters;

and Refg9 and 10) where these components are cesium-137; cobalt-60; dosimeter research studlies; dosimetry;

ndiation; radia-
self-contained
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Typical self-contained dry-storage irradiators (see

ANNEXES

(informative)

Al. TYPICAL SELF-CONTAINED DRY-STORAGE IRRADIATORS

—_——~

ANSI Report N433.1) include the GammaCell Model 220

(1,2), the

Model 52[LA(3).

Al.1.1
by MDS
array aro

Al1.1.2
contains
the samp

source moves into the irradiate position for a predetermined

Nordion, contains sealédCo sources in an annular
ind the irradiation chamber (Fig. A1.1).

Shielded’Cs sources. After the sample is loaded into

~

N
JL Shepherd Mark | (see A1.3) and the Husman | |
| |
|

The GammacCell Model 220 irradiator, manufactured OPERATING

SYSTE|

VISUAL SOURCE INDICATOR—\

It

The JL Shepherd Mark | irradiator (Fig. Al.2)

e cavity and the door is closed securely, the radiatioger wreriock

COVER

PNEUMATIC SOURCE
INTERLOCK

period of [time | _— SHIELOED SOURCE
' . . . 0D
Al1.1.3|The Husman 521A irradiator contains seatetCs DOOR HANOLE
- . . . | — ACCESS TUBES WITH
source rogds in an annular array around the irradiation chamber =1 scarfer s
F| . A].E . | — SOURQE “IRRADIATE"
(Fig ) e ] POSITION
Al.2 [These irradiation devices house the gamma-ray
source(s)|in a protective shield, or other appropriate solid high soeor exrosure /,_soua,,e FULLY
atomic-nymber material, and usually have a sample positioning ™™ SHIENDED

mechanis

m tied to an accurate calibrated reset timer to lower or

MICROSWITCH

ACCESS TUBE
3.6 cm [1.375 in} D

COLLAR & SAMPLE C]
3 MICROSWITCHES

SAMPLE CHAMBER

{Top Shielding Plug)

TOP SHIELDING.PLUG

LEAD SHIELDING COLLAR
{Opened tor loading)

MICROSWITCH
{Docor Interlack)

FIG. Al1.2 Basic construction of J.L. Shepherd Mark | irradia

SAMPLE CHAMBER

DRAIN

SHIELDING PLUG —]

RADIOACTIVE SOUI
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rotate the sample holder from the load/unload pq
irradiation position. For details on the operations
tions in the use of these irradiators, see the
manufacturers’ instruction manuals, as well as th
cited.
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Irradiator Model

Gammacell 220

Contact

MDS Nordion International, Inc.
447 March Road

FIG. Al.1 Basic construction of the GammacCell 220

h BACK-UP MICROSWITCHES
(For Drawer-up & Drawer-down)

GOCO
irradiator

JL Shepherd Mark |

Husman 521A

10

Karmata, Omntano KKt X8 Camada
J.L. Shepherd & Associates

1010 Arroyo Avenue

San Fernando, CA 91340-1822 USA
This unit is no longer being manufactured but is still
in use.
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