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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.

Inter|
Appl

the International Organization for Standardization) is a worldwide federation of national standards bed
member bodies). The work of preparing International Standards is normally carried out through |
nical committees. Each member body interested in a subject for which a technical committee has b
plished has the right to be represented on that committee. International organizations, govefnmental 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.

Dbject between ISO and ASTM International has been formed to develop and maintain a group
ASTM radiation processing dosimetry standards. Under this 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

3
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national Standard ISO/ASTM 51607 was developed by ASTM Committee E10, Nuclear Technology §
cations, through Subcommittee E10.01, and by Technical Committee ISO/TC 85, Nuclear energy.

es
50
en
nd
he

for
es

bal

© ISO/ASTM International 2004 — All rights reserved


https://standardsiso.com/api/?name=552c11e18f2555a109d9a4fba1fe9bdd

ISO/ASTM 51607:2004(E)

B G
ISO iy
=S/ = INTERNATIONAL

Standard Practice for

Use of an Alanine-EPR Dosimetry System 1

This standard is issued under the fixed designation ISO/ASTM 51607; 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

1.1 This practice covers materials description, dosimeter Dosimetry (TLD) Systems for Determifing A
prepardtion, instrumentation, and procedures for using the In Radiation-Hardness Testing of Eleétronic
alaninelEPR dosimetry system for measuring the absorbed 2-2 ISO/ASTM Standards:
dose i the photon and electron irradiation processing of 51?04 Practice for DOS|.metry inGamma Irra
materidls. The system is based on electron paramagnetic fi€s for Food Processing o
resonance (EPR) spectroscopy of free radicals derived from the 91261 Guide for Selectienyand Calibration
amino pcid alanind.lt is classified as a reference-standard Systems f(_)r Radiation Processing
dosime}ry system (see ISO/ASTM Guide 51261)). 51400 Practice for €hafacterization and Pe

1.2 This practice covers alanine-EPR dosimetry systems for High-Dose Gampa Radiation Dosimetry
dose measurements under the following conditions: Laboratory . '

1.2.1| The absorbed dose range is between 1 aRd@G$0 51431 Practice-for Dosimetry in Electron an

1.2.2[ The absorbed dose rate is up to? 1By s* for ung Irradiation Facilities for Food Processi
continupus radiation fields and up t0610’ Gy s * for pulsed 51707 Guide for Estimating Uncertainties in
radiation fields(1-3).3 Radiation Processing

1.2.3| The radiation energy for photons and electrons is 2-3:ICRU Reports? o .
betweeh 0.1 and 28 Me¥L, 2, 4) IERU Report 14 Radiation Dosimetry:

The irradiation temperature
°C(2, 5). 0.6 and 50 MeV
1.3 The values stated in S| units are to be regarded-as the |ICRU Report 17 Radiation Dosimetry: X-Rays

standafd. The values given in parentheses are for inférmation _Potentials of 5 to 150 kv
ICRU Report 34 The Dosimetry of Pulsed R

ICRU Report 35 Radiation Dosimetry: Electrg
Energies between 1 and 50 MeV

ICRU Report 37 Stopping Powers for E
Positrons

is between - 60

1.4 This standard does not purport to address all of the
safety poncerns, if any, associated with .it§ use. It is the
respongibility of the user of this standard(to‘establish appro-
priate dafety and health practices and, determine the applica-

and Measurement

lonizing Radiation

E 17 Terminology Relafing to Radiation Measurements 2.4 ISO Document -
and| Dosimetry Guide to the Expression of Uncertainty in M
3. Terminology
1 This practice is ufden the jurisdiction of ASTM Committee E10 on Nuclear

3.1 Definitions:
Technolo

E10.01 o
ISO/TC 8
Curren

y and Applications and is the direct responsibility of Subcommittee
Dosimetryrfor Radiation Processing, and is also under the jurisdiction of e i . :
5/WE3. form of the radiation-sensitive material alanine

édition approved June 30, 2004. Published August 15, 2004. Originallynert substance such as a binder.

E 668 Practice for Application of Thermolllnminescence-

bsorbed Dose
Devices

Hiation Facili-
of Dosimetry

formance of a
Calibration

i bremsstrahl-

g
Dosimetry for

K-Rays and

Gamma-Rays with Maximum Photon Enejgies Between

Generated at

pdiation
n Beams with

lectrons and

ICRU Report 44 Tissue Substitutes in Radiafion Dosimetry

ICRU Report 60 Fundamental Quantities and Units for

easurement

3.1.1 alanine dosimeter-specified quantity gnd physical

and any added

published - -
ASTM E 1607 — 94 was adopted by ISO in 1998 with the intermediate designati
ISO 15566:1998(E). The present International Standard ISO/ASTM 51607:2004(|

o 3-L.Zalanine- oSimetry Systeasystem u
Er‘;ermining absorbed dose, consisting of alanine

sed for de-
dosimeters, an

replaces 1SO 15566 and is a major revision of the last previous edition ISO/ASTMEPR spectrometer and its associated reference materials, and

51607-2002(E). , , _ _procedures for the system’s use.
2The term “electron spin resonance” (ESR) is used interchangeably with

electron paramagnetic resonance (EPR).
3 The boldface numbers in parentheses refer to the bibliography at the end of this—————————
standard.
“For referenced ASTM and ISO/ASTM standards, visit the ASTM website, ments, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814,
www.astm.org, or contact ASTM Customer Service at service@astm.org. For © Available from American National Standards Institute (ANS

5 Available from International Commission on Radiation Units and Measure-

U.S.A.
1), 25 W. 43rd St.,

Annual Book of ASTM Standardslume information, refer to the standard’s 4th Floor, New York, NY 10036 or the International Organization for Standardiza-

Document Summary page on the ASTM website. tion, 1 rue de Varembé, Case Postal 56, CH-1211, Geneva 20

© ISO/ASTM International 2004 — All rights reserved

, Switzerland.
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3.1.3 EPR signal amplitude-peak-to-peak amplitude of the 6. Preparation of dosimeters

central signal of the EPR spectrum. This signal is proportional g 1 The alanine dosimeter may be used in powdered form or

to the alanine-derived free radical concentration in the alaningg 5 5olid compressed with a binder.
dosimeter.

3.1.4 EPR spectroscopymeasurement of resonant absorp-
tion of electromagnetic energy resulting from the transition o

Note 2—Additives, capsules, or film support materials used in the
ﬁoreparation of dosimeters should not add any significant intrinsic or
radiation-induced EPR signal. Examples of suitable binders are cellulose,

unpaired electrons between different energy levels, upon aRgnyjene-propylene rubber, gelatin, paraffin, polyethylene, polyethylene
plication of radiofrequencies to a paramagnetic substance Winyl acetate, polystyrene, polyvinylpyrrolidone, polyvinyl propylene, and

the presgnce of a magnetic Tield. stearin. Lubricants added In the dosimeter manufacturi

3.1.5 EPR spectrum-first derivative of the electron para- optional. An example of a suitable lubricant is steari¢-aeidg.

magnetic|absorption spectrum measured as a function of the §.2 powder Dosimeters

magnetic|field. 6.2.1 Alanine powder may be used.directly as
3.1.6 z¢ro dose amplitudeEPR signal amplitude of an the manufacturer.
unirradiated alanine dosimeter with the same EPR spectrom-

eter parafneters used for the lowest measurable absorbed dogH°™ 3—Sieving to achieve a narrower range of gra
value several tens to several hundreds ef fum is recommended

o ) ] reproducibility of the EPR signal<
3.2 Definitions of other terms used in this standard that
pertain to

radiation measurement and dosimetry may be found 6.2.2 The alanine powderis containeq in a.sacf
in ASTM [Terminology E 170. Definitions in E 170 are com- [0 use. From 50 to 208'ng of powder is typically
patible w

th ICRU 60 that document, therefore, may be usedloSimeter. _ _
as an alt¢rnative reference. 6.3 Dosimeters, Using Binders

6.3.1 Alanine“dosimeters can be prepared by
casting, or€xtruding a mixture of alanine, binder,
] ) ) (optional),

p alanine-EPR dosimetry system provides a means g 3 s\jsyal physical shapes are pellets, films,

4. Signifi

4.1 Th
for meas
ment of spec_ific_ s_table fre_e radicals in crystalline alaningizio\vave cavity of the EPR spectrometer, th
generatedl by ionizing radiation. holder, and the required precision of the measurg

4.2 The dosimeter contains crystalline alanine and registers g 3 3 The expected maximum temperature ex
the absofbed dose by the formation of alanine-derived-freghe dosimeter must be considered in relation to
radicals. [ldentification and measurement of alanine-derivegoint of the binder.
free radidals are performed by EPR spectroscopy. 6.3.4 The alanine content can vary. Some pub

4.3 The measurement of free radicals by ERR)Spectroscopf the alanine content (with various binders) are
is nondegtructive. Alanine dosimeters can lejread out repeafinylpyrrolidone) (6), 60 to 95 % (polyethylene)2
edly and hence can be used for archival purposes. 70 % (polystyrenej11), and 67 % (ethylene-propylg

cance and use

Note 1—For a comprehensive discussion of*various dosimetry meth-(lz)' . )
ods and materials applicable to the radiafion fypes and energies discussed®-3-5 The manufacturing process involves a
ice, see ASTM Practice E'668, ISO/ASTM Practices 512040perations, for example, mortaring, sieving, bind
31, ISO/ASTM Guide 51261, and ICRU Reports 14, 17, 34cant (optional) addition, homogenization, pressin

ing.

in this prag
51400, 51

35, 37, 44 and 60.

g process are

supplied by

n sizes from
to improve the

et or capsule
used for a

compressing,
ind lubricant

cylinders, or

iring the absorbed dose. It is based on the measuigspas” The dimensions depend on the inner diameter of the

e dosimeter
Ement.

perienced by
he softening

ished values
95 % (poly-

, 7-10)

ne rubber)

number of
er and lubri-
j, or extrud-

) dosimeter
br clean labo-
procedures
n of free

c material or

absorbed dose@).

he manufac-

e described in

Refs(10) and(14). Measurement repeatability, batch radiation

sensitivity and the related interspecimen variat

5. Alanine characteristics
affected by each process step.

5.1 The dosimeter is prepared usingalanine, CH-
CH(NH,)-COOH, in the form of polycrystalline powder.

5.2 All stereoisomers of-alanine are suitable for dosim-
etry; L-alanine is used most commonly.

size, and shape of the dosimeters. The environ

ion may be

6.4.2 Important factors for measurement precision are
alanine/binder homogeneity, reproducibility of mass, density,

mental influ-

ences discussed in Section 11 shall be considered.

5.3 The purity of the alanine shall be analytical grade (99 % 6.4.3 Representative samples of dosimeters shall be selected

or better). Alanine of this purity is commercially available.

© ISO/ASTM International 2004 — All right:

from each dosimeter batch and subjected to quality control

s reserved


https://standardsiso.com/api/?name=552c11e18f2555a109d9a4fba1fe9bdd

Ay

ul

ISO/ASTM 51607:2004(E)

tests which may include, for example, visual inspection and 8.1.2 Irradiation is a critical component of the calibration of

mass and dimensional consistency.

the dosimetry system. Calibration irradiations

shall be per-

6.4.4 Dosimetric quality control for each production batchformed at an accredited calibration laboratory, or at an in-house
includes the mean batch radiation sensitivity and the relatedalibration facility meeting the requirements in ISO/ASTM

interspecimen variation.

Practice 51400, that provides an absorbed dose (or absorbed-

6.4.5 To achieve the expanded uncertainty cited in 13.4, thdose rate) having measurement traceability to nationally or
interspecimen variation of the radiation-induced EPR signainternationally recognized standards.

amplitu

7. Instn
7.1 A

EPR si

expand

should

quency
corresp
GHz, th
of 20 n

amplitu

(leveleg
gain ag
tromete
cavity

greater

de should be within1.0 % (I).

8.1.3 When the alanine dosimeter is used as a routine

dosimeter, the catibratiom radiatiom may be pe
8.1.2, or at a production or research irradiation’f
h\é{ith reference- or transfer-standard dosimeters

LUmentation

n X-band EPR spectrometer is used to measure t
jnal amplitude of an alanine dosimeter. To obtain the:
bd uncertainty cited in 13.4, an EPR spectrometdiZz€d standards.

be capable of the following settings: microwave fre- 8-1.4 Measurement Instrument,Pérformance
9 to 10 GHz with automatic frequency locking (AFC); SPectrometer performance cafrbe verified by
onding magnetic field to set a g-factor of 2.0 (at 9
is equals 350 mT; see Note 4) with a field scan rang
nT about the center field; magnetic field modulation
de 0.1 to 1.5 mT,; microwave power 0.1 to 10 m
); adjustable sweep time, time constant, and receiv
cording to absorbed dose. The sensitivity of the speé—
r should be at least2 10" spins/mT. The microwave ; .
hould have a sample access diameter of at least 1 mfcePtabletange, ascertain any obvious faults,

than the diameter of the dosimeter to be analyzed. =PR IRtensity reference material position erro
the EPR signal amplitude to the value of the

e dosimetere itself(16). If the EPR intensit

Surement traceability to nationally oy internati

guring a suitable EPR intensity reference matg
Include an irradiated alapifie dosimeter stored u
conditions, a pitch samgple/ Cr(ll1) in AD; (ruby) o
w €ao or MgO). The-EPR intensity reference m
sitioned external.te the dosimetd’) or incorp

material does_mot agree with its established Vi

formed as per
hcility together
that have mea-
onally recog-

Verification
routinely mea-
brial (examples
nder controlled
r Mn(ll) in
aterial can be
orated into

y reference
alue within an
for example, an
. Normalizing
EPR intensity

Note 4—The relationship between microwave frequency and thereferghce material can compensate for perfornmance changes.

magneti¢ field is given by:
Note 5—EPR intensity reference materials traceable|to National Me-
hv = gusB (1) “>trology Institutes are currently unavailable. The suitaljility of an EPR

where intensity reference material to verify a_nd compensate fqr EPR spectrom-
h = Plancks constant eter performance _should be established either thrqugh publication,
v = hicrowave freque'ncy manuf_acture_r-supplled data, or measurement. The at_:ceptable range for the
g = fhe spectroscopic spli’tting factor (typically 2.0) EPR intensity refe_r(_ance materlal_ measurements is cepe'nd_ent on the
L = fhe Bohr magneton, and \ measurement precision pf the equipment _used. Typically this is about
B = [nagnetic field. ' 0.5% (10). Compensation for the specific performande changes need

7.1.1
the doq
vertical
holder
quality

7.2 1

improve

dosime|
analytig
mg sho
accordi

8.1 Calibration of the Dosimetry System
8.1.1 Prior to use, the dosimetry system (consisting of a 9.1.1 Place the alanine dosimeter within the holder inside
specific batch of dosimeters and specific measurement instrthe microwave cavity of the EPR spectrometer.

ments)

documented procedure that specifies details of the calibratiof,,e .

only be applied if the changes are greater than the mea

There shall be some mechanical means of positioningquirements. _ _ _
imeter accurately and repro@iticibly, in terms of both Note 6—lf the alanine dosimeters are susceptible to
position and centricity ip-thé cavity. The dosimeterS"t érors can be introduced when the alanine dosimete
iffers significantly from the measurement humid{t7).
s usually made of fuse‘,’ Quartz _and Sh_OUId be Of suc tensity reference materials can be used to compensatg
ind C|ean|lneSS tO Contflbute no Interfel’lng EPR Slgnalhum|d|w effects dunng the measurement Of a|anine dos|
he overall precision.of the dosimetry system may bean alanine dosimeter is chosen for use as an EPR i
d by normalizing the EPR signal amplitude to thematerial, environmental humidity effects can be minimiz
er mass. Tolattain the uncertainty cited in 13.4, afeasurement (after removal from the storage envif
al balance-Capable of measuring masses to witbid cqnge_mt and the difference in the storage and environn
. . mjnimized and controlled.

Id be used. The analytical balance should be calibratéd

g to‘the manufacturer’'s guidelines.

9. Measurement of the EPR spectrum

eter:

shall be calibrated in accordance with the user's Note

avity. EPR signal amplitude measurements fi

urement precision

humidity, signifi-

r storage humidity
n situ EPR

for environmental
MEiersl6) If
htensity reference
ed if the time of
pnment) is held
hental humidity is

obtaining and
alanine dosim-

7—The dosimeter should be positioned precisely in the micro-

rom a check of

process and quality assurance requ.irements. This calibratiqBpeated positioning of the same dosimeter should show agreement within
process shall be repeated at regular intervals to ensure that then.5 % (10). The EPR signal amplitude is dependent on the orientation

accuracy of the absorbed dose measurement is maintainefithe dosimeter along its cylindrical axis; typically this dependence is less
within required limits. Calibration methods are described inthan 0.5 % (1o).

ISO/ASTM Guide 51261. 9.1.2 Measure the EPR spectrum.

© ISO/ASTM International 2004 — All rights reserved
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9.1.3 Measure the EPR signal amplituae, of the EPR
spectrum (see Fig. 1). The amplitude is measured in terms d¥ractice E 668 describes a statistical method for
arbitrary units and its measurement can be performed manualthis number.
or automatically. 10.5 Use the irradiation and measurement p

Note 8—The peak-to-peak procedure is faster and more precise tha‘?\wcord"jmce with Sections 8 and 9.

double integration of the EPR spectry@).

9.1.4 The microwave power and modulation
be held cen }
curve and for all unknown dosimeter measurements.

9.1.5 N
gain, andg
automatig

amplitude shalgpR signal amplitude as

A U c > c cl [)

dosimeter after irradiation, and evaluate the.'af

ormalizem for the following: sweep time, receiver from the normalized EPR signal amplitude &ri¢tthg
number of sweeps, unless this is accomplisheghlibration curve.

ally by the EPR spectrometer. 10.8 Record the absorbed dose values and all

as outlined in Section 12.

necessary (see 11.1).

Note 9—]Other corrections may be necessary, for exan{f)dinearity
of m with |[dosimeter mass may have to be established, and a mail Environmental interferences
correction gpplied, depending on the dosimeter type and desired precisior"
of measurgment(2) It may be necessary to subtract the zero-dose 11.1 The irradiation temperature influences thg

amplitude ff
precision 0
>1 % can |
amplitude {

omm, depending on their relative magnitudes and the desireobmpntude of alanine dosimeters.
f measurement; a8) EPR spectrometer sensitivity changes
e compensated for by normalizing the dosimeter EPR signal Note 10—For alanine (dosimeters that contain binders
b the value of the EPR intensity reference material (see 8.1.4radiation temperaturg-on the dosimeter EPR signal am
influenced by the bifider type. The temperature coefficien(}
ral dosimetry practice described by the telationshipAfym)/AT, wherem is the B
. . amplitude (in_drbitrary units) an@ is the irradiation temperal
ore alanine dosimeters as recommended by manufagpositive temperature coeficient in the range of +0.1 to 1
typical for irfadiation temperatures from —10 °C to +50 °C; r

andle alanine dosimeters with suitable care to avoidbr irradiation temperatures below -10 °C. A summary
tempercature coefficients is tabulated in R&S8).

10. Gensg

10.1 S
turer.
10.2 H
physical ¢lamage.
10.3 Identify each dosimeter appropriately in terms of batchct1.2 The humidity during pre-irradiation stora
and number. tion, measurement, and post-irradiation storage
10.4 The number of dosimeters required for a measuremmetiie EPR signal amplitude of alanine dosimeters.

dosimetry system and the application. Appendix X3 of ASTM

determining

rocedures in

10.6 An estimate of the dosimeter temperature during irra-
diation can be used to correct for its influence on the dosimeter

pach alanine
sorbed dose
b appropriate

relevant data

EPR signal

the effect of
plitude may be
b °Cl)is

PR signal

ure (in °C).
0.2 98 1€
pfer to Bgf

of published

ge, irradia-
can influence
The effect of

of absorbed dose is determined by the precision~of théwumidity may be reduced by sealing dosimeters jn a material
|
. i
=
« I
= I
o I
o>
Z i
o |
- ]
1id
v
l u
1
A 4
i i M | 1 1 1
334.0 339.0 344.0 349.0 354.0
Magnetic Field (mT)
FIG. 1 EPR spectrum of an alanine dosimeter irradiated to an absorbed dose of 1 kGy; the amplitude, m, of the central peak is used for

dose evaluation

© ISO/ASTM International 2004 — All rights reserved
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humidity can be compensated by measuring the ratio of theelative humidity optional.

alanine

Note 11—For a summary of published information of humidity effects
on alanine dosimeters, see R&f).

signal to that of an EPR intensity reference mater|al.13. Measurement uncertainty

13.1 To be meaningful, a measurement of

ISO/ASTM 51607:2004(E)

ofompensates for humidity conditions and makes recording of

absorbed dose

shall be accompanied by an estimate of uncertainty.

11.3 For most alanine dosimeters light has little influence on 13,2 Components of uncertainty shall be identified as be-

the rad

effect is

of the
possibl

12. Min

121
12.1.

lation-induced EPR signal amplitude. However, if thelonging to one of two categories:
K i men

Ambient temperature and relative humidity conditions 13.3 Other ways of categorizing uncettain
FPR laboratory shall be monitored, and controlled ifwidely used and may be useful for repbiting u
e, at all stages of analysis. example, the termprecisionandbias et random

_ . . atic (non-random) are used to describe differe
imum documentation requirements uncertainty.

Calibration: 13.4 If this practice is followed, the estima

the alal
12.1.

12.2 Use

12.2.
measu
12.2.
peratur
sorbed
used ta
12.2.
acterist
12.2.
spectrd
power,
amplitu
12.2.
ment u
Section
12.2.
ance pl
tion.
12.2.
humidit|
Use of

I Record the type, batch number, and manufacturer ¢gfanded uncertainty of an“absorbed dose dete
ine dosimeters. dosimetry system should:be approximately 3 %

y have been
certainty. For
ndsystem-

t categories of

e of the ex-
rmined by this
for a coverage

Record or reference the date and temperature d&ctork =2 (which corrgsponds approximately td a 95 % level
irradiation, dose range, radiation source, and associated instraf confidence for Aormally distributed data).
mentation used to calibrate the alanine-EPR dosimetry system.y .. 1o The identification of Type A and Type B

based on methodology for estimating uncertainty publish

Record the date of irradiation and date of EPRnternational*Organization for Standardization (1ISO) in
ement for each dosimeter. Expressign.of Uncertainty in Measureméa®). The purpos
D Record the estimated or measured irradiation tentype of characterization is to promote an understanding g
applied temperature correction, and resulting afstatements are developed and to provide a basis fof

: . . mparison of measurement results.
dose for each dosimeter. Reference the calibration cury ore 13—ISO/ASTM Guide 51707 defines possible S
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