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he International Organization for Standardization) is a worldwide federation of national standards.bodi¢s
ember bodies). The work of preparing International Standards is normally carried out through 15O

vernmental, in liaison with ISO, also take part in the work. ISO collaborates’.closely with th
tional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Draft |nternational Standards adopted by the technical committees are circulated\to the member bodies fpr

partic|pation from affected stakeholders. ASTM technical committees)follow rigorous due process balloting

A prgject between ISO and ASTM International has been formed to develop and maintain a group pf
ISO/ASTM radiation processing dosimetry standards. Under this project, ASTM Commitee E61, Radiatign
Procgssing, is responsible for the development ane\ maintenance of these dosimetry standards with

ion is drawn to the possibility that some, ofithe elements of this document may be the subject of patept
rights| Neither ISO nor ASTM International-shall be held responsible for identifying any or all such patent

International Standard ISO/ASTM 61026 was developed by ASTM Committee E61, Radiation Processinf,
through Subcommittee E61.02, Dosimetry Systems, and by Technical Committee ISO/TC 85, Nuclear energy,
nuclegr technologies and radiolegical protection.

This fjrst edition cancels ‘and replaces the ASTM E1026-13, which has been technically revised.

iv © ISO/ASTM International 2015 — All rights reserved


https://standardsiso.com/api/?name=f989c1cc0ee8ce24cd5fbe1756f5bb80

ISO/ASTM 51026:2015(E)

£y

INTERNATIONAL

Standard Practice for

An American National Standard

Using the Fricke Dosimetry System’

This standard is issued under the fixed designation ISO/ASTM 51026; 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
testing and u
solution dos
when exposs
dosimeter a
system will |
Fricke dosin
standard dog

1.2 This j
recommendd
radiation pr|
compliance
52628 for th
in conjuncti

1.3 The p
procedures f}

1.4 This
X-radiation

practice covers the procedures for preparation,
king the acidic aqueous ferrous ammonium sulfate
metry system to measure absorbed dose to water
d to ionizing radiation. The system consists of a
hd appropriate analytical instrumentation. The
pe referred to as the Fricke dosimetry system. The
hetry system may be used as either a reference
imetry system or a routine dosimetry system.

ractice is one of a set of standards that provides
tions for properly implementing dosimetry in
bcessing, and describes a means of achieving
with the requirements of ISO/ASTM Practice
e Fricke dosimetry system. It is intended to be read
n with ISO/ASTM Practice 52628.

ractice describes the spectrophotometric analysis
pr the Fricke dosimetry system.

practice applies only to gamma radiation,
bremsstrahlung), and high-energy electrons.

1.5 This practice applies provided the following are satis-

fied:

1.5.1 The
1.2

1.5.2 The
(2).

1.5.3 For
energy is
(bremsstrahl
produce the
electron beaj
MeV.

Note 1—TH
dosimeter amj

absorbed dose range shall be from 20 to(400 Gy

absorbed-dose rate does not exceed 10° Gy-s™'

radioisotope gamma sourcesy._the initial photon
greater than 0.6 MeW For X-radiation
ing), the initial energy‘\of the electrons used to
photons is equal to.‘er“greater than 2 MeV. For
ms, the initial electron energy is greater than 8

E lower energy\limits given are appropriate for a cylindrical
oule of J2 mm diameter. Corrections for displacement

effects and dosp gradiént.across the ampoule may be required for electron

beams (3). Thg

Fricke dosimetry system may be used at lower energies by

employing thinner (in the beam direction) dosimeter containers\(se:
Report 35).

1.5.4 The irradiation temperature of the do§imeter sho
within the range of 10 to 60°C.

1.6 This standard does not purpori~to address all
safety concerns, if any, associated \with its use. It
responsibility of the user of this“standard to establish {
priate safety and health practices and determine the ap
bility of regulatory limitations prior to use.

2. Referenced documeénts

2.1 ASTM Standands:>

C912 Practicefor Designing a Process for Cleaning T}
cal Glasses

E170 Terminology Relating to Radiation Measuremen
Dosimetry

E178 Practice for Dealing With Outlying Observation

K275 Practice for Describing and Measuring Performa
Ultraviolet and Visible Spectrophotometers

E666 Practice for Calculating Absorbed Dose From Gi
or X Radiation

E668 Practice for Application of Thermoluminesq
Dosimetry (TLD) Systems for Determining Abd
Dose in Radiation-Hardness Testing of Electronic D

E925 Practice for Monitoring the Calibration of Ultra
Visible Spectrophotometers whose Spectral Band
does not Exceed 2 nm

E958 Practice for Estimation of the Spectral Bandwi
Ultraviolet-Visible Spectrophotometers

2.2 ISO/ASTM Standards:”

51261 Practice for Calibration of Routine Dosimetry
tems for Radiation Processing

ICRU

uld be

of the
s the

ppro-
plica-

chni-
ts and

S
hce of

hAmma
ence-
orbed
Evices
iolet-
width

dth of

Sys-

51707 Guide for Estimating Uncertainties in Dosimef{ry for

Radiation Processing
52628 Practice for Dosimetry in Radiation Processing
2.3 ISO/IEC Standard:
ISO/IEC 17025 General requirements for the compete

hce of

! This practice is under the jurisdiction of ASTM Committee E61 on Radiation

Processing and i

s the direct responsibility of Subcommittee E61.02 on Dosimetry

Systems and is also under the jurisdiction of ISO/TC 85/WG 3.

Current edition approved Feb. 9, 2015. Published June 2015. Originally
published as ASTM E1026-84. Last previous ASTM edition E1026 — 13. The
present International Standard ISO/ASTM 51026-2015(E) replaces ASTM

E1026 - 13.

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

© ISO/ASTM International 2015 — All rights reserved

testing and calibration laboratories”

3 For referenced ASTM and ISO/ASTM standards, visit the ASTM webiste,
www.astm.org, or contact ASTM Customer Service at service@astm.org. For
Annual Book of ASTM Standards volume information, refer to the standard’s

Document Summary page on the ASTM website.

4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036, http://www.ansi.org.
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2.4 International Commission on Radiation Units and Mea-
surements (ICRU) Reports:5

ICRU Report 14 Radiation Dosimetry: X Rays and Gamma

Rays with Maximum Photon Energies Between 0.6 and 50

ALy

i’

3.1.4 reference standard dosimetry system—dosimetry
system, generally having the highest metrological quality
available at a given location or in a given organization, from
which measurements made there are derived.

MeV

ICRU Report 35 Radiation Dosimetry: Electrons with Initial

Energie

s Between 1 and 50 MeV

ICRU Report 64 Dosimetry of High-Energy Photon Beams

3.1.5 type I dosimeter—dosimeter of high metrol
quality, the response of which is affected by individual
ence quantities in a well-defined way that can be expres
terms of independent correction factors.

ogical
influ-
sed in

based on Standards of Absorbed Dose to Water
ICRU Report 80 Dosimetry Systems for Use in Radiation 3.2 Definitions of other terms used in this standarfl that
Processing pertain to radiation measurement and dosimetry may, be [found
ICRU Report 85a Fundamental Quantities and Units for  in Terminology E170. Definitions in E170 are compatiblp with
Ionizing Radiation ICRU 85a; that document, therefore, maycbe“used [as an
2.5 Joint | Committee for Guides in Metrology (JCGM) alternative reference.
Reports:©
JCGM 1(0:2008 GUM 1995, with minor corrections, 4. Significance and use
Evaluat on of measurement data - Guide to the expression 4.1 The Fricke dosimetry systém“provides a reliable means
of unceftainty in measurement
2.6 Natiohal Research Council Canada (NRCC): for m(.aasu.rement of absoFbed dv to. W?ter’ l?ased.op aprocess
PIRS-081} The IRS Fricke Dosimetry System’ of oxidation of ferrous ion$ o ferric ions in acidic aqueous

3. Terminology

3.1 Defin
3.1.1 app
national met
ISO/IEC 17
requirement
3.1.1.1 D

tions:

roved laboratory—Ilaboratory that is a recognized

rology institute; or has been formally accredited to
25; or has a quality system consistent with the
of ISO/IEC 17025.

scussion—A recognized national metrology insti-

tute or othgr calibration laboratory accredited to ISO/IEC

17025 shou
national or
provided by
accreditation
national or i

3.1.2 mol

d be used in order to ensure traceability to a
international standard. A calibration certificate
a laboratory not having formal recognition~or
will not necessarily be proof of traceability to a
hternational standard.

r linear absorption coefficient (,,)—a constant

relating the §pectrophotometric absorbance (Ay) of an optically

absorbing m|

blecular species at a given wayelength (L) per unit

solution by ionizing radiation (ICRU 80, PIRS-0815,(4
situations not requiring, traceability to national standard|
system can be usedyfor absolute determination of abs
dose without cdlibration, as the radiation chemical yi
ferric ions is~well characterized (see Appendix X3).

4.2 TheNdosimeter is an air-saturated solution of f}
sulfate*0r ferrous ammonium sulfate that indicates aby
dosel“by an increase in optical absorbance at a spq

1). In
8, this
orbed
bld of

EITOUS
orbed
cified

wavelength. A temperature-controlled calibrated spectijopho-

tometer is used to measure the absorbance.

5. Effect of influence quantities

5.1 The Fricke dosimeter response (change in optical
bance) to a given radiation dose is dependent on irrad
temperature and measurement temperature. Thus, corre
may have to be applied for changes to the radiation chg

hbsor-
iation
ictions
mical

. Lo yield (G) for irradiation temperature and to the molar |linear
pathl.ength () to the molar concentratiog-(s)'of that species in absorption coefficient (g) for measurement temperatures| Both
solution: &(Fe*™) and G(Fe®*) increase with increase in temperaturp. The

. = A ) subscripts indicate the temperature of irradiatior) and
m (@) measurement, as applicable. Both of the temperatures fre in

Unit: m*thol’’ °C.

3.1.3 radiation chemicyl yield (G(x))—quotient of n(x) by &, €r, = & 1+0.0069 (T,,,, — 25)] (3)
where n(x) |[is the un€ah amount of a specified entity, x, G, =G,{1+00012(T,,,— 25)] (4)
produced, destroyedy or changed by the mean energy, &, o
imparted to fhe- matter. 5.2 The radiation chemical yield depends on the tyge and

energy of the radiation employed and, in particular, clanges

et = (%) @)

significantly at low photon energies (5).

Unit: mol-J™!

3 Available from International Commission on Radiation Units and Measure-
ments (ICRU), 7910 Woodmont Ave., Suite 400, Bethesda, MD 20841-3095,
http://www.icru.org.

¢ Document produced by Working Group 1 of the Joint Committee for Guides in
Metrology (JCGM/WGI). Available free of charge at the BIPM website (http://
www.bipm.org).

7 Available from the National Research Council, Ionizing Radiation Standards,
Ottawa, Ontario. K1A OR6.

6. Interferences

6.1 The Fricke dosimeter response is extremely sensitive to
impurities in the solution, particularly organic impurities. Even
in trace quantities, impurities can cause a detectable change in
the observed response. For high accuracy, organic materials
shall not be used for any component in contact with the
solution, unless it has been demonstrated that the materials do
not affect the dosimeter response.

© ISO/ASTM International 2015 — All rights reserved
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6.2 Traces of metal ions in the irradiated and unirradiated
dosimetric solutions can also affect dosimeter response.
Therefore, do not use metal in any component in contact with
the solutions.

6.3 If flame sealed ampoules are used as the dosimeters,
exercise care in filling ampoules to avoid depositing solution in
the ampoule neck. Subsequent heating during sealing of the
ampoule may cause undesirable chemical change in the dosi-

metric solution—remaining inside the qmpnnlp neck. For the
=]

=
S0

ALy

i’
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7.3 Use a sealed glass ampoule or other appropriate glass
container to hold the dosimetric solution during irradiation.

Note 2—To minimize errors due to differences in radiation absorption
properties between the container material and the Fricke solution, it is
possible to use plastic containers (for example, PMMA or polystyrene) to
hold Fricke solution. However, the interferences discussed in Section 6
may result in a reduction in accuracy. To reduce these problems, the plastic
containers may be conditioned by irradiating them filled with dosimetric
solution to approximately 500 Gy. The containers should then be
thoroughly rinsed with unirradiated solution before use.

same reaso

exercise care to avoid heating the body of the

ampoule duffing sealing.

6.4 Thernpal oxidation (as indicated by an increase in optical

absorbance),|
ambient tem
20 to 25°C)
period of tir]
measuremen

6.5 The d
violet light
storage. No
handling un
strong UV s

7. Apparatys

7.1 For t
high-precisi
bance values
in the region|
pathlength f]
tion. The cu
be thorough
an adequate
appropriate ]
eter ampoulg
semi-micro
techniques,
be employe
contaminatig

solution te

in the absence of radiation, is a function of
berature. At normal laboratory temperatures (about

this effect may be significant if there is a long
he between solution preparation and photometric
[. This interference is discussed further in 9.3.

psimetric solution is somewhat sensitive to ultra-
and should be kept in the dark for long-term
special precautions are required during routine
der normal laboratory lighting conditions, but
burces such as sunlight should be avoided.

he analysis of the dosimetric solution, use a
n spectrophotometer capable of measuring absor-
up to 2 with an uncertainty of no more than =1 %
of 300 nm. Use a quartz cuvette with 5- or 10-mm
r spectrophotometric measurement of the solu-
ette capacity must be small enough to allow itto
y rinsed by the dosimeter solution and still Iéave
amount of that solution to fill the cuvette;to the
evel for the absorbance measurement({ For dosim-
s of less than 2 mL, this may require the use of
apacity cuvettes. Other solution handling
uch as the use of micro-capacity flow cells, may
| provided precautions are ‘taken to avoid cross-
n. Either control the temperature of the dosimetric

perature during the-Spectrophotometric analysis

solution durr']ng measurement at.28 2 0.5°C, or determine the

and correct

7.2 Useb
glass to stord
Clean all apj

he measured absorbance to 25°C using Eq 3.

brosilicate/gldss or equivalent chemically-resistant
the reagents and the prepared dosimetric solution.
aratus\thoroughly before use (see Practice C912).

7.2.1 Stoy

environment.

vacuum at 5

the cleaned glassware in a clean, dust-free

< = v bakc SERAF WATe

C d UI'd
50°C for at least 1 h (6).

7.2.2 As an alternative method to baking the glassware, the
dosimeter containers (for example, ampoules) may be filled
with the dosimetric solution and irradiated to a dose of at least
500 Gy. When a container is needed, pour out the irradiated
solution, rinse the container at least three times with unirradi-
ated solution and then refill with the dosimetric solution to be
irradiated. The time between filling, irradiation and measure-
ment should be as short as practical, preferably no more than a
few hours. Refer to Note 2.

© ISO/ASTM International 2015 — All rights reserved

8. Reagents

8.1 Purity of Reagents—Reagent grade chermicals shall be
used. Unless otherwise indicated, all reagents‘shall conf¢rm to
the specifications of the Committee on Amalytical Reaggnts of
the American Chemical Society (or equivalent) wherd such
specifications are available.® Other grades may be used, pro-
vided it is first ascertained that th¢ réagent is of sufficient high
purity to permit its use without4dessening the accuracy pf the
measurements. Methods of ‘obtaining higher purity of dhemi-
cals exist (for example, crystallization or distillation), hut are
not discussed here.

8.2 Purity of Wdter—Water purity is very important| since
water is the majer constituent of the dosimetric solutioh, and
therefore, may\be the prime source of contamination. The use
of double=distilled water from coupled all-glass and silicj stills
or water from a high-quality commercial purificatiop unit
capable of achieving Total Oxidizable Carbon (T.O.C.) cpntent
below 5 ppb is recommended. Use of deionized water [is not
recommended.

Note 3—Double-distilled water distilled from an alkaline pernjangan-
ate (KMnO,) solution (2 g KMnO, plus 5 g sodium hydroxide (NaqOH) in
2 L of distilled water) has been found to be adequate for foutine
preparation of the dosimetric solution. High purity water is commg¢rcially
available from some suppliers. Water labelled HPLC (high pressur¢ liquid
chromatography) grade is usually sufficiently free of organic imputities to
be used in this practice.

8.3 Reagents:

8.3.1 Ferrous Ammonium Sulfate—(NH,),Fe(SO,), - pH,O.

8.3.2 Sodium Chloride (NaCl).

8.3.3 Sulfuric Acid (H,SO,).

9. Preparation of dosimeters

9.1 Prepare dosimetric solution:
9.1.1 Dissolve 0.392 g of ferrous ammonium sulfate,
(NH,),Fe(SO,), - 6H,0, and 0.058 g of sodium chloride,
NaCl, in 12.5 mL of 0.4 mol-L"! sulfuric acid, H,SO,. Di|ute to
1 L in a volumetric flask with air-saturated 0.4 mol-L"" sylfuric
i 25°€ ke O M—sotutiomwse 40— of96.7 %

sulfuric acid plus water to make 1 L of solution.

Note 4—Sodium chloride is used to reduce any adverse effects on the
response of the dosimeter due to trace organic impurities.

8 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD.
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9.1.2 If the final solution is not yet air-saturated, it should be
done. Shaking of the solution is normally sufficient to achieve
this. Alternatively, bubble high-purity air through the solution,
taking care to avoid any possible organic contamination of the
air. The oxygen concentration in air-saturated solution is
adequate to ensure the dosimeter’s linear response up to 400
Gy. Store the dosimetric solution in clean borosilicate glass

=
S0

containers in the dark.

9.2 The dosimetric solution has the follow i‘ng concentra-

ALy

i’

performed at an approved laboratory, as defined in 3.1.1, and
have demonstrable traceability to nationally or internationally
recognized standards.

10.2.2 When the Fricke dosimeter is used in a routine
dosimetry system, the calibration irradiation may be performed
in accordance with 10.2.1, or at a production or research
irradiation facility together with reference- or transfer-standard
dosimeters from a system that has measurement traceability to
nationally or internationally recognized standards.

tions: 1 x 1
mol-L! sodi

D> mol-L"! ferrous ammonium sulfate; 1 x 1073
um chloride; and 0.4 mol-L™! sulfuric acid.

9.3 The dosimetric solution will slowly oxidize at room

temperature

resulting in an increase in the optical absorbance

of the unirradiated solution. If the solution has not been used
for some tifne, measure the absorbance of the unirradiated

solution, as
pathlength s

described in 10.4. If the absorbance of a 10-mm
imple is greater than 0.1, do not use that solution.

Prepare a frgsh batch of solution to replace it.

Note 5—Okidation of the solution at room temperature can be
significantly rdduced by refrigerating the solution, but refrigeration may

also change th|

9.4 Rinse
types) at lea]

P oxygen concentration.

the dosimeter containers (ampoules or other
5t three times with the dosimetric solution before

filling them for irradiation. Even with careful rinsing, there will

always be

lution remaining; subsequent rinsing will help

mitigate this| effect.

9.5 Fill clean containers with the dosimetric solution. If
flame sealing the dosimeters, observe the precautions in 6.3.

9.6 An alfernative method of preparation using concentrated
stock soluti¢pn is described in Appendix X1. Each dilufion

made from

e stock solution should be treated as a separate

batch for thq purposes of calibration.

10. Calibra

10.1 Priof
specific batc
ments) shal
documented
and quality

tion of the dosimetry system

to use, the dosimetry system/ (consisting of a
h of dosimeters and specific-measurement instru-
be calibrated in agccordance with the user’s
procedure, that specifies details of the calibration
hssurance requirements. This calibration shall be

repeated at rpgular interval§ tovensure that the accuracy of the
absorbed ddse measurement is maintained within required

limits. Calib
tice 51261.

ration methods are described in ISO/ASTM Prac-

Note 6—The quallty of the Frlcke d031metry system is potentlally h1gh

if prepared an

using published € or G Values or the value of thelr product However
doses determined in this way cannot be considered traceable to national or
international standards without additional evidence, such as comparison
with known traceable standards. For completeness, details of this method
are given in Appendix X3, but it is not recommended in situations where
traceability to national or international standards is a regulatory require-
ment.

10.2 Calibration Irradiation of Dosimeters—Irradiation is a
critical component of the calibration of the dosimetry system.
10.2.1 When the Fricke dosimeter is used in a reference
standard dosimetry system, calibration irradiations shall be

10.2.3 Specily the calibration dose in terms of abjorbed
dose to water.
10.2.4 For calibration with photons, the Frieke)dosjmeter
shall be irradiated under conditions that approXimate elgctron
equilibrium.
10.2.5 When using an electron beam Mo¥irradiation, [locate
the dosimeters in a well-characterizéd position within the
radiation field.
10.2.6 Ensure that the radiation field within the vplume
occupied by the dosimetersiis=-as uniform as possiblg. The
variation in dose rate withimthis volume should be knowh, and
be within acceptable limifs for the uncertainty of califjration
required.
10.2.7 The dosimeter shall be calibrated in a radiatiop field
of the same typetand energy as that in which it is to bef used,
unless evidénce is available to demonstrate equivalerjce of
response;
10.2%8Calibrate each batch of dosimeters prior to usp.
102.9 Separate five dosimeters from the remainder pf the
batch and do not irradiate them. Use them in determining A,
(see 10.5.1).
10.2.10 Control (or monitor) the temperature of the dosim-
eters during irradiation. Calculate or measure the mean irra-
diation temperature of each dosimeter to an accuracy of }2°C,
or better.
10.2.11 Use a set of at least three dosimeters fori
absorbed dose value.
10.2.12 Irradiate these sets of dosimeters to at leagt five
known dose values covering the range of utilization in o1
determine the calibration curve for the dosimetry syste

each

10.3 Measurement Instrument Calibration and

manufacturer or other smentlﬁc laboratory 1nstrument suppli-
ers. Other appropriate wavelength standards are holmium
oxide filters or solutions. For more details, see Practices E275,
E925, and E958.

Note 7—For example, holmium oxide solutions in sealed cuvettes for

use in the wavelength region of 240 to 650 nm are available as certified
wavelength standards (SRM 2034).°

? Available from the National Institute of Standards and Technology (NIST),
Gaithersburg, MD 20899.

© ISO/ASTM International 2015 — All rights reserved
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10.3.2 Check the accuracy of the photometric (absorbance)
scale of the spectrophotometer, especially in the ultraviolet
region before and after each set of measurements. Certified
absorbance standard filters or solutions are available for this
purpose.

Note 8—Solutions such as SRM 931f and SRM 935 (7) and metal-on-
quartz filters such as SRM 2031° are examples of absorbance standards.
Note that SRM 935 is a pure chemical that must be diluted by the user.

10.4 Measurement:

=
S0

ALy

i’
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10.5.1 Calculate the mean absorbance of the unirradiated
dosimeters, A, (see 10.2.9). Calculate the net absorbance, AA,
for each irradiated dosimeter by subtracting A, from its
absorbance (A,), as follows:

AA = A— A, (5
10.5.2 Correct the measured net absorbance AA to the net

absorbance expected for an irradiation temperature of 25°C
using the formula:

10.4.1 Sef the spectral bandwidth of the spectrophotometer
at no more than 2 nm. Determine the optimum wavelength of
the absorbance peak of the solution by making a spectral scan
of an irradfated sample. The optimum wavelength is the
wavelength that corresponds to the maximum absorbance value
and should be between 302 nm and 305 nm. This peak is fairly
broad, and tHe optimum wavelength will vary depending on the
quality of the spectrophotometer. Set the wavelength at the
peak and legve it there for the subsequent measurements.

10.4.2 Sef the balance of the spectrophotometer to zero with
only air (no |cuvette) in the light path(s).

10.4.3 Fi
pathlength W
on the exteri
absorbance.

a clean cuvette (or flow cell) of 5 to 10 mm
ith distilled water. Carefully wipe off any liquid
pr surfaces of the cuvette. Measure and record the
See Note 9.

Note 9—Inladequate rinsing of the cuvette (or flow cell) between

dosimeter soly
contamination
(7). Micropipg
rinsing proced
of the water fr
an absorbance
to reflection fT|

tions can lead to errors due to solution carryover (cross-
. Techniques for minimizing this effect are discussed in Ref
ttes or Hamilton dispensers are recommended for the
re. It is not meaningful to attempt to determine the quality
m absorbance measurements of water since pure water has
of approximately 0.0002 at 303 nm. The loss of light due
m the cuvette surfaces will increase the absorbance.

1044 E

pty the water from the cuvette (or flow cell) and

rinse it at ldast twice with the solution from an anipetle, or
other contaiper. Discard the rinse solution and_fill to the
appropriate level with more solution from theisame container.

Carefully wi
cuvette. Plag
photometer

ment readin
bance for t
temperature
absorbance

containing V
bance of eac
it in the sp
because the

e off any solution on the exteriorsurfaces of the
e the cuvette in the samplesholder of the spectro-
ind measure the absorbapee @S soon as the instru-
b has stabilized. If necessary, correct the absor-
emperature during cmieasurement (see 7.1). The
correction shouldybe applied to the measured
pfter subtraction—of the absorbance of the cell
ater (10.43)( It is important to read the absor-
h dosimeterat the same elapsed time after putting
ectrophetometer light beam. This is necessary
absorbance increases slowly with time while the

dosimeter is

in the tht bheam (prnhﬂh]v due to oxidation of the

AA,_ AA/(1 + 0.0012 (T 25)) (6)

10.5.3 Prepare a calibration curve by plotting-the corpected
AA values versus absorbed dose, D. Fit the data by means of a
least-squares method with an appropriate afalytical forin that
provides a best fit to the data. The data) for these Fricke
dosimeters should fit a first (or at the high end of the dose|range
a second) order polynomial of the«form:

AA,s = b,+ b,D (+ b, D?) (7)

irrad

10.5.4 As a guide, the yalue of b, should be approxirpately
0.00360 Gy for absorbatie¢ measurements made in a 1{0 mm
pathlength optical cell.

Note 10—Complter software is available commercially for perfprming
least-squares fit§” of* data with polynomials or other analytical |forms.
Further information on mathematical methods for handling calipration
data is given,in' ISO/ASTM Practice 51261.

10.5°5The calibration curve should tend towards AA |= 0 at
zere.dose. An appreciable AA intercept value is indicatjive of
contamination of the dosimetric solution with impuritie.

AA versus dose, but with an enhanced radiation chemical yield [(G). A
useful method to check the purity of Fricke solution is to comppre the
dosimetric response (AA) of irradiated Fricke solution with and ithout
NaCl (all other aspects of the preparation remaining the same)| If the
solutions are pure, the difference in response of solutions with and yithout
NaCl should be less than 0.5 %.

Note 11—Impure solutions may exhibit a linear response in j:ms of
(

10.5.6 Compare the net absorbance values of a |given
calibration with those expected based on the value of b,|given
in 10.5.4 and the appropriate optical path length. For coHalt-60
radiation, agreement should be within =2 % if the dosimetric
solutions were properly prepared and all associated arjalysis
equipment was properly calibrated. Agreement of the dosim-
etric response values from batch to batch over the useful|range
of the system should be within =1 %.

10.5.7 Estimate the reproducibility (precision) of thg indi-
vidual dosimeter results either from the results of replicate
measurements or from the statistics of the least-squareq fit to
the data The rpprndn(‘ihi]irv PYPI‘PQQPF] as one stadndard

solution by
unirradiated

the UV light). Repeat this procedure for all
and irradiated solutions.

10.4.5 Check the spectrophotometer zero after each mea-

surement using only air in the light path(s). Measure the
unirradiated solution before and after the irradiated solutions
are read. Periodically during the measurement process, remea-
sure the absorbance of a distilled water to detect any contami-
nation of the cuvete (or flow cell) and take appropriate
corrective actions if required.

10.5 Analysis:
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deviation, should not exceed 0.002 absorbance for an optical
pathlength of 10 mm. Suspected data outliers should be tested
using statistical procedures such as those found in Practice
E178.

11. Application of dosimetry system

11.1 For most applications, use a minimum of two dosim-
eters for each dose measurement. The number of dosimeters
required for the measurement of absorbed dose on or within a
material is determined by the reproducibility associated with
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the dosimetry system and the required measurement uncer-
tainty associated with the application. Appendix X3 of Prac-
ticce E668 describes a statistical method for determining this
number.

11.2 Use the irradiation and measurement procedures in
accordance with 10.2.3, 10.2.9, 10.2.10, 10.4.1 to 10.4.5,
10.5.1 and 10.5.2.

11.3 Determine the absorbed dose from the net absorbance

i’

for each dosimeter. Reference the calibration curve used to
obtain the absorbed dose values.

12.2.4 Record or reference the measurement uncertainty in
absorbed dose (refer to Section 13).

12.2.5 Record or reference the measurement quality assur-
ance plan used for the dosimetry system application.

13. Measurement uncertainty

13.1 AIll dose measurements need to be accompanied by an

1ol e
v Cdadnurduavull vurvue.

he absorbed dose in materials other than water irradiated
t conditions may be calculated using procedures given in
and E668.

rd the calculated absorbed dose values and all

range, radiatjon source, and associated instrumentation used to
calibrate and analyze the dosimeters.

12.2 Application:

12.2.1 Reford the date and temperature of irradiation, tem-
perature varjation (if any), and the date and temperature of
absorbance measurement, for each dosimeter.

12.2.2 Reford or reference the radiation source type and
characteristig¢s.

12.2.3 Refkord the absorbance, net absorbance value, tem-
perature cortlection (if applicable), and resulting absorbed dose.

XI1.1 As 3n alternative te the preparation of the dosimetric
solution degcribed in9.X, two separate concentrated stock
solutions mdy be preparéd and diluted as needed.

X1.2 Prepare”eoncentrated stock solutions as follows:

X1.2.1 Disselve 19,608 ¢ of ferrous ammonium sulfate in

APPENDIXES

(informative)

XI7 Alternative Method for Preparation of Dosimetric Solution

estimate of uncertainty. Appropriate procedures ar€-rpcom-
mended in ISO/ASTM Guide 51707 (see also GUM).

13.2 All components of uncertainty should be/inclugled in
the estimate, including those arising from calibration, dosim-
eter reproducibility, instrument reproducibility, and the|effect
of influence quantities. A full quantitative' analysis of cgmpo-
nents of uncertainty may be referted to as an unceftainty
budget, and is then often presented in the form of a|table.
Typically, the uncertainty budget will identify all signjficant
components of uncertainty,\ together with their methqds of
estimation, statistical djstributions and magnitudes.

13.3 If this practice“is followed, the estimate of the ex-
panded uncertainty*of an absorbed dose determined bly this
dosimetry systenhshould be less than 3 % for a coveragelfactor
k = 2 (whi€h corresponds approximately to a 95 % lepyel of
confidencefor normally distributed data).

14. Keywords

14.1 absorbed dose; dosimetry; ferrous ammonium dqulfate
dosimeter; ferrous sulfate dosimeter; Fricke dosimeter;
reference-standard dosimetry system

X1.3 Prepare the dosimetric solution from the concerjtrated
solutions as follows:

X1.3.1 Pipette 1 mL of ferrous ammonium sulfate sqlution
and 1 mL of sodium chloride solution from the stock solutions
into a 500 mL volumetric flask.

50 mL of 0.4 mol-L™" sulfuric acid, H,SO,, and add 0.4 mol-L"!
sulfuric acid to make 100 mL of solution. The resulting
concentration is 0.5 mol-L"! ferrous ammonium sulfate,
(NH,),Fe(SO,), - 6H,0.

X1.2.2 Dissolve 2.923 g of sodium chloride in 50 mL of 0.4
mol-L™! sulfuric acid and add 0.4 mol-L™! sulfuric acid to make
100 mL of solution. The resulting concentration is 0.5 mol-L™!
sodium chloride, NaCl.

X1.2.3 Store these stock solutions in clean borosilicate glass
containers in the dark.

X1.3.2 Add 0.4 mol-L"" sulfuric acid to make 500 mL of
solution.

X1.4 The resulting dosimetric solution will have the same
molar concentration as that given in 9.2.

X1.5 Prepare the dosimetric solution fresh each time it is
needed and store in clean borosilicate glass containers in the
dark.
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X2. Procedure for Determination of € for Ferric Ions

X2.1 Even though it is recommended in Appendix X3 that
the product €-G be used in calculating the dose, there is some
merit in determining the value of & experimentally for the
particular spectrophotometer utilized in measuring the dosim-
eter absorbance. In so doing, the performance of the spectro-
photometer is_independently verified. A series of ferric ion

X2.2.6 Dilute the solution with distilled water to give 1000
mL of solution.

solutions of
with the spe
ficient is def
VErsus Conce

219 m%>molTf .

X2.2 Pref

X221 W
(purity of at

X2.2.2 Pl
calibrated v

X2.2.3 A
concentrated

X2.2.4 H
the wire is g
the mouth of
procedures,
horizontal td

X225 A

different concentrations is prepared and measured
ctrophotometer. The molar linear absorption coef-
ermined from the slope of the line (plot of AA/d
ntration). The slope should have a value close to

are a concentrated ferric ion solution as follows:

eigh about 100 mg of spectrographically pure
least 99.99 %) iron wire to the nearest 0.1 mg.

hce the iron wire in a long-necked 1000-mL
lumetric flask.

Ild 60 mL of distilled water and 22.5 mL of
sulfuric acid (density of 1.84 g-cm™).

pat the unstoppered flask gently under a hood until
ompletely dissolved. With a beaker inverted over
the flask, allow the solution to cool. During these
ix the neck of the flask at an angle of 45° to the
prevent loss of solution.

Id 3 to 5 mL of 35 % hydrogen peroxide, H,O,,

solution to the flask and boil under reflux condensation for-l2

to 1 h, or ur
Allow the fl
0.5°C. H,0,
that the bubl

X3.1 Calg
dosimeters,
for each ir1
absorbance

X3.2 The

til the bubbles of excess peroxide are driven“off.
sk to cool and place it in a thermostat set@{25 =
will absorb slightly at 303 nm, so it i§ imperative
ples have been driven off.

ulate the mean absorbance of the unirradiated
, (see 10.2.9). Calculate the net absorbance, AA,
adiated dosimeter by subtracting A, from its
A)), as follows:

AA = A~ A, (X3.1)

basicequation for calculation of absorbed dose in

the dosimet

e solution—D —is—as followe:
—SoHHHoH—+ H—A5—+0OW-S=

X3.“Procedure for Calculation of Dose Based on ¢ and G

X2.3 The molarity (mol-L™") of ferric ions, C,. in this
reference solution is calculated by the following:
Cyr= my klV X2.1)
where:
mg, = mass of iron dissolved, kg,
|4 = volume of the final solution, L, and
k = conversion factor equal to 17.91 nmolkg™" of irpn.

X2.4 The reference solution will have~an absorbarjce of
about 4 at 303 nm. Pipette samples of the reference solufion of
1, 5, 10, 15, 20, and 25 mL into sixsF00-mL volumetric flasks.
Dilute each sample by filling(fe, the 100-mL mark with 0.4
mol-L"! sulfuric acid. These §amples should have absortjances
ranging from about 0.04 fo)l.

X2.5 The molarity of“each diluted sample solution, [C,, is
calculated by the fellowing:

C,=C.JS X2.2)

ref’
where:

S = final volume (100 mL) divided by the initial spmple
yolumes (1, 5, 10, 15, 20, and 25 mL).

X2.6 Measure the absorbance of the diluted sample| solu-
tions in a 10-mm pathlength cuvette at a temperature of| 25 =
0.5°C using the procedures of 10.3.

X2.7 Plot the absorbance/pathlength values versus c¢ncen-
tration of the samples. The result should be a straight lirje; the
slope is the molar linear absorption coefficient. Compafe this
slope with the reference value of 219 m*mol ™.

G = radiation chemical yield of ferric ions (Fe**), nfol-J !,
and

d = optical pathlength of the dosimetric solution fn the
cuvette, m.

X3.3 When using Eq X3.2, the values of the parametprs on
the right side of the equation must be those for the apprqdpriate
temperatures that is_the value of ¢ must be its value flor the

Vg

D, = AAMe-G-p-d) (X3.2)

absorbed dose to the Fricke solution (Gy),
net absorbance at the optimum wavelength (302 to 305

i

density of the dosimetric solution, equal to 1.024 x 10°

kg-m™ at 25°C,

where:
D, =
A =
nm)
p =
e =
(Fe?

= molar linear absorption coefficient of the ferric ions

*), mZ-mol !,
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temperature at which the absorbance of the Fricke solution was
measured and the value of G must be its value for the
temperature at which the Fricke solution was irradiated. The
values of ¢ and G are well known for 25°C and their
temperature coefficients are known. The values of ¢, G, or the
product € - G for a given temperature T°C can be calculated
using Eq X3.3 and Eq X3.4 (see NRCC Report PIRS-0815).
Both &(Fe**) and G (Fe**) increase with increase in tempera-
ture.

ngeur = 825|:1 + 00069 (Tmt'a.\‘ - 25] (X33)
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