[lIM) Designation: E 1026 _ 04 An American National Standard

—~yl’
INTERNATIONAL
Standard Practice for
- - - 1
Using the Fricke Reference-Standard Dosimetry System
This standard is issued under the fixed designation E 1026; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 2. Referenced Documents

1.1 This practice covers the procedures for preparation, 2.1 ASTM Standards?
testing and using the acidic aqueous ferrous ammonium sulfate C 912 Practice for Designing a Process for Cleaning Tech-
solution dosimetry system to measure absorbed dose to water nical Glasses
when exposed to ionizing radiation. The system consists of a D 1193 Specification for Reagent Water
dosimeter and appropriate analytical instrumentation. The E 170 Terminology Relating to Radiation Measurements
system will be referred to as the Fricke system. It is classified and Dosimetry
as a reference-standard dosimetry system (see ISO/ASTM E 178 Practice for Dealing with Outlying Observations

51261). E 275 Practice for Describing and Measuring Performance
1.2 The practice describes the spectrophotometric analysis of Ultraviolet, Visible, and Near Infrared Spectrophotom-
procedures for the Fricke dosimeter. eters
1.3 This practice applies only to gamma rays, x-rays E 666 Practice for Calculating Absorbed Dose from Gamma
(bremsstrahlung), and high-energy electrons. or X-Radiation
1.4 This practice applies provided the following are satis- E 668 Practice for Application of Thermoluminescence-
fied: Dosimetry (TLD) Systems for Determining Absorbed Dose
1.4.1 The absorbed dose range shall be from 20 to 400 Gy in Radiation-Hardness Testing of Electronic Devices
(1.2 E 925 Practice for the Periodic Calibration of Narrow Band-
1.4.2 The absorbed-dose rate does not exce2G¥&*(2). Pass Spectrophotometers

1.4.3 For radioisotope gamma-ray sources, the initial pho- E 958 Practice for Measuring Practical Spectral Bandwidth
ton energy is greater than 0.6 MeV. For x-rays (bremsstrahl- of Ultraviolet-Visible Spectrophotometers
ung), the initial energy of the electrons used to produce the 2.2 ISO/ASTM Standards:
photons is equal to or greater than 2 MeV. For electron beams, ISO/ASTM 51205 Method for Using the Ceric-Cerous Sul-
the initial electron energy is greater than 8 MeV (see ICRU  fate Dosimetry System
Reports 34 and 35). ISO/ASTM 51261 Guide for Selection and Calibration of

Note 1—The lower energy limits given are appropriate for a cylindri- SD?SImetry Systems for Radlatlon P“?C‘?SS".‘Q .
cal dosimeter ampoule of 12-mm outside diameter. Corrections for dose ISO/ASTM 51707 Estimating Uncertainties in Dosimetry

gradients across an ampoule of that diameter or less are not required. for Radiati(_m Processing . o _

_1._4.4 The irradiation temperature of the dosimeter should bﬁ/lezéiurlenr;eerr?fsnzgall?lU?%rgr;(l)srtssl?n on Radiation Units and
Wltlhg] 'It'rr]ﬁsrzgr?dg:dl%g(;se?;?purport to address all of the ICRU Report 34 The Dosimetry of Pulsed Radiafion
saféty concerns, if any, associated with its use. It is the ICRU Report 35 Radiation Dosimetry: Electrons with Ini-

o : : tial Energies Between 1 and 50 M&V
responsibility of the user of this standard to establish appro- " .
priate safety and health practices and determine the applica- ICRU Report 60 Fundamental Quantities and Units for

o ce . lonizing Radiatiofi
bility of regulatory limitations prior to use. ICRU Report 64 Dosimetry of High-Energy Photon Beams

based on Standards of Absorbed Dose to Water

* This practice is under the jurisdiction of ASTM Committee E10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee * For referenced ASTM standards, visit the ASTM webiste, www.astm.org, or
E10.01 on Dosimetry for Radiation Processing. contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM

Current edition approved Jan. 1, 2004. Published February 2004. Originallystandardssolume information, refer to the standard’s Document Summary page on
approved in 1984. Last previous edition approved in 2003 as E 1026 — 03. the ASTM website.

2The boldface numbers that appear in parentheses refer to a list of references at * Available from the International Commission on Radiation Units and Measure-
the end of this practice. ments (ICRU), 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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2.4 National Research Council Canada (NRCC): 4.2 The dosimeter is an air-saturated solution of ferrous
PIRS-0815 The IRS Fricke Dosimetry Sysfem sulfate or ferrous ammonium sulfate that indicates absorbed
] dose by an increase in absorbance at a specified wavelength. A
3. Terminology temperature-controlled calibrated spectrophotometer is used to
3.1 Definitions: measure the absorbance.
3.1.1 Fricke Dosimetry Systemconsists of a liquid chemi- 4.3 The Fricke dosimeter response is dependent on irradia-

cal dosimeter (composed of ferrous sulfate or ferrous ammaion temperature and measurement temperature. Thus, correc-
nium sulfate in aqueous sulfuric acid solution), a spectrophotions may have to be applied to the radiation chemical yie)d (
tometer (to measure optical absorbance) and its associatéat irradiation temperature and to the molar linear absorption
reference standards, and procedures for its use. coefficient €) for measurement temperatures.

3.1.1.1 Discussior—The Fricke dosimetry systemis consid- 4.4 The absorbed dose in materials other than water may be
ered a reference-standard dosimetry system. Sodium chloridslculated using procedures given in Practices E 666 and
is usually added to dosimetric solution to minimize the effectsE 668, and ISO/ASTM 51261, if the material is irradiated
of organic impurities. under equivalent conditions.

3.1.2 molar linear absorption coefficiente()—a constant 4.5 There are two factors associated with use of the Fricke
relating the spectrophotometric absorbang 6f an optically  system at energies below those specified in 1.4.3:

absorbing molecular species at a given wavelengipér unit 4.5.1 The radiation chemical yield changes significantly at
pathlength ¢) to the molar concentratiort) of that species in  Jow photon energie$4), and
solution: 4.5.2 For electron energy below 8 MeV, dosimeter response
A requires correction for dose gradients across the dosimeter with
m = {dx o) a dimension in the beam direction of 12 mm (see ICRU Report
Unit: m*mol?* 35).

3.1.3 net absorbance AA}—change in measured optical 4:6 The lower energy limits given (refer to 1.4.3) are
absorbance at a selected wavelength determined as the absol@@Propriate for a cylindrical dosimeter ampoule of 12-mm
difference between the pre-irradiation absorbadeeand the outside diameter. With some difficulty, the Fricke system may
post-irradiation absorbanca, as follows:AA = |A — A | be used at lower energies by employing thinner (in the beam

3.1.4 radiation chemical yield (G(x}}-the quotient of (x)  direction) dosimeters (see ICRU Report 35). Below the lower
limits for energy, there will be significant dose gradients across

by €, wheren (x) is the mean amount of a specified entfy, the ampoule wall. In addition, it is difficult to perform accurate
produced, destroyed, or changed by the mean enesgy, calculations for a cylindrical ampoule.
imparted to the matter.

n(x) 5. Interferences
(3

3 5.1 The Fricke dosimetric solution response is extremely

Unit: mol-J* sensitive to.i_mpu_rities,_ particularly organic impurities. Even_ in
3.2 Definitions of other terms used in this standard thaf'@C€ duantities, impurities can causeadetecta}ble change in the
pertain to radiation measurement and dosimetry may be foun(abserved response. For high accuracy, organic materials 'shaII

not be used for any component in contact with the solution,

in Terminology E 170. Definitions in E 170 are compatible : .
with ICRU Gg'ythat document, therefore, may be userzj as a nless it has been demonstrated that the materials do not affect
alternative reference. e dosimeter responsg. . . . . .

5.2 Traces of metal ions in the irradiated and unirradiated
4. Significance and Use dosimetric solutions can also affect dosimeter response. There-

4.1 The Fricke dosimetry system provides a reliable meangozz’t iggsnm use metal in any component in contact with the

for measurement of absorbed dose to water, based on a proce°‘§) . . . -
of oxidation of ferrous ions to ferric ions in acidic aqueous >-3 If flame sealing the dosimeters, exercise care in filling
solution by ionizing radiatior(3). In situations not requiring ampoules to avo!d depqsmng splunon in the ampoule neck.
traceability to national standards, this system can be used fordPsequent heating during sealing of the ampoule may cause

absolute determination of absorbed dose. as the radiatigidesirable chemical change in the dosimetric solution remain-
chemical yield of ferric ions is well characte’rized. ing inside the ampoule’s neck. For the same reason, exercise

4.1.1 In situations requiring traceability to national stan-Care t avoid heating the body of the ampoule during sealing.

dards, response of the Fricke system shall be verified by means®-4 Thermal oxidation (as indicated by an increase in optical
of comparison of expected and measured dose values. ThsSorbance), in the absence of radiation, is a function of
verification process requires irradiation of dosimeters in gmbient temperature. At normal laboratory temperatures (about

calibration facility having measurement traceability to nation-20 10 25°C), this effect may be significant if there is a long
ally or internationally recognized standards. period of time between solution preparation and photometric

measurement. This interference is discussed further in 8.4.
5.5 The dosimetric solution is somewhat sensitive to ultra-
5 Available from the National Research Council, lonizing Radiation Standards,\“Olet I'ght and ShOUId be Kept in the dé.ll’k for l_ong'term

Institute for National Measurement Standards, Ottawa, Ontario. K1A OR6. storage. No special precautions are required during routine

€
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handling under normal laboratory lighting conditions, butavailable? Other grades may be used, provided it is first

strong UV sources such as sunlight should be avoided. ascertained that the reagent is of sufficient high purity to permit
its use without lessening the accuracy of the measurements.
6. Apparatus Methods of obtaining higher purity of chemicals exist (for

. . . . example, crystallization or distillation), but are not discussed
6.1 For the analysis of the dosimetric solution, use P y )

high-precision spectrophotometer capable of measuring absor-- , Purity of Water—Water purity is very important since
bance values up to 2 with an uncertainty of no more thd#  \ater is the major constituent of the dosimetric solution, and
in the region of 300 nm. Use a quartz cuvette with 5- or 10-MMperefore, may be the prime source of contamination. The use
pathlength for spectrophotometric measurement of the solst double-distilled water from coupled all-glass and silica stills
tion. The cuvette capacity must be small enough to allow it Qs recommended. Alternatively, water from a high-quality
be thoroughly rinsed by the dosimeter solution and still leave;ommercial purification unit capable of achieving Total Oxi-
an adequate amount of that solution to fill the cuvette to tthizab|e Carbon (TOC) content below 5 ppb may be used. Use
appropriate level for the absorbance measurement. For dosirgf deionized water is not recommended.

eter ampoules of less than 2 mL, this may require the use of

semi-microcapacity cuvettes. Other solution handling tech- Note 3—Double-distilled water distilled from an alkaline permangan-
pacity ' 9 ate (KMnQ) solution (2 g KMnQ plus 5 g sodium hydroxide (NaOH) in

niques, such as the use of micro-capacity flow Ce"S_a may be gn? of distilled water) has been found to be adequate for routine
employed provided precautions are taken to avoid crosSpreparation of the dosimetric solution. High purity water is commercially

contamination. Control the temperature of the dosimetriqvailable from some suppliers. Water labelled HPLC (high pressure liquid
solution during measurement at 26 0.5°C. If this is not chromatography) grade is usually sufficiently free of organic impurities to
possible, determine the solution temperature during the spe&€ Used in this practice.

trophotometric analysis and correct the results using Eq 4 in 7.3 Reagents
10.4.5. 7.3.1 Ferrous Ammonium Sulfate(NH,),Fe(SQ), 6H,0.

o . : o 7.3.2 Sodium Chloride(NacCl).
6.2 Use borosilicate glass or equivalent chemically-resistant 7.3.3 Suluric Acid (H,SO,).

glass to store the reagents and the prepared dosimetric solution.
Clean all apparatus thoroughly before use (see Practice C 918. Preparation of Dosimeters

6.2.1 Store the cleaned glassware in a clean, dust-free 8.1 Prepare dosimetric solution:
environment. For extreme accuracy, bake the glassware in 8.1.1 Dissolve 0.392 g of ferrous ammonium sulfate,
vacuum at 550°C for at least one hd@). (NH,),Fe(SQ),- 6H,0, and 0.058 g of sodium chloride, NaCl,

6.2.2 As an alternative method to baking the glassware, th#® 12.5 mL of 0.4 mol-L* sulfuric acid, HSQ,. Dilute to 1 L
dosimeter containers (for example, ampoules) may be filledn a volumetric flask with air-saturated 0.4 mof-kulfuric acid
with the dosimetric solution and irradiated to a dose of at leas@t 25°C. To make 0.4 M solution, use 41.0 g of 96.7 % sulfuric
500 Gy. When a container is needed, pour out the irradiate@Cid plus water to make 1 L of solution.
solution, rinse the container at least three times with unirradi- Nore 4—Sodium chloride is used to reduce any adverse effects on the
ated solution and then refill with the dosimetric solution to beresponse of the dosimeter due to trace organic impurities.
irradiated. The time between filling, iradiation and measure- g 1 2 |fthe final solution is not yet air-saturated, it should be
ment should be as short as practical, preferably no more thanfyne, Shaking of the solution is normally sufficient to achieve
few hours. Refer to Note 2. this. Alternatively, bubble high-purity air through the solution,
6.3 Use a sealed glass ampoule or other appropriate glassking care to avoid any possible organic contamination of the
container to hold the dosimetric solution during irradiation. air. The oxygen concentration in air-saturated solution is
o _ _ . . adequate to ensure the dosimeter’s linear response up to 400
Note 2—To minimize errors due to differences in radiation absorption 5y, - Syore the dosimetric solution in clean borosilicate glass
properties between the container material and the Fricke solution, it is

possible to use plastic containers (for example, PMMA or polystyrene) tocomalm':‘rs in the dark.

hold Fricke solution. However, the interferences discussed in Section 5 8-2 The d%S'memC solution has the following Conce:?tra'
may result in a reduction in accuracy. To reduce these problems, the plastons: 1 X 10~ mol-L-1 ferrous ammonium sulfate; X 10
containers may be conditioned by irradiating them filled with dosimetricmol-L™ sodium chloride; and 0.4 mol-tsulfuric acid.

solution to approximately 500 Gy. The containers should then be 8.3 The dosimetric solution will slowly oxidize at room
thoroughly rinsed with unirradiated solution before use. temperature resulting in an increase in the absorbance of the

7. Reagents
®Reagent Chemicals, American Chemical Society Specificatimerican

7.1 Purity of Reagents-Reagent grade chemicals shall be Chemical Society, Washington, DC. For suggestions on the testing of reagents not

used. Unless otherwise indicated. all reagents shall conform ﬂ'@ted by the American Chemical Society, sAealar Standards for Laboratory
’ ! hemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia

the Spec“_clcatlons Of_the Commlttee on Analytical R_eagents Olnd National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
the American Chemical Society where such specifications arep.
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unirradiated solution. If the solution has not been used for 9.4 Measurement Instrument Calibration and Performance
some time, measure the absorbance of the unirradiated solMerification—For the calibration of the instruments, and for the
tion, as described in 10.3. If the absorbance of a 10-mnverification of instrument performance between calibrations,
pathlength sample is greater than 0.1, do not use that solutioree ISO/ASTM Guide 51261 and instrument-specific operating
Prepare a fresh batch of solution to replace it. manuals.

Note 5—Oxidation of the solution at room temperature can be signifi- 94.1 .Check the wavelength scale of the spectrophotometer.
cantly reduced by refrigerating the solution, but refrigeration may aIsoThe emission spect_rum from a low-pressure mercury arc Iqmp
change the oxygen concentration. can be used for this purpose. Such a lamp may be obtained
from the spectrophotometer manufacturer or other scientific

8.4 Rinse the dos_lmeter_contalner§ (a"T.‘POU'eS. or Othqf’:lboratory instrument suppliers. Other appropriate wavelength
types) at least three times with the dosimetric solution befor%tandards are holmium oxide filters or solutions. For more

filling them for |rr§1d|at|on. I'E\(en.wnh careful rinsing, ther'e will details, see Practices E 275, E 925, and E 958.
always be solution remaining; subsequent rinsing will help
mitigate this effect. Note 6—For example, holmium oxide solutions in sealed cuvettes for
8.5 Fill clean containers with the dosimetric solution. If use in the wavelength region of 240 to 650 nm are available as certified
flame sealing the dosimeters, observe the precautions in 5.§avelength standards (SRM 2034).
Separate five dosimeters from the remainder of the batch and 9.4.2 Check the accuracy of the photometric (absorbance)
do not irradiate them. Use them in determinidg(see 10.3). scale of the spectrophotometer, especially in the ultraviolet
8.6 The quantity of dosimetric solution produced by theregion before and after each set of measurements. Certified
procedure in 8.1 is convenient when dosimeters are needed &bsorbance standard filters or solutions are available for this
small quantities. If more dosimeters are required on a regulgpurpose.

basis, then it may be more convenient to prepare a concentrated . 7__sojutions such as SRM 931f and SRM 985 and metal-on-
stock solution from which a small quantity may be drawn andgyart; filters such as SRM 203are examples of absorbance standards.
diluted as needed (see Appendix X1 for details). Note that SRM 935 is a pure chemical that must be diluted by the user.

9. Calibration of the Dosimetry System 10. Irradiation and Measurement Procedures

9.1 The quality of the Fricke dosimetry system is extremely 10.1 Irradiat_ions are performed for individual dosimeters or
high and it is capable of absolute dose determination usin§roups of dosimeters for the purpose of absorbed-dose rate
publishede - G value. However, for applications requiring detérmination.
traceability to national standards, the dosimetry system (con- 10.2 Irradiation: _
sisting of a specific batch of dosimeters and specific spectro- 10.2.1 Specify the dose in terms of absorbed dose to water.
photometer) shall be calibrated prior to use, in accordance with 10-2.2 Position the dosimeters in the radiation field in a
the user’'s documented procedure that specifies details of tff€fined, reproducible location. To avoid creating an air gap
calibration process and quality assurance requirements. Thigtween the solution and ampoule wall, the dosimeter should
calibration process shall be repeated at regular intervals tB€ in the vertical position.
ensure that the accuracy of the absorbed dose measurement id0.2.3 When using a photon source (gamm_a—rays or X-_rays)
maintained within required limits. Calibration methods arefor irradiation, surround the dosimeters with a sufficient

described in ISO/ASTM 51261. amount of water-equivalent material to achieve approximate
9.2 An alternative to the methods of calibration described irf!€ctron equilibrium conditions, for example, polystyrene or
ISO?ASTM 51261 is to perform the following steps. polyethylene. The appropriate thickness of such material de-

9.2.1 Using Fricke dosimeters, remaeasure the absorbe@€nds on the energy of the photon radiation (see Practices
dose rate in a calibration facility whose dose rate is alread{F 666 and E 668).
known and is traceable to national standards. The observednore 8—For example, for 8°Co source, 3 to 5 mm of polystyrene (or
difference and its uncertainty shall be incorporated in thesquivalent polymeric material) should surround the dosimeter in all
uncertainty estimates of the Fricke dosimetry system. directions.

9.3 Calibration Irradiation of Dosimeters-Irradiation is a 10.2.4 When using an electron beam for irradiation, locate
critical component of the calibration of the dosimetry systemthe dosimeters in a well-characterized position within the
Calibration irradiations shall be performed at an accrediteqadiation field.
calibration laboratory, or at an in-house calibration facility 10.2.5 Ensure that the radiation field within the volume
meeting the requirements in ISO/ASTM Practice 51400, thapccupied by the dosimeters is as uniform as possible. The
provides an absorbed dose (or absorbed-dose rate) haviRgriation in dose rate within this volume should be known, and
measurement traceability to nationally or internationally rece within acceptable limits.
ognized standards. 10.2.6 Control the temperature of the dosimeters during

9.3.1 When the Fricke dosimeter is used as a routingradiation, or monitor the temperature variations. This infor-

dosimeter, the calibration irradiation may be performed per 9.3mation is needed for response correction (see 10.4).
or at a production or research irradiation facility together with

reference- or transfer-standard dosimeters that have measure-
ment traceab"'ty to nat|0na||y or 'ntemanona"y reCOgnlzed 7 Available from the National Institute of Standards and Technology (NIST),
standards. Gaithersburg, MD 20899.
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10.2.7 The required number of sets of dosimeters depends 10.4.1 For the absorption peak, calculate the mean absor-
on the absorbed-dose range of utilization. Use a set of at leabance of the unirradiated dosimetefs, (see 8.6). From the
three dosimeters for each absorbed-dose value, and a minimuabsorbance of the irradiated dosimetdy, (calculate the net
of five sets of dosimeters for each factor of ten span ofabsorbance)A, for each irradiated dosimeter as follows:
absorbed dose. AA=IA— A @

Note 9—To determine mathematically the minimum number of setsto  10.4.2 The basic equation for calculation of absorbed dose
be used, divide the maximum dose in the range of utilizatibm&) by in the dosimeter solutior, is as follows:
the minimum dosel@min), then, calculate log (base 10) of this rat@=
log (Dmax/ Dmin). If Q is equal to or greater than 1, calculate the product D. = AA @
of 5 X Q, and round this up to the nearest integer value. This value F e G-p-d
represents the minimum number of sets to be used.

where

10.3 Measurement _ D = absorbed dose to the Fricke solution (Gy),

10.3.1 Set the spectral bandwidth of the spectrophotometepA = net absorbance at the optimum wavelength (302 to
at no more than 2 nm, and maintain the sample compartment 305 nm),
and dosimetric solution at 25 0.5°C during the measurement. = density of the dosimetric solution, equal to 1.024
Determine the optimum wavelength of the absorbance peak of 10° kg-m?,
the solution by making a spectral scan of an irradiated samplee = molar linear absorption coefficient of the ferric ions
The optimum wavelength is the wavelength that corresponds to (F€*"), m?-mol?,
the maximum absorption value. The nominal peak wavelengthG = radiation chemical yield of ferric ions (B8, mol-J*,
is from 302 to 305 nm. This absorption peak is fairly broad, and
and the optimum wavelength will vary depending on thed = optical pathlength of the dosimetric solution in the
quality of the spectrophotometer. Set the wavelength at the cuvette, m.
peak and leave it there for subsequent measurements. 10.4.3 When using Eq 2, the values of the parameters on the

10.3.2 Set the balance of the spectrophotometer to zero wittight hand side of the equation must be those for the appropri-
only air (no cuvette) in the light path(s). ate temperatures, that is, the value ofiust be its value for the

10.3.3 Fill a clean cuvette (or flow cell) of 5 or 10 mm temperature at which the absorbance of the Fricke solution was
pathlength with distilled water. Carefully clean the cuvettemeasured and the value @& must be its value for the
exterior windows through which the light beam passes. Meatemperature at which the Fricke solution was irradiated. The
sure and record the absorbance. See Note 10. values of e and G are well known for 25°C and their

10.3.4 Empty the water from the cuvette (or flow cell) andtemperature coefficients are known. The values,dd, or the
rinse it at least twice with the solution from an ampoule, orproducte - G for a given temperature can be calculated using
other container. Discard the rinse solution and fill to theEq 3 and 4 (see NRCC Report PIRS-0815). Beffre*") and
appropriate level with more solution from the same containerG (Fe**) increase with increase in temperature.

Carefully wipe off any solut_ion on the exterior surfaces of the + =1+ 0.0069T .y~ 2] ®)
cuvette. Place the cuvette in the sample holder of the spectro- e

photometer and measure the absorbance as soon as the instru- Gre = God 1 + 0.0012Tirpg — 2] @
ment reading has stabilized. It is important to read the Nore 11—Although ICRU 35 is an important reference, equation (5.7)
absorbance of each dosimeter at the same elapsed time aft@thin ICRU 35 gives the temperatures in the brackets in the reverse order
putting it in the spectrophotometer light beam. This is necesto the correct order. ICRU 64 gives the equation in the correct form, but
sary because the absorbance increases slowly with time whileréferences ICRU 35 with no mention of the error.

the dosimeter is in the light beam (probably due to oxidation of 10.4.4 The values qf andd should also correspond to their

the solution by the UV light). Repeat this procedure for allvalues at the temperature of the Fricke solution when the

unirradiated and irradiated solutions. absorbance was measured. The use of “room temperature”
Note 10—Inadequate rinsing of the cuvette (or flow cell) betweenValues is usually considered adequate for precise dosimetry. Eq

dosimeter solutions can lead to errors due to solution carryover (cross3 and 4 are valid for an irradiation temperature range of 10 to

contamination). Techniques for minimizing this effect are discussed in Re60°C, and for an absorbance measurement temperature range

(6). Micropipettes or Hamilton dispensers are recommended for theof 15 to 35°C.

rinsing procedure. It is not meaningful to attempt to determine the quality

of the water from absorbance measurements of water since pure water hadlore 12—Based on Eq 3 and 4, it can be seen é(@&¢’*) andG (Fe**)

an absorbance of approximately 0.0002 at 303 nm. The loss of light duicrease with increase in temperature. The recommended valuesufolr

to reflection from the cuvette surfaces will increase the absorbance. G at 25°C aree = 219 nf-mof* andG = 1.61x 10° mol-J* (see ICRU

- Reports 14 and 35). A dure for determininig given in A di
10.3.5 Periodically, check the spectrophotometer zero aftgggpors and 35). A procedure for determinin given in Appendix

each measurement using only air in the light path(s). Read the
unirradiated solution before and after the irradiated solutions 10-4.5 The values of andG may have to be corrected for
are read. . Periodically during the measurement procesé€mperature according to Eq 3 and 4. The temperature at which
remeasure the absorbance of a distilled water to detect ari{)e absorbance of the Fricke solution was measured and the
contamination of the cuvette (or flow cell) and take appropriatdemperature at which it was irradiated must be known.
corrective actions if required. AA[1 + 0.006925 — T,e,9] [1 + 0.001225 — Tj;100)]

10.4 Analysis Dr = €25 Gog p d ®)

irad
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Note 13—In bringing the “correction” from the denominator to the  11.2 Application
numerator, the temperature subtraction in the round brackets has beenq11 2 1 Record the date and temperature of irradiation, tem-
reversed. This is not an exact way to achieve the results of Eq 3 and 4, byt .o+.re variation (if any), and the date and temperature of

the errors caused are usually considered negligible. For example, if t bsorb tf h dosimet
absorbance were measured at 30°C, Eq 5 would give a value 0.1 gpoSorbance measurement, 1or each dosimeter.

smaller than Eq 3, and if the irradiation temperature were 60°C, Eq 5 11.2.2 Record or reference the radiation source type and
would give a value 0.2 % smaller than Eq 4. characteristics.

10.4.6 To calculate the absorbed dose to wadgy, (ICRU 11.2.3 Recorq thg absqrbance, net absorbance value, tem-
Report 35), use the following: perature correction (if applicable), and _resu_ltlng absorbed dose
for each dosimeter. Reference the calibration curve (if appro-
Dw = 1.004D¢ ©) priate) or the calculations used to obtain the absorbed dose
Note 14—Eq 6 is valid only for an irradiation temperature of 25°C and values.

a reading temperature of 25°C. 11.2.4 Record or reference the measurement uncertainty in
10.4.7 The absorbed dose to watgy,, can also be deter- absorbed dose (refer to Section 12).
mined from the mean absorbed dose in the Fricke soluian, 11.2.5 Record or reference the measurement quality assur-
using the following equation (ICRU 64): ance plan used for the dosimetry system application.
Dw = (HerdP)we Pwe De Q)

. . . 12. Measurement Uncertainty

where (K{p)wr is the ratio of the mass-energy absorption )
coefficients of water to Fricke solutio,r is the correction ~ 12-1 To be meaningful, a measurement of absorbed dose
factor of the perturbation introduced by the dosimeter vessel ihall be accompanied by an estimate of uncertainty.
it is not water-equivalent. If a single plastic irradiation cell s 12-2 Components of uncertainty shall be identified as be-
used,p, ¢ is generally negligible. longing to one of two groups: o

10.4.8 It has been recommended that the produ@tbe 12.2.1 Type A—Those evaluated by statistical methods, or
used in (Eq 2 and Eq 5) rather than individually determiged ~ 12.2.2 Type B—Those evaluated by other means.
and G values (see ICRU Report 35). This is due to the large 12.3 Other ways of categorizing uncertainty have been
systematic errors in the measurementeothat have been Widely used and may be useful for reporting uncertainty. For
observed with a number of investigators. For irradiation and€xample, the terms precision and bias or random and system-
absorbance measurement at 25°C, the recommended value f§i¢ (non-random) are used to describe different categories of
e-G at 303 nm is 3.52x 10% m2.J% For irradiation or uncertainty.
absorbance measurement at other than 25°C, correct the valuel2.4 If this practice is followed, the estimate of the ex-
of e-G using Eq 3 and 4. panded uncertainty of an absorbed dose determined by this

10.4.9 For an irradiation and absorbance measurement terflosimetry system should be less than 3 % for a coverage factor
perature of 25°C, with a 10-mm pathlength cuvette, and usindf = 2 (which corresponds approximately to a 95 % level of
the value ofe - G recommended in 10.4.8, Eq 2 reduces to: confidence for normally distributed data), when Fricke is used

Dy, = 278AA ®) as an absolute dosimeter. Otherwise, the expanded uncertainty
may be higher.

Note 15—If the desired outcome is to measure absorbed-dose rate, plot 12 5 With great care, lower uncertainties may be achieved
the values ofAA versus time. Calculate the best straight line fit. The slope(g)_
of the straight line is th&A per unit time. The statistics of the straight line
fit indicate the magnitude of the typA uncertainties. Due to these  Note 17—The identification of Type A and Type B uncertainties is
uncertainties, the best straight line may, or may not extrapolate to zerpased on methodology for estimating uncertainties published in 1993 by
absorbance at zero time. The presence of oxidizable impurities in théhe International Organization for Standardization (ISO) in the Guide to
dosimeter solution may casue the line to shift. Nevertheless, a satisfactotiie Expression of Uncertainty in Measureméit The purpose of using
fit of the data to a straight line often indicates that impurities werethis type of characterization is to promote an understanding of how
removed by the radiation. ConveXA per unit time into absorbed dose per uncertainty statements are arrived at and to provide a basis for the
unit time using Eq 2. international comparison of measurement results.

Note 16—Impure solutions may exhibit a linear response in terms of N 18 |SO/ASTM 51707 defines possible sources of uncertainty in
AA versus dose, but with an enhanced radiation chemical yBJdA  gosimetry performed in radiation processing facilities, and offers proce-
useful method to check the purity of Fricke solution is to compare theyyres for estimating the magnitude of the resulting uncertainties in the
dosimetric responseA@) of irradiated Frlqke solutlpn with and without  aasurement of absorbed dose using a dosimetry system. The document
NaCl (all other aspects of the preparation remaining the same). If th@efines and discusses basic concepts of measurement, including estima-
solutions are pure, the difference in response of solutions with and withoW{y, of the measured value of a quantity, “true” value, error and
NaCl should be less than 0.5 %. uncertainty. Components of uncertainty are discussed and methods are
. . . provided for estimating their values. Methods are also provided for
11. Minimum Documentation Requirements calculating the combined standard uncertainty and estimating expanded

11.1 Record calibration data and results (if performed). (overall) uncertainty.

11.1.1 Record the dosimeter batch number (code).

11.1.2 Record or reference the date, irradiation temperaturé3: Keywords
measurement temperature, temperature variation (if any), dose13.1 absorbed dose; dosimetry; ferrous ammonium sulfate
range, radiation source, and associated instrumentation useddosimeter; ferrous sulfate dosimeter; Fricke dosimeter;
calibrate and analyze the dosimeters. reference-standard dosimeter; transfer-standard dosimeter
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APPENDIXES
(Nonmandatory Information)

X1. ALTERNATIVE METHOD FOR PREPARATION OF DOSIMETRIC SOLUTION

X1.1 As an alternative to the preparation of the dosimetric X1.3 Prepare the dosimetric solution from the concentrated
solution described in 8.1, two separate concentrated stockolutions as follows:

solutions may be prepared and diluted as needed. X1.3.1 Pipette 1 mL of ferrous ammonium sulfate solution

X1.2 Prepare concentrated stock solutions as follows: — and 1 mL of sodium chloride solution from the stock solutions

X1.2.1 Dissolve 19.608 g of ferrous ammonium sulfate iniNt© & 500 mL volumetric flask.

50 mL of 0.4 mol-L* sulfuric acid, HSO,, and add 0.4 mol-t X1.3.2 Add 0.4 mol-I* sulfuric acid to make 500 mL of

sulfuric acid to make 100 mL of solution. The resulting solution.

concentration is 0.5 mol:L ferrous ammonium sulfate,

(NH,),Fe(SQ),- 6H,0. X1.4 The resulting dosimetric solution will have the same
X1.2.2 Dissolve 2.923 g of sodium chloride in 50 mL of 0.4 molar concentration as that given in 8.2.

mol-L* sulfuric acid and add 0.4 moltsulfuric acid to make

100 mL of solution. The resulting concentration is 0.5 mdl-L  X1.5 Prepare the dosimetric solution fresh each time it is

sodium chloride, NaCl. needed and store in clean borosilicate glass containers in the
X1.2.3 Store these stock solutions in clean borosilicate glasgark.

containers in the dark.

X2. PROCEDURE FOR DETERMINATION OF € FOR FERRIC IONS

X2.1 Even though it is recommended in 10.4 that the X2.2.6 Dilute the solution with distilled water to give 1000
producte-G be used in calculating the dose, there is some meriinL of solution.
in determining the value of experimentally for the particular ] 5 o ) )
spectrophotometer utilized in measuring the dosimeter absor- X2-3 The molarity (mol-L’) of ferric ions, Cey, in this
bance. In so doing, the performance of the spectrophotomet&gference solution is calculated by the following:
is independently verified. A series of ferric ion solutions of Cref = MKV (X2.1)
different concentrations is prepared and measured with the )
spectrophotometer. The molar linear absorption coefficient iswhere.
determined from the slope of the line (plot afA/d versus Mre
ccgncentration). The slope should have a value close to 219
m -mol* (see Note 11).

mass of iron dissolved, kg,
volume of the final solution, L, and
conversion factor equal to 17.91 mol-kgf iron.

o _ X2.4 The reference solution will have an absorbance of
X2.2 Prepare a concentrated ferric ion solution as followsabout 4 at 303 nm. Pipette samples of the reference solution of

X2.2.1 Weigh about 100 mg of spectrographically purel'_5’ 10, 15, 20, and 25 mL into six 100-mL volumetric.flasks.
(purity of at least 99.99 %) iron wire to the nearest 0.1 mg. Dilute each sample by filling to the 100-mL mark with 0.4
X2.2.2 Place the iron wire in a long-necked 1000_mLmoI-L sulfuric acid. These samples should have absorbances

calibrated volumetric flask. ranging from about 0.04 to 1.

X2.2.3 Add 60 mL of distilled water and 22.5 mL of X2.5 The molarity of each diluted sample solutid®, is
concentrated sulfuric acid (density of 1.84 g-9m calculated by the following:

X2.2.4 Heat the unstoppered flask gently under a hood until C= C,ofS (X2.2)
the wire is completely dissolved. With a beaker inverted over
the mouth of the flask, allow the solution to cool. During these Where: o L
procedures, fix the neck of the flask at an angle of 45° to theS = final volume (100 mL) divided by the initial sample
horizontal to prevent loss of solution. volumes (1, 5, 10, 15, 20, and 25 mL).

X2.2.5 Add 3 to 5 mL of 35 % hydrogen peroxide®}, X2.6 Measure the absorbance of the diluted sample solu-

to 1 h, or until the bubbles of excess peroxide are driven offg 5°C ysing the procedures of 10.3.

Allow the flask to cool and place it in a thermostat set ati25
0.5°C. H,0, will absorb slightly at 303 nm, so it is imperative ~ X2.7 Plot the absorbance/pathlength values versus concen-
that the bubbles have been driven off. tration of the samples. The result should be a straight line; the
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slope is the molar linear absorption coefficient. Compare this
slope with the reference value of 21F-mol .
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