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1. Scope these reference may be made to other published glosséries.

1.1 This test method covers the determination of alphaz symmary of Test Method
particle-emitting isotopes of uranium in water by means of . -
chemical separations and alpha pulse-height analysis (also4'1 The water sample to be analyzed is acidified and

known as alpha-particle spectrometry). Uranium is chemicall;}Jrar.".um'l232 IS qdded to ser¥e asan f'Sr?tOp'C tr:lalcgr before any
separated from a water sample by coprecipitation with ferrougdd'tIona operations are per ormed. Ift e sample is a seawater
hydroxide, anion exchange, and electrodeposition. The te mple, or if it contains carbona_\te or k_Jl_carbonate ions, the
method applies to soluble uranium as well as to any uraniurﬁamIOIe must be b_oﬂgd under ac_ldlc_condmons to convert these
that might be present in suspended matter in the water sampllgns to carbon dioxide gas which is then expelled from the

This test method is applicable for uranium processing efﬁuentgomtlon' Carbonate ions must not be present during the

as well as substitute ocean water. When suspended matter%ec'p't"’ltlon step because they complex the uranium and

present, an acid dissolution step is added to assure that all ﬁfevent its co_precipitation. The_ uraniu_m is cpp_recipitat_ed from
the urar,1ium dissolves e sample with ferrous hydroxide. This precipitate is dissolved

: in concentrated hydrochloric acid, or is subjected to an acid
1.2 This standard does not purport to address all of thegissoytion with concentrated nitric and hydrofluoric acids if
safety concerns, if any, associated with its use. It is thenq yqrochioric acid fails to dissolve the precipitate.
responsibility of the user of this standard to establish appro-' 4 5 The uranium is separated from other radionuclides by
priate safety and health practices and determine the applicaé\dsorption on anion-exchange resin from hydrochloric acid
bility of regulatory limitations prior to useSpecific warning (2+1), followed by elution with hydrochloric acid (1+119). The

statements are given in Section 9. uranium is electrodeposited onto a stainless steel disk. Isotopic
uranium radioactivities are measured by alpha pulse-height
2. Referenced Documents analysis with a silicon surface-barrier or ion-implanted detector
2.1 ASTM Standards: and a multichannel analyzer.
C 859 Terminology Relating To Nuclear Materfals 4.3 When uranium-232 is used as the tracer, the other
D 1129 Terminologies Relating to Water isotopes of uranium listed in Table 1 can be detected in the
D 1193 Specification for Reagent Water alpha-particle spectrum of an unknown sample. From the alpha
D 2777 Practice for Determination of Precision and Bias ofenergies given in the table, it can be seen that the alpha energy
Applicable Methods of Committee D-19 on Water of uranium-232 is more than 0.40 MeV higher than the energy
D 3084 Practice for Alpha-Particle Spectrometry of Water of any other uranium isotope. Thus, there should be little
D 3370 Practices for Sampling Water interference from tailing of the uranium-232 into the lower

D 3648 Practices for the Measurement of Radioactivity —energy alpha peaks. Uranium-233 and uranium-234 usually
cannot be resolved because their principal alpha energies differ
3. Terminology by only 0.04 MeV. Uranium-235 and uranium-236 peaks can
be resolved only with difficulty. The alpha peaks from other

3.1 Def|n|t|onf5_ ) o combinations of uranium isotopes can be resolved unless the
3.1.1 For definitions of terms used in this test method, refegajity of the finally prepared sample is poor.

to Terminologies C 859 and D 1129. For terms not included in
5. Significance and Use

5.1 This test method was developed to measure the radio-
activity of uranium isotopes in environmental waters or waters

1 This test method is under the jurisdiction of ASTM Committee D19 on Wat . :
IS test methot 1S Lncer 'e JUrsciction o ommiitee D=5 o AT raleased to the environment, and to determine whether the

and is the direct responsibility of Subcommittee D19.04 on Methods of Radiochemi

cal Analysis.
Current edition approved Aug. 10, 1997. Published October 1997. Originally

published as D 3972 — 80. Last previous edition D 3972 — 90. S Parker, S. P., edMcGraw-Hill Dictionary of Chemical TermsMcGraw-Hill
2 Annual Book of ASTM Standardgol 12.01. Book Co., New York, NY, 1985.
2 Annual Book of ASTM Standardgol 11.01. 8 JUPAC, “Glossary of Terms Used in Nuclear Analytical Chemistiyire and
4 Annual Book of ASTM Standardéol 11.02. Applied ChemistryVol 54, 1982, pp. 1533-1554.
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TABLE 1 Relevant Properties of Uranium Isotopes of Interest in 7.2 lon Exchange Colummglass or plastic, approximately
Environmental Waters * 13-mm inside diameter and 150 mm long with a glass-wool
Isotope Half Life Principal Alpha Energies in MeV plug or plastic frit and a 100- to 150-mL reservoir.
Years (Abundance) 7.3 Electrodeposition Apparatugonsisting 6a 0 to 12-V,
U-232 68.9 5.320(68.6) 0 to 2-A power supply (preferably constant current) and an
5.262(31.4) electrodeposition cell. The cathode is an approximately 20-mm
U-233 1592 x 105 4.824(83.3) diamet(_er stainlefss steel disk pc_)lished to a.mirror .finish. The
4.782(14.1) anode is approximately 1-mm diameter platinum wire with an
approximately 8-mm diameter loop at the end of the wire
U-234 2485 X 10° j;;gg?g; parallel to the cathode disk. Cooling of the electrolyte during
electrodeposition to at least 50°C is recommended. See refer-
U-235 7.038 x 10° 4.596(5.6) ences in Section 8 of Practice D 3084 for more details.
pped Efg 7.4 Alpha Pulse-Height Analysis Systeronsisting of a
4.214(6.4) silicon surface-barrier or ion-implanted detector, supporting
§ electronics, and pulse-height analyzer. A system capable of
V230 234210 2:222 gg; giving a resolution of 30 keV FWHM or better, when measured

with a high-quality source, is recommended. The counting
U-238 4.468 X 10° 4.198 (77) efficiency of the system should be greater than 15 %, and the
4151 @3) background in the energy region of each peak should be less

ATable of Isotopes, Eighth Edition, Vol. 11, Richard B. Firestone, Lawrence H
Berkeley National Laboratory, University of California, 1996. thar: tﬁndCOUHtS in 60 000 s. Many systems are ComDUter
controlied.

8. Reagents and Materials

uranium-isotope concentrations are below the maximum ) )
amounts allowable by any regulatory statute. 8.1'Pur|ty of Reagents—Reaggnt 'gra_lde che'mllcals shall be
used in all tests. Unless otherwise indicated, it is intended that
6. Interferences all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical So€iety.
Other grades may be used provided it is first ascertained that
e reagent is of sufficiently high purity to permit its use

6.1 Thorium, polonium, plutonium, and americium were
found not to interfere in this uranium determinatiofihe only
ossible alpha-emitting isotope that might interfere, based on . ; - . . .
fhe chemis?ry of this tegst metﬁod, is progt]actinium-zal (3:28 Wlthout_ red_ucmg the precision, or increasing the bias, of the
10" y half-life). This isotope, however, is not likely to be d€termination.

present in environmental water samples. Protactinium-231 h 58'2 Purity of Water—Unless otherwise indicated, referencg
the following alpha energies in MeV, the abundance bein%o water shall be understood to mean reagent water conforming

; ; . Specifications D 1193, Type lll, as a minimum.
iven in parentheses: 5.013 (25.4 %), 5.03 (23 %), 4.95 0 ! . ; ; . .
?22_5 %) 2_059 (11 %), and 4_7§4 (8.4 (;o)_ Thus(from )Table 1 83 Radioactive Purity of ReagertRadioactive purity shall
! ' ' be such that the measured results of blank samples do not

it is seen that protactinium-231 can interfere with the determi- dth lculated probabl f1h i
nation of uranium-233 or uranium-234. However, when theSXceed the calculated probable error of the measurement or are

4.951 to 5.059 MeV protactinium-231 peaks can be resolveéﬁ"ithin the des_ired precisi(_)n.

from the uranium perfks a correction c%n be made. 84 Amhmccjmlurg H(ydroxuicésp gr 0.90)—Concentrated am-
o ; . _monium hydroxide (NHOH).

6.2 When measuring very low concentrations of uranium q8'5 Ammonium Hydroxide Solutiqd+99)—Mix 1 volume

isotopes in environmental samples, detector backgrounds an :
laboratory blanks must be well known. Blank determination Ohicsgg?unt?ﬁ[?g 8‘?‘;\;' (sp gr 0.90) with 99 volumes of water.

are made to ascertain that any contamination from reagent '8.6 Anion-Exch ResiaSt v basic. st i
glassware and other laboratory apparatus is small compared to ™" nion-Exchange Restwstrongly basic, styrene, quater-

the activity in the sample that is being analyzed. A blank?é‘:‘lrgrig‘énfrgror;"um salt, 4% crosslinked, 100 to 200 mesh,
determination should be made in exactly the same way as th 8.7 Electrolyte—Dissolve 132 g of ammonium sulfate in

sample determination. For accurate analyses, blank determina- ;
tions should be consistent, and when possible, the activities th\gater and dilute to 1 L. Slowly add concentrated JhH or

blanks should be at least a factor of ten lower than activitieé:oncentrated 55O, Wh'le. S“T“”g .to adjust the pH of the
obtained in the analysis of actual samples. solution to 3.5. The solution is M in (NH,),SO,.

8.8 Ethyl Alcohol (C,H;OH)—Make slightly basic with a
few drops of concentrated N®H per 100 mL of alcohol.

7. Apparatus -
Anhydrous denatured ethanol is acceptable.

7.1 Centrifuge 100-mL centrifuge bottle or tube capacity.

®Reagent Chemicals, American Chemical Society Specificativmerican
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
7 Bishop, C. T., Casella, V. R., and Glosby, A. A., “Radiometric Method for the listed by the American Chemical Society, sdmalar Standards for Laboratory
Determination of Uranium in Water: Single-Laboratory Evaluation and Interlabo-Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia
ratory Collaborative Study,U.S. Environmental Protection Agency RepdtPA and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
600/7-79-093April 1979. MD.
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8.9 Ferric Chloride Carrier Solution(20 mg Fe/mL)— 12.1.1 Measure the volume of approximately 1 L of the
Dissolve 9.6 g of FeGI6H,O in 100 mL of 0.5M HCI. water sample to be analyzed and transfer to a 2-L beaker.

8.10 Hydrochloric Acid(sp gr 1.19)—Concentrated hydro-  12.1.2 If the sample has not been acidified, add 5 mL of
chloric acid (HCI). concentrated HCI.

8.11 Hydrochloric Acid(2+1)—Mix 2 volumes of concen- 12.1.3 Add a magnetic stirring bar, mix the sample com-
trated HCI (sp gr 1.19) with 1 volume of water. This solution pletely, and check the acidity with pH-indicating paper or strip.
is 8 M. If the pH is greater than 1, add concentrated HCI with mixing

8.12 Hydrochloric Acid(1+23)—Mix 1 volume of concen- until it reaches this value.
trated HCI (sp gr 1.19) with 23 volumes of water. 12.1.4 Add approximately 0.2 Bq of standardized uranium-

8.13 Hydrochloric Acid(1+119)—Mix 1 volume of concen- 232 tracer with a calibrated pipet or by weight.
trated HCI (sp gr 1.19) with 99 volumes of water. This solution  12.1.5 If the sample is a seawater or if it may contain

is 0.1M. carbonate ions, it must be boiled for approximately 5 min.
8.14 Hydrofluoric Acid(sp gr 1.2)—Concentrated hydrof- Check the pH again after boiling and if it is greater than 1, add
luoric acid (HF). concentrated HCI with mixing to bring the pH back to 1.
8.15 Hydroiodic Acid(sp gr 1.5)—Concentrated hydroiodic  12.1.6 Add approximately 500 mg of NaHS@nd 2 mL of
acid (HI). ferric chloride carrier solution.
(Hﬁi(le)NitriC Acid (sp gr 1.42)—Concentrated nitric acid 12 1.7 Cover the sample with a watch glass and heat the
).

. i . sample to boiling for 10 min.
8.17 Sodium Hydrogen Sulfate—Sulfuric Acifissolve 10 12.1.8 Without removing the watch glass, add concentrated

g of sodium hydrogen sulfate in 100 mL of water and thenyp,0H from a polyethylene squeeze bottle with the delivery
carefully add 100 mL of concentrateg$0, (sp gr 1.84) while e inserted under the watch glass at the beaker pouring lip.
stirring. This solution contains abbé g of NaHSQ, per 100 continue adding concentrated B until a light permanent

mL of 9 M H;SO,. . turbidity is produced, and then add an excess of 10 mL. Boil
8.18 Sodium Hydrogen SulfittNaHSQ). the solution for an additional 10 min.

8.19 Sulfuric Acid(sp gr 1.84)—Concentrated sulfuric acid 15 1 9 Add another 1 mL of concentrated NOH and

(H2SOy). . i ) . . continue to stir the sample for 30 min without heating.
8.20 Sulfuric Acid (1+9)—Cautiously add with stirfing 1 15 1 19 Ajiow the sample to settle (approximately 30 min)

volume of concentrated sulfuric acid (sp gr 1.84)to 9 volumesand decant the supernate, being careful not to remove any
of water. This solution is 1.81. precipitate ’

8.21 Thymol Blue Indicator SolutierDissolve 0.04 g of o s
. ; 12.1.11 Slurry the remaining precipitate and supernate, and
the sodium salt of thymol blue in 100 mL of water. transfer to a centrifuge bottle or tube.

8.22 Uranium-232 Solution, Standar(about 0.2 Bg/mL). 12.1.12 Centrifuge the sample and pour off the remaining

9. Warning supernate. Discard the supernates to waste.

9.1 Hydrofluoric acid (HF) is very hazardous and should be 12.1.13 Attempt to dissolve the precipitate with a minimum
used in a well-ventilated hood. Wear rubber gloves, safetyolume of concentrated HCI. If the precipitate dissolves
glasses or goggles, and a laboratory coat. Avoid breathing ar§empletely, add a volume of concentrated HCI equal to twice
HF fumes. Clean up all spills promptly and wash thoroughlythe volume of the sample solution and dilute to 100 to 150 mL
after using HF. with HCI (2+1), or otherwise adjust the acidity taHCI, and
then proceed to 12.3. If the precipitate does not dissolve in

10. Sampling HCI, evaporate to dryness, heat to 450°C for a few hours, and
10.1 Collect the sample in accordance with Practicegroceed to 12.2.

D 3370. Preserve the sample by adjusting the pH to 1 with HCl 12.2 Acid Dissolution of Residue

(sp gr 1.19) if the sample is not to be analyzed within 24 h. 12 2.1 Transfer the residue to a 250-mL TFE-fluorocarbon
Record the volume of the sample and the volume of acitheaker and add 60 mL of concentrated HN&hd 30 mL of
added. concentrated HFWarning—See Section 9).
11. Calibration and Standardization 12.2.2 Stir and heat on a magnetic stirrer hot plate for about
11.1 Standardized uranium-232 is required as a trace? h at a temperature near boiling. If the volume drops below
Before standardization, this isotope must be separated from i?sbom 25 mL, add eqL_laI volumes of concentrate_d Hhad
radioactive descendents by anion exchange or some Othgpncentrated HF, cooling the sample before adding.
means of chemical separation. See Practices D 3084 an 12.23 oRemove the sample from the hot plate and cool to
D 3346 for general guidance concerning the standardization out 40°C. Add 20 mL of concentrated HCI and slowly take
tracers, and the energy and efficiency calibrations of the e sample to dryness on the hot plate. Remc_)ve the beaker from
detector. The pulse-height analyzer should be set to acceme hot plate as soon as the sample has dried.

pulses from alpha particles of approximately 3.5 to approxi- L12-2.4 Cool the sample to near room temperature. Add 50
mately 9.0 MeV in energy. mL of HCI (2+1) and boil gently for a few minutes.

12.2.5 Filter through an ashless filter paper of medium
12. Procedure porosity. Wash the paper with about 10 mL of HCI (2+1),
12.1 Coprecipitation combining the wash water with the filtrate. Take this solution
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and proceed with 12.3. 12.5 Alpha Pulse-Height Analysis
12.3 Anion-Exchange Separation 12.5.1 Count the samples with the alpha pulse-height
12.3.1 Prepare the column by slurrying the anion-exchanganalysis system. See Practices D 3084 for guidance.
resin with HCI (2+1) and pouring it into a column of the kind  12.5.2 Check the alpha pulse-height spectrum and its
specified in Section 7. The height of the resin bed should banalysis for peaks at the uranium-232, uranium-233, uranium-
approximately 80 mm, or greater for samples which had234, uranium-235, uranium-236, and uranium-238 alpha
originally contained suspended matter. Operate the column atenergies, or a combination thereof, and determine the total
maximum flow rate of 2 mL/min. counts in each peak. Where two isotopes are close in energy,
12.3.2 After the resin has settled, pass the sample solutiospmplete resolution probably will not be possible. This is true,
through the anion-exchange resin column into a beaker. for example, when uranium-234 and uranium-233 are present
12.3.3 After the sample has passed through the column the same sample.
elute the iron (and plutonium, if present) with 6 resin-bed 12.5.3 Make the necessary background correction and blank
volumes of freshly prepared HCI (2+1) containing 1 mL of correction for each peak.
concentrated HI per 9 mL of 81 HCI. 13. Calculation
12.3.4 Wash the column with an additional two resin-bed

. 13.1 Calculate the concentrations of the uranium isotopes in
\igllérze% ?/{Iai,% (2+1). Discard the eluants from steps 12'3'1ihe aliquant of water taken for analysis as follows:

12.3.5 Place a clean, 50-mL glass beaker under the column. A = NAVINV, @)
Elute the uranium with 6 resin-bed volumes of HCI (1+119). \\hare-

12.3.6 Evaporate the sample to about 20 mL and add 5 mla = concentration of the uranium isotope in the water,
of concentrated HNQ Ba/L,

12.3.7 Evaporate the sample to near dryness. N, = net sample occurs in the energy region of interest in

12.4 Electrodeposition the alpha spectrum,

12.4.1 Add 2 mL of a 5 % solution of NaHS®,0 in 9M A, = concentration of the uranium-232 tracer, Bg/mL,
H,SO, to the sample. V, = uranium-232 tracer added, mL,

12.4.2 Add 5 mL of concentrated HNOmix well, and N; = net sample counts in the uranium-232 tracer energy
evaporate to dryness, but do not bake. region of the alpha spectrum, and _

12.4.3 Dissolve the sample in 5 mL of the electrolyte, Vs = volume of water sample taken for analysis, L.
warming to hasten the dissolution. 13.2 The absolute counting efficiency of the alpha

12.4.4 Transfer the solution to the assembled electrodep&Pectrometerz must be determined if it is desired to calculate
sition cell using an additional 5 to 10 mL of the electrolyte in the uranium recovery of the analytical procedure. Calculate
small increments to rinse the sample container. this efficiency as follows:

12.4.5 Add 3 or 4 drops of thymol blue indicator solution. If E=RJR, )
the color is not salmon pink, add,BO, (1+9) (or concentrated
NH,OH) dropwise until this color is obtained.

12.4.6 Place the platinum anode into the solution so that it
is approximately 10 mm above the stainless steel disk that and

serves as the cathode. . - .
R, = absolute alpha-particle emission rate of the calibrated
12.4.7 Connect the electrodes to the source of current, turn alpha-particle emittery/s.

the power on, and adjust the power supply to give a current of 13.2.1 The standard source may be any alpha emitter with

1.2 A. (Constant.current power supphlels will require no furtheran alpha-particle energy between 4.0 and 5.5 MeV, provided
adjustments during the electrodeposition.)

X i that its peak is well resolved. The standard source must be in
12.4.8 ngtmue thfe electrodepczjsmon for 3 total_ of 1 E the same chemical form and geometrical (for example: sample
12.4.9 A ..1 mLo concentrate NBH and continue the deposit diameter relative to the diameter of the calibration
electrodeposition for 1 min. standard, distance from the detector) arrangement as are used
12.4.10 Remove the anode from the cell and then turn off,, e sample being analyzed.
the power. o _ . 13.3 Calculate the uranium recovery in perceMt, as
12.4.11 Discard the solution in the cell and rinse the disk Zgows:
or 3 times with NHOH (1+99).

where:
R, = net counting rate of a standard source in the energy
region of the calibrated alpha-particle emitter, cps,

12.4.12 Disassemble the cell and wash the disk with ethyl Y= (Nt 100 (3)
alcohol. AVE

12.4.13 Touch the edge of the disk to a tissue to absorb thevhere:
alcohol from the disk. t = counting time, s.

12.4.14 Dry the disk and label it for counting. The sample The other terms are as defined for Eq 1 and Eq 2.
should be counted as soon as practicable and definitely within 13.4 See Section 9 of Practices D 3648 with regard to
a week, because uranium-232 descendents grow into thmverall uncertainty in a measurement.
sample and possibly interfere with the activity measurements 13.5 The minimum detectable activity (MDA) of a given
of certain uranium isotopes. uranium isotope, can be calculated from some typical
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parameters that have been observed in utilizing this test {2.71+ 4.65 *[(B)*?]} * 100

method. The MDA is defined as that amount of activity which MDC(BaL) = t* Y E*V, ©)
in the same counting time gives a count that is different from
the background count by two times the standard deviation o
the background count. See Section 9 of Practice D 3648 for th

equation used. For example, in the analysis of a water sample. _ the absolute counting eficiency of the alpha

where typical conditions .Wou.ld be 75 9% recovery of the spectrometer, and other terms are as defined in 13.1
uranium, a 60 000-s counting time, a 25 % alpha spectrometer and 13.6

counting efficiency and an 8.8 107° cps (5 counts/1000 min) o _

background, the MDA is approximately 5.& 10* Bq 14. Precision and Bias’

(becquerel = 1 disintegration/s). The lowest detectable 14.1 A limited collaborative test of this test method was

concentration of uranium in a water sample, however, dependsonducted with the uranium isotopes uranium-234, uranium-

not only on the MDA, but also on the volume of water taken235, and uranium-238. Eight laboratories participated by

for analysis, and on the blank values observed in the laboratorgrocessing samples at four levels. Outlier results from

where the analysis is to be performed. In many cases thiboratories were rejected as per the statistical tests outlined in

reagent blank is a factor of ten higher than the instrumenPractice D 2777. Of these four reference samples, two were

background and is then the controlling factor for the lowestprepared from actual environmental samples, one was prepared

detectable concentration of uranium in water. from a substitute ocean water sample, and one was prepared
13.6 The total propagated uncertainties ¢) for the  from a sample containing sediment.

individual uranium isotope concentrations are calculated as 14.2 A collaborative study of this test method showed that

where:
= the counting duration, s,
= the uranium recovery in percent, and

follows: the precision and bias values presented in Table 2 were present
5 ) based on the recovery from known additions of uranium
on (BYL) = A (BYL)* [(on/N? + (opA) + isotope.
(VO + (NS + (VT @ 45 Quality Control
where: 15.1 Whenever possible, the project leader, as part of the
on, = one sigma uncertainty of the net sample counts inexternal quality control program, should submit quality control
the energy region of interest in the alpha spectrum,samples to the analyst along with routine samples in such a
oa = oOne sigma uncertainty of the concentration of the way that the analyst does not know which of the samples are
U-232 tracer, Ba/mL, the quality control samples. These external quality control
oy, = one sigma uncertainty in the volume of U-232 tracer samples which usually include duplicate and blank samples,
added, mL, _ _ should test sample collection and preparation as well as sample
oy, = one sigma uncertainty of the net sample counts in4naivsis whenever this is possible. In addition, analysts are

the uranium-232 tracer energy region of the alpha

expected to run internal quality control samples that will
spectrum, and

, . indicate to them whether the analytical procedures are in
oy, = one sigma uncertainty of the volume of water .,..q Both the external and internal quality control samples
sample tak(_an_for analysis. ) ) should be prepared in such a way as to duplicate the chemical
~ The standard deviation for the net counts in the regions ofnatrix of the routine samples, insofar as this is practical. The
interest are calculated from: quality control samples that are routinely used consist of five
oy = (G + B2 (5) basic types: blank samples, replicate samples, reference
materials, control samples and “spiked” samples.
where:

G = the gross counts in the region of interest, and 16. Keywords _ _ o
B = the expected background counts for the same counting 16.1 alpha-particle spectrometry; isotopes; radioactivity;

duration in the region of interest. radiochemistry; uranium; water
13.7 The a priori minimum detectable concentration
(MDC) is calculated as follows: °Supporting data are available from ASTM Headquarters, Request RR:
’ D19-1073.

TABLE 2 Precision and Bias for Uranium-234, Uranium-235, and Uranium-238

Uranium-234 (+ 233) Uranium-235 (+ 236) Uranium-238
Recovered Bias. % Precision Recovered Bias, % Precision Recovered Bias. % Precision
Bg/L ' S(o) S(t) Bg/L S(o0) S(1) Bg/L ’ S(o) S(t)
26.83 27.527 +2.6 1.9084 1.7570 2.17 1.866 -14 0.1917 0.3915 34.75 37.877 +0.9 1.4361 1.9552
0.936 0.918 -1.9 0.0223 0.0458 0.0438 0.0407 -6.9 0.0032 0.0057 0.936 0.889 -0.5 0.0161 0.0436
0.227 0.2247 0.1 0.0047 0.0059 0.0017 0.00068 -60 0.00015 0.00033 0.028 0.027 -2.4 0.0026 0.0022
0.028 0.0275 -15 0.00236 0.0019 0.0013 0.0011 -11 0.00075  0.00067 0.0017 0.0020 +19 0.00069 0.00069
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



