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Standard Test Method for
Uranium in Drinking Water by High-Resolution Alpha-Liquid-
Scintillation Spectrometry 1

This standard is issued under the fixed designation D 6239; 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 3.1.1 For definitions of terms used in this test method, refer

1.1 This test method covers determining the total solubld0 Teérminology D 1129. For terms not included in this refer-
uranium activity in drinking water in the range of 0.037 Bg/L €nce, refer to other published glossari&}'
(1 pCilL) or greater by selective solvent extraction and

. . o S 4. Summary of Test Method
high-resolution alpha-liquid-scintillation spectrometry. The en- . i ,
ergy resolution obtainable with this technique also allows 4.1 This test method is based on solvent extraction technol-

estimation of thé32U to 234U activity ratio. ogy to isolate and concentrate uranium in drinking water for

1.2 This test method was tested successfully with reagerﬁouming via a high-resolution alpha-liquid-scintillation spec-
water and drinking water. It is the user's responsibility tofometer. , _ o ,
ensure the validity of this test method for waters of untested 4-2 To determine total uranium, as well as limited isotopic
matrices. uranium €U and %) by activity in drinking water, a

1.3 The values stated in Sl units are to be regarded a200-mL acidified water sample is first spiked wittiU as an

standard. The values given in parentheses are for informatidf§CLOPIC tracer, boiled briefly to remove radon, and evaporated
only. until less than 50 mL remain. The solution is then made

1.4 This standard does not purport to address all of the@pproximately 0.0]J\/I_ in qiethylenetriaminepentaacetic acid
safety concerns, if any, associated with its use. It is thdDTPA) and the pH is adjusted to between 2.5 and 3.0. The
responsibility of the user of this standard to establish appro_sample is transferred to a separatory funnel and equilibrated

priate safety and health practices and determine the applica‘-"’ith 1.50_mL Qf an extractive scintillator containing z_a_dialkyl
bility of regulatory limitations prior to useFor specific hazard Phosphoric acid extracting agent. Under these conditions only
statements. see Section 9 uranium is quantitatively transferred to the organic phase while

the extraction of undesired ions is masked by the presence of

2. Referenced Documents DTPA. Following phase separation, 1.00 mL of the organic
2.1 ASTM Standards: phase is sparged with dry argon gas to remove oxygen, a
D 1129 Terminology Relating to Water chemical quench agent, and counted on a high-resolution
D 1193 Specifications for Reagent Water alpha-liquid-scintillation spectrometer and multichannel ana-
D 2777 Practice for Determination of Precision and Bias oflyzer (MCA). _

Applicable Methods of Committee D19 on Waker 4.3 The alpha spectrum of a sample that contains natural
D 3370 Practices for Sampling Water from Closed Con-Uranium and that is analyzed with an interA3U tracer will
duit appear similar to the spectrum in Fig. 1. An approximate

D 3648 Practices for the Measurement of Radioactlvity ~ "esolution of 250 keV FWHM forzizu (4.2 MeV) allows
resolution and analysis of th€U, U, and 2*2U energy

3. Terminology spectrum peaks when their activities are of the same order of
3.1 Definitions: magnitude. Resolution of tHfé%U (4.4 MeV) alpha peak is not
possible, but its activity, which accounts for approximately
2.2 % of the total natural uranium activity, is included in the
total uranium activity calculated when th&U and?3?U peaks
* This test method is under the jurisdiction of ASTM Committee D19 on Water gra in the region of interest (ROI). When th#fU and 23U

igld'&sng?;s?islrect responsibility of Subcommittee D19.04 on Methods of Radlocheml—pe(,ikS are integrated separately, a portion szfﬁU activity
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3 Annual Book of ASTM Standardgol 11.02. the text.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



A8 D 6239 — 03
“afl

solution. Sulfate ion (Sg¥) did not interfere with the extrac-
tion of uranium at concentrations as high asl,lbut hydrogen
oxalate (HGO, ) concentrations greater than 0.004 and
234U (4.8 MeV) dihydrogen phosphate (RO,") concentrations greater than
0.2 M resulted in decreased uranium recovery. These concen-
trations, however, are several orders of magnitude higher than
the normal concentration of these ions in drinking water.
232U (5.3 MeV) 6.2 Beta- and gamma-emitting radionuclide interference is
minimized (typically 99.95 % rejection of beta/gamma pulses)
according to McDowell and McDowe(R) by the pulse-shape
discrimination of the high-resolution alpha-liquid-scintillation
spectrometer.
6.3 Quenching, often a problem with liquid scintillation
counting, is significantly reduced by the use of extractive
scintillator technology and will only result in a normally

238U (4.2 MeV)

Relative Counts

Energy (MeV) insignificant spectral energy shift with this procedure. No alpha
FIG. 1 Alpha Energy Spectrum of Natural Uranium and 232U counts will be lost due to q'uelnChmg-
Tracer Measured on a High-Resolution Alpha-Liquid-Scintillation 6.4 23U and®*®U may exist in the*2U tracer. The extent of
Spectrometer the positive bias should be determined periodically.

7. Apparatus

7.1 Caps vinyl or cork for culture tubes.
7.2 Funnels separatory, 125-mL, pear-shaped, polytet-
rafluoroethylene or polypropylene.

7.3 Meter, pH, with gel electrode or low leak-rate reference
electrode.
7.4 Multichannel Analyzer (MCA)512 channels or more,

5. Significance and Use
. . . ADC/memory or better.
5.1 This test method is a fast, cost-effective method that can 7.5 NIM Bin and Power Supply

yield limited isotopic activity levels fof>®U and*3%U, as well 7.6 Power Supplyhigh voltage (+1000 vol@ 1 ma), or
as total uranium activity. AlthougR®?U is incorporated as a integral to the speétrometer see item 7.10. ’
tracer, uranium recoveries for this test measured during the ;7 Sample counting reférence normal uranidmThis

developmental work on this test method were usually betweeeouming reference sample is an approximately 50/50 mix of

95 and 105%. _ o 233 and 2*U by activity in 1.00 mL of the extractive
5.2 The high-resolution alpha-liquid-scintillation spectrom- ¢.intillator solution and enclosed in a 10 by 75 mm glass

eter offers a constant 99.6 0.1 % counting efficiency and ¢ jyre tube and is for standardization purposes only.
instrument backgrounds as low as 0.001 counts per minute 7 g gqrce 137Cs approximately 1.85% 10° Bq (5 micro-
(cpm) ove a 4 to 7 MeVenergy range according to McDowell ¢ rjeq) This item is for standardization purposes only.

and McDowell (2). Count rates for extractive scintillator 7 g Sparging Gas ConditionéeThis apparatus provides
blanks and reagent blanks usually range from 0.01 cpm to 0.1, 4itioned argon gas to remove oxygen, a chemical quench
cpm. agent, from the sample, thus improving pulse shape discrimi-
6. Interferences nation and energy re;olution. It _cpnsists_of a specially-made
' glass tube, partially filled with silicone oil, that serves as a
6.1 During the development work on this method, less thafbressure-limiter, a gas drying tower filled with CaS(@ to 8
1% of **'Am, 2*Pu, %o, **Ra, ?*Rn, and®*°Th presentin  mesh) for additional drying of the argon gas, a gas washing
the original sample were found to extract under the conditiongottle containing toluene and molecular sieve to saturate the
described for the extraction of uranium by this procedureargon with toluene and prevent sample evaporation while

Uranium extraction is quantitative at pH values from 1.0 to 5-0deoxygenating, and plastic tubing of various lengths to serve as
but extraction of>*°Th and #**Pu increased slightly at pH
values below 2.5 and phase separation was slower and less
complete at pH values above 3.5. DTPA concentration is NOt sthe sole source of supply of th&%U and 234U normal uranium counting
critical in the range of 0.00IM to 0.1 M as long as a reference sample known to the committee at this time is from ORDELA, Inc., 1009
stoichiometric excess relative to the concentration of interferé!vin Weinberg Drive, Oak Ridge, TN, 37830. If you are aware of alternative
. . iallv ferric i B8 i intained. A h suppliers, please provide this information to ASTM Headquarters. Your comments
Ing 1ons, eSpr!a y e_rrlc IOI’I( )_’ IS main ame_ -AS muc _as will receive careful consideration at a meeting of the responsible technical
30 mg of Fe* did not interfere with the extraction of uranium commitee that you may attend.
when the DTPA concentration was 0.0M) and as much as ®The sole source of supply of the sparging gas conditioner known to the
250 mg of Fé+ did not interfere when the DTPA concentration committee at this time is ORDELA, Inc., 1009 Alvin Weinberg Drive, Oak Ridge,

. . . TN, 37830. If you are aware of alternative suppliers, please provide this information
was increased to 0.1@. As much as 2000 mg of calcium ion to ASTM Headquarters. Your comments will receive careful consideration at a

(Ca*) did not present an interference in a 0.0M0DTPA meeting of the responsible technical committee that you may attend.

will be included in the®®®U activity and the rest in thé>U
activity, depending on the exact ROIs selected. Likewise, if
present; U and?*3U will not be resolved by the spectrometer;
however, their activity will be included in the total uranium
ROI.
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connections between the pieces. The inlet from the compressed8.10 Sodium Hydroxide (6 M)-Slowly and with cooling

argon cylinder is connected to one side arm of the pressuradd 240 g sodium hydroxide (NaOH) pellets to 500 mL of

limiter; the opposite side arm of the pressure limiter iswater and stir to dissolve. Dilute to 1 L with water.

connected to the inlet (bottom) of the gas drying tower. The 8.11 Toluene—Reagent grade (EisCHy).

outlet (top) of the drying tower is connected to the inlet 8.12 233U Solution, Standard-Nominally 0.04 Bg/mL ac-

(dispersion tube) of the gas washing bottle. The outlet of theivity and standardized as per Practice D 3648.

gas washing bottle is connected to a disposable Pasteur pipet

that serves as the sparging lance for the sample. For furth& Hazards

information, consult the spectrometer (see 7.10) instruction 9.1 Use extreme caution when handling all acids and bases.

manual. They are extremely corrosive and skin contact could result in
7.10 Spectrometerhigh-resolution pulse-shape discriminat- severe burns.

ing alpha-liquid-scintillation spectrometer. Typical perfor- 9.2 When diluting concentrated acids, always use safety

mance specifications include greater than 99 % alpha countinglasses and protective clothing, and add the acid to the water.

efficiency, 99.95 % beta/gamma rejection, energy resolution of 9.3 Toluene is flammable. Avoid breathing vapors. Use with

200 to 250 keV FWHM for the 4.78 Me¥?Ra spectrum peak adequate ventilation and avoid open flames.

and instrument backgrounds of 0.001 counts per minute over a

4 to 7 MeV energy rangeé. 10. Sampling

7.11 Tubes 10 by 75 mm borosilicate glass. These tubes 10 1 Collect the sample in accordance with the applicable
serve as sample-counting cells for the spectrometer (see 7.1Q}ethods as described in Practice D 3370.

8. Reagents and Materials 11. Calibration and Standardization

8.1 Purity of Reagents-Reagent grade chemicals shall be 11.1 Use a normal uranium counting reference sample (that
used in all tests. Unless otherwise indicated, it is intended thajonsists of an approximate 50/50 mixture?dU and?34U, by
all reagents shall conform to the specifications of the Commitactivity) to establish an initial region of interest (ROI) on the
tee on Analytical Reagents of the American Chemical Societynultichannel analyzer (MCA).
(3). Other grades may be used, provided it is first ascertained

that the reagent is of sufficiently high purity to permit its usethis initial ROI setting depending on the nature of the sample and the

without Ie;sening the accuracy of th_e d_ete_rmination' extractive scintillator used. This reference sample may be made using the
8.2 Purity of Water—Unless otherwise indicated, referencestechniques cited in Burnett and Téi). Set the pulse shape discriminator

to water shall be understood to mean reagent water conformin@sb) of the high-resolution alpha-liquid-scintillation spectrometer prior
to Specification D 1193, Type I, or better. to counting each individual sample. A 1.8510° Bq (5 microcurie}*>’Cs

8.3 Argon Gas, Compresse€d9.999 % pure, with two- 9gamma source may be used to aid in setting the PSD by quickly inducing
stage pressure regulator. a beta/gamma pedH). For additional information, refer to the instrument

. . . . . instruction manual.
8.4 Ascorbic Acie—Reagent grade, solid ascorbic acid Note 2—Setting the pulse shape discriminator (PSD) is a quick, but

Note 1—The actual ROI for any given sample may differ slightly from

(CGHSOQ)- . ) . L critical procedure. Inaccurate activity determinations will result if the PSD
8.5 Dialkyl Phosphoric Acid Extractive ScintillaterSee s set improperly.
Ref (4).8

11.2 A reagent blank, without tracer, must be made in
exactly the same way as the sample determination.

11.3 For general guidance on calibration and standardiza-
tion, refer to Practice D 3648.

8.6 Diethylenetriaminepentaacetic Acid (DTPA)(0.1-M)
Add 3.93 g of solid DTPA (G,H,3N30;) to 50 mL of water.
Adjust the pH approximately 7 by the dropwise addition of 6
M sodium hydroxide (NaOH) while stirring to complete

dissolution. Dilute to 100 mL with water. 12. Procedure
8.7 Hydrochloric Acid (sp gr 1.193-Concentrated hydro-
chloric acid (HCI). Note 3—T_his procedure applies to analysis of water samples, whether
8.8 Molecular Sieve-Type 4A, activated, indicating, 4-g Preserved with HNQ@or HCI or unpreserved.
mesh (NgJAIO,),Si0,);,]-xH,0). 12.1 Measure 200 mL of a water sample into a 400-mL
8.9 Nitric Acid (sp gr 1.42)-Concentrated nitric acid borosilicate glass beaker.
(HNO,). 12.2 Acidify the sample with 0.5 mL of concentrated nitric
acid (HNG;) and 0.5 mL of concentrated hydrochloric acid
(HCI).

12.3 Add an accurately measured activity (depending on the

“The sole source of supply of the spectrometer known to the committee at thiéxpected uranium activity of the sample) S?ZU tracer
time is ORDELA, Inc., 1009 Alvin Weinberg Drive, Oak Ridge, TN, 37830. If you solution

are aware of alternative suppliers, please provide this information to ASTM

Headquarters. Your comments will receive careful consideration at a meeting of the NoTe 4—Itis recommended that the tracer activity corresponds roughly

responsible technical committee that you may attend. - L 23 =
8 The sole source of supply of the extractive scintillator known to the committee(o'75 t0 1.25 times the expecté"ifu activity) to the u activity so as to

at this time is ORDELA, Inc., 1009 Alvin Weinberg Drive, Oak Ridge, TN, 37830, Minimize uncertainties in determining the integral peak areas. If the
and may be prepared as in Réj. If you are aware of alternative suppliers, please @pproximate level of uranium activity in the sample is not known it may
provide this information to ASTM Headquarters. Your comments will receive be estimated by the following simple screening technique: Add 40 mL of
careful consideration at a meeting of the responsible technical committee. the water sample to a 100 mL beaker, boil for 5 min and let cool to room
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temperature. Then, follow 12.6-12.16. Calculate tPf&J activity (Bg/L) PSD is set too far to the right, some of the alpha pulses will not be
as in 12.18 by integrating the right-hand peak and assuming chemicaecorded in the pulse-height spectrum resulting in low values for sample
recovery equals 100 % (recovery/efficiency (R) equals 0.667). &Rdd activity. For additional information refer to the instrument instruction
tracer solution to each subsequent 200 mL sample such that the addethnual.

tracer activity is equal to approximately one-fifth the activity calculated in 12.16 Set the instrument to acquire a pulse-height (energy)

12.18. This amount of tracer activity should result in an energy spectrum . .
having 24 and 233 peaks of approximately the same magnitude, SPECtrum on the MCA. Count until sufficient counts are

Analyzing the sample without tracer will also show any potentially Obtained in the uranium peaks for the required statistical

interfering radionuclides in th&*2U tracer ROI (such a$'%o) that may ~ accuracy.

result in a high yield bias and therefore a corresponding low uranium 12.17 Integrate thé*U ROI and calculate the fractional

activity analysis. recovery/efficiencyRY of 222U according to Eq 1. The theo-
12.4 Place the beaker on a hot plate, cover with a ribbedetical maximum value oRYis 0.667 if 1.50 mL of extractive

watch glass, and heat to boiling. Boil for approximately 5 minScintillator solution is used and 1.00 mL of scintillator is

to remove radon. counted. _ »s
12.5 Reduce the temperature and evaporate until approxi- 12-18 Integrate the combinéd **t ROl and calculate the

mately 40 mL of solution remains. Remove from heat and coof0tal uranium activity concentration in the original sample

to room temperature. using Eq 2. o o . _
12.6 Make the solution approximately 0.81in DTPA by 12.19 If isotopic information is desired, separately integrate
adding 5 mL of 0.1M DTPA solution. the %% and®**U ROIs as accurately as possible and calculate

12.7 Adjust the pH to between 2.5 and 3.0 witMaNaOH their individual activity concentr.ations using Eq 2.
added dropwise while swirling the beaker. Rinse the pH 12.20 Based on a conservative reagent blank count rate of

electrode back into the solution with several milliliters of O-002 counts per second (cps) for the uranium ROl and a count
water. time of 3600 s, this method will result in a sensitivity of at least

12.8 Transfer the sample to a 125-mL, pear-shaped, pol)9'037 Ba/L (1 pCi/L) for total soluble uranium activity in

tetrafluoroethylene or polypropylene separatory funnel. Rinsd/ater.
the beaker twice with 5 to 10 mL of water delivered from a Calculati
plastic wash bottle and transfer both rinses to the separatorjyg' aiculation

funnel. 13.1 The uranium activity concentratidf, in Bg/L can be
12.9 Add 200 mg of ascorbic acid and agitate to dissolve.calculated using the following equations:
12.10 Using a calibrated pipet, add 1.50 mL of dialkyl R — Ry
phosphoric acid extractive scintillator to the separatory funnel RY="a" @
and cap tightly. Agitate by inverting about once every second R, — R,
for five minutes. AC, = RyxXV 2

12.11 Allow the phases to separate for at least 15 to 20 min,
or longer if necessary. Proper phase separation is evidenced pyhere:
two distinct, clear phases; the organic phase will be on top.
Discard the aqueous phase.

12.12 Carefully transfer 1.00 mL of the organic phase to aR*b
10 by 75 mm culture tube using a calibrated pipet, ensuring no
water is transferred along with the organic. A

12.13 Sparge the sample for three minutes with dry, oxygen-, - uranium activity concentration (Bg/L)
free, toluene-saturated argon (at a flow rate of approximatelyr ® — count rate in uranium ROI £, g:«ssu', 233)) for
10 mL/min) supplied by the sparging gas conditioner (see 7.9) sample,

fractional recovery/efficiency of*U tracer,

count rate ir?>2U region of interest for sample,
count rate in**3J ROI for reagent blank (without
234 tracer added), for the same detector used for
the sample,

activity of 22U tracer added (Bq),

using a Pasteur pipet as a sparging lance. R, = count rate in uranium ROI 34U, 232U, 238) for
12.14 Cap the tube with a vinyl cap or close the tube with a reagent blank (without®U tracer added) for the
cork stopper or other suitable device. same detector used for the sample,
12.15 Place the counting cell in a high-resolution alpha-vV = volume of sample analyzed (L), and

liquid-scintillation spectrometer. Set the instrument to acquire
a pulse-shape (time) spectrum and begin acquiring a spectrum. Precision and Bias

on the multichannel analyzer (MCA). Set the pulse-shape 14 1 The collaborative test conducted on this test method

discriminator (PSD) three to five channels to the left of thej,.,ded seven laboratories, each with one operator. Three
minimum point between the beta/gamma peak (left) and they gigactivity levels, 0.3 Bg/L (8.0 pCilL), 3.3 Bg/L (89.3

alpha peak (right) appearing on the MCA display. Especially Ci/L), and 13.5 Bg/L (365.4 pCi/L) of natural uranium were

on low level samples, it is sometimes helpful to use an externghgteq with three replicates per level. Each level also contained

gamma source such &3'Cs to identify the beta/gamma peak. 1.83 Bq/L (49.5 pCi/LY?2°Ra (and progeny) and 1.9 Bg/L (52
For very low-level samples, set the PSD a few channels to thECi/L) 2307

right of the beta/gamma peak. 14.2 The overall precision S(T) and the single operator

Note 5—If the PSD is set too far to the left, the pulse-height spectrumpPrecision S(O) of this test method, within the designated range,
will record beta/gamma pulses resulting in high background values. If thdnave been found to vary with level according to Table 1. Users
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TABLE 1 Precision and Bias (See Practice D 2777) precision and mean bias of 10 % andlO % respectively,
Amount  Amount Bias Statistically Precision based on a review of the collaborative study data. Test Method
Added,  Found, BgL 0 Bias Significant  S(T), S, D 5847 should be consulted on the manner by which precision

B q
q/L Bq/ L (5% CL) Bg/L Bg/L d bi d ined f he initial d .
020506)" 027(82) 00204 690)0%  no 5.0432  0.0249 and mean bias are determined from the initial demonstration
3.30(4) 3.3(39) 0.03(5) 1.(06) % no 0.204 0.205 study. This method shall not be used for official samples until
13.5(2)  12.9(1)  -0.6(1) -4.(51) % no 1.32 0.497 precision and bias are met.
# Parentheses denote nonsignificant figures. 15.4.4 Analyze three replicates of a blank (in uranium)

solution matrix. The matrix used for the demonstration should

. . _represent a water sample typical for which method will be
of this test method should be aware that the value of the smglgsed for example, surface water. The total dissolved solids

operator precision is small compared to other contributin TDS) of the matrix should approximate that which may be
sources to the overall precision and should use S(O) as

performance criteria rather than S(T) countered in normal use (see Section 6).
. 38/23 23 i
14.3 The collaborative test data in Table 1 indicate no 15.4.5 Calculate thé**%) and** activity for each of

S S o these three blank solutions. This method shall not be used for

Istatlistlcally significant observed bias in the test method for aNYfficial samples until the results of each of three blank solutions

evel. :

14.4 These collaborative test data were obtained using ta%risbglol_gbr;?gtg;e giict)fol?t;:mwl:;c(lfgsia(:h analyte.

water available at each laboratory site. For other matrices, | ~° y b .

these data may not apply. 1551 Tp ensure that the test method is in control, analyze

an LCS with each batch of no more than 20 samples. The

15. Quality Control activity added to the reagent water should bg approp(ia_\te for

he type of samples analyzed and allow sufficient precision to

ing this test thod id and ¢ thin th nsure a meaningful assessment of accuracy. The LCS must be
using this test method are valid and accurate within &g o though all steps of the analytical method including

confidence limits of the test, the following QC procedures musEample preservation and pretreatment. The result obtained for

be followed when running the test. The batch size should NAle | CS shall fall within the limit of+25 % of the expected
exceed 20 samples, not including QC samples. value.

15.2 Calibration and Calibration Verification-Standards 15.5.2 If the result is not within these limits, reporting of the

:;Sbeodr;?o:hlisg]f;h;: ,\Tlrfsa.:_l gfl\tlrsf)e able to a national standarc?gsults is halted until the problem is resolved. An indication of
y ¥ the occurrence should accompany the reported results.

15.2.1 The yield of th&?U shall be calculated for each
sample and associated QC sample. The standard uncertaint 15.6 Method Blank (Blank)-Analyze a reagent water test

; : ¥ink with each batch of no more than 20 samples. The
= 0, '
gitzgo%fnirsf yield should be less than 10 % (approximate 40 concentration of analytes found in the blank should be less than
15292 Tﬁis ield should be reported alond with the reporte alf the MDC. If the concentration of the analytes is above the
anal{/ti.cal datay P 9 P imit, provide an explanation in the case narrative.

15.3 Detector Efficiency-While not required to determine .15'7 Matrig Spike (MS)—The_ performance Qf a mairix
pike analysis with every batch is not required given the use of

the activity of the sample, the detector efficiency is necessarz tracer with each sample. The tracer chemical yield would

to determine the?”®®U tracer chemical yield. The detector ¢ * S : o
efficiency shall be verified monthly or prior to use whichever indicate any problems with interferences in a specific sample
! atrix. Section 15.2 addresses the use of the tracer chemical

is longer, using a source traceable to a national standard® _
yield as a measure of result quality.

15.1 In order to be certain that analytical values obtaineé

laboratory. .
15.4 Initial Demonstration of Laboratory/Instrument Capa- ~ 12-8 Duplicate o
bility 15.8.1 To check the precision of sample analyses, analyze a

15.4.1 If a laboratory or analyst has not performed this test@mple in duplicate with each batch of no more than 20
before, or if there has been a major change in the measuremet@mples. Calculate the statistical agreement between the two
system, for example, significant instrument change, new intesults to insure they agree with a 99 % cpnfldence level. This
strument, etc., a precision and bias study must be performed Rﬁlculatlon is perfor'med using the determined standard uncer-
demonstrate laboratory/instrument capability. tainty associated with each result.

15.4.2 Analyze seven replicates of a standard solution 15.8.2 In those cases where there is insufficient sample
prepared from an IRM (independent reference material) convolume to allow performance of a duplicate sample analysis, a
taining 2% or 234U, or both, at concentrations sufficient to duplicate LCS (LCS-D) shall be performed.
minimize counting uncertainty to less th&s % standard 15.8.3 If the result is not within these limits, all samples in
uncertainty (k=2). Each replicate must be taken through théhe batch must be reanalyzed or the results must be explained
complete analytical test method, including any sample pretreatd the case narrative.
ment steps. The matrix used for the demonstration should 15.9 Independent Reference Material
represent a water sample typical for which the method will be 15.9.1 In every quarter that the method is performed, verify
used, for example, surface water (see Section 6). the quantitative value produced by the test method by analyz-

15.4.3 Calculate the mean and standard deviation of thaeng an IRM submitted on at least single-blind basis (if
seven replicate values and compare to the acceptable rangespoéctical) to the laboratory. The concentration of analyte in the
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national standards laboratory traceable reference materi

count rate in uranium ROI 34U, 2%, 2%®%) for

should be appropriate to the typical purpose for which the reagent blank (without®?U tracer added) for the
method is used. The value obtained shall demonstrate accept- same detector used for the sample,
able performance as defined by the program or the outside = counting time of the sample and reagent blank (s),

source. t,
t,

counting time of the sample,
counting time of the reagent blank,

16. Total Propagated Uncertainty Ugy = uncertainty of the activity o*2U tracer added
16.1 The uncertainty associated with fif&J recovery Uy, (Bq), and

and the total propagated uncertainty associated with the ural, = uncertainty of the volume of sample analyzed (L).

nium concentration TPU, can be estimated as follows: UryandTPU assume no correction for spectral interferences

and the reagent blank ROI equals the uranium spectrum ROI.

[(%) + <%)] URE ? 16.2 Thea priori minimum detectable uranium activity
Ury = TR_R) [x] () concentration can be estimated by the following equation:
(%) (3] ; wpe = 22 SVG ®
-| v e (=)« (9]
TPU (RYX V)? TG X (Ry) TV where:
(4) MDC = minimum detectable uranium activity concentra-
where: tion (Ba/L),
: t = counting time of the sample and blank (s),

TPU = total propagated uncertainty associated with the C -
uranium activity concentration (Bg/L), b

counts in uranium ROI for blank when counted for

o timet,

A, = activity of 2*U tracer added (Bq), Vv - volume of sample analyzed (L),
v B VO'UF“e of sample anal_yzed L), RY = fractional recovery/efficiency of*?U tracer.
RY = fractional recovery/efiiciency of*?U tracer,
R = count rate ir**%U region of interest for sample,
Ry, = count rate iU ROI for reagent blank (without 17- Keywords

233 tracer added) for the same detector used for 17.1 drinking water; extractive scintillator; high-resolution

the sample, alpha-liquid-scintillation spectrometer; pulse-shape discrimi-

— H H 3 23 23 ’

R, = count rate in uranium ROI{*U, U, #*U) for  aion: solvent extraction; radioactivity; uranium

sample,
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