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ANALYSIS OF RADIUM-228 IN WATER USING U.S. EPA METHOD 9320/SW-846

 LISTNUM  \l 1 
Scope
This procedure describes the Radioanalytical Laboratory (RAL) radiochemical method for the analysis of radium (Ra) -228 in water using U.S. Environmental Protection Agency (EPA) Method 9320/SW-846 (Reference 3.1.1).

 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and procedures to perform analysis of Ra-228 in water. This procedure fulfills the requirements of RL-AP-1.0, RL-QAP-1.0, and DD-92-02 (References 3.1.2, 3.1.3, and 3.1.4, respectively).

 LISTNUM 
References, Definitions, and Developmental Resources

 LISTNUM  \l 2 
References

 LISTNUM  \l 3 
U.S. EPA, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-846), Method 9320, Radium-228, Rev. 0, Sept. 1986

 LISTNUM  \l 3 
RL-AP-1.0, Administrative Operating Procedure for the Radioanalytical Laboratory

 LISTNUM 
RL-QAP-1.0, Radioanalytical Laboratory Quality Assurance Program Plan

 LISTNUM 
DD-92-02, Radioanalytical Laboratory Chemical Hygiene Plan

 LISTNUM 
RL-CP-023, Calibration, Operation, and Control Chart Procedures and Preventive Maintenance for the Low Background Alpha and Beta Counting System Model S5E2100
 LISTNUM 
RL-TP-020, Gross Alpha and Beta Analysis Using the Tennelec LB5100 Low Background System

 LISTNUM 
RL-AP-2.0, Radiochemical Data Validation of Samples Analyzed in the Radioanalytical Laboratory
 LISTNUM  \l 2 
Definitions

Refer to RL-QAP-1.0 (Reference 3.1.3) and/or the Battelle Columbus Laboratories Decommissioning Project (BCLDP) Procedures Dictionary for definitions of the following:

	Analytical Batch*
	Interference
	Matrix Spike*

	Carrier
	Laboratory
	Method Blank*

	Data Approval
	Laboratory Control Sample
	Technician

	Duplicate
	Matrix
	Validation


*Where two definitions of the same term occur in the BCLDP Procedures Dictionary, the correct definition for this plan is the one associated with RL-QAP-1.0.

 LISTNUM 
Developmental Resources

None.

 LISTNUM  \l 1 
General
 LISTNUM  \l 2 
Personnel Safety Precautions

Personnel safety precautions are outlined in DD-92-02 (Reference 3.1.4).
 LISTNUM 
Radiological Safety Precautions

 LISTNUM  \l 3 
Radiological safety precautions will be initiated to meet or exceed standards for known or suspected activity levels. These activity levels are determined from direct-read field instrumentation; historical knowledge; and marked levels from labels, tags, tracking sheets, or chain-of-custody forms.

 LISTNUM 
Samples known to be greater than 1 nanocurie require special handling precautions. These precautions will be addressed at the time of submission on a case-by-case basis.

 LISTNUM 
Compliance with the current RAL Radiation Work Permit is mandatory.
 LISTNUM  \l 2 
Interference
 LISTNUM  \l 3 
As evidenced by the results of U.S. EPA performance studies, the presence of strontium (Sr) -90 in the water sample gives a positive bias to the Ra­228 activity measured. However, Sr-90 is not likely to be found in groundwater, except possibly in monitoring wells around a radioactive burial site.

 LISTNUM 
Excess barium in the water sample might result in a falsely high chemical yield (see Section 5.5). 

 LISTNUM  \l 2 
Equipment
 LISTNUM  \l 3 
Gas-flow proportional counting system (low-background beta <3 counts per minute [cpm])

 LISTNUM 
Adjustable stirring hot plate(s)

 LISTNUM 
Centrifuge

 LISTNUM 
Membrane filters: Metricel 47-mm or equivalent


 LISTNUM 
Glass beakers

 LISTNUM 
Deep stainless steel concentric ringed planchets, 2 inches in diameter (Coy Laboratory Products, Inc., or equivalent)

 LISTNUM 
Analytical balance, calibrated, accurate to 0.1 mg

 LISTNUM 
Disposable centrifuge tubes, 50-mL
 LISTNUM 
Graduated cylinders

 LISTNUM 
Fume hood

 LISTNUM 
pH meter/pH paper

 LISTNUM 
Desiccator

 LISTNUM 
Magnetic stirring bars

 LISTNUM 
Gravimetric flow filter paper (Whatman #42 or equivalent)

 LISTNUM 
Plastic transfer pipettes, disposable

 LISTNUM 
Eppendorf pipettes or equivalent, assorted; 50 to 1,000-µL, calibrated

 LISTNUM 
Macro (Oxford or equivalent) adjustable pipettes, 1 to 5-mL
 LISTNUM  \l 2 
Reagents
NOTE:
Unless otherwise indicated, all references to water should be understood to mean deionized (DI) water. Prepare each reagent as indicated and store in appropriately labeled container(s) with preparation and expiration dates and Technician’s initials. The Technician shall document all reagent preparation procedures in the Reagent Preparation Logbook.
Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all reagents shall conform to specifications of the Committee of the American Chemical Society. Other grades may be used, provided it is first ascertained that the reagent is of sufficient high purity to permit its use without lessening the accuracy of the determination. Reagent blanks shall be run with all batch determinations.

 LISTNUM  \l 3 
DI water (type II) with an electrical resistance of >16 meg ohms-cm on the continuous readout meter on the Barnstead E-Pure DI Water System or equivalent.

 LISTNUM 
Acetic acid, 17.4N: Glacial CH3COOH (concentrated) sp. gr. 1.05, 99.8%.

 LISTNUM 
Ammonium hydroxide, 15N: NH4OH (concentrated) sp. gr. 0.90, 56.6%.

 LISTNUM 
Ammonium oxalate, 5%: Dissolve 5 g (NH4)2C2O4H2O in DI water and dilute to 100 mL.

 LISTNUM 
Ammonium sulfate, 200 mg/mL: Dissolve 20 g (NH4)2SO4 in DI water and dilute to 100 mL.

 LISTNUM 
Ammonium sulfide, 2%: Dilute 10 mL (NH4)2S (20-24%) to 100 mL with DI water.

 LISTNUM 
Barium carrier, 16 mg/mL, standardized: Dissolve 2.846 g BaCl22H2O in DI water, add 0.5 mL 16N HNO3, and dilute to 100 mL with DI water.

 LISTNUM 
Citric acid, 1M: Dissolve 19.2 g C6H8O7H2O in DI water and dilute to 100 mL.

 LISTNUM 
EDTA reagent, basic (0.25 M): Dissolve 20 g NaOH in 750 mL DI water, heat, and slowly add 93 g disodium ethylenedinitriloacetate dihydrate (Na2C10H14O8N22H2O) while stirring. After the salt is in solution, filter through coarse filter paper, and dilute to 1 liter.

 LISTNUM 
Lead carrier, 15 mg/mL: Dissolve 2.397 g  Pb(NO3)2 in DI water, add 0.5 mL 16N HNO3, and dilute to 100 mL with DI water.

 LISTNUM 
Lead carrier, 1.5 mg/mL: Dilute 10 mL lead carrier (15 mg/mL) to 100 mL with DI water.

 LISTNUM 
Sr carrier, 10 mg/mL: Dissolve 2.4 g Sr(NO 3) 2 in DI water and dilute to 100 mL.

 LISTNUM 
Yttrium (Y) carrier, 18 mg/mL: Add 4.7 g Y(NO 3) 36H2O in 50 mL DI water. Heat (avoid boiling) and stir with a magnetic stirring hot plate until dissolved. Dilute to 225 mL with DI water. Adjust to pH 2 with 0.1N HNO3 and dilute to 250 mL with DI water.

 LISTNUM 
Methyl orange indicator, 0.1%: Dissolve 0.1 g methyl orange indicator in 100 mL water.

 LISTNUM 
Nitric acid, 16N: HNO3 (conc.), sp. gr. 1.42, 70.4%.

 LISTNUM 
Nitric acid, 6N: Mix 3 volumes 16N HNO3 (conc.) with 5 volumes of DI water.

 LISTNUM 
Nitric acid, 1N: Mix 1 volume 6N HNO3 with 5 volumes of DI water.

 LISTNUM 
Sodium hydroxide, 18N: Dissolve 72 g NaOH in water and dilute to 100 mL.

 LISTNUM 
Sodium hydroxide, 10N: Dissolve 40 g NaOH in water and dilute to 100 mL.

 LISTNUM 
Sulfuric acid, 18N: Cautiously mix 1 volume 36N H2SO4 (conc.) with 1 volume of DI water.

 LISTNUM 
Y carrier, 9 mg/mL: Dilute 50 mL Y carrier (18 mg/mL) to 100 mL with DI water.

 LISTNUM 
Sr-Y mixed carrier, 0.9 mg/mL Sr 2+ -  0.9 mg/mL Y 3+:

Solution A: Dilute 10.0 mL Y carrier (18 mg/mL) to 100 mL.

Solution B: Dissolve 0.4348 g Sr(NO 3) 2 in water and dilute to 100 mL.

Combine Solutions A and B and label.

 LISTNUM  \l 2 
Standards

National Institute of Standards and Technology-traceable beta-emitting solutions: Ra-228, and Sr-89 with activity between 100 and 10,000 disintegrations per minute (dpm).
 LISTNUM 
Quality Control Samples

Quality control (QC) samples shall meet requirements as outlined in RL-QAP-1.0 (Reference 3.1.3). One in 20 samples shall be of a QC nature.

 LISTNUM  \l 1 
Procedure
Unless otherwise specified, the Laboratory Technician is responsible for completing the following steps. (Any RAL staff personnel performing analyses is considered a Laboratory Technician.) It is the responsibility of the QC Officer or designee to ensure that all QC criteria have been met prior to sample analysis and/or release of sample data.
 LISTNUM  \l 2 
The pH levels of all incoming water samples will be tested by the Laboratory Technician, and the results noted on DDO-400, pH Analysis. If the pH level of the sample is above 2.0, then the sample will be acidified with concentrated HNO3 to bring it to pH <2.0. The sample will then be held in its original container for a minimum of 16 hours before analysis.
 LISTNUM  \l 2 
Calibrations
Counter efficiency: The beta counter may be calibrated with actinium (Ac) -228 (t ½ = 6 h) or Sr-89 (t ½ = 51 d). It is not practical to calibrate the beta counter with Ac-228 since its half-life is only six hours. Standard Sr-89 may be substituted. Sr­89 has an average beta energy of 0.589 keV, while the average beta energy for Ac­228 is 0.404 keV. A standard Sr-89 tracer solution can be used to determine beta efficiencies over a range of precipitate weights on the stainless steel planchet.

 LISTNUM 
Technician Analysis Notes (DDO-492) shall be filled out to record step-by-step sample preparation, sample analysis, and sample-specific information.
 LISTNUM  \l 2 
Sample Analysis
NOTE:
This technique is devised so that the beta activity from Ac-228, which is produced by decay of Ra-228, can be determined and related to the Ra­228 that is present in the sample. See Section 5.2 for efficiency calibration of counting equipment.


 LISTNUM  \l 3 
Transfer a known volume of water sample (normally 250 mL to 1 L) into an appropriately labeled beaker(s). Record the sample volume on the Sample Preparation Record Sheet (DDO-021).
 LISTNUM  \l 3 
For each liter of water, add 5 mL 1M C6H8O7H2O and a few drops of methyl orange indicator. The solution should be red.

 LISTNUM 
Add 10 mL lead carrier (15 mg/mL), 2 mL Sr carrier (10 mg/mL), 2.0 mL barium carrier (16 mg/mL), and 1 mL Y carrier (18 mg/mL); stir well. Add 15N NH4OH until a definite yellow color is obtained; then add a few drops excess. Heat to incipient boiling and maintain at this temperature for 30 minutes.

 LISTNUM 
Add 15N NH4OH until a definite yellow color is obtained, then add a few drops excess. Precipitate lead and barium sulfates by adding 18N H2SO4 until the red color reappears; then add 0.25 mL excess. Add 5 mL (NH4)2SO4 (200 mg/mL) for each liter of sample. Stir frequently and keep at a temperature of about 90C for 30 minutes.

 LISTNUM 
Cool slightly; then filter with suction through a 47-mm metricel membrane filter (GA6, 0.45-micron pore size or equivalent). Make a quantitative transfer of precipitate to the filter by rinsing the last particles out of the beaker with a strong jet of DI water.

 LISTNUM 
Carefully place filter with precipitate in the bottom of a 250-mL beaker. Add about 10 mL 16N HNO3 and heat gently until the filter completely dissolves. Transfer the precipitate into a polypropylene centrifuge tube with additional 16N HNO3. Centrifuge and discard supernatant.

 LISTNUM 
Wash the precipitate with 15 mL 16N HNO3, centrifuge, and discard supernatant. Repeat this washing a second time.

 LISTNUM 
Add 25 mL basic EDTA reagent, heat in a hot water bath, and stir well. Add a few drops 10N NaOH if the precipitate does not readily dissolve.

 LISTNUM 
Add 1 mL Sr-Y mixed carrier and stir thoroughly. Add a few drops 10N NaOH if any precipitate forms.

 LISTNUM 
Add 1 mL (NH4)2SO4 (200 mg/mL) and stir thoroughly. Add 17.4N acetic acid until barium sulfate precipitates; then add 2 mL excess. Digest in a hot water bath until precipitate settles. Centrifuge and discard supernatant.

 LISTNUM 
Add 20 mL basic EDTA reagent, heat in a hot water bath, and stir until precipitate dissolves. Repeat Steps 5.4.9 and 5.4.10. (Note time of last barium sulfate precipitation; this is the beginning of the Ac-228 ingrowth time.)

 LISTNUM 
Dissolve the precipitate in 20 mL basic EDTA reagent as before; then add 1.0 mL Y carrier (9 mg/mL) and 1 mL lead carrier (1.5 mg/mL). If any precipitate forms, dissolve by adding a few drops 10N NaOH. Cap the polypropylene tube and age at least 36 hours.

 LISTNUM 
Add 0.3 mL 2% (NH 4)2S and stir well. Add 10N NaOH drop-wise with vigorous stirring until lead sulfide precipitates; then add 10 drops excess. Stir intermittently for about 10 minutes. Centrifuge and decant supernatant into a clean tube.

 LISTNUM 
Add 1 mL lead carrier (1.5 mg/mL), 0.1 mL 2% (NH4) 2S, and a few drops 10N NaOH. Repeat precipitation of lead sulfide as before. Centrifuge and filter supernate through Whatman #42 filter paper into a clean tube. Wash filter with a few mL DI water. Discard residue.

 LISTNUM 
Add 5 mL 18N NaOH, stir well, and digest in a hot water bath until yttrium hydroxide coagulates. Centrifuge and decant supernate into a beaker. Save for barium yield determination (Step 5.4.20). Note the time of yttrium hydroxide precipitation; this is the end of the Ac-228 ingrowth time and beginning of Ac-228 decay time.

 LISTNUM 
Dissolve the precipitate in 2 mL 6N HNO 3. Heat and stir in a hot water bath about 5 minutes. Add 5 mL DI water and reprecipitate yttrium hydroxide with 3 mL 10N NaOH. Heat and stir in a hot water bath until precipitate coagulates. Centrifuge and add this supernate to the supernate produced in Step 5.4.15 to determine barium yield.

 LISTNUM 
Dissolve precipitate with 1 mL 1N HNO3 and heat in a hot water bath a few minutes. Dilute to 5 mL and add 2 mL 5% (NH4) 2C2O4 H2O. Heat to coagulate, centrifuge, and discard supernatant.

 LISTNUM 
Add 10 mL water, 6 drops 1N HNO3, and 6 drops 5% (NH4)2C2O4 H2O. Heat and stir in a hot water bath a few minutes. Centrifuge and discard supernatant.

 LISTNUM 
To determine Y yield, transfer quantitatively to a tared stainless steel planchet with a minimum amount of water. Record the planchet weight on DDO-021. Dry on a hot plate to a constant weight and count in a low-background beta counter (References 3.1.5 and 3.1.6).

 LISTNUM 
To the supernatant from Step 5.4.15, add 4 mL 16N HNO3 and 2 mL (NH4)2SO4 (200 mg/mL), stirring well after each addition. Add 17.4N acetic acid until barium sulfate precipitates; then add 2 mL excess. Digest on a hot plate until precipitate settles. Centrifuge and discard supernatant.

 LISTNUM 
Add 20 mL basic EDTA reagent, rest in a hot water bath, and stir until precipitate dissolves. Add a few drops 10N NaOH if precipitate does not readily dissolve.

 LISTNUM 
Add 1 mL (NH4)2SO4 (200 mg/mL) and stir thoroughly. Add 17.4N acetic acid until barium sulfate precipitates; then add 2 mL excess. Digest in a hot water bath until precipitate settles. Centrifuge and discard supernatant.

 LISTNUM 
Wash precipitate with 10 mL water. Centrifuge and discard supernatant.

 LISTNUM 
Transfer precipitate to a tared stainless steel planchet with a minimum amount of water. Record the planchet weight on DDO-021. Dry on a hot plate and weigh for barium yield determination. 

 LISTNUM  \l 2 
Calculation
Calculate the Ra-228 concentration, D, in picocuries per liter (pCi/L) as follows:
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=
Factor to correct the average count rate to the count rate at the beginning of counting time;

C
=
Average net count rate, cpm;

E
=
Counter efficiency, for Sr-89, or comparable beta energy nuclide;

V
=
Liters of sample used;

R
=
Fractional chemical yield of Y carrier (Step 5.4.19) multiplied by fractional chemical yield of barium carrier (Step 5.4.24); 

NOTE:
If the fractional chemical yield of barium carrier is greater than 100%, see the QC Officer or designee.

2.22
=
Conversion factor from dpm to pCi;

λ
=
The decay constant for Ac-228 (0.001884 min-1);

t1
=
The time interval (in minutes) between the first yttrium hydroxide precipitation in Step 5.4.15 and the start of the counting time;

t2
=
The time interval of counting in minutes; and

t3
=
The ingrowth time of Ac-228 in minutes measured from the last barium sulfate precipitation in Step 5.4.11 to the first yttrium hydroxide precipitation in Step 5.4.15.

 LISTNUM  \l 2 
Quality Control
 LISTNUM  \l 3 
QC samples will meet the requirements of RL-QAP-1.0 (Reference 3.1.3).

 LISTNUM 
All QC data should be maintained and available for easy reference or inspection.

 LISTNUM 
Employ a minimum of one method blank per analytical batch to determine whether contamination is occurring (a batch consists of up to 20 samples).

 LISTNUM 
One duplicate sample shall be run for every 10 samples. A duplicate sample is a sample brought through the whole sample preparation and analytical process.
 LISTNUM 
A matrix spike and a laboratory control sample shall be performed per analytical batch.
 LISTNUM  \l 2 
Recording Results
 LISTNUM  \l 3 
Relevant sample information and final results shall be recorded and attached to DDO-027, Radioanalytical Laboratory Analytical Request.

 LISTNUM 
Data shall be reviewed by the Laboratory Technician and by an independent reviewer and signed and dated prior to release. The reason for signatures or initials shall be clearly indicated in the records, such as “sampled by,” “prepared by,” “reviewed by,” etc.
 LISTNUM 
Any sample deficiency that may have adversely affected data quality (e.g., damaged sample containers or potential contamination) shall be noted on the final results form or in a case narrative.
 LISTNUM  \l 2 
Review of Data/Results
 LISTNUM  \l 3 
Data/results generated in the RAL shall be reviewed prior to release to the submitter. Formal release of data from the laboratory to the submitter shall occur only after the review process is completed.

 LISTNUM 
The Laboratory Technician is responsible for initial review of analytical results to ensure that proper instrument constants (background and efficiency values) have been applied correctly. The date and reviewer’s signature on the hard copy of the data/results shall be evidence of this review process.

 LISTNUM 
If results are calculated manually, the original hard copy of these results shall be signed and dated by the person responsible for the manual calculations and by an independent reviewer of the data/results.
 LISTNUM 
The Laboratory Manager, QC Officer, or designee is responsible for data validation and verifying QC acceptance criteria per RL-QAP-1.0 and RL-AP-2.0 (References 3.1.3 and 3.1.7) prior to data approval and release to the submitter.
 LISTNUM  \l 4 
Corrective actions for out-of-control data are outlined in RL­QAP-1.0 (Reference 3.1.3).

 LISTNUM 
Contingencies for handling out-of-control or unacceptable data are outlined in RL-AP-2.0 (Reference 3.1.7).
 LISTNUM  \l 1 
Records

 LISTNUM  \l 2 
The following records are generated when implementing this procedure:

(
DDO-021, Sample Preparation Record Sheet 

(
DDO-027, Radioanalytical Laboratory Analytical Request
(
Computer printout of data

(
DDO-400, pH Analysis

(
DDO-492, Technician Analysis Notes
 LISTNUM  \l 2 
Archival of Analytical Results
DDO-021s, DDO-027s, DDO-400s, DDO-492s, hard copies of analytical results, data disks, sample log-in books, equipment calibration and maintenance/repair logbooks, and sample measurement logbooks are generated by implementation of this procedure. Copies of data/results generated during the current year by the different measurement systems in the laboratory shall be maintained and stored, together with the associated DDO-027, in a locked filing cabinet.

 LISTNUM 
Transmittal of Records to Project Records Office
Refer to RL-AP-1.0 for the procedure used to transmit records to Project Records (Reference 3.1.2).
 LISTNUM  \l 1 
Forms, Exhibits, and Attachments
 LISTNUM  \l 2 
Forms
(
DDO-021, Sample Preparation Record Sheet (Reference 3.1.2)

(
DDO-027, Radioanalytical Laboratory Analytical Request (Reference 3.1.2)

(
DDO-400, pH Analysis (Reference 3.1.2)
(
DDO-492, Technician Analysis Notes (Reference 3.1.2)
 LISTNUM 
Exhibits

None.

 LISTNUM 
Attachments

None.
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