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ANALYSIS OF RADIUM-226 IN

ENVIRONMENTAL WATER AND SOIL SAMPLES
 LISTNUM  \l 1 
Scope
This procedure describes the Radioanalytical Laboratory (RAL) method of determining radium-226 (Ra-226) activity in environmental water and soil samples using the low background gas flow proportional counting system or equivalent.

 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and procedures to determine Ra-226 activity in environmental water and soil samples. This procedure satisfies the requirements of RL-AP-1.0, RL-QAP-1.0, and DD-92-02 (see References 3.1.1, 3.1.2, and 3.1.3, respectively).

 LISTNUM 
References, Definitions, and Developmental Resources

 LISTNUM  \l 2 
References
 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-TP-020, Gross Alpha and Beta Analysis Using the Tennelec LB5100 Low Background System


 LISTNUM 
RL-TP-054, Determination of Actinides in all Sample Matrices

 LISTNUM 
RL-AP-2.0, Radiochemical Data Validation of Samples Analyzed in the Radioanalytical Laboratory
 LISTNUM 
RL-CP-023, Calibration and Control Chart Procedures and Preventive Maintenance for the Low Background Alpha and Beta Counting System Model S5E2100
 LISTNUM  \l 2 
Definitions

Refer to RL-QAP-1.0 (Reference 3.1.2) and/or the Battelle Columbus Laboratories Decommissioning Project Procedures Dictionary for definitions of the following terms:

Analytical Batch
Carrier
Data Approval
Duplicate
Interference
Laboratory
Laboratory Control Sample
Matrix
Matrix Spike
Method Blank
Technician
Tracer
Validation
 LISTNUM 
Developmental Resources

None.
 LISTNUM  \l 1 
General
 LISTNUM  \l 2 
Personnel Safety Precautions
Personnel safety precautions are outlined in DD-92-02 (see Reference 3.1.3).

 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 by direct-read field instrumentation, historical knowledge, marked levels from labels, tags, tracking sheets or chain-of-custody.

 LISTNUM 
Samples known to be greater than one nanocurie activity 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

Excess barium in the water sample might result in a falsely high chemical yield.
 LISTNUM  \l 2 
Equipment
 LISTNUM  \l 3 
Gross alpha and beta/gamma counter: Tennelec LB5100 Series II Low Background System, or equivalent

 LISTNUM 
Analytical balance, sensitive to 0.1 mg (calibrated)

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

 LISTNUM 
Macro (Oxford or equivalent) pipette, 1 to 5 mL, adjustable

 LISTNUM 
Assorted laboratory ware including volumetric flasks, beakers (50 mL to 2L), Pasteur pipettes, wash bottles, graduated cylinders, Teflon-coated tweezers, Teflon-coated stirrer bar, deep stainless steel planchets, disposable beakers (20 to 50 mL); and disposable centrifuge tubes (50 mL)

 LISTNUM 
Adjustable hot plate and heater-stirrer unit

 LISTNUM 
pH meter or pH paper

 LISTNUM 
Centrifuge

 LISTNUM 
Vortex mixer

 LISTNUM 
Fume hood

 LISTNUM 
Vacuum pump

 LISTNUM  \l 2 
Reagents
NOTE: 
All chemicals should be “reagent-grade” or equivalent whenever they are commercially available. After preparation, transfer the solution to a suitable plastic container and identify it by type of solution and preparation and expiration dates and Technician’s initials.

 LISTNUM  \l 3 
Distilled or deionized (DI) water (Type II) having a resistance value greater than 16.0 megaohm-cm on the continuous readout meter on the Barnstead E-Pure DI Water System or equivalent
 LISTNUM 
Acetic acid, 17.4N, Glacial CH3COOH (concentrated) 99.8% (sp gr 1.05)

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

 LISTNUM 
Barium carrier, 20 mg/mL, standardized—Dissolve 3.56 g BaCl2 2H2O in 50 to 60 mL of 0.1M HNO3 and dilute to 100 mL with DI water.

 LISTNUM 
EDTA reagent, basic (0.25M)—Dissolve about 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 L.

 LISTNUM 
Hydrogen peroxide, H2O2, 30% (available in this form)

 LISTNUM 
Lead carrier, 15 mg/mL—Dissolve about 2.397 g Pb(NO3)3 in DI water, add 0.5 mL concentrated HNO3, and dilute to 100 mL with DI water.

 LISTNUM 
Nitric acid (15.7M), concentrated HNO3 (sp gr 1.42)

 LISTNUM 
Nitric acid (0.1M)—Add 6.4 mL of concentrated HNO3 to 900 mL of water and dilute to 1L with water.

 LISTNUM 
Sodium hydroxide (10M)—Dissolve 100 g NaOH pellets in 80 to 100 mL DI water. Use a water bath for cooling. Dilute to 250 mL with DI water.

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

 LISTNUM  \l 4 
Solution A—Dilute 20.0 mL yttrium carrier (9 mg/mL) to 100 mL

 LISTNUM  \l 4 
Solution B—Dissolve 0.4348 g Sr(NO3)2 in water and dilute to 100 mL

 LISTNUM  \l 4 
Combine Solutions A and B and label.

 LISTNUM  \l 3 
Sulfuric acid (36N), concentrated H2SO4 (sp gr 1.84).

 LISTNUM 
Sulfuric acid (1M)—Add 14 mL of concentrated H2SO4 to approximately 150 mL DI water and dilute to 250 mL with DI water.

 LISTNUM 
Yttrium carrier, 9 mg/mL—Add 2.35 g of Y(NO3)  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 0.1M HNO3 and dilute to 250 mL with DI water.

 LISTNUM  \l 2 
Quality Control Samples
Quality control (QC) samples shall meet requirements as outlined in RL-QAP-1.0 (see Reference 3.1.2). One in 20 samples shall be of a quality control nature.












 LISTNUM  \l 1 
Procedure
Except where otherwise specified, the qualified Laboratory Technician(s) is responsible for performing all the requirements of Section 5.0. 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.

NOTE:
The Laboratory Technician shall fill out Technician Analysis Notes (DDO­492) (Reference 3.1.1) to record step-by-step sample preparation, sample analysis, and sample-specific information.

 LISTNUM  \l 2 
Soil Sample Preparation
 LISTNUM  \l 3 
Add 1.0 mL of barium carrier (20 mg/mL) to the soil sample when the alpha isotopic tracer solutions are added. Digest the soil using the routine methods outlined in the alpha isotopic procedures (see Reference 3.1.5).

 LISTNUM 
Save the final load and rinse solutions from the alpha isotopic analyses for Ra-226 analysis. Preparation of the soil load and rinse solutions for Ra­226 analyses is as follows:

 LISTNUM  \l 4 
Transfer the final soil load and rinse solutions from the isotopic analyses to 600-mL beakers. Evaporate to complete dryness on a hot plate.

 LISTNUM 
Add 5 to 10 mL of concentrated HNO3 to the beaker and heat to dryness and repeat.


 LISTNUM 
Moisten residue with a few drops of 30% H2O2 and evaporate to dryness and repeat.

 LISTNUM 
Dilute the residue with approximately 500 mL of DI water.

 LISTNUM  \l 2 
Sample Analysis
 LISTNUM  \l 3 
Transfer a known volume of water sample (normally 500 mL to 1L) into an appropriately labeled beaker. For soil sample analysis, use the sample from step 5.1.2.5. Adjust the pH to 1 with concentrated HNO3 (3 to 6 mL) and allow to stand overnight.

NOTE:
Do not add barium carrier to soil samples. The barium carrier was added prior to alpha isotopic analyses.

 LISTNUM 
Add 10 mL of lead carrier (15 mg/mL), and 1 mL of barium carrier (20 mg/mL).

 LISTNUM 
Heat the water sample almost to boiling for 30 minutes while occasionally stirring using the heater-stirrer unit.

 LISTNUM 
Remove from heat and allow the solution to cool slightly.

 LISTNUM 
Slowly add 35 mL concentrated H2SO4 to the sample and continue stirring for at least 15 minutes with a stirring bar and magnetic stirrer.

 LISTNUM 
Remove the sample from the hot plate, remove the stirrer bar and cool the sample overnight to allow the precipitate to settle.

 LISTNUM 
Decant or aspirate as much of the liquid as possible without losing any precipitate. Transfer the precipitate to a centrifuge tube using 1M H2SO4 to wash the precipitate from the sides and bottom of the beaker.

 LISTNUM 
Centrifuge and discard the supernatant.

 LISTNUM 
Wash the precipitate with 15 mL of concentrated HNO3; centrifuge and discard the supernatant.

 LISTNUM 
Add 25 mL EDTA reagent. Heat in a water bath and shake well. Add a few drops of 10M NaOH solution if the precipitate does not readily dissolve.

 LISTNUM 
If there is “foreign” material as evidenced by a precipitate or solid that will not dissolve with additional NaOH (e.g., EW-2), centrifuge to remove the foreign material. Keep the supernatant.

 LISTNUM 
Add 1 mL of strontium-yttrium mixed carrier and shake well. If any precipitate forms, add a few drops of 10M NaOH.

 LISTNUM 
Add 1 mL (NH4)2SO4 and stir/shake thoroughly. Add glacial acetic acid dropwise until barium sulfate, Ba(SO4)2, precipitates, then add 2 mL excess. Digest in a hot water bath until the precipitate settles. 

 LISTNUM 
Centrifuge and discard supernatant.

 LISTNUM 
Wash the precipitate twice with distilled water (10 mL each time); centrifuge and discard the supernatant.

 LISTNUM 
Transfer the precipitate, quantitatively, to a weighed planchet using a small quantity of distilled water and evaporate to dryness on the hot plate. Record the planchet weight on the Sample Preparation Record Sheet (DDO­021).

 LISTNUM 
Dry the planchet in the oven. Remove and allow to cool in a desiccator. Weigh the planchet once again when cool to determine the weight of the barium sulfate precipitate. Record the weight on DDO‑021.

 LISTNUM 
Count the sample using a low background system for approximately 100 minutes (see Reference 3.1.4 or 3.1.7). 

 LISTNUM  \l 2 
Calculation
Calculate the Ra-226 concentration, D, in picocuries per liter as follows:

D 
= 
(Net alpha cpm)/(E*Y*V*2.22*A)

Where:

E
=
counter efficiency, for Ra-226, or comparable alpha energy nuclide 

Y
=
fractional chemical yield based on precipitate weight which is the Ba(SO4)2
V
=
volume of water sample in liters

2.22
=
conversion factor for disintegrations/minute to picocuries

A
=
self absorption factor for alpha counting, which depends on weight of the precipitate (only significant for weight >20 mg).

 LISTNUM  \l 2 
Quality Control

 LISTNUM  \l 3 
Quality control samples will meet the requirements of RL-QAP-1.0 (see Reference 3.1.2).

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

 LISTNUM 
Employ a minimum of one blank per analytical batch to determine if 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 the Radioanalytical Laboratory Analytical Request (RLAR) (DDO-027).

 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 and QC Acceptance Criteria
 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 assessing data and verifying QC acceptance criteria per RL-QAP-1.0 and RL-AP-2.0 (see References 3.1.2 and 3.1.6, respectively) prior to data approval and release to the submitter.

 LISTNUM  \l 4 
Corrective actions for out-of-control data are outlined in RL­QAP­1.0 (see Reference 3.1.2).

 LISTNUM 
Contingencies for handling out-of-control or unacceptable data are outlined in RL-AP-2.0 (see Reference 3.1.6).
 LISTNUM  \l 1 
Records

The following records are generated when implementing this procedure:

(
DDO-021, Sample Preparation Record Sheet
(
DDO-027, Radioanalytical Laboratory Analytical Request
(
DDO-492, Technician Analysis Notes

 LISTNUM  \l 2 

RLAR forms, Sample Preparation Record Sheets, Alpha/Beta Counter Sample Holder Guides, hard copies of analytical results, data disks, sample log-in books, Technician Analysis Notes, equipment calibration and maintenance/repair log books, and counting instrument log sheets 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 RLAR form, in a locked filing cabinet.

 LISTNUM 

Refer to RL-AP-1.0 for the procedure used to transmit records to Project Records (see Reference 3.1.1).

 LISTNUM  \l 1 
Forms, Exhibits, and Attachments

 LISTNUM  \l 2 
Forms
(
DDO-021, Sample Preparation Record Sheet (see Reference 3.1.1)

(
DDO-027, Radioanalytical Laboratory Analytical Request (see Reference 3.1.1)
(
DDO-492, Technician Analysis Notes (see Reference 3.1.1)
 LISTNUM 
Exhibits

None.

 LISTNUM 
Attachments

None.
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