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STRONTIUM-90 ANALYSIS BY EXTRACTION CHROMATOGRAPHY

 LISTNUM  \l 1 
Scope
This procedure describes the Radioanalytical Laboratory (RAL) radiochemical method of determining strontium-90 (90Sr) activity by extraction chromatography. Strontium (Sr) carrier is added to an aliquot of the sample, preconcentrated and redissolved in column feed solution, then selectively sorbed on a solid-phase extraction Sr resin cartridge. Virtually all other elements, with the notable exceptions of lead (Pb), plutonium (Pu), and neptunium (Np), are washed through the cartridge. Pu and Np are removed from the cartridge by adding 3M HNO3 - 0.05M oxalic acid to the cartridge and allowing the solution to drain. Sr is then eluted with 0.05M HNO3, leaving Pb on the cartridge. A Sr counting source is produced and counted for beta radiation. The chemical yield is determined gravimetrically. Chemical waste per sample is dramatically reduced using extraction chromatography as compared with traditional radiostrontium analytical methods.

 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and procedures to identify 90Sr by extraction chromatography (see References 3.1.1 through 3.1.7). This procedure fulfills the requirements of RL-AP-1.0, RL-QAP-1.0, and DD­92­02 (see References 3.1.8, 3.1.9, and 3.1.10, respectively).

 LISTNUM 
References, Definitions, and Developmental Resources
 LISTNUM  \l 2 
References

 LISTNUM  \l 3 
Strontium-89, 90 in Water, (SRW01) Rev. 1.0, Eichrom Industries, Inc. Analytical Procedures, Darien, Illinois (3/29/99)


 LISTNUM 
Strontium-90 in Soil, (SRS01) Rev. 1.0, Eichrom Industries, Inc., Analytical Procedures, Darien, Illinois (11/9/95)
 LISTNUM 
Krieger, H.L., and Whittaker, E.L., Prescribed Procedures for Measurement of Radioactivity in Drinking Water, EPA-600/4-80-032, Method 901.1, Environmental Monitoring and Support Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio (August 1980)

 LISTNUM 
Standard Test Method for Strontium-90 in Water, American Society for Testing and Materials (ASTM) D 5811-95, West Conshohocken, Pennsylvania (December 1995)

 LISTNUM 
Nelson, D.M., Purification of Strontium in Water Before Strontium­89/Strontium­90 Measurement, RP500, Argonne National Laboratory, Argonne, Illinois (October 1994)

 LISTNUM 
Meeks, A.S., and Keller, J., Determination of Total Radioactive Strontium in High-Level Samples using Extraction Chromatography, RP501, Rev. 1, Oak Ridge National Laboratory, Oak Ridge, Tennessee (October 1994)

 LISTNUM 
Sill, D.S., Determination of Strontium-90 in Soil, Water, and Filter Samples, RP520(a), EG&G, Idaho Falls, Idaho (October 1994)
 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-AP-2.0, Radiochemical Data Validation of Samples Analyzed in the Radioanalytical Laboratory 
 LISTNUM 
RL-TP-054, Determination of Actinides in All Sample Matrices

 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  \l 2 
Definitions

Refer to RL-QAP-1.0 (Reference 3.1.9) and/or the Battelle Columbus Laboratories Decommissioning Project Procedures Dictionary for definitions of the following terms:

Accuracy
Analyte
Analytical Batch
Carrier
Chain-of-Custody
Chemical Hygiene Plan

Contamination
Counting Uncertainty
Data Quality

Deficiency
Duplicate
Interference

Laboratory
Laboratory Control Sample
Matrix

Matrix Spike
Method Blank
Minimum Detectable Activity

Percent Recovery

Precision
Technician
Tracer

Validation
 LISTNUM 
Developmental Resources

 LISTNUM  \l 3 
“Setup and Operation Instructions for Eichrom’s Vacuum Box System (VBS), VBS01, Rev. 1.1, Eichrom Industries, Inc., September 2001

 LISTNUM 
MARS 5—Microwave Accelerated Reaction System-Operation Manual, CEM Corp., Document 600111 Rev. 1, July 1999
 LISTNUM  \l 1 
General

 LISTNUM  \l 2 
Interferences

 LISTNUM  \l 3 
Significant amounts of stable Sr in the sample will interfere with the yield determination. If it is known or suspected that natural Sr is present in the sample, blank sample aliquots to which no Sr carrier is added shall be analyzed to determine the natural Sr content. The amount of natural Sr contained in the sample shall be used to correct the gravimetric yield.

 LISTNUM 
Strontium-89 (89Sr) in the sample will cause a high bias in proportion to the 89Sr/90Sr ratio. Yttrium-90 (90Y) separation may be required when 89Sr is suspected or known to be present in the sample.

 LISTNUM 
Stable Sr will consume cartridge capacity. The maximum Sr that can be accommodated by a 2-mL cartridge is approximately 10 mg Sr or 24 mg Sr(NO3)2. An appropriate working level is half that amount. Samples containing more than a few mg of Sr may require the use of smaller sample volumes or larger resin volume cartridges to avoid lowered Sr recoveries. 

 LISTNUM 
Eichrom Sr resin with 8M HNO3 rinse is used to effectively remove barium- (Ba) 140 and potassium- (K) 40 isotopes, as well as other matrix interferences. Tetravalent Pu, Np, cerium (Ce), and ruthenium, however, are not removed using nitric acid. If necessary, these isotopes can be effectively removed by including an additional rinse of approximately eight free cartridge volumes of 3M HNO3-0.05M oxalic acid.

 LISTNUM  \l 2 
Apparatus
 LISTNUM  \l 3 
Gas-flow portional counting system, low background

 LISTNUM 
Analytical balance, 0.1 mg sensitivity
 LISTNUM 
Adjustable hot plate(s)

 LISTNUM 
Muffle or microwave furnace

 LISTNUM 
Drying oven

 LISTNUM 
Centrifuge

 LISTNUM 
Eppendorf or equivalent pipettes, assorted; 50 (L to 5,000 (L, calibrated


 LISTNUM 
Crucibles, porcelain

 LISTNUM 
Mortar and pestle

 LISTNUM 
Sieve, 50-mesh or finer

 LISTNUM 
Filtration membrane filters (2.0 micron for heavy suspended solids)
 LISTNUM 
Filter apparatus with 47-mm filtration apparatus (i.e., 47-mm diameter, 0.45 pore size, 500-mL glass funnel, filter holder, and 500­mL side-arm flask)

 LISTNUM 
Vacuum pump

 LISTNUM 
pH meter or pH paper

 LISTNUM 
Desiccator

 LISTNUM 
Vortex mixer
 LISTNUM 
Ion exchange cartridges and reservoirs—20-mL resin volume capacity

 LISTNUM 
Vacuum-assisted extraction system supplied by Eichrom Industries or equivalent
 LISTNUM 
Assorted laboratory ware including beakers (50 to 1,000 mL), Teflon® beakers, disposable pipette tips, disposable transfer pipettes, wash bottles, watch glasses, graduated cylinders, cartridge racks, extension funnels, waste trays, volumetric flasks, disposable aluminum baking dishes, aluminum foil, stainless steel planchets, Teflon®-coated forceps and stirrer bars, disposable centrifuge tubes, disposable plastic beakers, glass stirring rods, plastic bottles, Fibrin pipette tips (Fisher Scientific Cat # 02­658­102), and 50­mL polypropylene syringe bodies (for use as funnels).

 LISTNUM 
Fume hood

 LISTNUM 
Food processor

 LISTNUM 
Grinding mill

 LISTNUM 
Bunsen burner
 LISTNUM 
Stainless steel planchets, 2-in diameter, concentric-ringed, (Coy Laboratory Products, Inc., or equivalent), deep

 LISTNUM 
Water deionizing system—Barnstead E-Pure or equivalent

 LISTNUM 
Microwave Sample Preparation System—CEM Model MARS 5 or equivalent; includes HP-500 and XP-1500 sample vessels and accessories
 LISTNUM  \l 2 
Reagents

NOTE:
Unless otherwise indicated, all references to water should be understood to mean deionized water. Prepare each reagent as indicated and store in appropriately labeled container(s) with preparation and expiration dates and Technician’s initials.

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 that the reagent is of sufficiently high purity to permit its use without lessening the accuracy of the determination. Method blanks shall be run with all determinations.
 LISTNUM  \l 3 
Hydrogen peroxide (H2O2), 30% (available in this form)

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

 LISTNUM 
Nitric acid (0.01M)—carefully add 0.6 mL of concentrated HNO3 to approximately 800 mL of H2O in a 1-L volumetric flask. Mix and make up to volume with H20.

 LISTNUM 
Nitric acid (0.05M)—carefully add 3.2 mL of concentrated HNO3 to approximately 800 mL of H2O in a 1-L volumetric flask. Mix and make up to volume with H20.

 LISTNUM 
Nitric acid (0.1M)—carefully add 6 mL of concentrated HNO3 to approximately 800 mL of H2O in a 1-L volumetric flask. Mix and make up to volume with H2O.

 LISTNUM 
Nitric acid (3M)/oxalic acid (0.05M) solution—carefully add 191 mL of concentrated HNO3 and 6.3 grams of H2C2O4(2H2O to approximately 800 mL of H2O in a 1­L volumetric flask. Mix and make up to volume with H2O.

 LISTNUM 
Nitric acid (8M)—carefully add 510 mL of concentrated HNO3 to approximately 400 mL of H2O in a 1-L volumetric flask. Mix and make up to volume with H2O.

 LISTNUM 
Nitric acid (3M)—carefully add 191 mL of concentrated HNO3 to approximately 800 mL of H2O in a 1-L volumetric flask. Mix and make up to volume with H2O.
 LISTNUM 
Column feed solution, 0.5M Al(NO3)3 in 8M HNO3 (pure 8M HNO3 is an acceptable alternative; Al(NO3)3 enhances the affinity for Sr and improves the separation from barium)—dissolve 187.5 g Al(NO3)3(9H2O in 800 mL of 8M HNO3 and dilute to 1 L with 8M HNO3.

 LISTNUM 
Sr resin cartridges—available prepackaged or bulk, small particle size resin (50 to 100 (m) in an appropriate plastic cartridge manufactured by Eichrom Industries, Inc., or equivalent.

 LISTNUM 
Calcium carrier (10 mg/mL) in 0.1M HNO3—dissolve 59 g of Ca(NO3)2(4H2O in approximately 800 mL of H2O in a 1-L volumetric flask. Add 1 mL of concentrated HNO3, and make up to volume with H2O. Mix well before use.

 LISTNUM 
Sr carrier (5 mg/mL) in 0.1M HNO3—dissolve 12.08 g of Sr(NO3)2 in approximately 800 mL of H2O in a volumetric flask. Add 1 mL of concentrated HNO3 and dilute to 1 L with H2O. Mix well before use.

Standardization:  (in triplicate)

Carefully pipet a 1.0-mL portion of the strontium carrier solution onto a clean, dried, and tared planchet. Dry the planchet on a hot plate. Cool the planchet in a desiccator and weigh. This result is the amount of strontium nitrate actually added to the sample. Use an average of at least three values to standardize the carrier.

 LISTNUM 
Yttrium (Y) carrier (10 mg/mL)—dissolve 6.36 g of 99.9% yttrium oxide (Y2O3) in 25 mL hot concentrated HNO3. Heat to complete dissolution. Cool, and transfer quantitatively to a 500-mL volumetric flask and make up to volume with H2O. Mix well before use.

Optional Standardization:  (in triplicate)

Carefully pipet 10-mL portions of the Y carrier solution into separate 50­mL centrifuge tubes. Add 30 mL saturated (NH4)2C2O4(H2O to each centrifuge tube and stir. Digest in a hot water bath (near boiling) for 30 minutes. Cool in an ice bath. Filter the precipitate onto a Whatman #42 filter paper, then ignite in a tared crucible at 800(C for 1 hour to convert the oxalate to the oxide. Cool and weigh the crucible and calculate the Y concentration from the following equation. Use an average of at least three values to standardize the carrier.
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Yttrium, mg/mL = 

 LISTNUM 
Ammonium oxalate (0.1M)—dissolve 14.2 g of (NH4)2C2O4(H2O in 800 mL of H2O in a 1-L volumetric flask and make up to volume with H2O.

 LISTNUM 
Ammonium hydroxide (15M)—NH4OH in H2O (sp gr 0.90).

 LISTNUM 
Phosphoric acid (0.1M)—H3PO4 (sp gr 1.71).

 LISTNUM 
Hydrochloric acid (0.75M)—carefully add 62 mL concentrated HCl (sp gr 1.18) to approximately 800 mL of H2O in a 1-L volumetric flask. Mix well, cool and make up to volume with H2O.

 LISTNUM 
Oxalic acid (20%)—dissolve 200 g oxalic acid dihydrate (C2H2O4(2H2O) in approximately 800 mL H2O in a 1-L volumetric flask. Mix well and make up to volume with H2O.

 LISTNUM 
Hydrofluoric (4HF) acid (28M)—concentrated HF acid, 38%.

 LISTNUM 
Cupric Nitrate in 0.1M HNO3 (10 mg/mL)—dissolve 36.63 g of Cu(NO3)2(2 1/2 H2O in approximately 800 mL of H2O in a 1­L volumetric flask. Add 1 mL of concentrated HNO3, and dilute to 1 L with H2O. Mix well before use.

 LISTNUM 
Methyl alcohol, (methanol).

 LISTNUM 
Cation exchange resin—AG 50W-X8, hydrogen form, 100 to 200 mesh size or equivalent.

 LISTNUM  \l 2 
Standards

 LISTNUM  \l 3 
National Institute of Standards and Technology (NIST)-traceable 90Sr/90Y solution with activity between 100 and 20,000 dpm/mL

 LISTNUM 
NIST-traceable 85Sr solution with activity between 100 and 20,000 dpm/mL

 LISTNUM  \l 2 
Personnel Safety Precautions
 LISTNUM  \l 3 
Personnel safety precautions are outlined in DD-92-02 (see Reference 3.1.10).

 LISTNUM 
Concentrated hydrochloric acid can cause burns and irritate the respiratory tract. Concentrated nitric acid is a strong oxidizer and can cause severe burns. Hydrofluoric acid can cause severe burns that are not immediately noticed. 

 LISTNUM  \l 2 
Radiological Safety Precautions
 LISTNUM  \l 3 
Radiological safety precautions appropriate to the nature of the sample’s expected activity level, as evidenced on any labels, tags, or tracking sheets (including chain-of-custody) must be reviewed and followed during all procedures. This shall include compliance with the current radiological work permit.

 LISTNUM 
Safety precautions appropriate to a sample’s expected activity level and the prevention of cross-contamination must be reviewed prior to starting the analysis of that sample. In general, samples accepted for analysis in the laboratory should be of low-level, environmental activity. Samples known to be greater than 1 nanocurie will require special handling within the RAL.












 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 Quality Control (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 3.1.8) to record step-by-step sample preparation, sample analysis, and sample-specific information.

 LISTNUM  \l 2 
Pretreatment of Sample

Pretreatment depends on the type of sample being analyzed. The routine pretreatment methods for water, soil, air filter, vegetation, and fish samples are given below. For other sample matrices, or field modifications, consult the Laboratory Supervisor and/or QC Officer regarding the appropriate pretreatment method.

 LISTNUM  \l 3 
Water Samples

 LISTNUM  \l 4 
Determine the pH of the sample using a pH meter or pH paper and record the pH on the pH Analysis Sheet (DDO-400). If the pH of the water sample is >2, then add concentrated HNO3 and adjust to <2. Allow the sample to sit for at least 16 hours before continuing with the procedure.

 LISTNUM 
If the sample contains a large amount of suspended solids, filter a known volume of the acidified water sample, usually 500 mL for environmental water samples, through a 0.45-mm filter. Discard the filter and transfer 400 mL of the filtrate to a 600­mL glass beaker. Record the volume used on the Sample Preparation Sheet (DDO-021).

 LISTNUM 
Add 1 mL of 5 mg/mL Sr carrier (for gravimetric yield option) to each sample. Add a known amount of 90Sr spike solution to the matrix spike and/or laboratory control sample(s). Record the information on DDO-021. Proceed with one of the four preconcentration methods that follow:

NOTE: 
85Sr tracer (for gamma yield detection option) may be used for percent recovery instead of the Sr carrier option for any of the sample pretreatment methods.


Preconcentration Method—Evaporation

NOTE:
This method is used to transport the sample to the column feed solution where only acid-soluble residues are formed by evaporation. Recovery is essentially quantitative for any of the sample pretreatment methods.

 LISTNUM 
Evaporate the solution to near dryness on a hot plate using moderate heat.

NOTE:
This is the 90Sr starting point for waters that were analyzed for other isotopic analyses. The waste from the isotopic cartridges is used for the 90Sr analysis. Evaporate the waste to near dryness, then add 5 to 10 mL of concentrated HNO3 and evaporate to dryness twice. Then begin with step 5.1.1.5.

If the sample is preserved with HCl (i.e., Department of Energy-Environmental Measurements Laboratory (DOE-EML)), add 5 to 10 mL of concentrated HNO3 and evaporate to dryness twice, then begin with step 5.1.1.5.

 LISTNUM 
Using a disposable pipette, wash the sides of the beaker with approximately 10 mL of 8M HNO3 and evaporate to incipient dryness.

 LISTNUM 
Redissolve the residue in a minimum volume of column feed solution (usually 10 mL; more column feed solution may be used if the residue is difficult to dissolve). Cover the beaker with a watch glass and heat gently, if necessary, to dissolve the residue, then proceed to Section 5.2.

Preconcentration Method—Cation Exchange (using a disposable chromatography cartridge)

NOTE:
This method is used to transport the sample to the column feed solution where insoluble residues (i.e., CaSO4) are formed during evaporation. Recovery is essentially quantitative.

 LISTNUM 
Prepare a cation exchange cartridge containing approximately 10 mL of AG 50W-X8 cation exchange resin (100 to 200 mesh).

NOTE:
This cartridge size is adequate for 1 L of most fresh waters. Samples having high amounts of dissolved solids may need a larger cartridge of resin. A simple visual test of the adequacy of the cartridge size is accomplished by adding 10 mg of copper (Cu as Cu(NO3)2 in 0.1M HNO3) to the cartridge just before the sample is passed. Retention of the blue Cu band on the cartridge is assurance that Sr (which is bound more strongly than is Cu) has been retained.

 LISTNUM 
Precondition the cartridge with 50 mL of 0.1M HNO3.

 LISTNUM 
Pass the sample through the cartridge at a rate of not more than 5 mL/min.

 LISTNUM 
Rinse the cartridge with 50 mL of 0.1M HNO3. Properly dispose of the feed and rinse solutions.

 LISTNUM 
Elute the Sr and other cations with 50 mL of 8M HNO3 into a beaker. Evaporate the eluate to near dryness on a hot plate (the sample redissolves easily if the evaporation is stopped just as the sample starts to go dry).

 LISTNUM 
Redissolve the salts in a minimum volume of column feed solution (usually 10 mL; more column feed solution may be used if the residue is difficult to dissolve). Cover the beaker with a watch glass and heat gently, if necessary, to dissolve the residue, then proceed to Section 5.2.

Preconcentration Method—Cation Exchange (“spin” method)
NOTE:
This method is used to transport the sample to the column feed solution where insoluble residues (i.e., CaSO4) are formed during evaporation. Recovery is essentially quantitative.

 LISTNUM 
Boil the sample for 30 minutes and then cool.

 LISTNUM 
Add 10 g of AG50W-X8 cation exchange resin (100 to 200 mesh) to the sample.

 LISTNUM 
Place a magnetic stir bar in the beaker and stir for 45 minutes.

 LISTNUM 
Filter the sample through a 47-mm vacuum filter apparatus. Discard the rinsate.

 LISTNUM 
Rinse the sample beaker into the filter funnel with 0.01M HNO3 making certain all the resin is transferred from the beaker to the funnel. Discard the rinsate.

 LISTNUM 
Rinse the resin in the funnel with approximately 25 mL 0.1M HNO3. Discard the rinsate.

 LISTNUM 
Elute the Sr and other cations with 8 mL 8M HNO3 into a centrifuge tube. Repeat two times. The sample may be run through the Sr resin cartridge (i.e., proceed to Section 5.2) or, if desired, transfer to a 50-mL beaker and evaporate to near dryness.

 LISTNUM 
Redissolve the salts in a minimum volume of column feed solution (usually 10 mL; more column feed solution may be used if the residue is difficult to dissolve). Cover the beaker with a watch glass and heat gently, if necessary, to dissolve the residue, then proceed to Section 5.2.

Preconcentration Method—Calcium Phosphate Precipitation

NOTE:
This method or some variation can be used for most waters. Recovery is not quantitative, but should exceed 70%.

 LISTNUM 
Add calcium carrier while stirring (100 mg Ca/L of sample), then add phosphate while stirring (2 g phosphate/L of water, as phosphoric acid).

 LISTNUM 
Neutralize the solution with an excess of ammonium hydroxide while stirring. The precipitate is collected by settling and/or centrifugation.

 LISTNUM 
Dissolve the precipitate in 5 to 10 mL of 8M HNO3. Transfer to a small beaker, evaporate the dissolved precipitate to near dryness, and dissolve in a minimum volume of column feed solution (usually 10 mL). Cover the beaker with a watch glass and heat gently, if necessary, to dissolve the residues, then proceed to Section 5.2.

 LISTNUM  \l 3 
Soil Samples

 LISTNUM  \l 4 
Place the “raw” soil sample in a disposable aluminum cake pan and place in a 110(C drying oven overnight.

 LISTNUM 
Grind the dried sample with a mortar and pestle, then sieve the sample using a 50-mesh (or finer) sieve.

 LISTNUM 
Weigh 2 to 25 g of sample into a porcelain crucible on an analytical balance. Record the weight on DDO-021.

 LISTNUM 
Place the sample in a muffle or microwave furnace and ash at 700(C for 10 to 12 hours to oxidize any organics present.

NOTE:
Refer to RL-TP-054 if using the MARS5 microwave digestion system to prepare soil samples. Add carriers and spikes per 5.1.2.5 and proceed to 5.1.2.9.

 LISTNUM 
Transfer the entire muffled sample to a 150- to 250­mL glass beaker using a small amount of concentrated HNO3. Add 10 to 100 mL of concentrated HNO3 acid to the beaker. Add 1 mL Sr carrier (5 mg/mL) to each sample. Add a known amount of 90Sr spike solution to the matrix spike and/or laboratory control sample(s). Record the information on DDO-021.

 LISTNUM 
Place a watch glass on the beaker and heat on low for 3 to 4 hours.

 LISTNUM 
Stir the solution occasionally during the leaching process.

 LISTNUM 
Remove the beaker from the hot plate and allow to cool.

 LISTNUM 
Transfer the leachate and the residue from the beaker into a centrifuge tube and centrifuge.

 LISTNUM 
Decant the supernatant into a clean labeled beaker.

 LISTNUM 
Wash the residue in the centrifuge tube with 10 to 50 mL of deionized water.

 LISTNUM 
Centrifuge and decant the supernatant into the same beaker from step 5.1.2.10.

 LISTNUM 
Evaporate the solution to near dryness. If necessary, 
add a few drops of 30% H2O2 to decompose residual organics during evaporation.

 LISTNUM 
Dissolve the residue in 5 to 10 mL of 8M HNO3. Evaporate the dissolved residue to near dryness and dissolve in a minimum volume of column feed solution (usually 10 mL; more column feed solution may be used if the residue is difficult to dissolve). Cover the beaker with a watch glass and heat gently if necessary to dissolve the residue, then proceed to Section 5.2.

NOTE:
It may be necessary to centrifuge and decant or filter the sample if undissolved material is in the column feed solution before loading the sample onto the cartridge. The DOE-EML soil is very fine material, and some soil will decant off during the first centrifuging in step 5.1.2.10.

 LISTNUM  \l 3 
Air Filter Samples

 LISTNUM  \l 4 
Place the filter(s) in a porcelain crucible and heat in the muffle furnace starting at 200(C, increasing the temperature gradually to 500(C over at least a 24-hour period.

 LISTNUM 
Transfer the filter(s) to a labeled Teflon( beaker. Add 1 mL Sr carrier (5 mg/mL) to each sample. Add a known amount of 90Sr spike solution to the matrix spike and/or laboratory control sample(s). Record the information on DDO-021.

NOTE:
For combined analyses on the same filter or set of filters, the appropriate yield tracer for the other analyte(s) should be added at step 5.1.3.2. Refer to the appropriate procedure.

 LISTNUM 
In the fume hood, using appropriate protective wear (gloves/goggles, etc.), carefully add 10 mL of concentrated HNO3 and 20 mL of concentrated HF to each beaker.

 LISTNUM 
Place the beaker on a warm hot plate and evaporate its contents. Carefully check the beaker to monitor the progress of dissolution. If the filter has not completely dissolved, add another 5 to 10 mL HF.

NOTE:
This is the 90Sr starting point for filters that were analyzed for other isotopic analyses. The waste from the isotopic cartridges is used for the 90Sr analysis. Evaporate the waste to near dryness, then add approximately 5 to 10 mL of concentrated HNO3 and evaporate to dryness. Then begin with step 5.1.3.5.

 LISTNUM 
Add about 10 mL of concentrated HNO3. Evaporate the solution to near dryness. 
If necessary, add a few drops of 30% H2O2 to decompose residual organics during evaporation.

 LISTNUM 
Dissolve the residue in 5 to 10 mL of 8M HNO3, evaporate to near dryness, and dissolve in a minimum volume of column feed solution (usually 10 mL; more column feed solution may be used if the residue is difficult to dissolve). Cover the beaker with a watch glass and heat gently, if necessary, to dissolve the residues, then proceed to Section 5.2.

 LISTNUM  \l 3 
Vegetation and Fish Samples
 LISTNUM  \l 4 
Place the “raw” vegetation or fish in a disposable aluminum baking pan, cover with aluminum foil (pierce the foil to allow vapor to escape), and place the pan in a drying oven. Set the temperature at 100(C and leave the pan in the oven overnight.

 LISTNUM 
Grind/homogenize the sample using a food processor or grinding mill.

 LISTNUM 
Weigh 10 to 20 g of the dried sample into a porcelain crucible. Record the weight on DDO-021.

 LISTNUM 
Cover the crucible and gradually ignite the sample in a muffle furnace starting at a temperature of 200(C, increasing gradually to 700(C. Ash the sample for a minimum of 24 hours.

NOTE:
The sample may need to be ashed longer and at a higher temperature if traces of carbon are still noted in the sample after 24 hours at 700(C. The final ash should be white.

 LISTNUM 
Transfer the muffled sample to a 150- to 250-mL glass beaker using a small amount of concentrated HNO3. Add 10 to 100 mL of concentrated HNO3 acid to the beaker. Add 1 mL Sr carrier (5 mg/mL) to each sample. Add a known amount of 90Sr spike solution to the matrix spike and/or laboratory control sample(s). Record the information on DDO-021.

NOTE:
Refer to RL-TP-054 (Reference 3.1.13) if using the MARS5 microwave digestion system to prepare vegetation or fish samples. Add carriers and spikes per 5.1.4.5 and proceed to 5.1.4.9.

 LISTNUM 
Place a watch glass on each beaker and heat the beaker on low for 3 to 4 hours.

 LISTNUM 
Stir the solution occasionally during the leaching process.

 LISTNUM 
Remove the beaker from the hot plate and allow to cool.

 LISTNUM 
Transfer the leachate and the residue from the beaker into a centrifuge tube and centrifuge.

 LISTNUM 
Decant the supernatant into a clean, labeled beaker.

 LISTNUM 
Wash the residue in the centrifuge tube with 10 to 50 mL of deionized water.

 LISTNUM 
Centrifuge and decant the supernatant into the beaker used in step 5.1.4.10.

 LISTNUM 
Evaporate the solution to near dryness. If necessary, 
add a few drops of 30% H202 to decompose residual organics during evaporation.

 LISTNUM 
Dissolve the residue in 5 to 10 mL of 8M HNO3. Evaporate the dissolved residue to near dryness, and dissolve in a minimum volume of column feed solution (usually 10 mL; more column feed solution may be used if the residue is difficult to dissolve). Cover the beaker with a watch glass and heat gently, if necessary, to dissolve the residue, then proceed to Section 5.2.

NOTE:
It may be necessary to centrifuge and decant or filter the sample if there is any undissolved material in the column feed solution before loading the sample onto the cartridge.

 LISTNUM  \l 2 
Strontium Separation Using Sr Resin Cartridges
NOTE:
This procedure uses the solution from one of the sample preparation options as a starting material and produces a solution from which a counting source is made.

The vacuum-assisted extraction system is used for Section 5.2.2.



It is highly recommended that samples containing any residue be filtered prior to loading onto extraction cartridges.

 LISTNUM  \l 3 
Vacuum-Assisted Extraction System Setup
 LISTNUM  \l 4 
Place the rack in the vacuum box and place a centrifuge tube in the appropriate space in the rack for each sample. Assemble the lid onto the vacuum box. Attach the vacuum hose.

 LISTNUM 
Fix a 50-mL syringe body on top of the extraction cartridge for each sample. Fix the extraction cartridge into a fibrin tip and place the fibrin tip into a pipette tip and into the appropriate hole in the lid.

 LISTNUM 
Close off all unused holes in the lid with plugs.

 LISTNUM 
Target flow rates for vacuum-assisted extraction system:

Cartridge conditioning 
(
3 mL/min

Load solution
(
1 mL/min

Rinse solution
(
3 mL/min

Eluate solution
(
1 mL/min


 LISTNUM  \l 3 
Strontium Separation

 LISTNUM  \l 4 
Pipet 5 mL of 8M HNO3 into each cartridge to condition the resin and allow to drain.

 LISTNUM 
Transfer each redissolved sample into the appropriate Sr resin cartridge and allow to drain. The column feed solution should be allowed to drain completely before proceeding.

 LISTNUM 
Add 5 mL of 8M HNO3 to rinse the centrifuge tube or beaker and transfer the solution into the appropriate Sr resin cartridge and allow to drain.

 LISTNUM 
Rinse the cartridge twice with 3-mL portions of 8M HNO3 (allow each solution to pass completely through the cartridge before adding the next portion; rinse the cartridge reservoir well with each addition).

 LISTNUM 
Add 10 mL of 3M HNO3 - 0.05M oxalic acid into each cartridge and allow to drain.

NOTE:
The 3M HNO3 - 0.05M oxalic acid removes Pu+4, Np+4, or Ce+4, which is retained by Sr resin cartridge. If these interferences are known to be absent, this step may be skipped.

 LISTNUM 
Add 5 mL of 8M HNO3 to the cartridge and allow the rinse solution to drain.

NOTE:
This additional 8M HNO3 rinse removes any residual oxalic acid and ensures full removal of K+ and Ba+2 that may be present.

 LISTNUM 
Record the time when the last rinse completely drains through the cartridge as the start of 90Y ingrowth on DDO-021.

 LISTNUM 
Ensure that clean, labeled plastic centrifuge tubes are below each cartridge.

 LISTNUM 
Elute the Sr with two 5-mL portions of 0.05M HNO3 into the plastic centrifuge tube.

NOTE:
The spent labeled cartridge can be saved and reused for the same sample if 90Y needs to be later isolated and counted. If interferences from 210Pb are possible, the Pb can be removed by passing 10 mL of 0.1M (NH4)2C2O4 through the cartridge before reuse.

 LISTNUM 
If cartridge is to be reused, then pipet 5 mL of 0.05M HNO3 into each cartridge to keep the resin wet during the ingrowth period. Immediately cap the cartridge and set it aside in a safe place until 90Y ingrowth is complete. The cartridges will be used again in Section 5.6.

NOTE:
Sr cartridges may be reused for the same environmental sample location after verification from the QC Officer or Laboratory Supervisor. The sample location will be labeled on the side of each Sr resin cartridge with a permanent ink marker. The Sr resin cartridges are cleaned and reconditioned by allowing 150 mL of deionized water to flow through the cartridge by using the vacuum system. Allow some of the acid to flow through the cartridge before capping off both ends. Set the cartridges aside in a safe place until needed again. Check the cartridges periodically to verify that the resin is still wet. Properly dispose of any cartridges that have gone dry.

 LISTNUM 
If cartridge is to be disposed, then add deionized water to each cartridge to remove acid. Dispose of cartridges in radioactive waste container.
 LISTNUM 
Ensure that calibration standards are prepared per Section 5.3 and go to Section 5.4 for preparation of samples for gas proportional counting.

 LISTNUM  \l 2 
Preparation of Pure 90Sr and Pure 90Y for Counter Calibration Sources

NOTE:
Prepare a set of three (minimum) calibration samples according to the calibration procedure outlined in the subsequent steps.

 LISTNUM  \l 3 
Add an appropriate volume of calibrated 90Sr standard solution (in equilibrium with 90Y) to a small beaker, then add 1 mL of Sr carrier (5 mg/mL) and evaporate the solution to near dryness on a hot plate.

 LISTNUM 
Redissolve the residue in 3 mL of 3M HNO3.

 LISTNUM 
Prepare a Sr resin cartridge as in steps 5.2.1.1 through 5.2.1.3. Condition the resin for use by passing 5 mL of 3M HNO3 through each cartridge.

 LISTNUM 
Ensure that a clean centrifuge tube is below each cartridge.

 LISTNUM 
Transfer the redissolved residue into the appropriate Sr resin cartridge by using a plastic transfer pipette and allow to drain. The feedstock and subsequent rinses should be retained.

 LISTNUM 
Add 3 mL of 3M HNO3 to rinse the beaker and transfer the solution into the Sr resin cartridge; allow to drain completely before adding the next 3­mL aliquot of 3M HNO3.

 LISTNUM 
Add 3 mL of 3M HNO3 to the Sr resin cartridges and allow to drain. Note the time of the final rinse as the beginning of 90Y ingrowth for the 90Sr calibration source and 90Y decay for the 90Y calibration source on DDO­021.

NOTE:
The combined feed and rinses contain the 90Y from the original standard solution. A counting source can be prepared from this solution by an appropriate method, e.g., evaporation onto a planchet (with or without the addition of Sr carrier) to produce a source for a proportional counter.

 LISTNUM 
Add 10 mL of 0.05M HNO3 to the cartridge to strip the 90Sr.

 LISTNUM 
Prepare the 90Sr from step 5.3.8 as appropriate for use as a calibration source (evaporation on planchet, etc.). Amass 10,000 counts in the counting period. Counting should be completed within 3 hours of cartridge elution. Record the time and date of the midpoint of this counting period. Count each Sr standard sample mount at least twice, once for this step and a second time after an approximate 7 to 21 day 90Y ingrowth date. Proceed with the gross beta analysis as outlined in RL-TP-020 or RL-CP-023) (see References 3.1.11 and 3.1.14, respectively).

 LISTNUM  \l 2 
Gas Proportional Counting
NOTE:
Gas proportional counting provides lower detection limits than liquid scintillation counting or Cerenkov counting.

 LISTNUM  \l 3 
For each sample analyzed, clean a planchet with alcohol and let it dry.

 LISTNUM 
Weigh the planchet(s) on an analytical balance to 0.1 mg and record the weight on DDO-021.

 LISTNUM 
Place each labeled planchet on a hot plate in a hood.

 LISTNUM 
Evaporate the cartridge strip solution from step 5.2.2.11, step 5.3.7, or step 5.3.8 onto each planchet in successive 5‑mL volumes. Allow each 5‑mL volume to evaporate to near dryness between additions.

 LISTNUM 
Rinse the centrifuge tube with 5 mL of 0.05M HNO3 and transfer to the planchet.

 LISTNUM 
After all the solution has evaporated to dryness, place the planchets in a muffle furnace and heat at 400(C for approximately one hour. Remove the planchets from the furnace and allow to cool to room temperature.

NOTE:
If time does not permit heating for one hour at 400(C, the samples can be analyzed and after analysis the planchets heated to 400(C for approximately one hour.

A proportional counter source can be made and counted on a low background beta proportional counter. If 89Sr is known to be absent, a single count is adequate to measure 90Sr. If the presence of 89Sr cannot be excluded, the first count is the total 89Sr and 90Sr. The residue on the planchet can be redissolved, and the 90Y isolated and counted as in Section 5.6.

 LISTNUM 
Reweigh each planchet, and record the weight to 0.1 mg on DDO­021. The Sr(NO3)2 forms an easily weighed, nonhygroscopic solid that can be weighed to 0.1 mg.

NOTE:
The net residue weight is calculated by subtracting the tare weight of the planchet from the weight of the planchet plus residue.

 LISTNUM 
Count the planchets as soon as possible on a low-background gas proportional counting system. Proceed with the gross beta analysis as outlined in RL-TP-020 or RL-CP-023 (see References 3.1.11 and 3.1.14).

 LISTNUM 
After total strontium has been counted and the results have been processed in the EXCEL spreadsheet, as outlined in RL-TP-020 (see Reference 3.1.11), the technician should verify that the sample activity is less than minimum detectable activity (MDA). Any sample with activity greater than MDA should be stored in a dessicator to allow for at least a 7­day 90Y ingrowth and recounted and processed in an Excel spreadsheet as outlined in RL-TP-020 (see Reference 3.1.11).

NOTE:
If 89Sr is known to be absent, 90Sr can be measured with a single count. However, if 89Sr is present, 90Sr is measured by isolating 90Y as in Section 5.6 and counting the 90Y. If 85Sr is added, use 90Y isolation after ingrowth.

 LISTNUM  \l 2 
Gamma Counting of Strontium-85 Tracer Option

NOTE:
Using stable Sr introduces no counting interferences (as does 85Sr tracer) and is generally more appropriate for proportional or liquid scintillation counting. 85Sr, on the other hand, is suitable for Cerenkov counting or when 90Y is to be extracted and counted by any method.

 LISTNUM  \l 3 
After counting the sample for beta activity, measure the 85Sr on the counting dish or in the Sr strip solution using gamma pulse height analysis.

 LISTNUM 
Count the samples with sufficient time to achieve the desired counting statistics (typically <5% relative error).

 LISTNUM  \l 2 
Yttrium-90 Isolation After Ingrowth
 LISTNUM  \l 3 
To reuse the Sr resin from the original Sr purification for 90Y isolation, recondition the resin with 10 mL of 0.05M HNO3, then add 3 mL of 8M HNO3 just before reuse.

NOTE:
The 0.05M HNO3 removes bismuth-210 ingrowth from any 210Pb that may be tightly bound to the resin.

 LISTNUM 
After Y ingrowth of at least 1 week, dissolve the Sr residue from the planchet in approximately 15 mL of 8M HNO3.

NOTE:
This dissolution may be performed as follows: Place the planchet in a clean, dry 150-mL glass beaker. Add 5 mL of 8M HNO3 to redissolve the residue, warm gently, and swirl. Remove the planchet with a pair of tweezers and rinse any remaining residue into the beaker with two additional 5­mL volumes of 8M HNO3. Warm the beaker gently, if required to dissolve the residue.

 LISTNUM 
Add 1 mL of Y carrier (10 mg/mL) to the dissolved residue solution, swirl to mix.

 LISTNUM 
Prepare the Sr resin cartridges as in steps 5.2.1.1 through 5.2.1.3. Ensure that a clean, labeled plastic centrifuge tube is below each cartridge.

 LISTNUM 
Transfer the solution into the appropriate Sr resin cartridge and allow to drain. Add 5 mL of 8M HNO3 to rinse the beaker. Transfer the solution into the Sr resin cartridge and allow to drain.

 LISTNUM 
Record the time of the completion of last rinse as the stop time for Y ingrowth on DDO-021.

 LISTNUM 
Gently add 20 mL of concentrated NH4OH to the collected eluate from step 5.6.6.

 LISTNUM 
Cap the centrifuge tubes and carefully mix the solution to form the Y hydroxide precipitate.

CAUTION:
The tubes get very hot.

 LISTNUM 
Let the tubes cool to room temperature and then centrifuge for 4 minutes at 3,000 rpm.

 LISTNUM 
Discard the supernatant to waste and dissolve the precipitate in 17 mL of 0.75M HC1.

 LISTNUM 
Add 20 mL of 20% oxalic acid to the dissolved solution to form a Y oxalate precipitate.

 LISTNUM 
Cap the tubes, mix the solution, and place the tubes in a hot water bath for half an hour.

 LISTNUM 
Cool the tubes to room temperature and then centrifuge them. Discard the supernatant. Rinse the precipitate with 10 mL of water and centrifuge again. Discard the supernatant.

 LISTNUM 
Slurry the precipitate with 4 to 5 mL of water and transfer it to preweighed stainless steel planchets. Record the weights on DDO­021. Heat the planchets slowly on a hot plate.

 LISTNUM 
Flame the planchets over a burner, cool, and weigh. Assume a 100% yield of Y.

 LISTNUM 
Count the planchets on a low-background gas proportional counting system. Proceed with the gross beta analysis as outlined in RL­TP­020 and RL-CP-023 (see References 3.1.11 and 3.1.14, respectively).

 LISTNUM  \l 2 
Quality Control
 LISTNUM  \l 3 
QC samples will meet the requirements as described in RL­QAP­1.0 (see Reference 3.1.9).

 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 if contamination is occurring (a batch consists of up to 20 samples).

 LISTNUM 
One duplicate sample shall be run for every 10 samples (if possible). A duplicate sample is a sample brought through the whole sample preparation and analytical process.

 LISTNUM 
A matrix spike (if possible) and a laboratory control sample shall be performed per analytical batch.

 LISTNUM  \l 2 
Calculations
 LISTNUM  \l 3 
Calculate the strontium yield using stable Sr carrier added or 85Sr tracer.

 LISTNUM  \l 4 
Gravimetric method
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where:

RW
=
residue + dish, mg

TW
=
tare weight of dish, mg

CW
=
Sr(NO3)2 added, mg

Percent yield = yield x 100

 LISTNUM 
85Sr tracer
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where:

Cs
=
measured 85Sr tracer, cpm

Bs
=
background, cpm

E
=
counting efficiency for 85Sr tracer

As
=
85Sr tracer activity, dpm

 LISTNUM  \l 3 
Efficiency Calculations
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where:

CS 
=
cpm of 90Sr standard

CB
=
cpm background

YSr
=
average chemical yield of the strontium carrier in standard samples (see Eq. 5.8.1.1)

K
= 
known dpm of standard solution

(t
=
change in time from midpoint time of standard analysis and separation time (in hours)
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where:

I2
=
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(Y
=
decay constant for 90Y (0.0108/hour)

t1
=
date and time of 90Y separation

t3
=
date and time of midpoint of second count

ES
=
counting efficiency for 90Sr tracer

NOTE:
The differences (t3 - t1) shall be expressed in hours.

cpm3
=
net count rate of calibration mount at second count (cpm)

YSr
=
fractional chemical yield of strontium recovery (see Eq. 5.8.1.1)

As
=
activity of 90Sr in dpm at the time of the first count

 LISTNUM 
90Sr Concentration
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where:

Cs
=
cpm of sample

Cb
=
cpm of background

YSr
=
fractional chemical yield of Sr carrier recovery (see Eq. 5.8.1.1)

V
=
unit depending on sample type (liter, filter, grams)

ES
=
90Sr efficiency (see Eq. 5.8.2)

(t
=
change in time from sample analysis and separation (in hours)

C
=
conversion factor = 2.22 dpm/pCi

TS
=
count time in minutes

 LISTNUM 
90Sr Concentration Based on 90Y Ingrowth

If 89Sr is known to be absent, 90Sr can be measured with a single count. However, if 89Sr is present, 90Sr is measured by counting isolated 90Y after ingrowth. This calculation applies to measurements by gas proportional counting and liquid scintillation.
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where:

Cy
=
count rate for yttrium, cpm,

By
=
background count rate for yttrium, cpm,

Ey
=
90Y counting efficiency (see Eq. 5.8.2),

V
=
unit depending on sample type (liter, filter, grams),

YSr
=
Sr carrier recovery (see Eq. 5.8.1.1),

Yy
=
yttrium yield (assumed to be 100%),

Iy
=
yttrium ingrowth factor = 1 – exp[-ln 2/2.6708) x (T2 – T1)],

Dy
=
decay correction for 90Y = exp[(-ln 2/2.6708) x (T4 – T2)],

T1
=
start time for Yttrium ingrowth (last rinse – initial Sr separation),

T2
=
stop time for yttrium ingrowth (last rinse - Sr removal after ingrowth),

T4
=
midpoint of yttrium sample measurement,

C
=
conversion factor = 2.22 dpm/pCi.

NOTE:
Convert time differences from hours to days plus fractions of days since decay factors are given in days.

 LISTNUM 
Counting Uncertainty (CU)

CU, at the 68% confidence level, assuming equal sample and instrument background counting times (see Section 5.8.3 for the variables used in the following equation):
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 LISTNUM  \l 2 
Recording of 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 qualified on this procedure. The data will be signed and dated by each person 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 reviewing 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 independently assessing data and verifying QC acceptance criteria per RL­QAP-1.0 and RL-AP-2.0 (see References 3.1.9 and 3.1.12, 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 3.1.9).

 LISTNUM 
Contingencies for handling out-of-control or unacceptable data are outlined in RL-AP-2.0 (see Reference 3.1.12).

 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-400, pH Analysis
(
DDO-492, Technician Analysis Notes

 LISTNUM  \l 2 

RLAR forms, Sample Preparation Record Sheets, pH Analysis sheets, sample holder guide sheets, data disks, sample log-in books, Technician Analysis Notes, equipment calibration and maintenance/repair log books, and sample counting log books 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 3.1.8).
 LISTNUM  \l 1 
Forms, Exhibits, and Attachments

 LISTNUM  \l 2 
Forms
(
DDO-021, Sample Preparation Record Sheet (see Reference 3.1.8)

(
DDO-027, Radioanalytical Laboratory Analytical Request (see Reference 3.1.8)

(
DDO-400, pH Analysis (see Reference 3.1.8)
(
DDO-492, Technician Analysis Notes (see Reference 3.1.8)
 LISTNUM 
Exhibits

None.

 LISTNUM 
Attachments

None.
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