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DETERMINATION OF ACTINIDES IN ALL SAMPLE MATRICES

 LISTNUM  \l 1 
Scope
This procedure describes the Radioanalytical Laboratory (RAL) radiochemical method for isotopic determination of uranium (U), thorium (Th), neptunium (Np), plutonium (Pu), americium (Am), curium (Cm), and californium (Cf) in all sample matrices. This procedure may be applied to (but not limited to) the analysis of air filters, water, soil, vegetation, smears, resin, and fish samples. The actinides are separated by Eichrom resins prior to measuring by alpha spectrometry. Tracers are used to monitor chemical recoveries and correct results to improve precision and accuracy of the analyses. This rapid, reliable method for measuring actinides in all sample matrices is more cost effective than traditional ion exchange, solvent extraction, and precipitation methods. Chemical pre-treatment for each sample matrix is described in this procedure.

This procedure, when exercised with expert care, yields rapid and accurate results. The accuracy of the analysis is dependent upon (1) the preparation of low mass samples to ensure good peak resolution in the alpha spectrum and (2) the separation efficiency of the specific actinides from other radionuclides. 

 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and procedures to determine the U, Th, Np, Pu, Am, Cm, and Cf radioisotopes in all sample matrices. It satisfies the requirements of RL-AP­1.0, RL-QAP-1.0, and DD-92-02 (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-035, Strontium-90 Analysis by Extraction Chromatography

 LISTNUM 
RL-CP-012, Alpha Spectroscopy Instrument Calibration, Operation, and Preventive Maintenance Procedures

 LISTNUM 
DD-02-01, Good Laboratory Practices Plan
 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 3.1.2), and/or the Battelle Columbus Laboratories Decommissioning Project Procedures Dictionary for definitions of the following terms:

Accuracy*
Analytical Batch*
Carrier

Chain-of-custody
Chemical Hygiene Plan
Interference

Laboratory
Laboratory Control Sample
Matrix
Matrix Spike*
Method Blank*
Precision

Technician
Tracer
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  \l 2 
Developmental Resources

 LISTNUM  \l 3 
“Americium, Plutonium and Uranium in Water,” ACW03 VBS, Rev. 1.4, Eichrom Industries, Inc., October 2001

 LISTNUM 
“Thorium and Neptunium in Water,” ACW08, Rev. 1.6, Eichrom Industries, Inc., September 1999

 LISTNUM 
“Uranium and Thorium in Water,” ACW01, Rev. 1.7, Eichrom Industries, Inc., April 2001

 LISTNUM 
Bill Burnett, “Actinide Assay of Environmental Samples,” Florida State University, November 1997

 LISTNUM 
Sherrod L. Maxwell, III, “Rapid Actinide Separation Methods,” Savannah River Site, November 1997

 LISTNUM 
MARS 5 – Microwave Accelerated Reaction System – Operation Manual, CEM Corp., Document 600111 Rev. 1, July 1999

 LISTNUM 
“Americium, Plutonium and Uranium in Soil (2 gram sample),” DRAFT 0.5, AC502, Eichrom Industries, Inc., August 2001

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

 LISTNUM  \l 1 
General
Samples submitted to the laboratory for analysis may not necessarily fit the standard sample matrices described in this procedure. In such cases, the Quality Control (QC) Officer or designee should be consulted on which sample preparatory method to follow.
 LISTNUM  \l 2 
Interferences

 LISTNUM  \l 3 
Actinides with unresolvable alpha energies such as Am-241 and Pu-238 or Np-237 and U-234 must be chemically separated to enable accurate measurement. This method separates these isotopes effectively.

 LISTNUM 
Very high levels of phosphate in the sample may cause interference on the Eichrom cartridges. Adjusting the amount of phosphate added to co-precipitate the actinides may be necessary in these cases.
 LISTNUM  \l 2 
Apparatus
 LISTNUM  \l 3 
Low background alpha spectroscopy counter

 LISTNUM 
Drying oven

 LISTNUM 
Aluminum cake pans, disposable

 LISTNUM 
Aluminum foil

 LISTNUM 
Sieve, 50 mesh or finer

 LISTNUM 
Adjustable muffle furnace, or adjustable microwave furnace

 LISTNUM 
Porcelain and/or nickel crucibles

 LISTNUM 
Teflon® beakers

 LISTNUM 
Glass beakers

 LISTNUM 
Plastic beakers, disposable

 LISTNUM 
Plastic transfer pipettes, disposable

 LISTNUM 
Eppendorf pipettes or equivalent, 0.05 mL to 5 mL

 LISTNUM 
Adjustable hot plates

 LISTNUM 
Graduated cylinders

 LISTNUM 
Column racks

 LISTNUM 
Column extension funnels

 LISTNUM 
Glass baking dishes used as waste trays

 LISTNUM 
Mortar and pestle, ceramic

 LISTNUM 
pH meter/pH paper

 LISTNUM 
Analytical balance, 0.0001 g sensitivity

 LISTNUM 
Polypropylene centrifuge tubes, 50 mL, disposable

 LISTNUM 
Stainless steel disks, ¾-inch diameter

 LISTNUM 
Stainless steel forceps

 LISTNUM 
Vortex mixer

 LISTNUM 
Magnetic stir bars

 LISTNUM 
Plastic Millipore petri dishes, 5-1/2 x 1 cm

 LISTNUM 
Glue stick

 LISTNUM 
Filtration apparatus—47 mm diameter, 0.45 mm-pore-size filters with 47 mm filtration apparatus (i.e., 500 mL glass funnel, filter holder, and 500 mL side-arm flask)

 LISTNUM 
Filter apparatus—Gelman apparatus 0.1 micron with 25 mm-diameter filters (preferably Gelman Metricel® M5PU025 filters) with polycarbonate base and polysulfide funnel and screen, and 500 mL side-arm flask

 LISTNUM 
Vacuum pump

 LISTNUM 
Fume hood

 LISTNUM 
Centrifuge

 LISTNUM 
Food processor

 LISTNUM 
Grinding mill

 LISTNUM 
Polypropylene chromatography columns, 20 mL, disposable

 LISTNUM 
Glass wool

 LISTNUM 
Vacuum-assisted extraction system supplied by Eichrom Industries or equivalent

 LISTNUM 
Fibrin pipette tips (Fisher Scientific Cat # 02-658-102) or equivalent
 LISTNUM 
Filter paper, glass fiber, ( 1.5 micron, 12.5 cm diameter

 LISTNUM 
Electroplating unit—Sargent-Welch Electroplating Unit, or equivalent, capable of delivering a current up to 2 A/cm2

 LISTNUM 
Disposable electroplating “cells”—30 mL plastic bottles, with base removed, and an O-ring seal between the stainless steel disk and bottle cap (Exhibit 3)

 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 
Quartz fiber crucibles with lids (20 mL size) supplied by CEM or equivalent
 LISTNUM 
30 mL syringe bodies (Becton Dickinson Reorder # 309650) or equivalent
 LISTNUM 
Yellow outer tips (Eichrom Part # AC-1000-01) or equivalent
 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. 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 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 batches.
 LISTNUM  \l 3 
Distilled or deionized (DI) water (Type II) having a resistance value greater than 16.0 megohm-cm on the continuous readout meter on the Barnstead E-Pure DI water system

 LISTNUM 
Ammonium bioxalate (0.1M): Dissolve 6.31 g of H2C2O4 ( 2H2O and 7.11 g of (NH4)2C2O4 ( H2O in 900 mL of water and dilute to 1 L with water

 LISTNUM 
Ammonium hydrogen phosphate solution (3.2M): Dissolve 104 g of (NH4)2HPO4 in 200 mL of water, heat gently to dissolve, and dilute to 250 mL with water

 LISTNUM 
Ammonium hydroxide: Concentrated NH4OH (27-30%) (specific gravity 0.9 [sp gr 0.9])

 LISTNUM 
Ammonium hydroxide solution (1%): Add 1.0 mL concentrated NH4OH to 90 mL water and dilute to 100 mL with water.

 LISTNUM 
1% NH4OH/1% NH4NO3: Carefully add 5 mL of concentrated NH4OH and 5 g of NH4NO3 to 450 mL of water and dilute to 500 mL with water

 LISTNUM 
Ascorbic acid, crystalline reagent

 LISTNUM 
Calcium nitrate carrier (1.25M): Dissolve 51 g of Ca(NO3)2 in 100 mL of water and dilute to 250 mL with water

 LISTNUM 
Cerium carrier: Dissolve 0.155 g of Ce(NO3)3 ( 6H2O in 50 mL of water and dilute to 100 mL with water

 LISTNUM 
Electropolishing solution: Carefully add 70 mL of 36N H2SO4 to 40 mL of water, add 90 mL of concentrated H3PO4 to the H2SO4/water solution

 LISTNUM 
Ferrous sulfamate solution (0.6M): Add 57 g of NH2SO3H to 150 mL of water, heat to 70(C, add 7 g of iron powder (<100 mesh size) in small increments until dissolved, filter (Whatman #4 suggested), transfer to flask, and dilute to 200 mL with water; prepare fresh biweekly

 LISTNUM 
Hydrochloric acid (12M): Concentrated HC1 (sp gr 1.19)

 LISTNUM 
Hydrochloric acid (9M): Add 750 mL of 12M HC1 to 100 mL of water and dilute to 1 L with water

 LISTNUM 
Hydrochloric acid (6M): Add 500 mL of 12MHC1 to 400 mL of water and dilute to 1 L with water

 LISTNUM 
Hydrochloric acid (4M): Add 333 mL of 12M HC1 to 500 mL of water and dilute to 1 L with water

 LISTNUM 
Hydrochloric acid (1M): Add 83 mL of 12M HCl to 800 mL of water and dilute to 1 L with water

 LISTNUM 
Hydrochloric acid (0.01M): Add 0.8 mL of 12M HC1 to 900 mL of water and dilute to 1 L with water

 LISTNUM 
Hydrochloric acid (4M)/hydrofluoric (HF) acid (0.1M): Add 333 mL of 12M HC1 and 3.6 mL of 28M HF to 500 mL of water and dilute to 1 L with water; prepare fresh daily

 LISTNUM 
Hydrochloric acid (4M)/hydroquinone (0.1M): Add 333 mL of 12M HCl to approximately 500 mL of water, dissolve 11.0 g of hydroquinone, and dilute to 1 L with water; prepare fresh daily

 LISTNUM 
Hydrochloric acid (5M)/oxalic acid (0.05M) solution: Dissolve 6.3 g of oxalic acid dihydrate in 400 mL of water, add 417 mL of 12M HC1, cool to room temperature, and dilute to 1 L with water

 LISTNUM 
Hydrofluoric (28M) - Concentrated HF (sp gr 1.2)

 LISTNUM 
Hydrogen peroxide, H2O2 30% - Available in this concentration

 LISTNUM 
Iron (Fe) carrier (approximately 10 mg of Fe+3 per mL solution): Dissolve about 2.9 g of FeCl3 (hydrated form) in 20 to 30 mL of distilled water plus 1 mL of 16M HNO3 and dilute to about 60 mL with water

 LISTNUM 
Nitric acid (15.7M): Concentrated HNO3 (sp gr 1.42)

 LISTNUM 
Nitric acid (8M): Add 500 mL of 16M HNO3 to 400 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (3M): Add 191 mL of 16M HNO3 to 700 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (2.5M): Add 159 mL of 16M HNO3 to 700 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (2M): Add 127 mL of 16M HNO3 to 700 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (1M): Add 63 mL of 16M HNO3 to 800 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (0.5M): Add 32 mL of 16M HNO3 to 900 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (0.05M): Add 3.2 mL of 16M HNO3 to 950 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (0.01M): Add 0.6 mL of 16M HNO3 to 950 mL of water and dilute to 1 L with water

 LISTNUM 
Nitric acid (3M)/aluminum nitrate (1.0M) solution: Dissolve 212 g of anhydrous aluminum nitrate in 700 mL of water, add 191 mL of 16M HNO3, and dilute to 1 L with water

 LISTNUM 
Nitric acid (2.5M)/ferrous sulfamate (0.1M) solution: Add 159 mL of 16M HNO3 and 166 mL of 0.6M ferrous sulfamate to 500 mL of water and dilute to 1 L with water; prepare fresh daily

 LISTNUM 
Nitric acid (0.02M)/hydrofluoric acid (0.02M) solution: Add 0.64 mL of 16M HNO3 and 0.36 mL of 28M HF to 400 mL of water and dilute to 500 mL with water

 LISTNUM 
Nitric acid (2M)/sodium nitrite (0.1M) solution: Add 32 mL of 16M HNO3 to 200 mL of water, dissolve 1.72 g of NaNO2 in the solution, and dilute to 250 mL with water; prepare fresh daily

CAUTION:
Only prepare Nitrohydrochloric acid on an as needed basis. Do not store in closed container.
 LISTNUM 
Nitrohydrochloric Acid (Aqua Regia): Mix one part by volume of 16M HNO3 to three parts of 12M HCl.
 LISTNUM 
Phenolphthalein indicator: Dissolve 1 g of phenolphthalein in 50 mL of ethyl alcohol and add 50 mL of water

 LISTNUM 
Reagent alcohol/ethanol: Anhydrous, denatured (SDA Formula 3A)

 LISTNUM 
Reagent alcohol, 80%: Add 80 mL of reagent alcohol to 20 mL of water

 LISTNUM 
Sulfuric acid (36N): Concentrated H2SO4
 LISTNUM 
Sulfuric acid (1%): Carefully add 1 mL of H2SO4 to 95 mL of water and dilute to 100 mL with water

 LISTNUM 
Titanium (III) chloride: >10 wt % solution in 20 to 30 wt % HCl

 LISTNUM 
TEVATM Resin (TEVA) extraction chromatography resin manufactured by Eichrom Industries or equivalent

 LISTNUM 
TRU Resin (TRU) extraction chromatography resin manufactured by Eichrom Industries or equivalent

 LISTNUM 
UTEVATM Resin (UTEVA) extraction chromatography resin manufactured by Eichrom Industries or equivalent

 LISTNUM  \l 2 
Standards
 LISTNUM  \l 3 
Pu-242 or Pu-236, Am-243, U-232, and Th-228 or Th-229 tracer solutions with an activity in the range of 5 dpm/mL to 100 dpm/mL and traceable to the National Institute of Standards and Technology (NIST)

 LISTNUM 
Pu-239, Am-241, U-234/U-238, Th-230, and Np-237 control spike solutions with an activity in the range of 5 dpm/mL to 100 dpm/mL and traceable to the NIST

 LISTNUM  \l 2 
Personnel Safety Precautions

Personnel safety precautions are outlined in DD-92-02 (Reference 3.1.3).

 LISTNUM  \l 2 
Radiological Safety Precautions

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

 LISTNUM 
Radiological 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 the sample. In general, samples accepted for analysis in the laboratory should be of low-level or environmental activity. Samples known or suspected to be greater than 1 nanocurie will require special handling within the RAL.

 LISTNUM 
Compliance with the current RAL Radiation Work Permit is mandatory.
 LISTNUM  \l 1 
Procedure
Unless otherwise specified, the Laboratory Technician shall complete the following steps. (Any RAL staff personnel performing analyses is considered a Laboratory Technician.) The Laboratory Technician shall fill out Technician Analysis Notes (DDO-492) 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, air filter, paper smears, vegetation, fish, soil, and resin samples are given in the following sections. For other sample matrices or field modifications, consult the Laboratory Manager and/or QC Officer for 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. The pH results will be noted on the pH Analysis Sheet (DDO­400). If the pH of the water sample is pH > 2, add 16M HNO3 and adjust to a pH < 2. Allow the acidified solution to sit 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 through a 0.45­mm filter. Discard the filter and transfer the filtrate to a glass beaker. Record the volume used on the Sample Preparation Record Sheet (DDO-021). 

 LISTNUM 
To the filtrate, add a known amount(s) of yield tracer(s) depending on which analyses are required for the sample and activity levels of the actinides expected. Add known amount(s) of control spike solution(s) to the control sample(s). Record the yield tracer(s) and spike(s) amount(s) used on the DDO­021. Proceed with one of the four preconcentration methods that follow:

Preconcentration Method—Evaporation to Reduce Volume

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.
 LISTNUM 
Evaporate the sample to less than 50 mL and transfer it to a 100­mL beaker.

NOTE:
For some water samples, calcium sulfate may form during evaporation. If this occurs, use the iron hydroxide or calcium phosphate precipitation method.

 LISTNUM 
Gently evaporate the sample to dryness and redissolve in approximately 5 mL of 16M HNO3.

 LISTNUM 
Repeat step 5.1.1.5 two times, evaporate to dryness, and go to Section 5.2.

Preconcentration Method—Iron Hydroxide Precipitation, Large Volume (>50 mL solution)

 LISTNUM 
Add 2 to 3 mL of Fe carrier solution to the water sample from step 5.1.1.3.

 LISTNUM 
Add 10 mL of 30% H2O2 and a stir bar.

 LISTNUM 
Place the beaker on a stirrer hot plate and, while stirring, heat to 80(C until the H2O2 has decomposed.

 LISTNUM 
Add concentrated NH4OH until the pH changes to 8 (check with pH paper). At this stage, a reddish brown precipitate of iron hydroxide should form; make sure that after stirring (15 to 30 minutes), the pH is still 8. If the pH has changed, add concentrated NH4OH to a pH of 8.

 LISTNUM 
Remove the beaker from the hot plate and allow to cool. Remove the stirrer bar at this stage to allow the precipitate to settle undisturbed.

 LISTNUM 
Once the precipitate has settled (at least 30 minutes), decant or aspirate the aqueous layer, then isolate the precipitate by centrifuging in 50‑mL tubes. Discard the aqueous portion.

 LISTNUM 
Wash the precipitate in the centrifuge tube thoroughly, using distilled or DI water. Centrifuge and discard the aqueous portion. Keep the precipitate and go to Section 5.2.

Preconcentration Method—Iron Hydroxide Precipitation, Small Volume ((50 mL solution)

 LISTNUM 
Place the sample from step 5.1.1.3 on a hot plate. Add 10 mL of 30% H2O2 and evaporate to dryness.

 LISTNUM 
Rinse the sides of the beaker with 16M HNO3 and evaporate to dryness. Repeat one time.

 LISTNUM 
Transfer the sample residue to a 50­mL centrifuge tube with approximately 30 to 40 mL of 0.01M HNO3.

 LISTNUM 
Add 1 to 3 mL of Fe carrier solution to the centrifuge tube and swirl to mix.

 LISTNUM 
Add concentrated NH4OH until the pH changes to 8 (check with pH paper). At this stage, a reddish brown precipitate of iron hydroxide should form; make sure that, after stirring (15 to 30 minutes), the pH is still 8. If the pH has changed, add concentrated NH4OH to a pH of 8.

 LISTNUM 
Centrifuge the sample and discard the supernatant.

 LISTNUM 
Wash the precipitate in the centrifuge tube thoroughly, using distilled or DI water. Centrifuge and discard the aqueous portion. Keep the precipitate and go to Section 5.2.

Preconcentration Method—Calcium Phosphate Precipitation

 LISTNUM 
If filtrate samples larger than 1 L are analyzed, evaporate the sample to approximately 1 L.

 LISTNUM 
Add 0.5 mL of 1.25M Ca(NO3)2 to each beaker.

 LISTNUM 
Place each beaker on a hot plate.

 LISTNUM 
Cover each beaker with a watch glass.

 LISTNUM 
Allow the samples to heat until boiling.

 LISTNUM 
Once the samples boil, take the watch glass off the beaker and turn the heat down.

 LISTNUM 
Add 2 to 3 drops of phenolphthalein indicator and 200 (L of 3.2M (NH4)2HPO4 solution.

 LISTNUM 
Add enough concentrated NH4OH with a squeeze bottle to reach the phenolphthalein end point and form Ca3(PO4)2 precipitate. Add NH4OH very slowly. Stir the solution with a glass rod. Allow the sample to heat for another 20 to 30 minutes.

 LISTNUM 
If the sample volume is too large to centrifuge the entire sample, allow the precipitate to settle until solution can be decanted (30 minutes to 2 hours) and go to step 5.1.1.31.

 LISTNUM 
If the volume is small enough to centrifuge, go to step 5.1.1.32.

 LISTNUM 
Decant supernatant and discard to waste.

 LISTNUM 
Transfer the precipitate to a centrifuge tube.

 LISTNUM 
Centrifuge and discard the supernatant.

 LISTNUM 
Wash the precipitate with an amount of water approximately twice the volume of the precipitate. Mix well on a vortex mixer. Centrifuge for 5 to 10 minutes. Discard the supernatant.

 LISTNUM 
If an ammonia odor persists, repeat step 5.1.1.34; otherwise, go to step 5.1.1.36.

 LISTNUM 
Dissolve the precipitate in approximately 5 mL of 16M HNO3. Transfer the solution to a 100­mL beaker. Rinse the centrifuge tube with 2 to 3 mL of 16M HNO3 and transfer to the beaker. Evaporate solution to dryness and go to Section 5.2.

 LISTNUM  \l 3 
Air Filter and Paper Smear Samples (Sample Activity of Nanocurie or Less)

NOTE:
For air filter and paper smear samples with greater than nanocurie activity, go to Section 5.1.3.

Multiple filter samples (e.g., quarterly environmental samples) may be split. This is best accomplished by processing a known fraction of the sample in Section 5.2.

The following steps apply to glass fiber filters; for paper smears, go to step 5.1.2.7.

 LISTNUM  \l 4 
Place the air filter in a nickel or porcelain crucible and heat in the muffle furnace at 525(C overnight or use the microwave furnace.

 LISTNUM 
Place the air filters in a labeled Teflon® beaker prewetted with ~3 mL of 16M HNO3. Rinse the crucible with 3 to 5 mL of 16M HNO3 and add to the beaker. Add known amount(s) of yield tracer(s) to the ashed sample. Add known amount(s) of control spike solution(s) to the control sample(s). Record the tracer(s) and spike(s) amount(s) used on the DDO-021.

CAUTION:
Concentrated HF may be fatal if swallowed and causes severe burns to the skin that may not be immediately painful or visible. Use only in a fume hood and with proper protective wear (e.g., safety glasses, latex gloves, etc.).

 LISTNUM 
In the fume hood, using appropriate protective wear (gloves/safety glasses, etc.), carefully add ~20 mL of 28M HF to the beaker.

 LISTNUM 
Swirl the solution and leave it for several hours to allow the filter, ash, or soil, to dissolve. Carefully check the beaker to monitor the progress of dissolution. Place the beaker on a hot plate and heat to near dryness.

 LISTNUM 
When nearly dry, add ~10 mL of 28M HF to the beaker.

 LISTNUM 
Evaporate to near dryness using the hot plate.

 LISTNUM 
(Starting point of paper smears.)  Place the smear into a Teflon® beaker prewetted with ~3 mL of 16M HNO3. Add known amount(s) of yield tracer(s) to the smear sample. Add known amount(s) of control spike solution(s) to the control sample(s). Record the tracer(s) and spike(s) amount(s) used on DDO-021. Rinse the petri dish (i.e., sample container), bottom and lid, with 5 mL each of 12M HCl and add to the beaker. Add another 10 mL of 12M HCl for 20 mL total. Into the air filter, ash or soil, beaker (from 5.1.2.6), add 20 mL of 12M HCl. Evaporate to near dryness. For air filters, go to step 5.1.2.9.

 LISTNUM 
For smears only: Add ~20 mL of 28M HF to the beaker and evaporate to near dryness. 

 LISTNUM 
Wash the sides of the beaker with ~10 mL of 16M HNO3 and evaporate to near dryness. Repeat one time. Go to Section 5.2.

 LISTNUM  \l 3 
Air Filters and Paper Smears (Sample Activity Greater than Nanocurie)

NOTE:
Samples known to be greater than nanocurie activity shall be prepared and diluted in a separate hot lab prior to actinide separation in the main lab. The dilution factor and sample preparation information shall be recorded on DDO-021.

The following steps apply to glass fiber filters; for paper smears, go to step 5.1.3.7.

 LISTNUM  \l 4 
Place the filter in a nickel or porcelain crucible and heat in the muffle furnace at 525(C overnight or use the microwave furnace.

 LISTNUM 
Place the air filter in a labeled Teflon® beaker prewetted with ~3 mL of 16M HNO3. Rinse the crucible with 3 to 5 mL of 16M HNO3 and add to the beaker. (DO NOT add tracer or control spike solution.)

 LISTNUM 
In the fume hood, using appropriate protective wear (gloves, safety glasses, etc.), carefully add ~20 mL of 28M HF to the beaker.

 LISTNUM 
Swirl the solution and leave it for several hours to allow the filter to dissolve. Carefully check the beaker to monitor the progress of dissolution. Place the beaker on a hot plate and heat to near dryness.

 LISTNUM 
When dry, add ~10 mL of 28M HF to the beaker.

 LISTNUM 
Evaporate to near dryness using the hot plate.

 LISTNUM 
(Starting point of paper smears.)  Place the smear into a Teflon® beaker prewetted with ~3 mL of 16M HNO3. Rinse the petri dish (i.e., sample container), bottom and lid, with 5 mL each of 12M HCl and add to the beaker. Add another 10 mL of 12M HCl for 20 mL total. Into the air filter beaker (from step 5.1.3.6), add 20 mL of 12M HCl. Evaporate to near dryness. For air filter samples, go to step 5.1.3.9.

 LISTNUM 
For smears only:  Add ~20 mL of 28M HF to the beaker and evaporate to near dryness.

 LISTNUM 
Wash the sides of the beaker with ~10 mL of 16M HNO3 and evaporate to dryness. Repeat this step one more time.

 LISTNUM 
Remove the beaker from the hot plate and allow to cool. Wash the sides of the beaker with 5 mL of 3M HNO3. Scrape the bottom of the beaker with a disposable pipette to loosen the residue. Transfer the acid and residue to a centrifuge tube. Repeat three times for a total of 20 mL of 3M HNO3.

NOTE:
Samples with greater than nanocurie activity will require a dilution prior to actinide separation. Consult the Laboratory Manager or QC Officer for the proper dilution for each sample.

 LISTNUM 
Dilute the sample into a solution of 3M HNO3/1M Al(NO3)3 (column feed solution) in a centrifuge tube. The final volume of the column feed solution should be 10 mL. Add known amount(s) of yield tracer(s) to the diluted sample(s). Add known amount(s) of control spike solution(s) to the control sample(s). Record the tracer(s) and spike(s) amount(s) used on DDO-021. Go to Section 5.2.2.

 LISTNUM  \l 3 
Vegetation and Fish Samples (Conventional Method)

 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 dry overnight. Additional drying time may be needed if the sample is not entirely dry.

 LISTNUM 
Grind the dried sample with a food processor or grinding mill and weigh out about 1 to 50 g of the dried/ground sample into a porcelain crucible. Record the weight on DDO-021.

 LISTNUM 
Cover the crucible and ignite the sample in a muffle furnace at 750(C overnight or use the microwave furnace.

NOTE:
The sample may need to be ashed longer and at a higher temperature if there are still traces of carbon noted in the sample after ashing overnight at 750(C. The final ash should be white in color.

 LISTNUM 
Transfer the ash to a Teflon® beaker; add known amount(s) of yield tracer(s) to the sample(s). Add known amount(s) of control spike solution(s) to the control sample(s). Add 20 mL of 16M HNO3. Record the yield tracer(s) and spike(s) amount(s) used on DDO-021.

 LISTNUM 
Cover the beaker with a watch glass and digest near the boiling point for about one hour to solubilize the ash. If any traces of organic matter remain, add a few drops of 30% H2O2.

NOTE:
If the samples require U, Th, or Np analysis, go to step 5.1.4.7. If the samples require only Am and/or Pu analysis, go to step 5.1.4.6.

 LISTNUM 
Continue as for soil/sediment/solid sample pretreatment (steps 5.1.5.11 through 5.1.5.15).

 LISTNUM 
Continue as for air filter pretreatment (steps 5.1.2.3 to 5.1.2.9).

NOTE:
If the sample matrix is causing Th separation problems on the TEVA resin, then perform the following iron hydroxide precipitation method after completing step 5.1.2.9. Otherwise, go to Section 5.2 after completing the sample pretreatment method.

Iron Hydroxide Precipitation

 LISTNUM 
Transfer the sample in step 5.1.2.9 into a centrifuge tube with about 10 mL of 0.01M HNO3.

 LISTNUM 
Add 1 mL of 5 to 10 mg/mL Fe carrier solution to each sample.

 LISTNUM 
Add concentrated NH4OH dropwise to the centrifuge tube with stirring until an iron hydroxide precipitate forms and stays when stirred (usually pH 9).

 LISTNUM 
Wash and centrifuge the precipitate until the ammonia odor is gone and then dispose of the supernatant. Go to Section 5.2.

 LISTNUM  \l 3 
Soil /Sediment/Solid Samples (Conventional Method)

 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 out about 0.5 to 10 g of soil into a porcelain crucible on an analytical balance. Record the weight on DDO-021.

 LISTNUM 
Ignite the sample in a muffle furnace at 750(C overnight or use the microwave furnace to oxidize any organics present.

NOTE:
If soil samples require U, Th, or Np analysis, perform steps 5.1.5.5 and 5.1.5.6. If the samples require only Am and/or Pu analysis, go to step 5.1.5.7.

 LISTNUM 
Transfer the muffled sample to a Teflon® beaker and add known amount(s) of yield tracer(s) to the samples. Add known amount(s) of control spike solution(s) to the control sample(s). Record the yield tracer(s) and spike(s) amount(s) used on DDO-021.

 LISTNUM 
Continue as for air filter pretreatment (steps 5.1.2.3 to 5.1.2.9).

 LISTNUM 
Transfer the entire muffled sample to a 150­ to 250­mL glass beaker using a small amount of 16M HNO3. Add 10 to 100 mL of 16M HNO3 acid to the beaker. Add known amount(s) of yield tracer(s) to the samples. Add known amount(s) of control spike solution(s) to the control sample(s). Record the yield tracer(s) and the spike(s) amount(s) on DDO­021.

 LISTNUM 
Place a watch glass on the beaker and heat on low heat (to near boiling) 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 100 mL of DI water.

 LISTNUM 
Centrifuge and decant the supernatant into the same beaker from step 5.1.5.12.

 LISTNUM 
Evaporate the solution to near dryness. Go to Section 5.2.

NOTE:
Add a few drops of 30% H2O2, if required, to decompose residual organics during evaporation.
 LISTNUM  \l 3 
Leaching of Soil, Sediment, Solid, Vegetation, and Fish Samples Using the MARS 5 Microwave System

NOTE:
If U, Th, or Np analysis is required, Section 5.1.6 cannot be used. Go to Section 5.1.7.

 LISTNUM  \l 4 
For vegetation and fish samples, perform steps 5.1.4.1 through 5.1.4.3 and proceed to step 5.1.6.2. For soil, sediment, or solid samples, perform steps 5.1.5.1 through 5.1.5.4 and proceed to step 5.1.6.2.

 LISTNUM 
Transfer the muffled sample to a HP-500 liner using a small amount of 16M HNO3. Add 25 mL of 16M HNO3 to the liner. Swirl the sample or use a glass stirring rod to mix. Add known amount(s) of yield tracer(s) to the sample(s). Add known amount(s) of control spike solution(s) to the control sample(s). Record the yield tracer(s) and the spike(s) amount(s) on DDO­021.

NOTE:
A sample must always be run in the control vessel (i.e., a method blank or laboratory control sample should never be run in the control vessel).

 LISTNUM 
Assemble the HP-500 vessel. Place the vessel in the support module. Tighten the support screw to 5 ft. lbs. (Exhibit 1). Screw the pressure sensor onto the control vessel. Slide the temperature sensor all the way into the control vessel (Exhibit 2).

 LISTNUM 
Insert the assembled vessels symmetrically onto the turntable.

 LISTNUM 
Install the turntable in the MARS 5 cavity aligning the flat edge of the turntable lug. Press the turntable key to rotate the turntable until the control vessel is in the back left-hand corner of the instrument.

 LISTNUM 
Connect the pressure sensor to the connector on the right side of the instrument cavity. Connect the temperature sensor into the connector in the top of the cavity. Press the turntable key and permit the turntable to rotate two or three times to ensure that the pressure sensor tubing and temperature probe do not become entangled. Close the door on the MARS 5.

 LISTNUM 
On the MARS 5 keypad, hit HOME. Using the arrow keys, highlight LOAD METHOD and hit SELECT. Using the arrow keys, highlight USER DIRECTORY and hit SELECT. Using the arrow keys, highlight SOILLCH300 if using one or two vessels, SOILLCH600 if using three through six vessels, or SOILLCH1200 if using seven or more vessels.

 LISTNUM 
On the MARS 5 keypad, hit START/PAUSE to start the leaching program. The following table illustrates the leaching program parameters.

	Stage
	Power
	Ramp
	Max. Pressure
	Final Temp
	Hold

	1
	*
	10:00 min
	350 psi
	165º
	0:00 min

	2
	*
	3:00 min
	350 psi
	175º
	5:00 min

	*
If using 1 or 2 vessels, power = 300 W; 3 through 6 vessels, power = 600 W; 7 or more vessels, power = 1200 W.


 LISTNUM 
At the end of the leaching program, allow the system to cool. Remove and disassemble the vessel.

 LISTNUM 
Perform steps 5.1.5.11 to 5.1.5.15.

 LISTNUM  \l 3 
Digestion of Soil, Sediment, Solid, Vegetation, and Fish Samples Using the MARS 5 Microwave System

 LISTNUM  \l 4 
For vegetation and fish samples, perform steps 5.1.4.1 through 5.1.4.3 and proceed to step 5.1.7.2. For soil, sediment, or solid samples, perform steps 5.1.5.1 through 5.1.5.4 and proceed to step 5.1.7.2.

CAUTION:
Concentrated HF may be fatal if swallowed and causes severe burns to the skin that may not be immediately painful or visible. Use only in a fume hood and with proper protective wear (e.g., safety glasses, latex gloves, etc.).

 LISTNUM 
Transfer the muffled sample to the XP-1500 liner. Add 10 mL of water to the sample. Add 5 mL of 16M HNO3 to the sample crucible and transfer to the liner. Add 4 mL of 28M HF and 1 mL of 12M HCl to the liner. Swirl the sample or use a Teflon® stirring rod to mix. Add known amount(s) of yield tracer(s) to the sample(s). Add known amount(s) of control spike solution(s) to the control sample(s). Record the yield tracer(s) and the spike(s) amount(s) on DDO-021.

NOTE:
A sample must always be run in the control vessel (i.e., a method blank or laboratory control sample should never be run in the control vessel).

 LISTNUM 
Assemble the XP-1500 vessel. Place the vessel in the support module. Tighten the support screw to 5 ft. lbs. (Exhibit 1). Screw the pressure sensor onto the control vessel. Slide the temperature sensor all the way into the control vessel (Exhibit 2).

 LISTNUM 
Insert the assembled vessels symmetrically onto the turntable.

 LISTNUM 
Install the turntable in the MARS 5 cavity aligning the flat edge of the turntable lug. Press the turntable key to rotate the turntable until the control vessel is in the back left-hand corner of the instrument.

 LISTNUM 
Connect the pressure sensor to the connector on the right side of the instrument cavity. Connect the temperature sensor into the connector in the top of the cavity. Press the turntable key and permit the turntable to rotate two or three times to ensure that the pressure sensor tubing and temperature probe do not become entangled. Close the door on the MARS 5.

 LISTNUM 
On the MARS 5 keypad, hit HOME. Using the arrow keys, highlight LOAD METHOD and hit SELECT. Using the arrow keys, highlight USER DIRECTORY and hit SELECT. Using the arrow keys, highlight SOILDIG300 if using one or two vessels, SOILDIG600 if using three through six vessels, or SOILDIG1200 if using seven or more vessels.

 LISTNUM 
On the MARS 5 keypad, hit START/PAUSE to start the digestion program. The following table illustrates the digestion program parameters.

	Power
	Ramp
	Max. Pressure
	Final Temp
	Hold

	*
	30:00 min
	350 psi
	210º
	20:00 min

	*
If using 1 or 2 vessels, power = 300 W; 3 through 6 vessels, power = 600 W; 7 or more vessels, power = 1200 W.


 LISTNUM 
At the end of the digestion program, allow the system to cool. Remove and disassemble the vessel.

 LISTNUM 
Transfer the digestate from the vessel to a clean, labeled Teflon® beaker. Rinse the vessel with a small amount of 16M HNO3 and add to the sample beaker.

 LISTNUM 
Place the beaker on a hot plate and heat to dryness. Do not bake.

 LISTNUM 
Wash the sides of the beaker with ~10 mL of 16M HNO3 and evaporate to dryness. Repeat one time. Go to Section 5.2.

 LISTNUM  \l 3 
Resin Samples

NOTE:
Samples known to be greater than nanocurie activity shall be prepared and diluted in a separate hot lab prior to actinide separation in the main lab. The dilution factor and sample preparation information shall be recorded on DDO-021.
 LISTNUM  \l 4 
Weigh out a known amount of resin into a disposable chromatography column. Record the weight on DDO-021. “Seal” the surface of the resin with a plug of glass wool.

 LISTNUM 
Place a stopcock on the column and add approximately 15 mL of DI H2O to the column. Adjust the flow of the liquid to about one drop per second. Collect the eluate in a labeled 400­mL beaker. Add another 15 mL of DI H2O and collect in the same beaker.

 LISTNUM 
Add 30 mL of 1M HCl to the column and collect in the beaker.

 LISTNUM 
Add 30 mL of 1M HNO3 to the column and collect in the beaker.
 LISTNUM 
Add 30 mL of 9M HCl to the column and collect in the beaker.

 LISTNUM 
Add 30 mL of 8M HNO3 to the column and collect in the beaker.
 LISTNUM 
Repeat steps 5.1.8.2 through 5.1.8.6 and collect the eluate in the same beaker.

 LISTNUM 
Place the beaker on a hot plate and evaporate to dryness.

 LISTNUM 
Wash the sides of the beaker with about 10 mL of 16M HNO3 and evaporate to dryness. Repeat one time.

 LISTNUM 
Remove the beaker from the hot plate and allow to cool. Wash the sides of the beaker with 5 mL of 3M HNO3. Scrape the bottom of the beaker with a disposable pipette to loosen the residue. Transfer the acid and residue to a centrifuge tube. Repeat three more times for a total of 20 mL of 3M HNO3.

NOTE:
Samples with greater than nanocurie activity will require a dilution prior to actinide separation. Consult the Laboratory Manager or QC Officer for the proper dilution for each sample.
 LISTNUM 
Dilute the sample into a solution of 3M HNO3/1M Al(NO3)3 (column solution) in a centrifuge tube. The final volume of the column load solution should be 10 mL. Add known amount(s) of yield tracer(s) to the diluted sample(s). Add known amount(s) of control spike solution(s) to the control sample(s). Record the tracer(s) and spike(s) amount(s) used on DDO-021. Go to Section 5.2.2.

 LISTNUM  \l 3 
Metal Samples
NOTE:
Use this sample preparation method on metals only after determining that the sample will not dissolve in 16M HNO3 or 12M HCl alone.
 LISTNUM  \l 4 
Weigh a known amount of metal into a beaker on an analytical balance. Record the weight on DDO-021.
CAUTION:
Nitrohydrochloric acid (Aqua Regia) is very toxic, fuming yellow liquid, corrosive and strong irritant. Any skin/eye contact or inhalation can cause irritating burns or itchiness. This can eat away at your skin. Use only in a fume hood and with proper protective wear (e.g., safety glasses, latex gloves, etc.).
 LISTNUM 
Add Nitrohydrochloric acid to completely cover the sample. Do not add heat to the sample. Nitrohydrochloric acid will react at room temperature to dissolve the metal.
 LISTNUM 
Once the metal sample is dissolved (usually overnight), evaporate the solution to near dryness.
 LISTNUM 
Add a few drops of 30% H2O2, if required, to decompose residual organics during evaporation.
 LISTNUM 
Add ~20 mL 16M HNO3 to each beaker and evaporate to near dryness and repeat.
 LISTNUM 
Transfer residues quantitatively to clean labeled centrifuge tubes using ~20 mL of 3M HNO3.
 LISTNUM 
If samples are known or suspected to have alpha isotopic activities greater than or equal to 1 nanocurie then dilute the sample using 3M HNO3. Record the dilution factor(s) for the samples on the DDO-021.
NOTE:
If the amount of 3M HNO3 used in the dilution is greater than or equal to 2 mL then add an appropriate amount of Al(NO3)3 to maintain 1.0M Al(NO3)3 concentration in the final column feed solution [e.g., 2 mL of 3M HNO3 digestate into 8 mL of column feed solution then add 0.75 grams of Al(NO3)3].
 LISTNUM 
Dissolve the sample residue or precipitate with ~10 mL of 3M HNO3/1.0M Al(NO3)3 (column feed solution). Heat gently, if necessary, to dissolve any remaining residue. An additional 5 to 10 mL of 3M HNO3/1.0M Al(NO3)3 may be necessary if the volume of precipitate is large.
 LISTNUM 
Add known amount(s) of yield tracer(s) to the sample(s). Add known amount(s) of control spike solution(s) to the control sample(s). Record yield tracer(s) and spike(s) used along with amounts on DDO-021. Go to Section 5.2.2.
 LISTNUM  \l 3 
Oil Samples
 LISTNUM  \l 4 
Place 20 mL quartz fiber crucibles inside of porcelain crucibles for each sample [including duplicate(s) and matrix spike(s)]. Transfer known amounts of oil sample to each quartz fiber crucible. Record sample volumes on DDO-021.
 LISTNUM 
Cover each quartz fiber crucible with a 20 mL quartz lid and then cover the porcelain crucible with a porcelain lid. Ignite the sample(s) in the muffle furnace at ~750ºC overnight. 
CAUTION:
Concentrated HF may be fatal if swallowed and causes severe burns to the skin that may not be immediately painful or visible. Use only in a fume hood and with proper protective wear (e.g., safety glasses, latex gloves, etc.).
 LISTNUM 
Transfer the quartz fiber crucibles to labeled Teflon® beakers. Using appropriate protective wear (e.g., gloves/safety glasses, etc.), carefully add ~20mL of 28M HF to each beaker.
 LISTNUM 
Swirl the HF solution and allow the quartz crucible to dissolve (quartz crucible usually dissolves instantly in 28M HF). Carefully check the beakers to monitor the progress of dissolution.
  LISTNUM 
Rinse the porcelain crucibles including the porcelain lid with 16M HNO3 and add to the appropriate Teflon® beakers. Place the beakers on the hot plate and heat to near dryness.
 LISTNUM 
Add ~10 mL of 16M HNO3 to each beaker and evaporate to near dryness and repeat.
 LISTNUM 
Transfer residues quantitatively to clean labeled centrifuge tubes using ~20 mL of 3M HNO3.

 LISTNUM 
If samples are known or suspected to have alpha isotopic activities greater than or equal to 1 nanocurie then dilute the sample using 3M HNO3. Record the dilution factor(s) on the DDO-021.

NOTE:
If the amount of 3M HNO3 used in the dilution is greater than or equal to 2 mL then add an appropriate amount of Al(NO3)3 to maintain 1.0M Al(NO3)3 concentration in the final column feed solution [e.g., 2 mL of 3M HNO3 digestate into 8 mL of column feed solution then add 0.75 grams of Al(NO3)3].

 LISTNUM 
Dissolve the sample residue with ~10 mL of 3M HNO3/1.0M Al(NO3)3 (column feed solution). Heat gently, if necessary, to dissolve any remaining residue. An additional 5 to 10 mL of 3M HNO3/1.0M Al(NO3)3 may be necessary if the volume of precipitate is large.

 LISTNUM 
Add known amount(s) of yield tracer(s) to the sample(s). Add known amount(s) of control spike solution(s) to the control sample(s). Record yield tracer(s) and spike(s) used along with amounts on DDO-021. Go to Section 5.2.2.

 LISTNUM  \l 2 
Actinide Separations Using Eichrom Resins
NOTE:
It is highly recommended that samples containing any residue be filtered prior to loading onto extraction cartridges.

 LISTNUM  \l 3 
Dissolve the sample residue or precipitate with 10 mL of 3M HNO3/1.0M Al(NO3)3 (column feed solution). Heat gently, if necessary, to dissolve any remaining residue. An additional 5 to 10 mL of 3M HNO3/1.0M Al(NO3)3 may be necessary if the volume of precipitate is large or the matrix contains large amounts of phosphates (i.e., composite air filters, vegetation, fish).

 LISTNUM  \l 3 
Vacuum-Assisted Extraction System

NOTE:
The vacuum-assisted extraction system may be used for any of the following sections (i.e., 5.2.3 through 5.2.7).

Some solutions may flow steadily while others may take a little more time to pass through the cartridges. Vacuum could be increased for the ones that are flowing slowly.

It is acceptable to let the cartridges go “dry” between additions of new reagents.

In the case of two cartridges in tandem, extra vacuum pressure may be required to achieve required flow rates. The vacuum box has been tested and is safe to operate up to 30 inches of Hg. For most applications, the box need not exceed 10 inches of Hg. Because of sample variables, it is recommended that the actual observed flow rate of your sample(s) be used to adjust the vacuum, not the gauge reading.

 LISTNUM  \l 4 
Place the rack in the vacuum box and place a centrifuge tube into the appropriate space in the rack. Assemble the lid onto the vacuum box. Attach the vacuum hose.

 LISTNUM 
Fix a 30‑mL syringe body on the top of the extraction cartridge. 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 tape.

 LISTNUM 
To perform the actinide separation, follow the instructions in the appropriate section(s) of this procedure.

 LISTNUM 
Target flow rates for vacuum-assisted extraction system:

Cartridge conditioning
(
5 mL/min

Load solution
(
1 mL/min

Rinse solution
(
3 mL/min

Elute solution
(
1 mL/min

 LISTNUM  \l 3 
Np and Th Separation Using TEVA Resin

NOTE:
If the Radioanalytical Laboratory Analytical Request (RLAR) (DDO-027) form requests Th and does not request Np analysis, go to Section 5.2.4.

 LISTNUM  \l 4 
Pipet 1.0 mL of 0.6M ferrous sulfamate for each 5 mL of column feed solution used to each sample vessel. Swirl to mix.

 LISTNUM 
Add ~150 to 250 mg of ascorbic acid. Swirl to mix. After the ascorbic acid dissolves, wait for 2 to 3 minutes or until the Fe (III) yellow color turns clear to straw colored. This reduces the iron in the sample, which can cause interferences on the column. If particles are observed suspended in the solution, centrifuge and/or filter the sample. The supernatant will be transferred to the cartridge.

 LISTNUM  \l 4 
For each sample dissolved, place a TEVA cartridge on the vacuum-assisted extraction system, per Section 5.2.2.

 LISTNUM 
Place centrifuge tubes below the cartridges.

 LISTNUM 
Add 5 mL of 3M HNO3 into each cartridge to condition the resin and allow to drain.

NOTE:
If the eluate from steps 5.2.3.6, 5.2.3.7, and 5.2.3.8 is to be used for further actinide separations, then place a clean, labeled centrifuge tube below each cartridge. If further actinide separations are not required, then the eluate (waste) may be collected in the same centrifuge tube as in step 5.2.3.5.

 LISTNUM 
Transfer each redissolved sample into the appropriate TEVA cartridge by pouring or by using a plastic transfer pipette and allow to drain.

 LISTNUM 
Add 5 mL of 2.5M HNO3/0.1M ferrous sulfamate to rinse each centrifuge tube and transfer each solution into the appropriate TEVA cartridge. 

 LISTNUM 
Add 30 mL of 2.5M HNO3/0.1M ferrous sulfamate into each cartridge.

NOTE:
Pu, U, Am, and Cm are removed with the load solution and 2.5M HNO3/0.1M ferrous sulfamate rinses.
 LISTNUM 
If the eluate was collected from steps 5.2.3.6, 5.2.3.7, and 5.2.3.8, set the solution(s) aside in clean labeled centrifuge tubes for further actinide separations.

 LISTNUM 
Add 5 mL of 2.5M HNO3 to each cartridge. Discard eluate.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
Add 20 mL of 9M HCl into each cartridge and collect eluate for Th analysis. If Th analysis is not required, discard eluate.

 LISTNUM 
Add 5 mL of 6M HCl in each cartridge and collect in the same centrifuge tube as in step 5.2.3.12. If Th analysis is not required, discard eluate.

NOTE:
This 6M HCl rinse will strip any residual traces of Th from the cartridge.

 LISTNUM 
Transfer the eluate for Th analysis to a labeled 100-mL Teflon® beaker. Rinse the centrifuge tube with 5 mL of 6M HCl and transfer to the Teflon® beaker. Repeat one time.

NOTE:
An optional wet ash method that can be used after step 5.2.3.15 is to add ~10 mL of concentrated HNO3 to each beaker, heat and add approximately 5 to 6 drops of 30% H2O2. Heat to near dryness and repeat at least once then continue with step 5.2.3.16.
 LISTNUM 
Place the beaker on a hot plate and heat to dryness. Do not bake.

 LISTNUM 
Add 0.5 mL of 12M HCl and 10 mL of H2O and proceed to Section 5.3.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
Add 10 mL of 0.02M HNO3/0.02M HF into each cartridge and collect the eluate for neptunium analysis. Proceed to Section 5.3.
 LISTNUM  \l 3 
Pu and Th Separation Using TEVA Resin

 LISTNUM  \l 4 
For each sample, place a TEVA cartridge on the vacuum-assisted extraction system, per Section 5.2.2.

 LISTNUM 
Place centrifuge tubes below the cartridges.

 LISTNUM 
Add 5 mL of 3M HNO3 into each cartridge to condition the resin and allow to drain.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

NOTE:
TEVA, UTEVA, and TRU cartridges may be stacked together for multiple analyses. The cartridges must be stacked in this order for proper separation of actinides. Remember to condition each resin cartridge before stacking. 
 LISTNUM 
Transfer each redissolved sample into the appropriate TEVA cartridge by pouring or by using a plastic transfer pipette and allow to drain.

 LISTNUM 
Add 5 mL of 3M HNO3 to rinse each beaker and transfer each solution into the appropriate TEVA cartridge and collect.

 LISTNUM 
Add 10 mL of 3M HNO3 into each cartridge and collect.

NOTE:
U, Am, and Cm are removed with the load solution and 3M HNO3 rinses.

 LISTNUM 
Set aside the solutions collected in steps 5.2.4.5, 5.2.4.6, and 5.2.4.7 for U, Am, and Cm separations.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
Add 5 mL of 9M HCl into each cartridge and collect eluate for Th analysis.

 LISTNUM 
Add 15 mL of 6M HCl in each cartridge and collect in the same centrifuge tube as in step 5.2.4.10.

NOTE:
The HCl rinses elute Th. Pu+4 is retained on the cartridge.

 LISTNUM 
Transfer the eluate to a 100‑mL Teflon® beaker. Rinse the centrifuge tube with 5 mL of 6M HCl and transfer to the Teflon® beaker. Repeat one time. Place on hot plate and heat to dryness. Do not bake.

NOTE:
An optional wet ash method that can be used after step 5.2.4.12 is to add ~10 mL of concentrated HNO3 to each beaker, heat and add approximately 5 to 6 drops of 30% H2O2. Heat to near dryness and repeat at least once then continue with step 5.2.4.13.
 LISTNUM 
Add 0.5 mL of 12M HCl and 10 mL of H2O to the sample beaker and proceed to Section 5.3.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
Pipet 10 mL of 0.02M HNO3/0.02M HF into each cartridge, collect eluate for Pu analysis, and proceed to Section 5.3.

 LISTNUM  \l 3 
U Separation Using UTEVA Resin

NOTE:
If U activity is known to be absent from the sample, then go to Section 5.2.6 for Pu, Am, and Cm separation. U separation must be performed if the sample contains U. The TRU resin will remove U and Pu at the same time. UTEVA resin will remove U. UTEVA resin will not remove the Pu, Am, and Cm isotopes.

 LISTNUM  \l 4 
For each sample, place a UTEVA cartridge on the vacuum-assisted extraction system, per Section 5.2.2.

 LISTNUM 
Place centrifuge tubes below the cartridges.

 LISTNUM 
Add 5 mL of 3M HNO3 into each cartridge to condition the resin and allow to drain.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
Transfer each solution from Section 5.2.1 or steps 5.2.3.9 or 5.2.4.8 into the appropriate UTEVA cartridge by pouring or by using a plastic transfer pipette and collect eluate.

 LISTNUM 
Add 5 mL of 3M HNO3 to rinse each sample vessel and transfer into the appropriate UTEVA cartridge and collect.
 LISTNUM 
Add 5 mL of 3M HNO3 into each cartridge and collect. Add 20 mL of 3M HNO3 into each cartridge and collect.

 LISTNUM 
Set aside the solutions collected in steps 5.2.5.5 through 5.2.5.7 for Sr, Am, Cm, and Pu separations. (Perform Sr separation per RL­TP­035, Reference 3.1.4.)

 LISTNUM 
Add 5 mL of 9M HCl into each cartridge and allow to drain. Discard this rinse.

NOTE:
This rinse converts the resin to the chloride system. Some Np may be removed here.
 LISTNUM 
Add 25 mL of 5M HCl/0.05M oxalic acid into each cartridge and allow it to drain. Discard this rinse.

NOTE:
This rinse removes Np and Th from the cartridge. The 9M HCl and 5M HCl/0.05M oxalic acid rinses also remove any residual ferrous iron that might interfere with electrodeposition.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
Add 15 mL of 0.01M HCl into each cartridge and collect eluate for U analysis. Proceed to Section 5.3.

 LISTNUM  \l 3 
Th and U Separation Using TEVA and UTEVA Resin

NOTE:
This method is recommended for U analysis when high levels of Pu are present in the samples. The Pu will be retained on the TEVA cartridge, and the U will pass through the TEVA and be retained on the UTEVA cartridge.

 LISTNUM  \l 4 
For each sample, stack a TEVA cartridge on top of a UTEVA cartridge on the vacuum-assisted extraction system, per Section 5.2.2.

 LISTNUM 
Place centrifuge tubes below the cartridges.

 LISTNUM 
Add 5 mL of 3M HNO3 to condition the resin and allow to drain.
 LISTNUM 
Transfer the sample into the appropriate, stacked TEVA/UTEVA cartridge by pouring and/or using a plastic transfer pipette. Allow the load solution to drain.

 LISTNUM 
Add 5 mL 3M HNO3 into the sample vessel and transfer this rinse to the appropriate cartridge. Allow the rinse solution to drain. Repeat one time.

 LISTNUM 
Add 10 mL 3M HNO3 into the sample vessel and transfer this rinse to the appropriate cartridge. Allow the rinse solution to drain.

 LISTNUM 
Separate the cartridges. For the TEVA cartridge (i.e., Th fraction), proceed to step 5.2.6.12. For the UTEVA cartridge (i.e., U fraction), proceed to step 5.2.6.8.

 LISTNUM 
Add 5 mL of 9M HCl. Discard eluate.

 LISTNUM 
Add 30 mL of 5M HCl/0.05M oxalic acid. Discard eluate.

 LISTNUM 
Place a clean, labeled centrifuge tube below each UTEVA cartridge.

 LISTNUM 
Add 15 mL 0.01M HCl into each UTEVA cartridge and collect eluate for U analysis and proceed to Section 5.3.

NOTE:
If the TEVA cartridge is used only to remove high-level Pu (i.e., Th analysis is not required), then steps 5.2.6.12 through 5.2.6.16 need not be performed.

 LISTNUM 
Place a clean, labeled centrifuge tube below each TEVA cartridge.

 LISTNUM 
Add 20 mL of 9M HCl into each TEVA cartridge and collect the eluate for Th analysis.

 LISTNUM 
Add 5 mL of 6M HCl into each TEVA cartridge and collect the eluate in the same vessel used in step 5.2.6.13.

 LISTNUM 
Transfer the eluate to a 100‑mL Teflon® beaker. Rinse the centrifuge tube with 5 mL of 6M HCl and transfer to the Teflon® beaker. Repeat one time. Place the beaker on a hot plate and heat to dryness. Do not bake.

NOTE:
An optional wet ash method that can be used after step 5.2.6.15 is to add ~10 mL of concentrated HNO3 to each beaker, heat and add approximately 5 to 6 drops of 30% H2O2. Heat to near dryness and repeat at least once then continue with step 5.2.6.16.

 LISTNUM 
Add 0.5 mL 12M HCl and 10 mL H2O to beaker and proceed to Section 5.3.

 LISTNUM  \l 3 
Pu, Am, Cm, and Cf Separation Using TRU Resin

 LISTNUM  \l 4 
If the sample is suspected to contain iron or was prepared using iron hydroxide precipitation, add ~150 to 250 mg of ascorbic acid. Swirl to mix. After the ascorbic acid dissolves, wait for 2 or 3 minutes or until the Fe (III) yellow color turns clear to straw-colored. This reduces the iron in the sample, which can cause interferences on the cartridge. If particles are observed suspended in the solution, centrifuge and/or filter the sample.

 LISTNUM  \l 4 
For samples to be analyzed for Pu, Am, Cm, and/or Cf and suspected to contain Po-210 (e.g., soils), a UTEVA cartridge may be stacked on the TRU cartridge. Condition the UTEVA cartridge with 5 mL 3M HNO3 and stack it on the TRU cartridge prior to step 5.2.7.6 and remove it from the TRU cartridge after step5.2.7.7. The UTEVA resin will retain the Po-210, but the transuranics will pass through and be retained by the TRU resin. Pu can then be eluted with ammonium bioxalate (see step 5.2.7.15).

 LISTNUM  \l 4 
For each sample, place a TRU cartridge on the vacuum-assisted extraction system, per Section 5.2.2.

 LISTNUM 
Place centrifuge tubes below the cartridges.

 LISTNUM 
Add 5 mL of 2M HNO3 into each cartridge to condition the resin and allow to drain.

NOTE:
Save the solutions from steps 5.2.7.6 and 5.2.7.7 in clean labeled centrifuge tubes if Sr analysis is required and there is no more sample (e.g., air filters).

 LISTNUM 
Transfer each solution from step 5.2.1 or step 5.2.5.8 into the appropriate TRU cartridge by pouring and/or using a plastic transfer pipette. Allow the load solution to drain from the cartridge.

 LISTNUM 
Add 5 mL of 2M HNO3 to rinse each sample vessel and transfer into the appropriate TRU cartridge. Allow the initial rinse solution to drain through each cartridge. Repeat one time.

 LISTNUM 
Add 5 mL of 2M HNO3/0.1M NaNO2 directly into each cartridge and allow to drain. Discard eluate.

NOTE:
Sodium nitrite is used to oxidize Pu+3 to Pu+4 and enhance the Pu/Am separation.

 LISTNUM 
Add 5 mL of 0.5M HNO3 to each cartridge and allow to drain. Discard eluate.

 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
Add 3 mL of 9M HCl to each cartridge to convert to chloride system and collect eluate for Am, Cm, and/or Cf analysis.

 LISTNUM 
Add 10 mL of 4M HCl and collect eluate in the same centrifuge tubes as in step 5.2.7.11. Repeat once.

 LISTNUM 
Transfer the eluate to a labeled Teflon® beaker. Rinse the centrifuge tube with 5 mL of 4M HCl and transfer to the Teflon® beaker. Repeat one time. Place the beaker on a hot plate and heat to dryness. Do not bake.

NOTE:
An optional wet ash method that can be used after step 5.2.7.13 is to add ~10 mL of concentrated HNO3 to each beaker, heat and add approximately 5 to 6 drops of 30% H2O2. Heat to near dryness and repeat at least once then continue with step 5.2.7.14.

 LISTNUM 
Add 0.5 mL of 12M HCl and 10 mL of H20 to the beaker, proceed to Section 5.3.

NOTE:
If 4M HCl/0.1M hydroquinone is used to elute Pu, step 5.2.7.15 should be omitted.

 LISTNUM 
Rinse the cartridges with 15 mL of 4M HCl/0.1M HF. Discard eluate. Repeat one time.

NOTE:
4M HCl/0.1M HF is used to selectively remove any residual Th that may be present on the TRU cartridge and leave the Pu. This step may be omitted if it is known that Th is not present.
 LISTNUM 
Place a clean, labeled centrifuge tube below each cartridge.

 LISTNUM 
If U and/or Po (soils, environmental air filters) are known not to be present, add 10 mL of ammonium bioxalate to each cartridge and collect the eluate for Pu analysis. Proceed to Section 5.3. If U and/or Po are present or suspected to be present, add 20 mL of 4M HCl/0.1M hydroquinone to each cartridge and collect the eluate for Pu.

 LISTNUM 
Transfer the eluate to a labeled Teflon® beaker. Rinse the centrifuge tube with 5 mL of 4M HCl and transfer to the Teflon® beaker. Repeat one time. Place the beaker on a hot plate and heat to dryness. Do not bake.

NOTE:
An optional wet ash method that can be used after step 5.2.7.18 is to add ~10 mL of concentrated HNO3 to each beaker, heat and add approximately 5 to 6 drops of 30% H2O2. Heat to near dryness and repeat at least once then continue with step 5.2.7.19.

 LISTNUM 
Add 10 mL of H2O to the beaker and swirl to dissolve the hydroquinone crystals. Add 0.5 mL of 12M HCl, swirl, and proceed to Section 5.3.

 LISTNUM  \l 3 
U and Pu Separation Using UTEVA and TRU Resin

 LISTNUM  \l 4 
Pipet 1.0 mL of 0.6M ferrous sulfamate for each 5 mL of column feed solution used to each sample vessel. Swirl to mix.

 LISTNUM 
Add ~150 to 250 mg of ascorbic acid. Swirl to mix. After the ascorbic acid dissolves, wait for 2 to 3 minutes or until the Fe (III) yellow color turns clear to straw colored. This reduces the iron in the sample, which can cause interferences on the cartridge. If particles are observed suspended in the solution, centrifuge and/or filter the sample. The supernatant will be transferred to the cartridge.

 LISTNUM 
For each sample, place a UTEVA cartridge and a TRU cartridge on the vacuum-assisted extraction system, per Section 5.2.2.

 LISTNUM 
Place centrifuge tubes below the cartridges.

 LISTNUM 
Add 5 mL of 3M HNO3 into each UTEVA cartridge and 5 mL of 2M HNO3 into each TRU cartridge to condition the resin and allow to drain.

 LISTNUM 
Stack the UTEVA cartridge on top of the TRU cartridge on the vacuum-assisted extraction system, per Section 5.2.2.

NOTE:
If Sr analysis is required and there is no more sample (e.g., air filters), save the solutions from steps 5.2.8.7, 5.2.8.8, and 5.2.8.9 in clean, labeled centrifuge tubes.

 LISTNUM 
Transfer each redissolved sample into the appropriate UTEVA/TRU cartridge by pouring or by using a plastic transfer pipet and allow it to drain.

 LISTNUM 
Add 5 mL 3M HNO3 to rinse each sample vessel and transfer into the appropriate UTEVA/TRU cartridge and allow to drain.

 LISTNUM 
Add 5 mL of 3M HNO3 into each cartridge and allow to drain. Add 20 mL of 3M HNO3 into each cartridge and allow to drain.

 LISTNUM 
Separate the cartridges. For the UTEVA cartridge proceed to step 5.2.5.9. For the TRU cartridge, go to step 5.2.7.8.

 LISTNUM  \l 2 
Sample Preparation for Counting

NOTE:
Cerium fluoride precipitation and electroplating are two methods used to fix the sample on a counting disk. Cerium fluoride precipitation will be used in most cases, but electroplating should be used when optimum peak resolution is required (e.g., separation of U-235 and U-236 peaks). Consult the Laboratory Manager or designee for the appropriate sample preparation counting method.

 LISTNUM  \l 3 
Cerium Fluoride Precipitation

 LISTNUM  \l 4 
Add 200 µL of cerium carrier to the separated fraction (eluate). 

 LISTNUM 
Add 0.5 mL of titanium chloride (>10 wt %) to the uranium fraction only.

CAUTION:
Concentrated HF may be fatal if swallowed and causes severe burns to the skin that may not be immediately painful or visible. Use only in a fume hood and with proper protective wear (e.g., safety glasses, latex gloves, etc.).

 LISTNUM 
Add 1 mL of 28M HF to each beaker. Swirl to mix. Let the solutions sit for at least 30 minutes before filtering. Do not leave overnight because the precipitate will redissolve.

 LISTNUM 
Set up a 0.1 µm-pore-size, 25 mm-diameter Gelman Metricel filter on a polysulfide screen and filter funnel attached to a 500‑mL side-arm filter flask.

 LISTNUM 
Pre-wet the filter with 80% reagent alcohol or the sample will not flow through the filter paper. Filter the sample using a vacuum apparatus and then rinse the vial and filter apparatus with 80% reagent alcohol.

 LISTNUM 
Remove the filter and allow to air dry. Attach the dry filter to a labeled stainless steel disk with a glue stick to keep the filter flat and store in a labeled plastic container for counting. Proceed with the alpha spectroscopy counting, Section 5.4.

 LISTNUM  \l 3 
Preparation of Sample Solution for Electroplating

 LISTNUM  \l 4 
Transfer the separated eluate to a labeled, 50‑mL glass beaker.

 LISTNUM  \l 4 
Add 0.5 mL of 36N H2SO4 to the separated eluate.

 LISTNUM 
Carefully evaporate the solution until only the H2SO4 remains.

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

 LISTNUM 
Add 5 to 6 mL of distilled water.

 LISTNUM 
Slowly, dropwise, add about 30 drops of concentrated NH4OH to the solution.

 LISTNUM 
The solution is now ready for transfer to the electroplating cell. Go to step 5.3.4.1.

 LISTNUM  \l 3 
Preparation of Electroplating Cell (Exhibit 3)

NOTE:
This section can be done whenever convenient.

 LISTNUM  \l 4 
Cut the base from a 30‑mL plastic bottle. Keep the cut as smooth as possible.

 LISTNUM 
Remove the cap. Carefully place an O-ring on the neck of the bottle (keep the O-ring level), followed by a stainless steel disk. Both the O-ring and disk should be flat across the neck.

 LISTNUM 
Screw the terminal/cap in position to secure the steel disk.

 LISTNUM 
Rinse the inside of the bottle with distilled water, then fill the bottle with distilled water to check for leaks. If there is a leak, the cell should be dismantled, dried, and reassembled.

 LISTNUM 
Pour out the distilled water and add electropolishing solution up to the neck of the bottle. Place the bottle in its holder and attach the negative alligator clip to the cap terminal.

 LISTNUM 
Connect a clean platinum electrode to its terminal through a protective plastic cover.

 LISTNUM 
Move the “current” switch to “REVERSE” position. With the platinum electrode in the electropolishing solution, switch on the power and adjust the current to approximately 1.2A. Let the current flow for 5 minutes (some additional adjustment may be necessary to keep the current at 1.2A), then switch off the power.
 LISTNUM 
Unclip the leads, remove the bottle carefully, and pour out the electropolishing solution. Rinse the cell with copious amounts of distilled water.

 LISTNUM 
Check for leaks in the same way as in step 5.3.3.4.

 LISTNUM  \l 3 
Electroplating

NOTE:
When analyzing high activity samples (>1 nanocurie), it is advisable to discard the “O” ring and immediately clean the platinum electrode after electroplating to minimize cross contamination. Refer to DD-02-01, Good Laboratory Practices Plan for other methods to minimize cross contamination in the RAL (Reference 3.1.6).
 LISTNUM  \l 4 
Transfer the solution from step 5.3.2.7 to the electroplating cell. Rinse the beaker carefully with two 2 to 3 mL volumes of 1% H2SO4.

 LISTNUM 
Adjust the pH to 3.2 with concentrated NH4OH. Measure the solution pH using a pH meter. If fine pH adjustment is needed, 1% NH4OH solution may be used to raise the pH or 1% H2SO4 solution may be used to lower the pH.

 LISTNUM 
Place the cell in its holder and position it for electroplating (platinum electrode/plastic cover). Connect the alligator clip to the cap terminal.

 LISTNUM 
With the “current” switch in “NORMAL” position, switch on power and adjust voltage to 6.0 to 6.2V. 

NOTE:
The current will normally start at 0.5 to 0.6A, then increase slowly as the solution heats up. Ideally, the current should be in the range 1.0 to 1.2A, but it is more important not to let the voltage exceed 6.2V. 

 LISTNUM 
Electroplate for a minimum of 60 minutes, but typically up to 90 to 120 minutes.

 LISTNUM 
At the end of the plating period, add about 1 mL of concentrated NH4OH and continue plating for about 1 minute. 

 LISTNUM 
Unclip the black clip from the terminal cap, raise the platinum electrode unit, and switch off power.

 LISTNUM 
Pour out sample solution; quickly rinse with 1% NH4OH/1%NH4NO3 solution, then carefully dismantle the cell.

 LISTNUM 
Lift off the steel disk; wash quickly with the same solution as in step 5.3.4.8, followed by reagent alcohol. Carefully soak up excess alcohol with a tissue at the edge of the disk, then place the disk on a warm hot plate at a temperature of 40 to 60ºC for 2 to 3 minutes.

 LISTNUM 
Remove the disk from the hot plate, mark the ID of the sample on the underside of the disk, and store it in a labeled plastic container for counting. Proceed with alpha spectroscopy counting, Section 5.4.
 LISTNUM  \l 2 
Activity Measurement
Refer to RL-CP-012 (Reference 3.1.5) for sample counting and calculations.

 LISTNUM  \l 2 
Recording of Results
 LISTNUM  \l 3 
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 the 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 
Quality Control Data
 LISTNUM  \l 3 
QC samples shall meet requirements as outlined in RL-QAP-1.0 (Reference 3.1.2).

 LISTNUM 
All QC data shall 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 
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 will occur only after the review process is completed.

 LISTNUM 
The Laboratory Technician shall review analytical results to ensure that proper instrument constants and individual sample variables have been applied correctly. The date and the 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 Laboratory Technician responsible for the manual calculations and by an independent reviewer of the data/results.

 LISTNUM 
The Laboratory Manager, QC Officer, or designee shall assess data and verifying QC acceptance criteria per RL-QAP-1.0 and RL-AP-2.0 (References 3.1.2 and 3.1.7, respectively) using Radioanalytical Alpha Spectroscopy Data Assessment form (DDO-487) prior to data approval and release to the submitter.

 LISTNUM  \l 4 
Corrective actions for out-of-control data are outlined in RL‑QAP-1.0 (Reference 3.1.2).

 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 
Archival of Analytical Results—DDO-021, DDO-027, DDO-400, DDO-487 and DDO-492 forms 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-021 and DDO-027 forms in a locked filing cabinet. DDO-400 forms are maintained in a log book in the RAL and DDO-487 and DDO-492 forms are maintained by the QC Officer.

 LISTNUM 
Refer to RL-AP-1.0 (Reference 3.1.1) regarding transmitting records to Project Records.
 LISTNUM  \l 1 
Forms, Exhibits, and Attachments 
 LISTNUM  \l 2 
Forms

(
DDO-021, Sample Preparation Record Sheet (Reference 3.1.1)

(
DDO-027, Radioanalytical Laboratory Analytical Request (Reference 3.1.1)

(
DDO-400, pH Analysis (Reference 3.1.1)

(
DDO-487, Radioanalytical Alpha Spectroscopy Data Assessment (Reference 3.1.1)
(
DDO-492, Technician Analysis Notes (Reference 3.1.1)

 LISTNUM  \l 2 
Exhibits

(
Exhibit 1, Assembly of MARS 5 Vessel

(
Exhibit 2, Insertion of Assembled Vessel onto Turntable – Showing Control Vessel

(
Exhibit 3, Electroplating Cell

 LISTNUM 
Attachments

None.

EXHIBIT 1

ASSEMBLY OF MARS 5 VESSEL
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EXHIBIT 2

INSERTION OF ASSEMBLED VESSEL ONTO TURNTABLE
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EXHIBIT 3

ELECTROPLATING CELL
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