NON-ROUTINE AP13
DETERMINATION OF IRON-55 IN WATER
PART A
PRINCIPLE
Iron-55 (Fe-55) is separated from other isotopes by using a selective chromatographic resin
(TRU® Resin from Eichrom Technologies, Darien, IL). Iron and the actinides are loaded on the
column in 8 M HNOs. Iron is eluted from the column with 2 M HNOs. Under these conditions,
the actinides are retained on the column. The Fe-55 activity is determined via liquid scintillation
counting. A batch yield is used to determine chemical recovery. The maximum amount of iron
that can be loaded on the column is 3 mg.

REFERENCE

1. Eichrom Technologies, Inc., Analytical Procedures, “Iron-55 in Water”, April 30, 2001.
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PART B

1.0 PURPOSE AND SCOPE

This procedure provides the analytical method for determination of Fe-55 in water
samples.

2.0  REAGENTS
All chemicals are hazardous. See MSDS for specific precautions. See step 2.0 of AP12
JHA. Unless otherwise indicated, all references to water should be understood to mean
reagent grade water.
Fe-55, NIST traceable standardized solution.

Iron (III) chloride, FeCls, crystalline.

Iron carrier, 10 mg/mL, Dissolve 14.5 g FeCl; in 400 mL water. Dilute to 500 mL with
water.

Liquid scintillation cocktail - Packard Instrument Ultima Gold-XR, or equivalent.
Nitric acid, HNOs, concentrated, 16 M.

Nitric acid, HNOs, 8 M: Add 500 mL of concentrated HNO3 to 300 mL water and dilute
to 1 L with water.

Nitric acid, HNOs, 2 M: Add 127 mL of concentrated HNOj3 to 700 mL water and dilute
to 1 L with water.

TRU® resin, 2 mL pre-paced column, 100-150 :m particle size resin.
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3.0

4.0

APPARATUS
All procedures require gloves, lab coats and eye protection at all times.

Analytical balance

Beakers, various sizes

Centrifuge tubes

Column rack

Extension funnels

Fume hood

Hot plate

Liquid scintillation analyzer (LSA)
Liquid scintillation vials

Transfer pipette

PROCEDURE
4.1 General Requirements

Before proceeding, you must be certified as indicated in QCP1 of this manual and
Section 3 of the QA Manual. See page two for a copy of the certification record.

A batch yield sample must be run with each batch to determine chemical recovery
for the batch (see below for calculations). This is not a QC sample; two QC
samples must be run with each batch.

4.2 Tron Separation Using TRU® resin

4.2.1 Filter the sample through a 0.45 :m filter unless otherwise stated in the
Laboratory Work Request (LWR). Measure 0.1 to 0.25 L of the sample
into an appropriate size beaker. Add 0.1 mL Fe carrier to each sample,
blank, Laboratory Control Standard (LCS), and batch yield sample. Add a
known amount of Fe-55 to the LCS and batch yield sample. See step
4.2.1 of AP13 JHA.

4.2.2 Add 20 mL concentrated HNOj to each sample and evaporate to near
dryness (~1-2 mL). Remove from hot plate and allow to cool. See step
4.2.2 of AP13 JHA.

4.2.3  For each sample, place a TRU® resin column in the column rack.

4.2.4 Remove cap and put a 25 mL extension funnel on each column.

4.2.5 Remove bottom plug and allow solution to drain in a waste beaker.
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4.2.6

4.2.7

4.2.8

4.2.9

4.2.10

4.2.11

4.2.12

4.2.13

4.2.14

4.2.15

4.2.16

4.2.17

4.2.18

4.2.19

Condition each column by adding 5 mL 8 M HNOs and allow the solution
to drain into the waste beaker. See step 4.2.6 of AP13 JHA.

Add 20 mL 8 M HNO; to each sample from step 4.2.2. See step 4.2.7 of
AP13 JHA.

Load the samples from step 4.2.7 onto the TRU® column. Allow solution
to drain into a waste beaker. A yellow color will appear on the column.

See step 4.2.8 of AP13 JHA.

Rinse each beaker with 5 mL 8 M HNOj and pour onto column. Allow
rinse to drain into a waste beaker. See step 4.2.9 of AP13 JHA.

Rinse the column with 10 mL 8 M HNO; and allow the solution to drain
into a waste beaker. Pour the waste liquid into the dilute acid waste
container. See step 4.2.10 of AP13 JHA.

Place a labeled centrifuge tube under each column.

Strip the Fe with 15 mL of 2 M HNOs;. See step 4.2.12 of AP13 JHA.

Pour each solution into a 50 mL beaker. Rinse centrifuge tube with water
and add to the beaker. See step 4.2.13 of AP13 JHA.

Heat each sample to near dryness (~1-2 mL). Add 10 mL water. See step
4.2.14 of AP13 JHA.

Repeat step 4.2.14 twice.

Evaporate solution to ~1 mL and transfer to a scintillation vial using a
transfer pipette. See step 4.2.16 of AP13 JHA.

Rinse beaker in very small increments with water and transfer to vial.
Bring final volume in vial to 3 mL. See step 4.2.17 of AP13 JHA.

Add 17 mL scintillation cocktail and shake well. See step 4.2.18 of AP13
JHA.

Submit samples for scintillation counting.

5.0 CALIBRATIONS

5.1 Instrument Background Preparation

5.1.1 Add 0.1 mL Fe carrier and 2.9 mL water to a scintillation vial.
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5.1.2 Add 17 mL scintillation cocktail and shake well. See step 4.2.18 of AP13
JHA.

5.2 Instrument Efficiency Standard Preparation
5.2.1 Add 0.1 mL Fe carrier to a scintillation vial.
5.2.2 Add Fe-55 standard to the vial. See step 4.2.1 of AP13 JHA.
5.2.3 Bring total volume to 3 mL with water.

5.2.4 Add 17 mL scintillation cocktail and shake well. See step 4.2.18 of AP13
JHA.

5.2.5 The Laboratory Manager must review and approve the counting
efficiency.

6.0 CALCULATIONS

Critical data values will be documented on standard forms maintained as critical records.
The following equations define the critical data values. All data will be recorded and
reduced according to these calculations.

-B

Concentration = ———— = pCi/unit
T-E-Y-Q
1.96,/(G+B)-T
20 Error = ( ) = pCi/unit
T-E-Y-O
20 TPU =C-1.96 (G’L—B)'TZJFRE2 +RY? +RQ’ = pCi/unit
(G-B)-T)

3+4.65VB-T

T-E-Y-Q

MDC = = pCi/unit

To calculate efficiency:

Ez%chm/pCi
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To calculate batch yield:

_Cw =G _ no units
E-AY
where: A = activity in pCi for efficiency determination
AY = activity in pCi for yield determination
B = background cpm beta
C = concentration in pCi/unit
E = counting efficiency cpm/pCi
G = sample gross cpm beta

Gpy = Dbatch yield gross cpm beta
MDC minimum detectable concentration

Q = quantity

RE = 1F relative uncertainty of the efficiency
RQ = 1F relative uncertainty of the quantity
RY = 1F relative uncertainty of the yield
T = time minutes
TPU = total propagated uncertainty
Y = chemical yield

7.0  RECORDS
7.1 Reference QA Manual for general record requirements.

7.2 The raw count data is saved during the weekly backup of the LSA to the ORISE
network disks.

7.3 Hard copies of assignment and calculation sheets are maintained in the archived
site file. Electronic copies of assignment and calculation sheets are saved during
the daily incremental backup of the network system. The following data sheets
should be completed and retained:

e Fe Analysis Assignment Form
e Fe Lab Data Sheet
e Fe Concentration and Uncertainty Report
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AP13 (Rev 3) Fe-55 ANALYSIS ASSIGNMENT FORM

Assigned To: Date: Batch:
Task #: LWR #: Activity Lev*:
Sample #'s:
QC REQUIRED:
BLANK [ ]
REPLICATE [ ] Sample # # Replicates:
INITIALS
LCS [ ] Fe-55 STD # QUANTITY:
UNITS:
Pipet # Volume Weight
MATRIX SPK [ ] Sample #
Fe-55 STD # QUANTITY:
UNITS:
BATCHYIELD [ | Sample #
Fe-55 STD # QUANTITY:
UNITS:
1 mg Fe CARRIERADDED? [ |

SPECIAL INSTRUCTIONS:

* If Activity Level is indicated as Moderate or High, perform area survey.



AP13 (Rev 3) - Fe-55 LAB DATA SHEET

BATCH YIELD SAMPLE

Sample #

Quantity

Units

Sample #

Quantity

Units

Sample #

Quantity

Units

Sample #

Quantity

Units




NON-ROUTINE AP13(Rev 3) - Iron-55 (by batch yield) Concentration and Uncertainty Report

INPUT BY: Batch Yield (BY) Calculation Efficiency (Eff) Calculation

BY sample ID Eff spike cpm
DATE: BY sample cpm Background cpm
BY Sample Quantity (SQ) pCi added
TASK# BY SQ error pCi added error|
Sample cpm Eff (cpom/pCi)
BATCH# SQ Eff Error (cpm/pCi)
SQ error Eff Relative Error

BY pCi added

BY pCi added error|
BY Counting time for Eff
BY Error and BYcalculations (min)

BY Relative Error

4.65 sigma
Position # | SAMPLE ID | GROSS cpm SQ SQ ERROR UNITS TIME (min) CONC. TPU MDC
1
2
3
4
BY
BY Sample
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Fe-55
Known Meas./
Activity Unc. Known Unc.

QA SAMPLES CORRECT? YES[ ] NO[ ] INIT,
IF NO, SPECIFY REASON:

ANALYST REVIEW: DATE:

REVIEWED BY: DATE:

GIVEN TO: DATE:






