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OPERATING PROCEDURE OPLSC-1: OPERATION OF THE PERKIN ELMER TRI-CARB
3110TR LIQUID SCINTILLATION COUNTER

1 Background

Liquid scintillation counting is an analytical technique which is defined by the incorporation of the
radiolabeled analyte into a liquid chemical medium capable of converting the kinetic energy of nuclear
emissions into light energy. Samples to be analyzed are dissolved or suspended in a "cocktail" containing
a solvent (either a linear alkyl benzene (Ecoscint) or diisopropynaphthalene (Ultima Gold)), typically some
form of a surfactant, and "fluors" or scintillators (commonly 2,5-diphenyloxazole) which produce the light
measured by the detector. Beta particles emitted from the isotopic sample transfer energy to the solvent
molecules: the 1 cloud of the aromatic ring absorbs the energy of the emitted particle. The energized
solvent molecules typically transfer the captured energy back and forth with other solvent molecules until
the energy is finally transferred to a primary scintillator. The primary phosphor will emit photons following
absorption of the transferred energy. Because that light emission may be at a wavelength that does not
allow efficient detection, many cocktails contain secondary phosphors (typically 1,4-bis[2-
methylstyryl]lbenzene (bis-MSB) or 1,4-bis[5-phenyloxazol-2yl]lbenzene (POPOP)) that absorb the
fluorescence energy of the primary phosphor and re-emit at a longer wavelength. The radioactive samples
and cocktail are placed in small transparent or translucent (often glass or plastic) vials that are loaded into
an instrument known as a liquid scintillation counter. The LSC has two photo multiplier tubes connected
in a coincidence circuit. The coincidence circuit assures that genuine light pulses, which reach both
photomultiplier tubes, are counted, while spurious pulses (due to line noise, for example), which would
only affect one of the tubes, are ignored. Counting efficiencies under ideal conditions range from about
30% for tritium (a low-energy beta emitter) to nearly 100% for phosphorus-32, a high-energy beta emitter.
Some chemical compounds (notably chlorine compounds) and highly colored samples can interfere with
the counting process. This interference, known as "quenching", can be overcome through data correction
or through careful sample preparation. The Nuclear Science Center currently has one operational LSC in
Dodgen 215.

radioactive B solvent fluor photomultiplier
molecule ' molecule molecule ' tube

o—““-(@*—»mf\»u-

2 Safety Requirements

When handling swipes and vials, treat all samples as contaminated with radioactive material until the
samples are deemed free of contamination.
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3 Daily Calibration of the Liquid Scintillation Counter

3.1 The liquid scintillation counter must be calibrated daily to make sure the instrument is working
appropriately prior to use.

3.2 To calibrate the liquid scintillation counter, find the tray (tray 12) which contains three Self-
Normalization and Calibration (SNC) standards. The three SNC standards consist of a 2*C (sample
with a black label), a 3H (sample with a blue label), and a toluene background (sample with a
red label) sample. The cassette containing the SNC samples should contain a flag labeled SNC
(highlighted in red).

Protocol Flag Tritium

in R_l{set T Standard
Position —
CarbonAd- ' , Background
S — " Standard
Standard

Sample —
Cassette

3.3 Ifthe SNCtray is not outside of the instrument, raise the lid and look for it inside the instrument.
It should not be removed from the instrument, unless necessary.
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3.4 If placing the SNC tray in the instrument and other trays are present in the instrument, do not
put the SNC tray ahead of the other samples.

3.5 Place the tray on the right side of the instrument, closest to the front, after the trays that are to
be analyzed. The tray can be placed on the left side, but it will take it longer to analyze, as it has
to be moved to the back right side before the instrument starts to analyze it. When placing the
tray in the instrument, the flag must be on the left side of the track and the tray number on the
right side of the track in order for the tray to be analyzed properly. Do not put the tray in
backwards, it will jam and cause problems with the instrument.

3.6 Push out the flag (pushing to the left) to inform the instrument that the SNC tray should be
analyzed.

Flag not
pushed out
(not enabled)

Flag pushed
out (enabled)
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3.7 Close the top of the LSC and move to the computer. The cover of the LSC should be closed
when not actively putting in or taking out samples/cassettes.

3.8 Click on the green flag (highlighted in red) of the QuantaSmart software. The instrument will
move the trays in the instrument to search for a tray with an enabled flag.

L-'........,.... QuantaSmart (TM) - [Protocol 3 - Contamination] EI@

5 File Run View Libraries Tools IPA Diagnostics  Window  Help — |5 %

m Protocok ’1_ Cazsette: ,?_ Sample: ,T ‘lnst[ument idle Error
b4 Protocols - == E

=8 she
: . . il
Ea Output Windows Assay Definition
. [E] Reportl .|| | 2=say Definition
- [J# Pricstat (group) - Contaming’ Lesay Descripticn:

-8 Flzg1 - NUCS_FULMER
E-23 Qutput Windows -
L [F) NUCS-Fulmer
E—]m Flag 2 - Reactor_Weekly Output Data
453 Output Windows éaw 3&3;:.?.3 )
D Reactor_Weekly Comma-D2 ;
=B Flag 2 - Contamination
553 Output Windaws m
i [F] Contamination Count Conditions
[—]m Flag 4 - Guo_Lab_Swipes
E1423 Output Windows
‘-[F] Guo Lab Swipes
{1} Flag5 -
=B Flag 6 - Contamination
123 Output Windows
i[5 Contamination

i CPM

m

\Tricarb\Results\Default\Contamination
carb\ResultsiDefaultc\Contami

ackard\Tricarb\Results\Defal
rd\TriCarb\Assays\Contamination.ls=sa

22%
nt Delay (min): 0.00

Elm Flag 7 - Contaminaticn = Repeat Sample Count: 1

4 '| — 1 | 3 $Vials/Sample: 1 Calculate % Reference: Off

Protocols - < m ] +
For Help, press F1 UM

3.9 When the instrument finds the tray with the SNC samples, the *C sample will be analyzed first
and be lowered into the instrument.
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3.10 When the instrument finds the SNC samples and the first sample is lowered into the instrument
for analysis, the software will look like the following picture as data is being collected:

:...... QuantaSmart (TM) - [SpectraView] EI@
] File Run View Libraries Tools [PA Diagnestics Window  Help — = x
. m Protocal: Cassette: |12 Sample: |1 |AssessingIPA Perfomance Error: |
b Protocels o Seal
: Sample # 1 cale Lower  Upper
- {8 SMNC PR -
= &0 Wing Count Time: 1.00 ke Full Seale: [Auto - Heglons Level Level CPM 25%
B Output Windows Pre-count Delay: 0.00 & 1560 [1262133 [1.45
- [ Reportl = | Idcquisition Time: 015 Counts Full Scale: [Auto d
m Priestat (group) - Contamina € Lagke¥ Scale B 0. 0. 0. 0.00
=8 Flag 1 - NUCS_FULMER " Log kev/Log Counts Scale c joo 0.0 00 0.00
Bl a Output Windows % Linear keV Scale

..... LT MUCS-Fulmer Restore | Print..

= m Flag 2 - Reactor_Weekly
- @ Output Windows Counts #
----- i..[H Reactor_Weekly
-8 Flag 3 - Contemination
=] a Cutput Windows P50
..... “[E] Centamination P00
[-]m Flag 4 - Guo_Lab_Swipes

Ela Cutput Windows 30
L[0T Guo Lab Swipes 00
{1 Flag 5 -
- . 50
=1 Flag 6 - Contaminaticn
Ela Cutput Windows 0
i[5 Contamination 0 20 40 &0 80 100 120 140 160
Elm Eldg 7 - Contamination - keV
£] 1 [3
] Protocols |Replay 4 m 3
For Help, press F1 MUM

3.11 Mark the time of the start of the SNC run in the instrument logbook as seen below
(highlighted in red). The SNC analysis will take about 90 minutes to complete.
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3.12 A sample SNC output looks like the picture below. Check to see that the *C efficiency is greater
than 90% and the 3H efficiency is greater than 60% (highlighted in red). If the SNC values are
greater than those values, then the instrument is calibrated and can be used for the analysis of
other samples. If the efficiencies are lower than the expected values, there will be a warning on
the printout/report (see bottom picture), and action will need to be taken to remedy the issue.

4/3/2023 8:33:54 AM QuantaSmart [TM) - 4.00 - Serialit 118076 Page # 1
SNC Protocol

Good SNC Results indicating a
Calatwration af ti i i
Gofiunce veraion 1C: 7.04 working instrument

Software Version
Tnatrument Modeal tark 3110TR

Instrument Seriz moer: 118074

3H Chi Bqguare: 11,25 Nale Processed: 4/3/2023 8:33:53 1M

140 Square: 18,34 Date Processed: 4/3/2023 §:33 AM

3H ETZ/B i1-18.6 keV]: 242,96 : ssed: 4/3/2023 3:32:53 AM

L4 ph2/B (4=156 kev]: 431, g 4/3/2023 B:33:53 &M

JH Efficicncy [1-18.6 keV] serd; 4/3/2023 8:32:53 nM

14C Efficiency (4-156 keV) ed: 4/3/2023 8:33:53 AM

TFE Background Date Processcd: 4/3/2022 8:33:53 AM

3H Background CDM {1-18.6 keVi: 14.58 BDale Procsssod: 4/3/7023 8:33:53 MM
14C Baczground CPM (4-75%6 kevi: 19,58 Date Procrnasad: 4/3/2023 8:33:53 BM
3H Calibration DeM: 271400

34 Reotfarenae Date: 7/15/2022

14C Calipration DPK: 128400

11/17/2022 3:40:45 PM: WARNING: Questionable H3 Efficiency value - Ploase view
historic data

11/17/2022 3:10:46 PM: WARNING: Questionable Cid4 Figure of Merit valuc - Please
view historic data

11/17/2082 3:40:46 PM:  WARNING: Questicnable H3 Figure of Merit value - Please
view historic data

==caic—= End of Warnings from Current Run = so-m===

Calibration Informalion Bad SNC Results indicating an
Software Version IC: 2.12 .

Software Version EC: 3.00 |n5trument prObIem
Instrument Model: Tri-Carb 3110TR

Instrument Serial Mumber: 083642
30 Chi Square: 17.27 Date Processed: 11/17/2022 3:40:16 PM
14C Chi Square: 17.79 Date Processed: 11/17/2022 3:40:46 PM
3H T2/B (1-18.6 kevi: 51.60 Date Processed: 11/17/2022 3:40:46 PM
14¢ E~2/B (4-156 kevV): 218, lete Processed: 11/17/2022 3:40:46 PM
38 Efficiency (1-18.6 kev)i] 25.62 | Datc Processed: 11/17/2022 3:40:48 PM
GEC o (4-156 keV) A 83.83) Date Processed: 11/17/2022 3:40:45 PM
IPA Background Date Urocessed: 11/17/2022 3:40:46 PM
3H Background CPM (1-18.6 keV): 12,72 Date Processed: T1/11/2022 3:40:46 PM
14C Rackground CPM (4-156 keV): 13.25 Dakte Processed: 11/17/2022 3:40:46 FM
30 Calibration DPM: 271400
3H Refaerence Date: 7/15/2022
14¢ Calibration DPM: 128400
==== IPA Frrors and Warnings for lLast Aguired Data Per Paramefer ====
11/17/2022 3:40:46 PM: WARNING: Questionable H3 Kfficiency value - Please view
historic data
11/17/2022 3:40:46 PM: WARNING: Questionable Cl4 kigure of Merit value - Please
view historic data
11/17/2022 3:40:46 PM: WARNING: Questionable 013 Figure of Merit wvalue - Please
view historic data
== ®End of IPA Errors and Warnings for Last Aguired Data iPar Parameter ==
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3.13 The daily SNC reports need to be summarized in monthly reports. To analyze the SNC
efficiencies, enter the SNC efficiencies for 3H and *C for each day of the month in the
spreadsheet entitled: Monthly Calibration Worksheet for Perkin Elmer 3110 TR LSC. xIsx, found
here: Z:\LSC\Monthly Calibrations. The plots will automatically plot the data points as the data

are entered.

£ - a0
s F—T)
F o ©3

Sheet)

&

3.14 When all of the monthly data have been entered in the spreadsheet, right click on the plots and
save the pictures as: LSC 3H (or 14C) Efficiency Month Year.png in Z:\LSC\Monthly
Calibrations\Year\Month Year, where Month and Year are the current month and year,
respectively. These pictures will need to be added to the monthly report.

3.15

The SNC printouts need to be accumulated and a monthly report needs to be generated. Enter
the values into the monthly report form found on the Z: drive (Z:\LSC\Monthly Calibrations). A
sample report for March 2023 can be seen below.

Liguéd Scintation Counter Caraton Sorm; Rev. C32033

Liguéd Scintmation Counter Cabraton Sorm; Rev. [32033

|HARCH ~ | MONTHLY CALIBRATION RECORDS FOR LIGQUID SCINTILLATION COUNTER |
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—T
Femm S T T | mm | e | sew | wm | mw | e | enm | =m
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—
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=
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-
| mm | me | m= | ws | =e | om | e | we
-
e | mm | mw | wem | wm | =m | em | s | ew
o | wmm | wm | me | wm | omm | owm | es | e
e | e e
| mm | vm | == | wm | =m | e | = = | 2=
om | w o
o | mm | sm | me | wm | w=n | ma | e | am
o sue2 Rt 2877 o e 13 anst 225 ot of "W Ry 11188 baV) T oot o ™G Evticency (1386 ba)
o | mr | mx | e | mm | mm | ns | osms | s
o | me | mw | awem | wm | om | em | wm | =e
-
e | mm | mm | mw | u= | =e | s | ms | es
- | ww | ne | wm | um | we | me | @n | ew
o | sme | v | wse | wm | sme | ows | ems | ms
o | mm | mm | s | ww | mm | s | ws | s
o | mm | e | mm | wm | == | ms | wen | s
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Sample Preparation for the Liquid Scintillation Counter

Vials (called pony vials), caps, and swipe papers can be found in the bins (highlighted in red) in
Dodgen 215 to the left of the LSC.

Before adding any Ecosinct to the samples, put on some latex gloves and safety glasses. They
are available near the Ecosinct.

Uncap all the vials and place a piece of swipe paper into each of the vials.

Bring the tray of vials to the bench in the middle of the room where the Ecosinct spigots are.

REVISION 0.0, 4/4/2023 10
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4.5 Ensure that the pipette is set to 3-5 mL, as the vial only holds 5 mL. This setting should only need
to be set once.

4.6 Fill each vial with Ecosinct with one pump of the bottle.
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4.7 Cap each vial shut by pushing the cap onto the vial. Ensure the cap is fully on each vial to prevent
any liquid and material that may be on the swipe paper from leaking out.

4.8 Wipe off any excess Ecoscint that may be on the outside of the vials, excess Ecoscint can get
inside the LSC and cause damage to any moving parts.

4.9 Shake the vial lightly and place it back in the tray and label.

4.10 Label each vial using a sharpie. At a minimum put the users initials on the cap of the first vial,
followed by the date the swipes were collected, using the format mm/dd, on the second vial.

4.11 Visually check that all vials have caps, the caps are tight, and check that the users initials and
date of swipe collection is included on at least two of the vials (initials on one vial, date on
another).

4.12 Once all of the vials contain Ecoscint and have been shaken, they can be placed in the LSC
cassettes (see Section 5).
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Operation of the Perkin Elmer Tri-Carb 3110TR LSC

5.1 The LSCis located in Dodgen 215 and should be powered on at all times. If for some reason the
instrument is not powered on, the power button can be found on the right side of the
instrument.

Power switch

=siaa

5.2 If the QuantaSmart software is not already open, it can be opened by clicking on the icon
(highlighted in yellow) on the Desktop of the computer.

Windows 7
Build 7600
This copy of Windows is not genuine

© 2 - O Pal It
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5.3 If QuantaSmart is already open, the computer screen should look similar to the picture below,
where LSC results from the previous sample will be displayed.

L-'............ QuantaSmart (TM) - [Protocol 3 - Contamination] EI@
B Fil: Run View Libraries Tools IPA Diagnostics Window Help = [|=] =
(0| @ | BB |rroccot [T Cassette:[7 Sample: 24 [instument idie Evmor: |
b3 Protocels - H& 2 e
-8 snc J
Ela Output Windows Assay Definition
‘.[T] Reportl —_—

m

. [Jl Pricstat (group) - Contaming Lessay Description:
[—]m Flag1 - NUCS_FULMER
E-E3 Qutput Windows
L [F] NUCS-Fulmer
-8 Flag 2 - Reactor_Weekly
B3 Output Window
[ Reactor_Weekly
[—]m Flag 3 - Contamination
223 Output Windows
\..[F] Contamination
[_]m Flag 4 - Guo_Lab_Swipes
E1-23 Output Windows
LT Guo Lab Swipes
[T Flag5 -
[_]m Flag 6 - Contamination
B3 Output Windows
D Contamination

iCarb\Assays\Contamination.lsa

E]-m Flag 7 - Contaminaticn = : . nt:
q - I [3 Vial ple: 1 Calcul =] 2 nee:
Protocols - 4 [T b
For Help, press F1 UM

5.4 Before using the LSC, check for an SNC print out from the current day. One should be on the
printer or in the document tray in front of the printer. If an SNC printout cannot be located,
check the logbook to see if the SNC set has been analyzed within the last 24 hours. If not, analyze
the SNC samples as indicated in Section 3. It will take about 90 minutes to complete.

5.5 If the SNC set have been analyzed within the last 24 hours, check to see that the *C efficiency
is greater than 90% and the 3H efficiency is greater than 60% (highlighted in red). If the SNC
values are less than these values or there is a warning on the report, complete a problem report
here: https://nsc.wsu.edu/report-a-problem/ to inform NUCS Core Facility Staff.

4/3/2023 8:33:54 AM QuantaSmart (TM) - 4.00 - Serial# 118076 Page # 1
SNC Protocel

Calibration Informabtion

Software Version IC: 3.04

Software Version EC: 4.00

Instrument Model: Tri-Carlk 3110TR

Instrument Serial Numbez: 118076

3H Chi sSquare: 11.85 Date Processed: 4/3/2023 8:33:53 AM

14C Chi Square; 18,39 Date Processed: 4/3/2023 8:33:53 AM

38 E"2/B (1-18.6 keV): 249.96 Date Processed: 4/3/2023 B:33:53 AM

14C E~2/B (4-156 kev): 433 24 Date Processed: 4/3/2023 8:33:53 AM

3H Efficiency {L-18.6 kevid 60.38) Date Processed: 4/3/7023 8:33:53 AM

14C BEfficiency (4-156 kev): 92.11) Date Processed: 4/3/2023 B8:33:53 A

IPA Background Date Processed: 4/3/2023 8:33:53 AM

31 Background CPM (1-18.6 kev): 14.58 Date Processed: 4/3/2023 8:33:53 AM
14C Background CPM (4-156 kev)y: 19,58 Date Processed: 4/3/2023 8:33:53 AM
3H Calibration DPM: 271400

3% Reference Date: 7/15/2022

14C Calibration DPM: 128400
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5.6 If the report for the SNC set indicate that the instrument is calibrated and operating optimally,
then samples can be submitted for analysis.

5.7 Each cassette can hold up to 12 swipes, select the number of cassettes needed to contain all of
the samples to be analyzed. Empty cassettes can be found on the top shelf of the cart
underneath the instrument.

5.8 If polyethylene vials are used, the cassettes need to be lined with glass scintillation vials to
prevent the polyethylene vials from getting stuck in the instrument during analysis. Some
cassettes already contain scintillation vials.

5.9 Each cassette is labelled with a number on it (often with an orange sticker). When loading vials,
start with the orange sticker on your right, and load vials from left to right.

REVISION 0.0, 4/4/2023 15
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5.10 Once all the vials are placed into the cassette(s), find the appropriate protocol flag. The flags
can be found in the white boxes on both shelves underneath the LSC. Each flag has a different
protocol number on it. The number indicates what protocol the samples are to be analyzed
under. A single flag is needed for the entire set of samples. If you are uncertain of which flag to
select, please see the notes below.

5.10.1 To analyze swipes for reactor related lab spaces (Reactor Weekly Swipes (Dodgen 201 and
related areas)), use Protocol 2 or 21. Also, place the chlorine-36 source (pictured on the
left in Step 5.10.2) to go into the last spot of the cassette (immediately after the last vial)
to run with lab swipes. These protocols will collect data on each sample for five minutes.

5.10.2 To analyze swipes for Dr. Guo’s lab spaces (Dodgen 20 or 120) or Dr. Moreau’s lab
(Dodgen 214), use Protocol 4. Also, place the chlorine-36 source (pictured on the left) to
go into the last spot of the cassette (immediately after the last vial) to run with lab swipes.
This protocol will collect data on each sample for five minutes.

36Cl source as last sample in cassette

O.........
_‘!.,!......

5.10.3 To analyze swipes from Fulmer B3, use the flag for Protocol 1. This protocol will collect
data on each sample for one minute.

5.10.4 To analyze any other swipes, monthly, weekly, and contamination swipes, use the flag for
Protocol 3, 6, or 7. These protocols will collect data on each sample for one minute.

REVISION 0.0, 4/4/2023 16
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5.11 Insert the desired flag into the cassette, by pushing the flag into the cassette on the left side of
the cassette until it clicks into place. When the flag is properly seated in the cassette it will look

like the picture on the right.

"OTocoLs
Xvocoes | 4

5.12 If anincorrect flag has been inserted into the cassette, the flag can be removed by pushing on
the release clip (highlighted in red) of the flag and then lifting the flag out of the cassette.

5.13 Place cassette (or set of cassettes) on the LSC, ensuring the cassette is oriented with the flag on
the user’s left (highlighted in red) and the cassette number on the user’s right (highlighted in
yellow). If the cassette is loaded into the LSC backwards the cassette may get stuck and damage

to the equipment will occur.

AR AN Y X XY
TEeeee0
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5.14 Push out the flag (pushing to the left) to inform the instrument that the cassette (or set of
cassettes) should be analyzed.

Flag not
pushed out
(not enabled)

Flag pushed
out (enabled)

5.15 When analyzing samples across multiple cassettes, make sure that they are placed in the
cassettes accordingly.

First sample analyzed

,JCl!!I !!.’l
CCCCCCQ@/«Q

]
Last sample analyzed

5.16 When loading cassettes, take care to not place cassettes in the middle of another user’s vials
(as the LSC cycles through each of the cassettes, a gap between different cassettes in the same
protocol can be created). Please refer to the logbook for the current state of the samples
present in the LSC.

5.17 Once the cassette(s) are loaded and the flag is pushed out, move to the PC to begin the sample
analysis.

REVISION 0.0, 4/4/2023 18
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5.18 Click on the green flag (highlighted in red) of the QuantaSmart software. The instrument will
move the trays in the instrument to search for a tray with an enabled flag.

== QuantaSmart (TM) - [Protocol 3 - Contamination] EI@

5 File Run View Libraries Tools IPA Diagnostics  Window  Help == ES

m Protocok ’1_ Cassette: ’?_ Sample: ’T [Instrumnent idle Errar:
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- shc
=] Qutput Windows
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=B Flag1 - NUCS_FULMER
E123 Output Windows 2 Assay Type: CEM
D MUCS-Fulmer Report Name: Contamination
=B Flzg 2 - Reactor_Weekly Cutput Data Fath
B3 Output Windows Raw Results Path \Packard\Tricarb\Results\Default\Contam
\[7) Reactar \-"'ee-kl‘f Comma-Delimited File Name: C:‘\Packard\Tri
OB F.I"m 3 C . - N M Essav File Name: C:“Packard\TriCarb\Assavs\C
- ag 3 - Contaminaticn

B3 Output Windows b

»

Assay Definition

m

Rssay Description:

m

“.[7] Contamination Count Conditions
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553 Output Windows Nuclide: Lab Surveys
L [7 Guo Lab Swipes

{13 Flag 5 -

[—]m Flag & - Contamination

EE Cutput Windows
\.-[F] Contamination

-8 Flag 7 - Contamination = Repeat Sample Count: 1

e m | £vials/Sample: 1 Calculate ¥ Reference: Off

Protocols q 1 | b
For Help, press F1 MUM

5.19 When the instrument finds an enabled flag and the first sample of the cassette is lowered into
the instrument for analysis and the checkered flag becomes a green flag (highlighted in red) for
the protocol used for the analysis of the samples. The protocol utilized by the instrument should
match the protocol number on the enabled flag.

=T
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Counts Full Scale: [Auto -
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nga 1 - NUCS_FULMER £ Log kev/Log Counts Scale c oo joo oD piw
=8 Output Windows L. % Linear kel Scale
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-[] Reactar_Weekly
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=49 OQutput Windows 20
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1

=43 Cutput Windows 50
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{1 Flag 5 -
- 50
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523 Output Windows 0
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5.20 Mark the time of the start of the data collection in the instrument logbook as seen below
(highlighted in red). Make sure to indicate the number of samples being analyzed and the
cassette numbers. Analysis of the samples will take about 1-5 minutes/sample, depending on
the chosen protocol, to complete.

B

5.21 Once analysis has finished, a report will be displayed on the screen and automatically printed.

5.22 A sample report can be seen below.

5.22.1 The first section (Assay Definition) describes the Protocol name, Assay file name, and
the locations of the data files.

5.22.2 The second section (Count Conditions) describes the length of time each sample was
analyzed (1 minute for the example report).

5.22.3 The third section (Background Subtract) describe the lower and upper limits in keV for
the analysis regions.

5.22.4 The fourth section (Count Corrections) describes a few parameters of the data
collection.
5.22.5 The last section (Cycle 1 Results) contains the data for each sample.
5.22.5.1 The S# column indicates the sample number.
5.22.5.2 The Date and Time column indicates the date and time the data collection on
the particular sample began.
5.22.5.3 The count time is the length of the analysis in minutes.
5.22.5.4 The CPMA, CPMB, CPMC columns are the number of counts per minute for
the Regions A, B, and C, respectively.
5.22.5.5 The SIS column describes the Spectral Index of the Sample. A value less than
100 indicates a degree of quenching by the sample and less reliable results.
For samples with a SIS value lower than 100, the sample should be reanalyzed

and if the value is lower than 100 again, the sample should be recollected and
reanalyzed.

5.23 The WSU Nuclear Science Center considers any value in the CPMC column (which is the full
spectrum: 4 — 2000 keV) 100 counts greater than the background sample to be radioactive
contamination and those respective areas or samples need to be dealt with appropriately.
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4/3/2023 4:42:37 PM QuantaSmart {(TM) - 4.00 - Serialf 118076 Page # 1
Protocol# 3 ~ Contamination.lsa User: Default
Contamination

Assay Definition
Assay Description:

Assay Type: CPM

Report Name: Contamination

Output Data Path: C:\Packard\Tricarb\Results\Default\Contamination\20230403 1624

Raw Results Path: C:\Packard\Tricarb\Results\Default\Contamination\20230403 1624420230403
1674 .rosults

Comma-Delimited File Name: C:\Packard\Tricarb\Results\Delault\Contamination\20230403_ 1624
\Contaminatiocn.txt

Rssay File MName: C:\Packard\TriCarb\Assays\Contamination.lsa

Count Conditions

Nuclide: Lab Surveys
Quench Indicator: tSIE/AEC
External Std Terminator {sec): 0.5 2s5%
Pre-Count Delay {min): 0.00
Quench Set: n/a
Count Time (min}: 1,00
Count Mode: Normal
Asgszay Count Cycles: 1 Repeat Sample Count: ]
#vials/Sample: 1 Calculate % Refeorcnce: OIff

Background Subtract

Background Subtract: Off
Low CPM Threshold: Off

2 Sigma % Terminator: COff

Regions LL UL

A 4.0 18.6

B 18.6 156.0

[ 4.0 2000.0

Count Corrections

Static Controller: On Luminescence Correction: OfF
Colored Samples: n/a Heterogeneity Monitor: n/a

Coincidence Tlme (nsec): 18 Delay Before Burst (nsec): 75

Cycle 1 Results

s4 DATE TIME Count Time CEMA CPMB CPMC SIS MESSAGES
1 4/3/2023 4:25:30 PM 1.00 9 10 27 217.0%

2 4/372023 4:28:05% PM i.00 9 15 30 464.56

3 A4/3/2023 4:30:41 PM 1.00 9 12 32 393.34

4 4/3/2023 4:33:14 PM 1.00 ib 8 31 159.25

L 4/3/2023 4:35:53 PM 1.00 3 1z 55 38.59

6 4/3/2023 4:38:25 PM 1.00 13 1e 3% 330.03

T 4/3/2023 4:41:01 PM 1.00 10 9 25 376.60
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5.24 Once the obtained data is deemed acceptable, the vials can be discarded into the designated
trash (located to the right of the LSC). Vials exhibiting a CPM value 100 above the background
swipe in the CPMC column need to go into rad trash (highlighted in red).

5.25 After discarding the vials, write the time and date the vials have been removed in the logbook
(highlighted in red) to help users keep track of what samples are present in the instrument. Do
not leave vials in the instrument longer than necessary.

| | Teeitaed 0 Saasal B

0 0 8 0 0 e 7
Ll |
T

5.26 Once all vials are removed, place cassette back under LSC and flag back into flag holder.
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6 Training

All users of the Perkin Elmer Tri-Carb 3110TR LSC must be trained by NUCS Core Facility staff and have
documented training, signed off by a designated trainer for the Perkin Elmer Tri-Carb 3110TR LSC, prior
to using the instrument. Records of trained users can be found here: Z:\LSC\Training Records

Designated NUCS Core Facility Instrument Trainer for the Perkin Elmer Tri-Carb 3110TR
Zach Heiden, NUCS Core Facility, 509-335-0936
Nuclear Science Center Emergency Line: 509-335-0004

Training on the Perkin Elmer Tri-Carb 3110TR LSC consists of the safe use of the instrument, collection of
a dataset on the SNC standards, data analysis using the LSC software, generating reports using the LSC
software, creating an assay, submitting an instrument problem report and safety concern, keeping
records of use in the instrument logbook, and data transfer/access.

The form that is completed during a training session is seen below:

Liquid Scintillation Counter Training Form: Rev. 02-2023

TRAINING FORM FOR NEW USERS OF THE
PERKIN ELMER LIQUID SCINTILLATION COUNTER

Trainee Name Trainee Email Address

Principal Investigator Frincipal Investigator
of Trainee Email Address
Trainer Name Training Date

NUCS Care Facility

Training Request # Access Expiraion Date |

Radiation Training Records for Trainee

Radiation Safety Training Course Date Radiation Safety Training Course Completion Date
. . . . L 7) Radiation Safety Background
1) Basic Radiation Physics Training Pt =
2) Radiation Safety Regulations E) Radiation Safety Lab Surveys
Training Training
. . | 2) Radiation Safety Training —
3) Radiation Safety Training ALARA oy
13) Radiation Safety Survey Meters
Training
14) Radiation Safety LSC Training

4) Radiation Safety Program Training

5] Radiation Safety Dose Limits
Training

*H Background CPM

©) Radiation Safety Radiation Biology 15) Annwal Refresher (if Applicable)
Data Collection Parameters of SNC Training Sample
Model Perkin Elmer Tri-Carb 31107R ‘Serial Number 118076
IPA Background Date Date of SNC Run
*H Calibrabion DPM 271400 iC Calibration DPM 128400
*H Reference Date July 15, 2022 T4C Reference Date July 15, 2022

M Background CPM

*H Efficiency (1-18.6 keV)

MG Efficiency (4-158 keV)

Notes:

Counter.
[ Logbook Usage

O Data Callection
O LSC Report Analysis

File path for Data Storage:

E 3
Trainer Signature/Print

Machine specific included: analyzing radicactive materials and safety features of Perkin Elmer TriCarb 3110TR Liquid Scintillation

The trainee has been trained on the use of the: The following items have been completed:

O Access to Dodgen 215

O Samgple Handling & Preparation
O Insertion & Removal of Trays into the LSC

[ Submitting a Problem Report
[ Submitting a Safety Concemn Report

o |

NUCS Core Facility

REVISION 0.0, 4/4/2023
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	1 Background
	2 Safety Requirements
	3 Daily Calibration of the Liquid Scintillation Counter
	3.1 The liquid scintillation counter must be calibrated daily to make sure the instrument is working appropriately prior to use.
	3.2 To calibrate the liquid scintillation counter, find the tray (tray 12) which contains three Self-Normalization and Calibration (SNC) standards. The three SNC standards consist of a 14C (sample with a black label), a 3H (sample with a blue label), ...
	3.3 If the SNC tray is not outside of the instrument, raise the lid and look for it inside the instrument. It should not be removed from the instrument, unless necessary.
	3.4 If placing the SNC tray in the instrument and other trays are present in the instrument, do not put the SNC tray ahead of the other samples.
	3.5 Place the tray on the right side of the instrument, closest to the front, after the trays that are to be analyzed. The tray can be placed on the left side, but it will take it longer to analyze, as it has to be moved to the back right side before ...
	3.6 Push out the flag (pushing to the left) to inform the instrument that the SNC tray should be analyzed.
	3.7 Close the top of the LSC and move to the computer. The cover of the LSC should be closed when not actively putting in or taking out samples/cassettes.
	3.8 Click on the green flag (highlighted in red) of the QuantaSmart software. The instrument will move the trays in the instrument to search for a tray with an enabled flag.
	3.9 When the instrument finds the tray with the SNC samples, the 14C sample will be analyzed first and be lowered into the instrument.
	3.10 When the instrument finds the SNC samples and the first sample is lowered into the instrument for analysis, the software will look like the following picture as data is being collected:
	3.11 Mark the time of the start of the SNC run in the instrument logbook as seen below (highlighted in red). The SNC analysis will take about 90 minutes to complete.
	3.12 A sample SNC output looks like the picture below. Check to see that the 14C efficiency is greater than 90% and the 3H efficiency is greater than 60% (highlighted in red). If the SNC values are greater than those values, then the instrument is cal...
	3.13 The daily SNC reports need to be summarized in monthly reports. To analyze the SNC efficiencies, enter the SNC efficiencies for 3H and 14C for each day of the month in the spreadsheet entitled: Monthly Calibration Worksheet for Perkin Elmer 3110 ...
	3.14 When all of the monthly data have been entered in the spreadsheet, right click on the plots and save the pictures as: LSC 3H (or 14C) Efficiency Month Year.png in Z:\LSC\Monthly Calibrations\Year\Month Year, where Month and Year are the current m...
	3.15 The SNC printouts need to be accumulated and a monthly report needs to be generated. Enter the values into the monthly report form found on the Z: drive (Z:\LSC\Monthly Calibrations). A sample report for March 2023 can be seen below.

	4 Sample Preparation for the Liquid Scintillation Counter
	4.1 Vials (called pony vials), caps, and swipe papers can be found in the bins (highlighted in red) in Dodgen 215 to the left of the LSC.
	4.2 Before adding any Ecosinct to the samples, put on some latex gloves and safety glasses. They are available near the Ecosinct.
	4.3 Uncap all the vials and place a piece of swipe paper into each of the vials.
	4.4 Bring the tray of vials to the bench in the middle of the room where the Ecosinct spigots are.
	4.5 Ensure that the pipette is set to 3-5 mL, as the vial only holds 5 mL. This setting should only need to be set once.
	4.6 Fill each vial with Ecosinct with one pump of the bottle.
	4.7 Cap each vial shut by pushing the cap onto the vial. Ensure the cap is fully on each vial to prevent any liquid and material that may be on the swipe paper from leaking out.
	4.8 Wipe off any excess Ecoscint that may be on the outside of the vials, excess Ecoscint can get inside the LSC and cause damage to any moving parts.
	4.9 Shake the vial lightly and place it back in the tray and label.
	4.10 Label each vial using a sharpie. At a minimum put the users initials on the cap of the first vial, followed by the date the swipes were collected, using the format mm/dd, on the second vial.
	4.11 Visually check that all vials have caps, the caps are tight, and check that the users initials and date of swipe collection is included on at least two of the vials (initials on one vial, date on another).
	4.12 Once all of the vials contain Ecoscint and have been shaken, they can be placed in the LSC cassettes (see Section 5).

	5 Operation of the Perkin Elmer Tri-Carb 3110TR LSC
	5.1 The LSC is located in Dodgen 215 and should be powered on at all times. If for some reason the instrument is not powered on, the power button can be found on the right side of the instrument.
	5.2 If the QuantaSmart software is not already open, it can be opened by clicking on the icon (highlighted in yellow) on the Desktop of the computer.
	5.3 If QuantaSmart is already open, the computer screen should look similar to the picture below, where LSC results from the previous sample will be displayed.
	5.4 Before using the LSC, check for an SNC print out from the current day. One should be on the printer or in the document tray in front of the printer. If an SNC printout cannot be located, check the logbook to see if the SNC set has been analyzed wi...
	5.5 If the SNC set have been analyzed within the last 24 hours, check to see that the 14C efficiency is greater than 90% and the 3H efficiency is greater than 60% (highlighted in red). If the SNC values are less than these values or there is a warning...
	5.6 If the report for the SNC set indicate that the instrument is calibrated and operating optimally, then samples can be submitted for analysis.
	5.7 Each cassette can hold up to 12 swipes, select the number of cassettes needed to contain all of the samples to be analyzed. Empty cassettes can be found on the top shelf of the cart underneath the instrument.
	5.8 If polyethylene vials are used, the cassettes need to be lined with glass scintillation vials to prevent the polyethylene vials from getting stuck in the instrument during analysis. Some cassettes already contain scintillation vials.
	5.9 Each cassette is labelled with a number on it (often with an orange sticker). When loading vials, start with the orange sticker on your right, and load vials from left to right.
	5.10 Once all the vials are placed into the cassette(s), find the appropriate protocol flag. The flags can be found in the white boxes on both shelves underneath the LSC. Each flag has a different protocol number on it. The number indicates what proto...
	5.10.1 To analyze swipes for reactor related lab spaces (Reactor Weekly Swipes (Dodgen 201 and related areas)), use Protocol 2 or 21. Also, place the chlorine-36 source (pictured on the left in Step 5.10.2) to go into the last spot of the cassette (im...
	5.10.2 To analyze swipes for Dr. Guo’s lab spaces (Dodgen 20 or 120) or Dr. Moreau’s lab (Dodgen 214), use Protocol 4. Also, place the chlorine-36 source (pictured on the left) to go into the last spot of the cassette (immediately after the last vial)...
	5.10.3 To analyze swipes from Fulmer B3, use the flag for Protocol 1. This protocol will collect data on each sample for one minute.
	5.10.4 To analyze any other swipes, monthly, weekly, and contamination swipes, use the flag for Protocol 3, 6, or 7. These protocols will collect data on each sample for one minute.

	5.11 Insert the desired flag into the cassette, by pushing the flag into the cassette on the left side of the cassette until it clicks into place. When the flag is properly seated in the cassette it will look like the picture on the right.
	5.12 If an incorrect flag has been inserted into the cassette, the flag can be removed by pushing on the release clip (highlighted in red) of the flag and then lifting the flag out of the cassette.
	5.13 Place cassette (or set of cassettes) on the LSC, ensuring the cassette is oriented with the flag on the user’s left (highlighted in red) and the cassette number on the user’s right (highlighted in yellow). If the cassette is loaded into the LSC b...
	5.14 Push out the flag (pushing to the left) to inform the instrument that the cassette (or set of cassettes) should be analyzed.
	5.15 When analyzing samples across multiple cassettes, make sure that they are placed in the cassettes accordingly.
	5.16 When loading cassettes, take care to not place cassettes in the middle of another user’s vials (as the LSC cycles through each of the cassettes, a gap between different cassettes in the same protocol can be created). Please refer to the logbook f...
	5.17 Once the cassette(s) are loaded and the flag is pushed out, move to the PC to begin the sample analysis.
	5.18 Click on the green flag (highlighted in red) of the QuantaSmart software. The instrument will move the trays in the instrument to search for a tray with an enabled flag.
	5.19 When the instrument finds an enabled flag and the first sample of the cassette is lowered into the instrument for analysis and the checkered flag becomes a green flag (highlighted in red) for the protocol used for the analysis of the samples. The...
	5.20 Mark the time of the start of the data collection in the instrument logbook as seen below (highlighted in red). Make sure to indicate the number of samples being analyzed and the cassette numbers. Analysis of the samples will take about 1-5 minut...
	5.21 Once analysis has finished, a report will be displayed on the screen and automatically printed.
	5.22 A sample report can be seen below.
	5.22.1 The first section (Assay Definition) describes the Protocol name, Assay file name, and the locations of the data files.
	5.22.2 The second section (Count Conditions) describes the length of time each sample was analyzed (1 minute for the example report).
	5.22.3 The third section (Background Subtract) describe the lower and upper limits in keV for the analysis regions.
	5.22.4 The fourth section (Count Corrections) describes a few parameters of the data collection.
	5.22.5 The last section (Cycle 1 Results) contains the data for each sample.
	5.22.5.1 The S# column indicates the sample number.
	5.22.5.2 The Date and Time column indicates the date and time the data collection on the particular sample began.
	5.22.5.3 The count time is the length of the analysis in minutes.
	5.22.5.4 The CPMA, CPMB, CPMC columns are the number of counts per minute for the Regions A, B, and C, respectively.
	5.22.5.5 The SIS column describes the Spectral Index of the Sample. A value less than 100 indicates a degree of quenching by the sample and less reliable results. For samples with a SIS value lower than 100, the sample should be reanalyzed and if the ...


	5.23 The WSU Nuclear Science Center considers any value in the CPMC column (which is the full spectrum: 4 – 2000 keV) 100 counts greater than the background sample to be radioactive contamination and those respective areas or samples need to be dealt ...
	5.24 Once the obtained data is deemed acceptable, the vials can be discarded into the designated trash (located to the right of the LSC). Vials exhibiting a CPM value 100 above the background swipe in the CPMC column need to go into rad trash (highlig...
	5.25 After discarding the vials, write the time and date the vials have been removed in the logbook  (highlighted in red) to help users keep track of what samples are present in the instrument. Do not leave vials in the instrument longer than necessary.
	5.26 Once all vials are removed, place cassette back under LSC and flag back into flag holder.
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