
NUCLEAR AND CHEMICAL SCIENCE CORE FACILITY  
RESEARCH INSTRUMENTATION STANDARD PROCEDURES 

  

REVISION 0.0, 4/4/2023 
 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESEARCH INSTRUMENTATION STANDARD OPERATING PROCEDURE FOR THE OPERATION OF 
THE PERKIN ELMER TRI-CARB 3110TR LIQUID SCINTILLATION COUNTER (OPLSC-1)  

 



NUCLEAR AND CHEMICAL SCIENCE CORE FACILITY  
RESEARCH INSTRUMENTATION STANDARD PROCEDURES 

  

REVISION 0.0, 4/4/2023 
 

2 

TABLE OF CONTENTS 

Page 

1 Background ....................................................................................................................... 3 

2 Safety Requirements ......................................................................................................... 3 

3 Daily Calibration of the Liquid Scintillation Counter ............................................................ 4 

4 Sample Preparation for the Liquid Scintillation Counter ..................................................... 8 

5 Operation of the Perkin Elmer Tri-Carb 3110TR LSC .......................................................13 

6 Training ............................................................................................................................23 

 

  



NUCLEAR AND CHEMICAL SCIENCE CORE FACILITY  
RESEARCH INSTRUMENTATION STANDARD PROCEDURES 

  

REVISION 0.0, 4/4/2023 
 

3 

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 π 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]benzene (bis-MSB) or 1,4-bis[5-phenyloxazol-2yl]benzene (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.  
 

 
 

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 14C (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).  

 

 

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. 

 

SNC tray 
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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 
Tray 

Number 

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. 

 

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.  
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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: 

 

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 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 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. 

 

 

 

Bad SNC Results indicating an 
instrument problem 

Good SNC Results indicating a 
working instrument 
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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 14C for each day of the month in the 
spreadsheet entitled: Monthly Calibration Worksheet for Perkin Elmer 3110 TR LSC. xlsx, found 
here: Z:\LSC\Monthly Calibrations. The plots will automatically plot the data points as the data 
are entered.  

 

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. 
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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. 
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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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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. 

 

Power switch 
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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. 

 

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 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 on the report, complete a problem report 
here: https://nsc.wsu.edu/report-a-problem/ to inform NUCS Core Facility Staff. 

 

https://nsc.wsu.edu/report-a-problem/
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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.  

    

 

First sample Last sample 
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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. 

   

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. 

 

36Cl source as last sample in cassette 
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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.  

    

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 backwards the cassette may get stuck and damage 
to the equipment will occur. 

 

 



NUCLEAR AND CHEMICAL SCIENCE CORE FACILITY  
RESEARCH INSTRUMENTATION STANDARD PROCEDURES 

  

REVISION 0.0, 4/4/2023 
 

18 

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 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. 

 

Flag not 
pushed out 

(not enabled) 

Flag pushed 
out (enabled) 

First sample analyzed 

Last sample analyzed 
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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. 

 

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. 
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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. 

 

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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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. 

 

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: 
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	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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