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Foreword 

Tritium (3H) measurements of environmental waters are a well-established tool in isotope 
hydrology, often for ground water age dating purposes. Low-levels of 3H are typically 
detected through a laboratory process of sample pre-distillation, electrolytic enrichment, 
and decay counting, and by using range of custom preparative equipment and liquid 
scintillation counting systems (LSC).  
 
Inter-comparison testing at the IAEA (i.e. TRIC2012, TRIC2018) showed 3H results are often 
inaccurate or imprecise due to inconsistent sample processing and human error, and 
moreover analytical uncertainty budgets are often inconsistent or non-existent.  
 
Sample Processing and Data Management Steps 
 
There are numerous sample and data processing steps needed to obtain accurate and 
precise tritium results, many steps are complex or difficult to process using offline 
spreadsheets and notebooks. These include: 
 

• Managing and tracking client samples and projects.  

• Managing sample pre-distillation procedures, electrolytic enrichment, and 
quantifying enrichment performance.  

• Preparing and conducting LSC instrument(s) counting templates and performing low 
level counting analysis runs. 

• Importing LSC data for data post-processing and evaluation.  

• Calculating sample activity on the collection data, and accounting for propagated 
errors. 

• Normalizing the 3H data using NIST-based standards and blanks. 

• Tracking 3H laboratory performance, on a per analysis basis and over the long-term. 

• Reporting final results with uncertainty to clients  
 

The IAEA Tritium Information Management System (TRIMS) automates most of these steps 
and eliminates the use of spreadsheets. TRIMS uses systematic templates for samples and 
measurements based on Identical Treatment principles. Templates contain systematic 
occurrences of standards, spikes, and blanks to quantify background and to normalize 
results to laboratory standards. Control samples are used to track long-term QA/QC and 
laboratory performance.  
 
TRIMS manages all client and project data. Laboratory performance is monitored using 
control samples and time series plots. These systematic and automated processing features 
help improve accuracy and precision of results and reduce common user mistakes and 
errors.  
 
This document describes how users can implement TRIMS in any 3H laboratory using a wide 
range of preparative enrichments and LSC counting systems.  
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Disclaimer: TRIMS is under continual development. The latest software on the IAEA website 
may differ from this user manual.  Please alert the TRIMS team about errors or suggestions 
for new features using the contact point email.    



4 
 

Index 
TRIMS Flowchart .......................................................................................................... 4 
1.0   Computer and Software Requirements ................................................................... 5 
2.0   TRIMS Overview .................................................................................................... 6 
3.0   Setup TRIMS in a new lab ....................................................................................... 7 
4.0   Home Screen ........................................................................................................ 9 
4.1   Getting Started - Setting up TRIMS ......................................................................... 10 
4.2   Add/Edit Users ...................................................................................................... 11 
4.3   Add/Edit Pre-Distillation ........................................................................................ 13 
4.4   Add/Edit Enrichment Procedures ........................................................................... 13 
4.5   Add/Edit Enrichment Systems ................................................................................ 14 
4.6   Add/Edit LSC Procedures........................................................................................ 15 
4.7   Add/Edit LSC Counters ........................................................................................... 18 
4.8   Add/Edit 3H Reference and Control Standards ......................................................... 18 
4.9   Add/Edit Workflows .............................................................................................. 19 
4.10 Add/Edit File Directories ........................................................................................ 20 
4.11 Add/Edit Reporting Templates ............................................................................... 21 
5.0   Submitters, Projects and Samples ........................................................................... 25 
5.1   Add/Edit Submitters  ............................................................................................. 26 
5.2   Add/Edit Projects .................................................................................................. 27 
5.3   Adding Samples  .................................................................................................... 31 
5.4   Browsing Projects .................................................................................................. 33 
5.5   Editing Project Details ............................................................................................ 34 
5.6   Editing Sample Details  .......................................................................................... 35 
5.7   Printing Sample Bottle Labels ................................................................................. 36 
5.8   Edit Global Parameters .......................................................................................... 37 
 
6.0   Sample Pre-Distillation  .......................................................................................... 38 
 
7.0   Electrolytic Enrichment .......................................................................................... 43 
 
8.0   Liquid Scintillation Counting ................................................................................... 49 
 
9.0   Evaluation of Completed LSC Data  ......................................................................... 55 
 
10.0 Reporting Final Results  ......................................................................................... 58 
 
11.0 Tracking Laboratory QA/QC  .................................................................................. 63 
 
References ...................................................................................................................   

Appendices 1-4 Deuterium Method, Setting up Counters for TRIMS ................................ 65-78 
Appendices 5-10 Calculations, Uncertainty, Database Structure ...................................... 87-116 
Changelog .................................................................................................................... 117 
 

 



5 
 

Tritium analysis flowchart  
 

 

 
 

A Tritium analysis flowchart as implemented in TRIMS. *The electrical conductivity threshold 
for success/fail/repeat of a primary distillation is laboratory specific and may depend on the 

type of enrichment system and type of samples to be analysed (IAEA typically uses 60 S/cm 
as threshold).  
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1.0 Computer & Software Requirements 

Required 

• Windows PC with USB or LAN connection to a laser instrument. 

• Microsoft Access 2010 or later (32-bit only) for Windows 7/8.1/10 (32/64-bit). 

• TRIMS frontend (v.1.x or later). 

• A new TRIMS backend database. 

• A new or existing TRIMS folder location for the backend database (network or PC). 

• An Example Client Sample submission Excel spreadsheet or an Alternative sample 
submission Excel workbook.  
 

TRIMS is composed of 3 components  

• A frontend graphical user interface (i.e. TRIMS_FE_V2018.1.12.accdb) 

• A backend database (i.e. TRIMS_BE_2018.accdb) 

• An Excel client sample submission template. 
 

The latest version can be downloaded cost-free from the IAEA Web site: 
 

http://www-naweb.iaea.org/napc/ih/IHS_resources_sampling.html#trims  

Optional 

• A network connection to the LSC counters(s) 

• A backup disk (network or external storage location) 
  
Security Settings  
 
TRIMS require enabling macros in Microsoft Access. You may require administrator rights to 
change these settings. Enable MS Access to run all macros under |Trust Center| Trust 
Center Settings | Macro Settings | Enable all macros. 
 
Setting up Trusted Locations  
 
TRIMS require using Trusted Locations in Microsoft Access. For example, assume C:\TRIMS is the 
database location. We will need to add this directory to Trusted Locations in MS Access: 
 

Access 2010/13: File Tab | Options | Trust Center | Trust Center Settings |Trusted Locations | Add 
new location | Path: C:\TRIMS, Check box: Subfolders are trusted, click “OK” 
 

 
 

Note: Some IT policies do not allow using the Windows Desktop as a trusted location. 

  

http://www-naweb.iaea.org/napc/ih/IHS_resources_sampling.html#trims
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2.0 TRIMS Overview  

 

 

The TRIMS tabbed software interface provides the following key features to guide the user through 
analyses: 

✓ Overview of pending laboratory samples, enrichment and counting status. 
✓ Manage multiple Enrichment systems and LSC counters 
✓ Workflows for Projects, Distillations, Electrolyses, and Counting Runs. 
✓ Sample and workflow prioity assignments.  
✓ QA/QC monitoring tab. 
✓ General software and laboratory setup settings. 
✓ Team and techncian notes. 
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3.0 Setting up TRIMS: New Laboratory 

TRIMS is composed of two separate Microsoft Access databases: 

i) a frontend graphical user interface (GUI) and  
ii) a backend database (the stored data).  

These two databases are linked and must coexist for TRIMS to work. In a multi-user environment 
where more than one person uses TRIMS, the frontend can be copied onto various PCs, but a single 
backend must be stored on a fast network (shared) or shared computer accessible to all other 
TRIMS frontend users. The example below assumes TRIMS will be located on a personal desktop 
computer.  

1. Create new TRIMS folders on a hard drive on your PC for the frontend, backend database 
and backups (e.g. C:\TRIMS). The TRIMS folder should be located on a dedicated computer 
or a reliable (and preferably fast) mapped network drive.  

 
a. C:\TRIMS\Backend  
b. C:\TRIMS \Frontend 
c. C:\TRIMS \Backup (preferably on a different or external drive) 

 
2. Ensure Microsoft Access 2010 or above (32-bit only) is installed. Ensure Access has 

C:\TRIMS and subfolders added in Trusted Locations (see above).  
 

3. Download and extract the latest TRIMS frontend interface (e.g. 
TRIMS_FE_V2018.1.12.accdb) into the C:\TRIMS\Frontend folder. Download and extract an 
empty backend for new laboratories (e.g. TRIMS_BE_2018.accdb) into the 
C:\TRIMS\Backend folder.  
 

4. Consider renaming your new TRIMS backend database to something descriptive of your 
laboratory, such as “MyTritiumLabBackend.accdb”.  

 
5. Keep backup copies of the original TRIMS files for safekeeping. 
 
6. In the Frontend folder, open (double click) the file “TRIMS_FE_V2018.1.12.accdb”, or newer 

version. You can also create a Shortcut to this file onto your desktop for faster access.  
 
7. If you encounter an Access security warning, then “Trusted Locations” were not set up 

properly - see the previous section.  
 

8. Click “Open” (a warning may appear only once or will not appear if Trusted Locations are 
correctly set). 
 

9. TRIMS will now ask you for the location of the “Backend” database. 
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10. Click “Yes” and navigate to C:\TRIMS2018\Backend and “Select” the backend file that 
you downloaded previously.  
 

Note: The location of your TRIMS folder may be different. 
 

11. TRIMS is now successfully installed and connected to the Backend. 
 

12. To start TRIMS, double-click to open the frontend GUI (e.g. TRIMS_FE_V2018.1.12.accdb) 
 
Note: It is not recommended to open the backend separately to avoid database corruption and data loss. 

 
 

Note: For European and other international users, the Windows Regional Settings in the computer Control 
Panel may have either a point or a comma as the decimal separator. TRIMS will function properly with either 
choice; figures in this document were created with a point as the decimal separator. If you encounter issues or 
results seems suspicious, you may switch Regional Settings to “US” or “UK” with a point as the decimal 
separator and a comma or semicolon as list separators. 
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4.0 TRIMS Home Screen  
 
Upon starting TRIMS, two user navigation options can be used interchangeably: The Ribbon or Tabs. 
The Ribbons may be the only available option in some versions to maximize the screen working area. 

 

The TRIMS Home screen 
 

1. The Ribbon – with the various menu options. 

2. A Navigation Window – with tabs and navigation control buttons. 

3. List of pending samples to be analysed. 

4. List of on-going electrolytic enrichment Runs in the lab. 

5. List of on-going LSC counter Runs in the lab. 

6. Number of samples at various stages of the process. 

7. TRIMS status bar with Path of the connected backend database, export folder and version. 

8. Team Notes for sharing information among laboratory users. 

9. Add New Team Note. 

10. My Notes spaces to keep private notes for the local user. 
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4.1 Get Started– Setting up TRIMS  
Setting up TRIMS for your laboratory has several parts, as outlined in subsequent chapters: 

1. Initial Setup Tasks 
 

 

• Adding Employees with appropriate priviledges  

• Creating Distillation, Enrichment and LSC Procedues/Protocols  

• Adding Distillation, Enrichment and LSC Instruments 

• Creating Workflows 

• Adding Reference and Control Samples 

• Adding Submitters (clients) 

• Setting up files and database locations 

• Setting up Global parameters 

• Setting up defualt printers and label writers 

 

 

 

Note: Most of the above are a one-time operations or may be edited periodically by a person 
with appropriate TRIMS administrative privileges. To ensure the integrity of data and the 
system at large, TRIMS uses access privileges to grant or deny access to different modules. If 
no admin privileges are setup, TRIMS grants such rights to the first registered user. TRIMS 
rights are linked to the login username. 

 
2. Daily Routine Operations  

 

• Adding Submitters (clients) 

• Creating/Importing Projects and Samples 

• Conducting analyses (executing a pre-defined Workflow)  

• Reporting and Printing Final Results 

• Backup Backend database 

• Assessing QA/QC 
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4.2 Setup TRIMS: Add/Edit User 
 

To create a new TRIMS user: 

1. TRIMS > Settings Tab 

2. Employee: go to Employee settings  

3. New: Create New Employee record 

4. Type the Employee information 

5. Check the appropriate Employee privileges 

6. Stop Edit: To stop editing and confirm to save the changes 

Note: The  Employee ID number is automatically incremented from existing ID. If you 

want to enter your own ID (such as a personnel number), type a unique numerical 

value only. 

Employee privileges: controls the level of access granted to an employee based on their 

responsibility. You may limit Admin rights (which have full control on TRIMS) to supervisory 

staff. For example, an Employee with an “Edit Enrichment” privilege can create, edit and 

manage only the Enrichment process. 
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To edit details of an existing TRIMS user  

1. TRIMS > Settings 

2. Employee: go to Employee settings  

3. Select the Employee Record to Edit 

4. Click Edit: To start editing Employee record 

5. Edit Employee information 

6. Check appropriate Employee privileges 

7. Stop Edit: To stop editing and confirm saving changes 

8. Delete: To Delete an existing Employee Record, go to: 

TRIMS > Settings > Employee > Select an Employee > Delete (Caution!) 

Note: Employees linked with already completed TRIMS projects cannot be deleted, but 

instead may be designated as “Inactive”.  
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4.3 Setup TRIMS: Add/Edit Pre-Distillation  
 

Add/Edit pre-distillation method: 

1. TRIMS > Settings 

2. Select a Purification method from the pull-down menu 

3. Choose the Type of Method (for Edit Only)  

4. Click New or Edit 

5. Enter/Edit method information  

6. Make sure that Obsolete is “unchecked” 

7. Stop Edit: To stop editing and confirm to save the changes 

 

 

Bulb (Flask) ID: the sequential number for the distillation flasks (Bulb 1, 2, etc.) 

Sample Size: the maximum sample size for the distillation flasks (e.g. 250 mL) 

 

4.4 Setup TRIMS: Add/Edit Enrichment Procedure 

 

Add/Edit Electrolytic Enrichment Procedure 

1. TRIMS > Settings 

2. Select Enrichment Procedure 

3. Select Existing procedure (for editing only) 

4. Edit or New: start new Procedure or Edit existing 

5. Enter/Edit data 
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6. Uses Deuterium: only if coupled with 2H method using TRIMS for enrichment factor 

7. Reporting Text:  Add as required  

8. Stop Edit To stop editing and confirm to save the changes 

 

  

4.5 Setup TRIMS: Add/Edit Enrichment System  

 
Add/Edit Electrolytic Enrichment System 

1. TRIMS > Settings  

2. Select Enrichment System from the pull-down menu. 

3. Select Existing Method (for Edit only) 

4. Edit or New: start new method or Edit existing 

5. Enter/Edit data about the system 

6. Flexible Cell Size: Check if the System has flexible enrichment cell size versus fixed  

7. Obsolete: System is not active 

8. Stop Edit and Save Changes 

9. Cells: Create/Edit Electrolytic Cells for the System 
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When creating Cells, you can add a prefix to each cell of the system, denote the Cell size and 
a starting ID for the batch. 

Add creates the required number of Cells for the system 

 

 

4.6 Setup TRIMS: Add/Edit LSC Procedure  

 

Add/Edit LSC Procedure: 

1. TRIMS > Settings 

2. Select LSC Procedure 

3. Select Existing LSC Procedure (for Edit only) 

4. Edit or New: Add new procedure or Edit existing one 

5. Enter/Edit data 
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6. Edit or create an LSC load list template for this procedure (see below) 

7. Type a colon (,) separated list of the sample types for the template 

8. Stop Edit: To stop editing and then confirm to save the changes 
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To Add or Edit LSC load list template: 

This can be accessed from the LSC procedure window (Edit Load List – 6) 

 

1. Use an existing template as a starting point 

2. Number of filled positions  

3. Semicolon (;) separated list of sample types  

4. Remove sample/record from the template;  

5. Add new positions with selected sample type 

6. Create/update the template and  

7. Close window to save 
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4.7 Setup TRIMS: Add/Edit Counter 

 

Add/Edit Liquid Scintillation Counter 

 

1. TRIMS > Settings  

2. Select LSC Instrument from the pull-down menu. 

3. Select Existing Method (for editing only) 

4. Edit or New: start new method or Edit existing 

5. Enter/Edit data about the Instrument 

6. Default LSC Procedure: Select a default LSC procedure for this instrument  

7. File Format: Select the correct default file format for this instrument  

8. Enter default windows for the optimised counts per minute (cpm) and the quench 

indicator (QIP) in the LSC-generated file 

9. Stop Edit: To stop editing and then confirm to save the changes 

4.8 Setup TRIMS: Add/Edit Reference and Control 
Standards  

 

Add/Edit Reference and Control Standards: 

1. TRIMS > Settings 

2. Select References Control Samples 



20 
 

3. Select Existing Control Sample (for Edit only) 

4. Edit or New: start new Control Sample or Edit existing 

5. Enter/Edit data 

Note: For a sample to be registered as a control or reference sample, it must have already 

been registered in the samples table under the “References and Control Project”. If not, the 

user can add the sample by clicking on (5)  from this window. The procedure for 

sample/project management is outlined in section “Create/Manage Projects and Samples”. 

6. Select Sample ID from already registered samples 

7. Select Sample Type 

8. Enter the activity with uncertainty for the control sample (for Spike and Standard 

samples) 

9. Stop Edit: To stop editing and then confirm to save the changes 

 

4.9 Setup TRIMS: Add/Edit Workflow  

 

Workflows capture a desired set of procedures and methods for a sample or a project and 

may include a recommended distillation method, enrichment method and system, LSC 

counting method and system, etc. When set up, the analyst need only to select the desired 

workflow and the rest is handled by TRIMS. 

Add/Edit TRIMS Workflow: 

1. TRIMS > Settings 

2. Select Workflow 

3. Select Existing Workflow (for editing only) 
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4. Edit or New: start new Workflow or Edit existing 

5. Enter/Edit data 

6. Select default Distillation, Enrichment and LSC Counting procedures for the workflow 

7. Reporting Text header:  enter text (optional) 

8. Reporting Text footer: enter text (optional) 

9. Stop Edit: To stop editing and then confirm to save the changes 

 

 

4.10 Setup TRIMS: Edit Data/File Directories  

 

Add/Edit TRIMS File and Directory Paths: 

1. TRIMS > Settings 

2. Select File and Folders > Edit 

3. Change path to the TRIMS Backend database 

4. Set backup directory for the Backend Database 

5. Set the path to the LIMS Backend database (if Deuterium method used) 

6. Set the Export folder 

7. Set the default LSC data folder for easy access 

8. Save and Close 
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Note: The ! symbol indicates the file/folder is invalid and needs to be corrected 

 

The current Backend Database and Export Folder are shown on TRIMS status bar: 

 

 

4.11 Add/Edit reporting templates 
Reporting templates help create uniform final reports for the client. The text used in TRIMS 

reports are customizable, hence you may use different templates for different clients, or use 

different languages. Setting up a reporting template is a one-time task, allowing you to 

report project results with a few mouse clicks. 

 

To create a reporting template, click on Settings > Report Templates. This will give an 

overview of the existing templates, together with the New / Edit / Stop Edit buttons. 

In the General section, specify the general settings of the template, i.e. the name, and 

whether it should include information on the field sampling, details on the analytical 

methods, or a block of remarks and comments on the results. (Note that norms like 

ISO17025 require statements on all the above.) 
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The following section is a header for your laboratory (note that the graphical logo header is 

not yet active). You can include up to 6 lines about your institution’s name/address in the 

header: 

 

Next, define the report identification section. Enter title and subtitle, as well as the captions 

for the fields (like ‘report number’, ‘date of issuance’ etc.) – the actual number and 

reporting date will be autofilled for every report. There are two formats for report numbers 

available: (a) Year/XXX (e.g. 2018/001) and (b) X/Year (e.g. 1/2018). The revision comment is 

displayed when you issue a revision as an introductory phrase to your comments as to how 

it has changed. You can also add a contact person (e.g. a clerical staff) on the right side. 
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The sampling information depends on whether you checked the ‘include sampling 

information’ in the top checkbox. If not, then the alternative text (above) will be shown. If 

yes, enter the headers of the sampling documentation table (‘Lab ID’, ‘Field ID’ etc.). 

 

 

For the analytical methods documentation, enter the corresponding headers. It will only be 

displayed if you have checked ‘Display analytical method details’ above (we recommend 

including these). Details are given for each method used to process the reported samples 

(hence, if you must switch one sample to another workflow than requested, more than one 

method will be documented). The details about methods are obtained from the workflow, 

LSC and enrichment procedure descriptions. 

 

In the next step, define the headers for the actual results (i.e. ‘Lab ID’, ‘Field ID’ etc.). In the 

selection boxes to the right, you can select the reporting unit (e.g. TU, pCi/kg, Bq/kg) for this 

template, as well as the uncertainty coverage factor (e.g. Sigma 1x or 2x). Finally choose a 

logic for displaying samples below detection limit: (a) showing their value, but marked with 

an asterisk with a footnote shown, or (b) showing a replacement text like ‘<DL’. You can 

specify both footnote and the replacement text but only the text whose logic you have 

selected will be shown. 
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The ‘Comments and Remarks section’ will only be shown if you have checked the ‘Include 

Remarks’ checkbox at the top. Specify the headers according to your needs. All comments 

must be included during the creation of a report. The ‘additional remarks’ field will fetch the 

project comments from the database but remains editable.  

 

Finally, edit the closing section and footer of the report. Enter a closing salutation and pick a 

staff member name to sign the report, and use the ‘unsigned text’ field to enter a phrase for 

reports that are unsigned. Signature images are not supported. Define your footer, for 

example as populated below. The footer will always show the report number and the page 

number of total pages.  

 

Save your template using the Stop edits button and you are ready for reporting. 
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5.0 Submitters, Projects and Samples 

5.1 Add or Edit Submitters  
Before 3H samples can be analysed and reported using TRIMS, they must be associated with 

a Submitter (or a client) and a Project. A Submitter is typically the person responsible for 

sample submission and to whom the tritium results will be reported. A Submitter can be 

laboratory and technical staff. TRIMS tracks of all laboratory customers and the information 

associated with their data. 
 

A Submitter list can be pre-populated with existing clients, or submitters may be added 

individually over time. Always ensure a Submitter exists before attempting to create new 

projects. Pay attention to the correct spelling and avoid inadvertent duplicate names (e.g. 

Bill Smith and William Smith).  

To add a new Submitter:  

On the TRIMS Main Page, Click Settings tab. 

1. In Item to Edit pull-down, Click Client. 

2. Click the New button. Enter a Last Name, First Name, and other optional contact 

and address information.  

3. Click Save, then Click List to see your current list of customers.  

4. To remove a Customer, click on Delete. 

To Edit Submitter: 

1. On the TRIMS Main Page, Click Settings tab. 

2. In Item to Edit pull-down, Click Client. 

3. Choose the Person. Click Edit and change the information.  

4. Click Stop Edit, and Yes to “Save Changes?” to save the information.  
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5.2 Projects  

TRIMS organizes samples into laboratory Projects (short: ‘projects’). A Project is defined as a 

set of samples that share the same organizational attributes (i.e. arrived at the same time, 

from the same submitter, belong to the same study, are to be analysed for the same 

analysis. TRIMS allows one to add new samples to an existing project (e.g. to handle late-

arriving samples; this can be customised in the general settings). 

Project properties 

The following table describes the attributes which are used to characterize and handle 

Projects. Some attributes (including the project ID) are set automatically by TRIMS and are 

not described here. 

Attribute Description Example 

Project Name 

or Purpose 

Mandatory. Descriptive name or code for 

the samples. Must be a unique name in 

TRIMS. 

‘TC/RAF/7/011-Chad’ 

‘GNIP/Vienna’ 

Submission 

Date 

Mandatory. Sample arrival date in lab.  2017-04-26 

Receiving 

Number 

Optional. Code or number if laboratory uses 

a receiving log book. 

3611 
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Submitter Mandatory. Name of the Submitter. 

Submitter must first be added if not 

available. 

Smith, John 

Manager Optional. Person who manages logistical or 

technical questions concerning the samples. 

Taylor, Joanna 

Payer Optional. Person who will pay the invoice. 

Must be in Submitter list. 

Jones, Emily 

Payer 

Reference 

Optional. Payer’s reference code, e.g. a 

purchase order number. 

PO 2015/12345 

Field Location Optional. Description of sample origin. ‘Vienna rain’ 

‘Chad GW’ 

Store Location Optional. Storage location of samples in the 

lab to facilitate search and retrieval. 

‘Tritium sample store, 

section A, shelf 3’ 

Priority Mandatory. Indicates urgency of analysis in 

workflow. Default is ‘normal’ (rush, etc.) 

Rush, High, Normal, 

Low, Archive 

Requested 

Workflow 

Mandatory. Procedure the client requested. 

Must be an available laboratory workflow 

‘Std. enr. LSC (EF ca. 17)’ 

‘Highly enr. LSC (EF ca. 

32)’ 

Remark Optional. Other information or comments 

you wish to store. 

‘Bird faeces’ 

‘High level of TDS’ 

 

Sample properties 

 

The following table describes the variables used to characterize water samples in the 

submission form. Some attributes (including the sample ID) are set automatically by TRIMS 

and are not described here. The sample ID is structured as prefix plus unique number; since 

TRIMS however only deals with a single type of media (water), the prefix (‘J’) is often not 

shown. 

 

Attribute Description Examples 
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Sample name Mandatory. Sample name MUST match with 

the label on the bottle. MUST be unique 

name inside a Project. 

‘Vienna 201704’ 

‘PG3170423 well’ 

Sampling date Mandatory. Date when sample was taken; is 

used to decay-correct the results. For rain 

samples we recommend the mid-point of 

the sampling interval. 

2017-04-15 

 

Sample type Mandatory. Will be ‘unknown’ (UNKWN) for 

the most samples. All other types are 

reference or control samples. 

UNKWN 

Country Optional. Country of origin. ‘AT’ (Austria) 

Latitude Optional. Latitude in decimal degrees. 48.21 

Longitude Optional. Longitude in decimal degrees. 16.2 

EC Optional. Electric conductivity in the field in 

μS/cm 

321.4 

Temp. Optional. Field water temperature in °C 12.1 

pH Optional. Field pH  6.3 

Alkalinity Optional. Field Alkalinity 423.2 

Comments Optional. Any other information concerning 

the sample. 

‘yellowish colour’ 

 

The following attributes need to be set through the interface (sample property menu, see 

below): 

Selected 

workflow 

Through this attribute, the requested 

workflow (by the client through the project 

properties) may be modified, e.g. if 

individual samples do not meet the physical 

requirements of the requested workflows. 

Example: Enrichment of 

500 ml of rainwater is 

requested but only 250 

ml of water was 

submitted. 

Sample status Sample status is set automatically by TRIMS 

as the sample goes through the analytical 
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process. Administrative user permissions are 

needed to change this manually. 

 

Analytical workflow 

 

Tritium assays involve multiple preparation steps and time-consuming procedures. TRIMS 

was designed to support all the analytical steps in this workflow process, while at the same 

time keeping an overview about samples, projects, multiple instrumentation, and 

monitoring priorities and routines. Overview about analysis status is possible: 

• On the level of assay batches (i.e. per distillation, enrichment or LSC run) 

• On the level of projects and samples (i.e. progress status per sample or project) 

To this end, TRIMS uses status codes for projects and samples as well as individual assays 

Project status Description 

Registered Project is registered and is in the analysis queue according to priority 

and date of submission. 

In Progress At least one sample in this project has been started to be analysed 

Finalized All samples in this project are completed (or cancelled) 

Reported All analyses are approved by the lab manager and are communicated to 

the submitter or project manager. 

(Cancelled) All samples in this project were cancelled. 

 

Sample status Description 

Registered Sample is registered and in the analysis queue according to priority and 

date of submission. 

In Progress First assay of this sample has been started. 

Finalized Assay(s) of this samples have been completed, at least one successful. 

(Cancelled) No successful assay could be completed. 
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Analysis status Description 

Being distilled Sample is in a distillation batch (or any other purification method). 

Marks the ‘start’ of an analysis. 

Distilled Sample was successfully distilled (EC lower than the threshold specified 

in global settings) and is ready for enrichment. 

(Repeat 

distillation) 

Sample EC could not be lowered and purification needs to be repeated. 

Being enriched Sample was incorporated into an electrolysis run and is being 

electrolysed. 

Enriched Electrolysis was completed and is awaiting LSC counting. 

Being counted Sample is in an LSC counting run. 

Counted LSC has been completed. 

Evaluated LSC data have been evaluated and accepted. 

(Repeat LSC) LSC data were unsuccessful and needs to be repeated. 

Reported The project/sample analysis reported and closed. 

 

5.3 Adding Samples  

Adding Samples using Excel Spreadsheet 

Samples can be imported to a TRIMS Project from a TRIMS/LIMS Microsoft Excel sample 

submission spreadsheet or can be entered manually.  

During importing, samples can be added into a new Project, or can be appended to an 

existing project if the selected project is not closed or is not older than a lab-specified 

append-allowed time. The append-allowed time can be set via Settings > Global Values 

option. 

TRIMS verifies that all mandatory fields for both the project and the samples have been 

correctly entered prior to saving the data and will alert the user to complete missing items, 

if any. 
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To Import Samples to New Project: 

1. Click on Projects tab from TRIMS home page  

2. Click New 

3. Check Select Upload mode (New Project or Append to Existing Project). If Append is 

selected > Select an Existing project from the list 

4. Check Sample Type (usually Unknown Samples).  

5. Click Select Upload Source (LIMS Submission Worksheet or Manual Entry). 

6. If from LIMS Submission Worksheet > Browse to the Excel file and select it. If the file 

exists and is a valid submission sheet, TRIMS will import the project and sample data 

and display them for you to evaluate and complete before saving. 

7. TRIMS displays the attributes of your samples (entered either manually or via 

submission sheets). Missing mandatory data, such as the sample collection date, are 

highlighted. 

8. Complete the required project information (see project attributes description above) 

9. Click Save to store or update the Project in the database.  
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5.4 Browsing Projects 

 
The Projects tab provides a powerful search or sort browser tool with a combination of 

several searching field options. It has an incremental search option: each search box keeps 

filtering the data by combining options. To clear filters click ‘Refresh All’ (9). 
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1. Move to the Projects tab in TRIMS’ main window 

2. The New button gets you to the project upload (see above) 

3. Use the filter criteria to narrow the selection of projects 

4. The projects’ list shows all available projects matching the specified criteria 

5. Use the ‘A>Z’ or ‘Z>A’ buttons to sort projects by certain attributes in ascending or 

descending order. 

6. The project list displays available projects and their details. Double-click on any entry 

to open its properties. This will open the Project Properties window with project and 

samples details. 

7. Click Export to export a list of selected projects to an Excel spreadsheet. 

8. Click Print to print a list of selected projects. 

9. The Refresh all button removes all filters. 

 

5.5 Editing Project Details  

In the Projects window, double-click on a selected project to open its properties: 
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1. Navigation – use the arrow buttons or the combo box to navigate among the 

projects you have filtered in the project browser. 

2. Click Edit to modify the project’s properties. When done doing so, this button’s 

caption will change to Stop Edit. Click this button to save your edits. Note that by 

default, all attributes are locked, and only through clicking the Edit button it is 

possible to make changes. 

3. Project attributes 

4. Project background and status. Note that the status is usually determined 

automatically by TRIMS and that it is not recommended to make changes here! 

5. Click Samples to display the sample information for all samples in this project. 

6. Click Labels to print sample bottle labels for this project (see below) 

7. Click Export to export sample details and results to a spreadsheet. 

8. Click Print report to print an analytical report. This is only available if all samples 

have been finalized (or cancelled) and you will be asked whether to set the project 

status to ‘reported’. 

9. Click Invoice to generate an invoice for this project. 

10. Displays samples’ details, their analytical status and intermediate and final results. 

11. Summary of analytical status of samples. 

 



36 
 

 
 
 

5.6 Editing Sample Details  

 

From Project Properties window, click Samples to open Sample Properties window: 

1. Navigation – use the arrow buttons or the combo box to navigate among the 

samples of the currently opened project. 

2. Click Edit to modify the sample’s properties. When done doing so, this button’s 

caption will change to Stop Edit. Click this button to save your edits. Note that by 

default, all attributes are locked, and only through clicking the Edit button it is 

possible to make changes. 

3. Sample information – core attributes 

4. Progress flowchart – shows the position in the workflow of any assay of this samples. 

Use the ‘Record <>’ button to move between assays if there are more than one per 

sample. 

5. Sample details – further information 
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6. Analyses – overview of all completed assays for this sample. 

 

 

5.7 Printing Sample Labels  

 
There are three options to print sample labels: 

• On a DIN-A4 sheet (we recommend Zweckform Avery 3490 labels, in general 8x3 

labels per page)  

• On a US-Letter sheet (format to be determined) 

• Using a DYMO TwinTurbo 450 label writer (using ‘large address 99012’ labels). 

Of course, simpler alternatives, such as hand-labelling bottles are possible if a label printing 

device is not available. 

When clicking the ‘Labels’ button, the following dialogue will appear: 
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You may then specify the print range (using from sample ID to sample ID fields), the number 

of copies, the format (DIN A4, US Letter, Dymo) and also the printer device. Click Print to 

perform the print job. 

5.8 Edit Global Parameters 

There are some globally defined parameters that are required by one or more TRIMS 
modules. Since the Parameter names are hard-coded in the program, the user can edit only 
the parameter values and their descriptions through this interface.  

 

1. TRIMS > Settings 

2. Select Global Parameter 

3. Select Existing parameter (for Edit only) 

4. Edit: Edit to start editing 

5. Edit Parameter Value 

6. Edit Parameter Description 

7. Stop Edit: To stop editing and then confirm to save the changes 
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6.0 Sample Primary Distillation  

 
Most water samples arriving in the laboratory need to be distilled prior to electrolytic 

enrichment to remove dissolved salts that may corrode the electrodes or otherwise cause 

problems with the electrolysis system. 

 

Water samples can be pre-distilled (or deionized) in batches using one of the following 

techniques: 

• Boiling and Vacuum Distillation 

• Ion Exchange method  

The Primary Distillation window shows a list of all Distillation Runs and their status (with 

colour coded indicators): 

Successfully completed on-going Run; Passed expected end date 

 

 

 

Interacting with Distillation window 

1. Go to Distillation window 

2. Check box to display all runs including completed ones 

3. Enter Batch/Run Number to Load 

4. Click on Load 

OR 
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5. Double-Click To Open the selected Run 

6. Sort Runs in ascending or descending orders using one of the fields 

 

Create a New Pre-Distillation Batch 

 

 

1. Distillation – Go to Distillation Runs Window 

2. New – Create New Distillation Run  

3. Workflow > Select a workflow (If a workflow has an associated Primary Distillation 

method, selecting a workflow will automatically select the Distillation 

System\method).  

Note: Volume corresponds to Sample Volume for the selected Workflow 

Note: To get list of samples from different distillation systems at the same time, skip 

3 and 

4. (Optional) To change the default distillation system, Distillation > Select a Distillation 

method/System 

o Volume corresponds to Flask Volume for the selected distillation system 

o If no Workflow is selected, all available registered samples will be displayed 

o Total positions: total number of flasks in the selected system 
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o Available Positions in System: Positions not yet assigned 

5. Double-Click to add from List of samples that failed during previous runs and flagged 

for repeating 

Note: If there are samples that failed during previous Runs and were flagged for 

Repeat, they will be displayed in the “List of Failed Samples” 

6. Double-Click to add from List of registered samples sorted by priority and workflow  

7. Transfer selected samples from queue to current run/batch 

8. Automatically transfer the required number of samples to the New Batch 

9. List of selected samples ready for distillation in the current batch 

10. Reset - Reset the whole process and start again without saving 

11. Create Run - Create the current batch and close this window 

 

Edit Distillation Status and Electrical Conductivity 

 

From Distillation Window > Enter Run Number > Load a Run 

 

To Enter or Edit Data 

1. Edit: Start or Stop Editing 

2. Enter measured Electrical Conductivity before distillation (uS/cm) in EC Before 

3. Select Technician1 and/or 2 
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4. Labels: If you have a label writer, print Labels (Default Label writer is Dymo 

LabelWriter 450) 

5. Print: Print list of samples and details for the batch 

6. Close: Close window 

To Print Distillation Bottle Labels 

 Primary Distillation Data Entry Form > Labels 

 

Primary Distillation Data Entry Form following Distillation  
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To Enter Data and Finalize Distillation Run 

Load Run > Edit 

1. Enter measured Electrical Conductivity values after distillation in EC Final 

2. Change distillation status for each sample. The Status can be changed for the entire 

batch by using the button. 

Status can be changed to: 

- Distilled Success 

- Cancelled – if sample was repeatedly tried and cannot successfully 

distilled to the required level 

- Repeat – to be repeated in future run(s) 

3. Enter Distillation “End Date” using the date picker  

4. Save Edits and 

5. Close the window 
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7.0 Electrolytic Enrichment  

TRIMS organises Enrichment Runs by status with colour-coded status indicators. 

 

 

1. Go to Electrolysis Window 

2. Show All: Display All RUNs (ticked) or only Currently “Being Enriched” Runs 

3. Type in Run Number and 

4. Load the selected Run or 

5. Double-click on selected Run to Load 

6. Sort by one of the fields 

7. Start a New Electrolysis Run 

8. Delete an Existing Electrolysis Run (caution - this feature is limited to users with 

administrative privileges) 

Create a New Enrichment Run 

Electrolysis > New 

1. System: Select an Electrolysis System to use for the Run 

Note:  The default procedure for the selected system is automatically selected 

2. Procedure: select an Enrichment Procedure (if different from default) 
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3. Parameters associated with selected procedure and system: 

- number of cells in the system,  

- number of spikes in the procedure,  

- the system’s cell start ID,  

- the spike sample ID to be used for the Run, 

- Last spiked Cell ID – this is automatically rotated at each Run 

o On the very first Run or on reset, Last Spiked Cell shows -9999 

4. List of successfully distilled samples ready for Enrichment sorted by priority and 

workflow 

Note: The l ist of pre-distilled samples is displayed in the “List of Ready samples” box 

based on Workflow, sample volume and selected procedure. To override workflow and 

procedure filters, check the “All Possible Samples” checkbox. This is relevant in cases where 
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the lab has more than one Electrolytic system and several associated procedures and 

workflows 

5. Transfers single selected sample(s) at a time to the Run 

6. Automatically transfers the required number of samples based on priority from the 

available list 

7. Shows list of added samples to the Run 

8. Add Control samples (Spike, dead water, tap water, etc.) to the Run at a specified cells 

All: To Fill All Positions with selected sample 

  

9. Reset: restart the process all over again without saving 

10. Create Run: Create the Run with the selected system, procedure and added samples 

after making sure that all the needed information is entered and samples populated 

11. Close the window 

 

Working with an Electrolysis Run 
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To Edit Run metadata and Cell Gravimetric Data 

1. Enrichment > Start Editing 

2. The Edit Buttons will be activated to allow entering data 

3. Enter Gravimetric Data for the selected variable 

4. Close the window when finished 

5. Enter Enrichment End Time and Change the Status (when finished) 

6. Enter/Edit Technician names 

7. Enter any remarks for the Run 

8. Stop/Save Edit > Yes to save changes 

9. Close to close the window 

OPTIONAL - To Go to Deuterium Enrichment from Electrolysis Window  

(See Appendix 1 for 2H Method) 

1. Deuterium  

If the TRIMS IDs are not yet created, TRIMS may ask you to create them 
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Confirm with “Yes” to Add the Samples to TRIMS Deuterium table 

2. Generate LIMS IDs (requires connection to LIMS): Creates LIMS projects and LIMS 

IDs (for pre-enrichment, post-enrichment, or both samples). The associated LIMS IDs 

are stored in TRIMS. 

 

3. Retrieve TRIMS Data: Imports δ2H data from LIMS into TRIMS after the deuterium 

analyses are completed 

4. Compute EF: Compute deuterium-based enrichment factor and uncertainty and 

recovery factor 

5. Close: Close deuterium window 

 

 

The Deuterium Enrichment Window displays the following global parameters. These values are set 

by the user in the Settings tab of TRIMS: 

- Uncertainty values for the pre- and post-enrichment -values,  

o Pre-Enr. H2 Unc.: ± 2H permil uncertainty of the pre-enriched samples obtained 

from IRMS or laser instrument. For example, ± 1.0 permil.  

o Post Enr. H2 Unc.; ± 2H permil uncertainty of the enriched samples obtained 

from IRMS or laser instrument. For example, ± 21 permil. 
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- The Deuterium / Tritium cell constant is derived through experiments using all Spike 

runs or based on long-term time series spike data.  

o Settings ➔ Enrichment System ➔ Cells ➔ New Cell Constants 

▪ New Values can be computed or manually applied to all the cells in the 

system 

o Cell Constant ± uncertainty of the cell constant - conversion factor correlating 

the 3H to 2H enrichment 

 

- Deuterium Recovery values: 

o Warning: electrolysis cell needs monitoring if 2H recovery is < 70 % 

o Critical: electrolysis cells likely need reconditioning and are (optionally) made 

unavailable for next runs if 2H recovery is < 50 %. 

o These 2H recovery threshold values are system specific and can be entered in the 

Settings tab.  

 

- A default pre-enrichment 2H value  

o Pre Enr. 2H: if you did not measure the deuterium content of the water samples, 

or in the case of cell conditioning where all samples have the same value, a 

default 2H value can be assumed. Generally, set a value close to your local tap 

or distilled water supply.  

Note: the use of deuterium in TRIMS assumes the laboratory has the capability to measure both 
natural abundance and highly enriched 2H water samples. In TRIMS, these analyses are handled by a 
direct database linkage to LIMS for Laser or LIMS for Light Isotopes software (free from 
iaea.org/water). The setup of this LIMS software is beyond the scope of TRIMS.  

See the following papers for details on using the 2H instead of the Spike method:  

Coplen, T. B. and L. I. Wassenaar (2015). "LIMS for Lasers 2015 for achieving long-term accuracy and 

precision of d2H, d17O, and d18O of waters using laser absorption spectrometry." Rapid 

Comm. Mass Spectrom. 29(22): 2122-2130. 

For details on using the 2H enrichment method as incorporated in TRIMS, see the following paper:  

Wassenaar, L. I., et al. (2016). "Measurement of extremely 2H-enriched water samples by laser 

spectrometry: application to batch electrolytic concentration of environmental tritium 

samples." Rapid Comm. Mass Spectrom. 30(3): 415-422.  



50 
 

8.0 Liquid Scintillation Counting  

The Counting window shows a list of existing runs with the colour-coded status indicators 

 

 

1. Counting: Go to LSC Counting Runs window 

2. Enter Run Number to Load 

3. Load selected LSC Run 

4. Show all Runs (Completed and on-going) 

5. Double-click on record selector to Load that Run 

6. List of Runs with color coded status indicators: 

a. Yellow - Being Counted  

b. Red – Expected End Date due (data not yet processed) 

c. Green – Counting completed and data processed 

7. Sorting buttons 

8. New: launch the “Create New LSC Run” window 

 

To Start New Run: Counting > New 

1. Counter > Select an LSC Counter 

2. Select LSC procedure 
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Note: The default procedure for the counter is automatically selected 

The associated data for the selected procedure is displayed, including: 

- number of samples per run 

- number of the standard, background, spike, lab air moisture, etc. samples 

3. List of samples flagged for Repeat from previous RUNs (empty means none) 

4. List of samples Ready for counting 

• The List of Ready samples is filtered by the selected procedure, which is 

linked to samples Workflow.  

• To override and display all possible samples, check the “Show All Samples” 

box (10) 

• To display samples other than Enriched, change to the desired status from 

the “sample status” drop down list (12) 

5. Transfer Selected Samples to the LSC Run: Automatically transfers the required 

number of samples from the available list based on priority and workflow. 

6. Reset, clear all selection and start again without saving 
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7. Optionally Add Control Sample to the Run 

a. Select a control Sample and Position(s) 

b. Add 

 

8. List of selected Samples for the new run 

9. Create RUN: Once all the information is entered and the required samples 

transferred, Create RUN and this will create the RUN, close this window and open 

the LSC Run window 

10. Remove filter and include all available samples in the list 

11. New Template: Override the default template associate with the selected procedure 

and create one for this Run 

12. Sample Status: change the default status and list samples having the selected status 

only 

The Counter Run window 

There are four tabs in Counter Run window: 

• Load List 

• Import  

• Evaluate (hidden if data not yet imported) 

• Finalize (hidden if data not yet imported) 

 

1. Edit Run: To make changes to the Run Metadata (Technician names, Remarks, …) 

After making the changes, Save Changes and Stop > Stop Editing 
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2. Export the LSC Load list to MS Excel 

3. Print Load list: print a report with the Run information and sample details including run 

position, equipment number, procedure, etc. It is important to keep this printout by the 

LSC counter during the counting time for easy referencing in case needed. 

4. Display only unknown samples and exclude all controls and reference samples from the 

list 

5. Repeat Run 

6. The four analysis and evaluation tabs 

7. To Elys Run: Go back to see the associated electrolysis run(s) 

8. Close: close the window 

 

 

The Load List tab 

This is the default tab with positions in Run, samples id, analysis id and sample type. It also 

displays the enrichment factor, LSC mean data and final tritium levels after computation. 

 

Importing count data  

After LSC counting is completed, the Import module and a statistical outlier detection tool 

are provided from the Import tab. 
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TRIMS importing module currently supports the following counter file formats: 

• Packard/TriCarb text file with no header 

• Packard/TriCarb text file with header 

• Quantulus GCT file 

• Quantulus 1220 Registry file 

• Quantulus 1220 Spectral files 

• Hidex Matrix Export format 

• Aloka csv text file format 

 

Using with the LSC Data Import Module: 

1. Go to Import Tab 

2. Browse to the LSC file for the Run 

3. Select the file format and the separation character (comma, semicolon, etc.) 

4. Import/Load data to the Import Window 

5. Select the optimised CPM window for the Run 

6. Select the Quench Indicator Parameter (e.g. tSIE or SQP) window for the Run 
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7. Save/Reset Windows settings (only when needed) 

8. Select an outlier detection method from the available list 

9. Apply Outlier Detection and plot to see proposed outliers 

10. A cycle identified as a possible outlier is identified with a red marker 

11. Browse through all LSC individual samples to plot the cycles and assess the data 

12. A cycle identified as a possible outlier is marked as outlier in the table 

13. Save the data in the database for further analysis 

14. Export to XLS: Export the data to MS Excel worksheet 

15. Change the LSC data field to plot 

16. Change Activity Unit for later Computation 

 

Note: The optimal spectral window for tritium is pre-determined a priori by calculating 

the best figure of merit (FOM) for each LSC counters, which combines information about 

the counter efficiency and background.  

Quenching parameter such as tSIE, SIS or SQP(E) is imported if activated and if available. 

Load Data without a file path will try and load saved LSC data for the Run. 

 

Detect and optionally remove potential outlier cycles from each assay before 

calculating the final mean count rate; TRIMS provides an interactive tool that uses 

several robust statistical methods such as the modified z-score method for outlier 

detection (Iglewicz and Hoaglin, 1993); 
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9.0 Evaluation of Completed LSC Data  

 
Evaluating an LSC Run 

 

The Evaluation tab shows the different counted sample types in sub-windows. The mean 

background for the run is computed from the background samples; the counter efficiency 

and calibration factor are computed from the standard samples; and the enrichment 

parameter is calculated from the spike. The analyst may ignore (with caution) one or more 

of these during the evaluation process if determined to be an outlier. 

 

 

Interacting with the Evaluation window 

1. Go to Evaluation Tab 

2. Imported count data for internal standards (if any) 

3. Imported count data for background samples (if any) 
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4. Imported count data for spikes (if any) 

5. Imported count data for the unknown samples 

6. Click the Compute button to process the LSC Run  

7. Launch the QA/QC: for quick assessment of historical Background and Counter 

Efficiency 

8. Computed Enrichment Parameter for the Run 

9. Computed LSC Run data 

10. You can switch between enrichment factor computation methods (experimental) 

11. Metadata for LSC RUNs 

12. Write Final Result is inactive until Final Evaluation in next tab 

 

Compute Run: Computes the mean background, the counter efficiency, the enrichment 

factors (if any) and the decay corrected tritium units for the analysed samples in the Run. 

 

Finalizing a Run 

 

The Finalize tab provides the computed enrichment factors, final tritium values and 

associated uncertainties after applying error propagation on each step. The analyst can 

select between the three different “Enrichment Factor Methods” for the LSC run: 

• Deuterium Method (if available) 

• Spike-based using mean Enrichment parameter values from that Run 

• Spike-based using historical mean Enrichment parameter values for the cells 

• Direct Counting (in this case, no enrichment) 

 

After careful evaluation, the analyst “Finalizes” the Run. If there is any analysis that needs to 

be repeated or cancelled, the status flag of each analysis can be changed at this stage. 
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1. Go to Finalize tab 

2. Select Enrichment Factor Method and Activity Unit (default set in Global Parameter) 

3. Status of individual analysis can be modified if desired 

4. Or use the bulk status modified to change status for all analyses in the Run 

5. Assess the validity of the counter Run data 

6. Finalize: Save the results and finalize the Run 

7. Change the Run Status to Evaluated if it is not automatically changed 

Note: At this point the Run is ready for reporting 
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10.0 Reporting Final Results  

The last step of tritium analysis is reporting the results. Whilst the previous steps in the 

workflow (purification, electrolytic enrichment, liquid scintillation counting and evaluation) 

were completed at the level of individual assays and batch-based processing, the reporting 

step collates the individual results on a per-project basis and communicates the results to 

the clients.  

We recommend reports are issued by the lab head or managerial staff. Furthermore, and 

unless there are questions or complaints related to the reported results, projects should be 

marked as ‘closed’ after reporting, i.e. no further measurements are to be undertaken. The 

physical samples (or their leftovers) should be archived or returned to the clients pending 

their review of the results. 

Identification of reportable projects 

We recommend tritium laboratory managers routinely screen for projects that are ready to 

report (either after completion of LSC run evaluation or following a regular schedule). To 

achieve this, open the project browser, and set the ‘Status’ filter to ‘Finalized’. This will 

show projects for which all samples have been assigned the ‘finalized’ or ‘cancelled’ status. 

Reporting 

From the list of reportable projects, double-click on each to open the project details. This 

allows you to have a final look at the sample results and the post-enrichment deuterium 

values.  

To report a project:  

• Print a report (this automatically sets the project status to ‘reported’), 

• Export the results to a spreadsheet  

• Send the results to client. 

• Archive, return or dispose of leftover samples.  
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Creating a report template 

To create a report template, click ‘Report’ in the project properties window: 

 

The report configuration window opens. It is structured like other editable items in TRIMS 

(i.e. with New/Edit/Stop Edit buttons). 

 

To create a report, click ‘new’. (Note: if you wish to create a new report for a project which 

already has a report, you will be prompted to revise the existing one rather than creating a 

new one.) TRIMS will pre-populate the report with the current project’s data: 
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After that, choose one of your reporting templates established during setup: 

 

TRIMS will fetch several settings from the template, like the contact person and signing 

person, whether to include sampling, analytics and remarks, the report numbering format 

and the units, sigma and detection limit reporting settings.  
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• Any of the settings here are directly editable, including the sequential report number 

per year and the final report number string. 

• TRIMS will fetch the project remark and display it in ‘additional remarks’ but again it 

is fully editable (hence you may remove or rephrase comments your staff made 

internally).  

After making your changes, click Stop Edit to save the report. After saving, you might see at 

a notification that the project is not yet set to ‘reported’ and/or the reporting date is 

different from the date of issuance: 

 

Revising reports 

You may run into a situation where you need to revise a previously issued report. This 

requires the initial report number to be traceable, and a comment is made that the report 

has been changed. To revise a report, click the Revise button in the report menu: 

 

Technically, this will create a new instance of the report by copying all of its initial settings. A revision 

number (‘Rev.’) will be created and is appended to the project number string. Insert a comment 

briefly describing the changes and edit any report settings. Note that changes to samples, results, 

projects etc. need to be done in the corresponding TRIMS windows. To finish, click ‘Stop Edit’ to 

save changes. 
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Preview and print 

To preview and/or print your report, click on ‘Preview’. Note that a preview is not available 

during editing stage. 

 

A report will open in a separate tab. Right-click and choose ‘Print…’ to send it to any printer 

installed. You can also choose ‘Export’ > ‘Word RTF File’ to save it in Rich-Text format. 
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Export data table 

To export the results to an .xlsx file, click on the ‘Export’ button in the report menu. You will be 

prompted to enter/select a file name and path to store your file.  

 

TRIMS will export the different blocks of the report (such as the submission information, the 

sampling information, the analytical procedures description, the actual results and eventual 

comments and observations) on individual worksheets in the output file. The configuration of your 

report, such as the reporting units, the sigma factor, or your chosen way to report samples below 

detection limits, will be adopted automatically for the spreadsheet.  
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11.0 Tracking Laboratory Performance (QA/QC)  

The QA/QC module provides a way to quickly assess trends in Background and Counter 

Efficiency, spike enrichment parameters and factors, lab air moisture tritium levels, etc. 

 

 

The QA/QC window provides two parameters for assessment: 

1. Select the Parameter (Counter or Enrichment) 

2. Select a counter or an enrichment system to evaluate 

3. Select a sample or a cell to evaluate 

4. Enter start and End dates if desired 

5. Asses the long-term statistics for the selected system and the average statistics of 

the selected parameter for the selected period 

6. Tabular data for the selected system and parameters 
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Appendices
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Appendix 1 – Using the Deuterium Method for 

Determining Tritium Enrichment in TRIMS 

A preferred, highly reliable, method for determining 3H enrichment is by measuring the 

deuterium (2H) content in pre- and post-enriched samples. The strong correlation between 
3H and 2H in electrolytic enrichment allows the use of a simple cell enrichment conversion 

factor (k) to determine the tritium enrichment factor. The deuterium method is optional in 

TRIMS, and its benefits for laboratories are fully described in Wassenaar et. al. 2016: 

There are several user requirements before using the 2H method in the TRIMS software: 

• TRIMS users are able to measure natural abundance and highly enriched 2H samples 

using a laser–based water isotope analyser (up to +50,000 ‰ VSMOW). Users should 

have a recent water isotope laser analyser from Los Gatos Research (4th generation) 

or Picarro Ltd. (21xx Series), either instrument is capable of measuring highly 2H 

enriched samples.  

 

• Users will require highly 2H-enriched calibration standards (available from IAEA).  

 

• Users must process their laser deuterium data using LIMS for Lasers 2015 (or later). 

TRIMS connects directly and automatically to the LIMS for Lasers backend database 

to retrieve pre- and post-analysed 2H samples for subsequent enrichment 

determinations as described in previous chapters. 

 

• Users must have a live connection from the TRIMS software to the LIMS for Lasers 

backend database.  

 

Setup of LIMS for Lasers and laser instruments are beyond the scope of this manual, and are 

described in Coplen and Wassenaar, 2015. 
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Appendix 2 – Setting up a Quantulus 1220 Counter 
for use in TRIMS 

The Quantulus 1220 series high performance low-level LSC counter is fully supported by 

TRIMS. The 1220 series instrument was discontinued in 2016.  

 

Quantulus 1220 in IAEA Laboratory 

It is imperative to properly set up the Quantulus instrument for optimal 3H performance 

before using TRIMS. The user should: 

• Determine and set the optimal 3H counting window to obtain maximum FOM. 

• Set up data folders on the WinQ PC for storing individual LSC runs. 

• Decide on a systematic analysis template, to be used in TRIMS. 

• Naming of the instrument in TRIMS.  

• Set up network connection of the computer (optional) 

The registry.txt file (sample counting data file) is the summary file generated by WinQ and 

used by TRIMS. It cannot be renamed, and WinQ will overwrite previous registry.txt files 

located in in the same folder location. Hence it is critical to store each 1220 run in a 

separate folder.  
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Example: Quantulus 1220 Setup for TRIMS 

Here we illustrate a Quantulus 1220 setup in the IAEA laboratory for use with TRIMS. This 

example shows a 1220 instrument “Quantulus 3” set up for 500-minute low-level counting. 

The User for this instrument is called “ihl”. Several counting protocols have already been 

created by this user, as shown in the figure.  

Double click on Protocol “Q3-LL Normal” or click edit button to open. The number 3 on the 

lower right sets the instrument ID number in the registry file, i.e. if one has multiple 1220 

instruments (only up to 4).  
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The following window is shown after opening the Protocol “Q3-LL Normal”. Several tabs are 

shown.  

Under the “General Parameters” tab, set the Save Path for each run where the registry file 

and spectral files will be saved. You must set this path for each new LSC run or previous 

registry data will be overwritten! Specify the number of tray range-repeat cycles (here 10 

are shown).  

In the example, a folder was created that has the TRIMS generated Run number (e.g. RUN 

7062) to easily find these data for later import.  

Note: WinQ does not allow for spaces or any special characters – keep it simple.  

 
I  
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In the “MCA & Windows Settings” tab, ensure the 1220 instrument is setup as shown for 

measuring 3H in water samples and for compatibility for TRIMS imports.  

Configuration = 3H (low energy beta) 

Send Spectra (11, 12, 21, 22) 

Coincidence Bias = Low 

Note: The channel settings must be customized and optimized to achieve the maximum 

figure of merit (FOM) for each instrument. The channel settings shown here may not be 

optimal for a different 1220 LSC counter.  

In this case, the maximum FOM for this specific instrument was determined to be 76-167, 

for other 1220 instruments it could be 35-130, for example. Double click the entries to make 

changes.  

Be sure to edit the appropriate entries below to ensure TRIMS compatible files: 

Window 1 (1,1) - optimized for max FOM  

Window 2 (1,2) - optimized for max FOM 

Window 7 (2,1) - 1-1024 (leave to all channels) 

Window 8 (2,2) - 1-1024 (leave to all channels) 
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The “Sample Parameters” tab must be verified before each LSC run. When using systematic 

fixed templates these fields normally left unchanged.  

Note, WinQ does not allow TRIMS generated sample lists to be imported, and furthermore 

the number of lines in this window (ORD column) is restricted to 24. For this reason, we can 

instead use a single line of instruction to complete an entire counting job: 

Ord - 1 (line number) 

POS – number of consecutive LSC vials in the tray(s) – generated offline by TRIMS 

ID – leave empty 

CTIME (count time) = per cycle, per sample. Here 50:00 mins (times 10 cycles in General Parameter 

tab) = 500 minutes counting time per sample using vial range cycling.  

COUNTS = no limit on counts (this can be used to set a cap, for example for a high activity standard 

set to 10,000) 

CUCNTS = no limit 

MCW = 1 

REP = 1 (vial repeats).  

Internal Standard 

ST = Y (use internal standard)  

STMS = 1/1 

STIME = 1:00 (minute counting time) 
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Appendix 3 – Setting up Quantulus GCT or Packard 
Tri-Carb Counters for TRIMS 

The new Quantulus GCT series high performance low-level LSC counter is fully supported by 

TRIMS. The Quantulus GCT is based upon the same hardware and Quanta-Smart software 

platform as the older Packard Tri-Carb LSC counter, and share the same operating software. 

In these examples, the settings for the GCT and Tri-Carb Series are comparable, depending 

on the model and hardware options.  

 

Quantulus GCT series high performance low-level LSC counter. 

It is imperative to properly set up the GCT or Tri-Carb LSC instrument for optimal 

performance before using TRIMS. The user should: 

• Determine and set the optimal 3H counting windows to obtain maximum FOM. 

• Set up data folders on the GCT or Tri-Carb PC for storing each individual LSC run. 

• Decide on a systematic analysis template, to be later used by TRIMS. 

• Naming of the instrument in TRIMS.  

• Set up network connection of the computer (optional) 

• Create samples lists in TRIMS to import into Quanta-Smart 
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Example: Quantulus GCT (or Tri-Carb) Setup for TRIMS 

Here we illustrate a Quantulus GCT setup in the IAEA laboratory for use with TRIMS. This 

example shows the GCT set up for 500 minute low-level counting in Quanta-Smart Software.  

\ 

The Quanta-Smart software is organized by subfolders, each which contains a master 

protocol file. The master protocol (e.g. 3H in water) becomes the default method for all 

samples and subfolders created therein (and can be re-processed using different settings in 

Replay mode). By default, creating a new set of analyses in a protocol folder will create a 

new run folder having the date and time given as the folder name.  

Here we show a low-level 3H protocol set up for TRIMS on a Quantulus GCT. In the Protocols 

tab for 3H, double click on the results icon (e.g. the small atomic nucleus icon). This opens 

the master protocol windows, which has 5 tabs: 
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The Conditions tab for the Analysis (or Replay shown here).  

Assay Type: CPM 

Quench Indicator: tSIE (of external standard) 

GCT: Low (GCT model only) 

keV Energy Regions:  

A: 0.5 to 18.5 (CPMA – full energy window) 

B: 0 to 3.0 (maximum FOM energy window – determined empirically) 

Note: The channel CPMB settings must be customized and optimized to achieve the 

maximum figure of merit (FOM) for each instrument. The channel settings shown here 

may not be optimal for a different GCT or Tri-Carb LSC counter.  
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The Report Definition tab – here we added a report format called “Report 1.” Note, with 

TRIMS these data can be transferred digitally, not as printed hard copies.  

In the Report Fields, check the boxes shown as a minimum, in addition in the Report Block 

Data window, check “Assay Definition Block”, which automatically selects all of the relevant 

sub-categories.  

The lowermost panel indicates data fields can be re-arranged for printing or PDF generating 

purposes, but for TRIMS the order shown here does not matter.  
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The report output tab for TRIM. Check the box “Generate text files” 

File Type: Delimited Text 

File Name: Report 1 (or whichever name you wish) 

Output Per: check Sample, Include Column Header 

If printed copies are desired, check the Print Report box (optional).  
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The Worklist tab is where the user will load the TRIMS generated sample lists for each 

analysis run. The Sample # and primary id of the tray (PID#) are setup in the TRIMS software.  

Click “Import Worksheet” to load the sample list.  

In the example, we see a list of samples have been imported that are loaded into sample vial 

cartridges labelled with PID 5 and 6.  

Load samples into the appropriate cartridges and click the Run icon (green flag) on the main 

QuantaSmart Screen for the created run.  
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Appendix 4 – Setting up a Hidex 300SL Counter for 

TRIMS 

The Hidex 300SL TDCR low-level LSC counter is fully supported by TRIMS. 

 

Hidex 300SL high performance low-level LSC counter. 

It is imperative to set up the Hidex LSC instrument for optimal 3H performance before using TRIMS. 

The user should: 

• Determine and set the optimal coincidence time setting to obtain maximum FOM. 

• Decide whether to use 1) normal TDCR method with optimized ROI or 2) method with Digital Pb 

shield in open ROI or 3) a method with Digital Pb shield Chemiluminescence free ROI. The 3rd method 

with Digital Pb and Chemiluminescence free ROI is the default method for TRIMS. The detection limit 

with this method is slightly higher than the other two methods. However, it’s the most robust 

method having low risk of interference caused by luminescence or other low energetic noise, 

yielding in highest stability of counts. As consequence the risk of obtaining outliers is low. 

• Determine and set the optimal 3H triple and double counting windows for selected method to 

obtain maximum FOM.  

• Set up data folders on the PC for storing each individual LSC run. 

• Become familiar with the specialized TDCR template in TRIMS. 

• Naming of the instrument in TRIMS. 

• Set up network connection of the computer (optional). Data should be saved in the local PC as 

default and exported to network separately. 

• Create samples lists in TRIMS to import into MikroWin 300 SL software. Copy/paste the list in 

MikroWin at “Measurement/Tray Data/Sample Identifiers” - matrix 
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• Save the Hidex TRIMS Macro in the PC for opening the exported data after the run 

 

Method with Chemiluminescence free ROI and Digital Pb for TRIMS (Example of a typical 

set-up) 

The Hidex 300SL sample tray holds 40 samples. However, to leverage the benefits of TDCR 

technologies, a specialized template is required to obtain maximum performance. 

 

Position A1, B1, C1, D1 and E1 – holds Required Deadwater / Blank Samples 

Position A2 – Has a “high activity” 3H standard (preferably > 50,000 TU / 6000 Bq/L) 
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The Blanks in positions A1-E1 and the high activity standard 3H in position A2 are required to 

formulate spectral and statistical fittings (Digital Pb) to optimize the TDCR model for sample data 

processing and background corrections. These are fixed positions that must be included in each run 

template. The measurement time of the standard in A2 is limited by using Max Counts limit so it will 

not increase the total counting time. Five positions in Column 1 (A1, B1, C1, D1, E1) are used for 

placing deadwater/background samples. Five deadwater samples are counted to improve the 

background reduction statistics. The remaining tray positions are used for unknown 3H samples, 

standards, spikes and controls. 

More information about the Digital Pb method is available in Hidex technical note #513-012. 

More information on luminescence free counting with the Hidex 300 SL counter is presented in 

poster “Luminescence Free LSC method” at the LSC 2017 conference in Copenhagen. 

Instrument settings 

 

Set the counting time, e.g. 1875 seconds (31.55 min) and number of repeats (16) = total 500 

min/sample. 

Set the maximum count limit (10000). Sample counting is stopped after reaching 10000 counts total 

in ROI 1. This allows shorter counting times for standards and high activity controls. 

Activity type should be Low (implements use of Guard and displays CPMs with decimals). 

Coincidence time is in in nano-seconds. A typical optimized setting is 22 ns (default 35 ns). Define 

the optimal setting (best FOM) by measuring a standard and bkg with different coincidence time 
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settings.  As rule of thumb, the optimum setting is reached when efficiency is decreased by about 10 

% from the maximum – e.g. from 40 % down to 36 %. 

Select samples to be measured by clicking each position having a sample (see above).  

Select ROIs:  

1st ROI: triples low  

2nd ROI: triples high 

3rd ROI: triples + pure doubles above luminescence region 

4th ROI: triples + pure doubles in full 3H ROI 

- select the ROIs so that full ROI covers the entire 3H region (5 to the end point) 

- First and second ROJ should divide all triple counts approximately in a 50/50 ratio 

- third ROI should start from above the luminescence region (typically channel 5 - 110) and 

end at the end point of the 3H region 

- the division of ROIs in the example is more or less optimum for most Hidex 300 SL 

instruments using 8 sample and a 12 ml cocktail ratio 

- check the ROIs in advance with an active standard sample 

 

Select Beta Spectra and Beta triple spectra (optional)  to view the spectra of each sample/repeat 

after the measurement. The selection saves the spectral data of all repeats being useful if you need 

to view the spectra or need to reprocess the data after the run. 

Under “Advanced Options” tab you can find more settings: 

 

Enable the Guard and Cooling if it is available on your instrument. Note that cooling requires 2 -3 h 

to stabilize before measurements should begin. Precooling can be set under Instrument menu/turn 

on cooling. The temperature display appears at the software bottom bar when cooling is turned on. 

Other important options are the Delay Options. 

- Tray Delay can be used to dark adapt or temperature stabilize the samples prior starting the 

run (i.e. wait for 2 hours before starting). 

- Ionizer delay is the time the vial is staying in deionizer (for removing statics) prior moving to 

the detector. 5-10 seconds is sufficient.  
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- Measurement chamber delay is the delay time in the measurement chamber prior starting 

the run. This is used to stabilize the sample after the movement into the counting chamber. 

The default time is 5 seconds but in TRIMS application it’s suggested to set 600 seconds (10 

min delay before counting starts). 

 

Data export settings 

After the run is completed, the data is sent in Excel -format to the export data folder (Transfer-folder 

as default). The data is sent using the “Raw data export driver”. Settings below export the data 

compatible with TRIMS software: 

 

Export following labels only: CPM<KI>, CPM2<KI>, CPM3<KI>,TDCR3<KI>, TDCR4<KI>, CPM4<KI>, 

Time<KI> 

You can access the settings at Template/Export/Configuration/Template Export/Raw Data Export 

Driver/Export Driver Configuration 

It’s mandatory to use C:\Temp Directory as the Export Target. Create C:\Temp folder if necessary. 
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Export of the data can also be done manually after the LSC run or it can be automated by selecting 

Enable/Automatic. 

Save the parameter template with your settings (Template/Save As): 

 

 

Starting the run 

Enter Tray ID (can be automated from Installation menu/automation). 
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Press green START button 

The run is finished automatically after measurement of the last sample.  

Open the exported data in MS Excel format using Hidex TRIMS Macro and transfer the LSC data to 

IAEA TRIMS Software for further analysis and reporting. 

Example of the data opened using the Hidex TRIMS Macro  

Open the Macro and press “Import data” 
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Also, full data with all repeats is imported: 

300 HIDEX 300 SL
Calculation templates for IAEA LumFree template to export results to IAEA TRIMS software

#REF!

500,00

Sample ID Pos CPM tot SD %Eff F CPM Bkg Fitted CPM Fitted DPM

Bkg Pos: A1..E1 3,9 0,16 0,7902 3,19

H-3 Active Pos: A02 212,5 2,28 24,7 209,67 850,0

Unknowns Pos: B02 6,8 0,46 6,81 27,6

Pos: C02 5,2 0,48 5,18 21,0

Pos: D02 5,4 0,38 5,42 22,0

Pos: E02 3,9 0,33 0,27 1,1

Pos: A03 6,5 0,51 2,54 10,3

Pos: B03 8,8 0,66 4,80 19,5

Pos: C03 5,0 0,43 1,01 4,1

Pos: D03 5,3 0,43 1,25 5,1

Pos: E03 3,8 0,23 1,17 4,7

Pos: A04 5,5 0,36 1,52 6,1

Pos: B04 5,7 0,39 1,71 6,9

Pos: C04 6,3 0,46 2,32 9,4

Pos: D04 5,0 0,35 0,97 3,9

Pos: E04 3,8 0,31 -0,16 -0,7

Pos: A05 4,9 0,51 0,88 3,6

Pos: B05 5,7 0,41 1,71 6,9

Pos: C05 5,2 0,36 1,19 4,8
Pos: D05 5,0 0,36 1,04 4,2

Pos: E05 3,9 0,41 -0,15 -0,6
Pos: A06 4,9 0,40 0,94 3,8

Pos: B06 6,6 0,51 2,62 10,6

Pos: C06 5,0 0,45 1,00 4,1

Pos: D06 3,8 0,36 -0,16 -0,6

Pos: E06 10,0 0,65 5,99 24,3

Pos: A07 5,0 0,27 0,96 3,9

Pos: B07 116,9 2,49 112,87 457,5

Pos: C07 5,1 0,34 1,12 4,5

Pos: D07 212,7 1,72 208,74 846,2

Pos: A08 5,9 0,33 1,85 7,5

Pos: B08 5,6 0,47 1,55 6,3

Pos: C08 5,4 0,48 1,39 5,6

Pos: D08 213,6 2,61 209,64 849,8

* macro works with 

16 repeats onlyImport data
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Pos: A01 Data Background

Label/Time [hh:mm:ss] CPM<KI> CPM2<KI> CPM3<KI> CPM4<KI> TDCR3<KI> TDCR4<KI> Time<KI> W3 CPM LF (ATOT) W1 of B W2 of B W3 of B CPM LF of B (B) X SD

00:00:00 0,19 1,43 3,96 5,18 0,395 0,315 1875 2,40 4,02 0,384 1,556 1,987 3,927 3,944 0,158123

00:33:51 0,28 1,98 3,93 4,73 0,577 0,48 1875 1,66 3,92 0,326 1,574 1,936 3,836

01:07:43 0,54 1,66 4,09 5,05 0,523 0,437 1875 1,95 4,15 0,39 1,688 2,070 4,148

01:41:35 0,35 2,3 5,15 6,43 0,503 0,413 1875 2,56 5,21 0,368 1,646 1,976 3,990

02:15:26 0,63 1,43 4,35 5,31 0,441 0,392 1875 2,43 4,49 0,44 1,694 1,956 4,090

02:49:18 0,31 1,85 4,22 5,11 0,507 0,425 1875 2,08 4,24 0,384 1,638 2,072 4,094

03:23:10 0,41 1,5 4,15 4,83 0,462 0,397 1875 2,23 4,14 0,396 1,41 2,032 3,838

03:57:01 0,25 1,59 3,61 4,35 0,513 0,426 1875 1,76 3,60 0,364 1,636 1,975 3,975

04:30:53 0,28 1,75 3,77 4,76 0,525 0,43 1875 1,79 3,82 0,352 1,652 1,944 3,948

05:04:45 0,35 1,69 3,87 4,86 0,529 0,421 1875 1,82 3,86 0,398 1,486 1,936 3,820

05:38:36 0,35 1,69 3,8 4,6 0,521 0,444 1875 1,82 3,86 0,422 1,71 1,858 3,990

06:12:28 0,44 1,66 4,35 5,47 0,471 0,386 1875 2,30 4,40 0,424 1,558 2,108 4,090

06:46:20 0,35 1,34 4,15 4,99 0,408 0,34 1875 2,46 4,15 0,424 1,448 2,082 3,954

07:20:11 0,28 1,47 3,61 4,54 0,469 0,387 1875 1,92 3,67 0,442 1,552 2,057 4,051

07:54:03 0,47 1,24 3,32 4,28 0,5 0,403 1875 1,66 3,37 0,414 1,306 1,769 3,489

08:27:55 0,28 1,4 3,45 4,25 0,481 0,398 1875 1,79 3,47 0,398 1,58 1,891 3,869

Pos: B01

Label/Time [hh:mm:ss] CPM<KI> CPM2<KI> CPM3<KI> CPM4<KI> TDCR3<KI> TDCR4<KI> Time<KI> W3 CPM LF (ATOT)

00:00:00 0,6 1,75 3,58 4,6 0,652 0,514 1875 1,25 3,60

00:33:51 0,25 1,56 3,93 4,79 0,455 0,38 1875 2,14 3,95

01:07:43 0,47 1,91 4,31 5,4 0,533 0,444 1875 2,01 4,39

01:41:35 0,35 1,47 3,45 4,35 0,519 0,419 1875 1,66 3,48

02:15:26 0,44 1,88 3,87 4,92 0,587 0,474 1875 1,60 3,92

02:49:18 0,31 1,24 3,16 4,41 0,485 0,355 1875 1,63 3,18

03:23:10 0,38 1,31 3,23 4,15 0,515 0,408 1875 1,57 3,26

03:57:01 0,41 1,69 3,99 5,18 0,52 0,407 1875 1,92 4,02

04:30:53 0,35 1,66 3,87 4,63 0,504 0,434 1875 1,92 3,93

05:04:45 0,54 1,5 3,61 4,95 0,531 0,413 1875 1,69 3,73

05:38:36 0,38 1,37 3,8 4,6 0,454 0,382 1875 2,07 3,82

06:12:28 0,73 1,66 4,44 5,34 0,511 0,449 1875 2,17 4,56

06:46:20 0,35 1,27 3,51 4,28 0,455 0,381 1875 1,91 3,53

07:20:11 0,54 1,31 4,12 4,86 0,426 0,382 1875 2,36 4,21

07:54:03 0,54 1,43 4,12 4,99 0,481 0,397 1875 2,14 4,11

08:27:55 0,35 1,85 3,74 4,73 0,573 0,466 1875 1,60 3,80
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Appendix 5 - Evaluation of Results and 
Uncertainties  

Evaluation of Results 

After an LSC run is completed, TRIMS provides tools for importing the counter data, robust 

statistics for detecting and removing possible outliers and generating counter run statistics. 

For evaluation of each LSC run, it is possible to inspect each of the standard and blank 

samples and the overall background activity, the counter efficiency and enrichment factor 

values associated with the run. TRIMS also provides an interactive module for assessing past 

efficiency performance of the LSC instrument, the background values and enrichment 

parameters of individual electrolytic cells to help assess the performance and quality of the 

current run compared to past performance. This assists in the identification of cell 

performance degradation.  

The key steps required in evaluating a tritium analysis LSC run data are as follows: 

1. Import LSC run data in cpm (counts per minute) or dpm (disintegrations per minute). 

The optimal spectral window for tritium is pre-determined a priori by calculating the 

best figure of merit (FOM = E2/B) for each LSC counter, which combines information 

about the counter efficiency (ε) and background (B) (Pujol and Sanchez-Cabeza, 

1999); 

2. Detect and optionally remove potential outlier cycles for each counted sample 

before calculating the final mean cpm; TRIMS provides an interactive tool that uses 

several robust statistics methods such as the modified z-score method (Iglewicz and 

Hoaglin, 1993); 

3. Calculate the mean background count rate (Cbackground) from the blank (dead water) 

samples in the run; 

4. Calculate the net count rates (Cnet) for all the counted samples by subtraction of 

Cbackground from the gross count rates Cgross: Cnet = Cgross - Cbackground, with the latter 

calculated as the arithmetic mean counts in the accepted cycles after outlier removal 
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5. For 3H enriched water samples, the enrichment factor (Z=final/initial tritium 

concentration) is calculated using enrichment parameter P from two or three 

standard water samples (spikes) in each set of enriched samples 

6. Calculate the tritium content (TU) in each sample on the counting date and apply 

decay correction to obtain TU on sampling date 

7. Calculate the uncertainties of the measured tritium values using error propagation 

theory and the procedures outlined in (Gröning and Rozanski, 2003; Rozanski and 

Gröning, 2004) and described below. 

8. Report the results 

9. Assess QA/QC parameters 

10. Improve methods, parameters based on QA/QC assessment 

 
1. Computation of Activity and Associted Uncertainty 

The general equation that links tritium activity or massic activity to observed count rates 

based on ISO11929:2010 is given by (IAEA, 2017): 

𝑎𝑎 =
𝑟𝑛

m𝑠. 휀. ⅅ. Ζ. Χ 
(1) 

The associated activity uncertainty is determined using basic uncertainty propagation as: 

 

𝑢(𝑎𝑎) = 𝑎𝑎. √(
𝑢(𝑟𝑛)

𝑟𝑛
)

2

+ (
𝑢(𝑚𝑠)

𝑚𝑠
)

2

+ (
𝑢(휀)

휀
)

2

+ (
𝑢(ⅅ)

ⅅ
)

2

+ (
𝑢(Ζ)

Ζ
)

2

+ (
𝑢(Χ)

Χ
)

2

(2) 

 

Table 1: List and description of symbols used in the computation of counter statistics  

Symbol Quantity Units Comments 

𝑎𝑎 Massic activity Bq.kg-1  

𝑢(𝑎𝑎) Massic activity uncertainty Bq.kg-1 Determined by combination of 

contributing uncertainties 

𝑛𝑔 Gross sample count  Direct observation 

𝑢(𝑛𝑔) Gross sample count 

uncertainty 

  



90 
 

𝑡𝑠 Sample Count time s Direct observation 

𝑟𝑔 Gross sample count rate s-1 May be directly observed, 

depending on instrument, but can 

also be derived from gross sample 

counts and sample count time (see 

text below). 

𝑢(𝑟𝑔) Gross sample count rate 

uncertainty 

s-1  

𝑛0 Background count  s Direct observation 

𝑢(𝑛0) Background count uncertainty s-1 Derived in section 1.1 

𝑡0 Background Count time s Direct observation 

𝑟0 Background Count rate s-1 May be directly observed, 

depending on instrument, but can 

also be derived from gross sample 

counts and sample count time (see 

text below). 

𝑢(𝑟0) Background Count rate 

uncertainty 

s-1 Derived in section 1.1 

𝑟𝑛 Net sample count rate s-1 Derived in section 1.1 

𝑢(𝑟𝑛) Net sample count rate 

uncertainty 

s-1 Derived in section 1.1 

𝑚𝑠 Mass of sample kg Direct observation, although may be 

recorded as grams (g) or milligrams 

(mg) or as volume in millilitre or litre 

𝑢(𝑚𝑠) Mass of sample uncertainty kg Taken from current certificate or 

derived 

휀 Counting efficiency of the 

detector 

s-1.Bq-1 

(decimal 

fraction) 

Derived from an internal standard or 

a quench curve or from triple-to-

double count ration (TDCR) 

 

𝑢(휀) Counting efficiency of the 

detector uncertainty 

s-1.Bq-1 Derived in section 1.3 

ⅅ Radioactivity Decay  Derived in section 1.5 
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𝑢(ⅅ) Radioactivity Decay uncertainty  Derived in section 1.5 

𝑡𝑑 Sample Decay time s  

𝑢(𝑡𝑑)  Sample Decay time uncertainty s  

𝑇1/2 Tritium half-life d 4500  

(Lucas and Unterweger, 2000) 

𝑢(𝑇1/2) Tritium half-life uncertainty d 8 

Ζ Enrichment factor  Derived for enriched samples only 

u(Ζ) Enrichment factor uncertainty  Derived for enriched samples only 

Χ Conversion factor   Any unit conversion factor applied, 

e.g. 

1TU = 0.11919 Bq/kg 

u(Χ) Conversion factor uncertainty   

± 0.00021 Bq/kg  

(Morgenstern et al., 2009) 

 

1.1. Counting uncertainty: 

Radioactive decay is a random process that follows Poisson statistics (Knoll, 2010). 

Therefore, any radiation measurement is subject to some degree of statistical fluctuation 

which represents an unavoidable source of uncertainty (Knoll, 2010). According to ISO 

11929:2010 (IAEA, 2017), the uncertainty associated with the number of detected counts n 

is approximated as: 

𝑢(𝑛) = √𝑛 (3) 

For a counting time t the count rate r can be expressed as: 

𝑟 =
𝑛

𝑡
        ∴      𝑛 = 𝑟. 𝑡 (4) 

𝑢(𝑟) =
𝑢(𝑛)

𝑡
=

√𝑛

𝑡
= √

𝑟

𝑡
 (5) 
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The gross count rate is: 

𝑟𝑔 =
𝑛𝑔

𝑡𝑠
         ∴      𝑛𝑔 = 𝑟𝑔. 𝑡𝑠 (6) 

𝑢(𝑟𝑔) = √
𝑛𝑔

𝑡𝑔
2

= √
𝑟𝑔

𝑡𝑔

(7) 

𝑟0 =
𝑛0

𝑡0
         ∴      𝑛0 = 𝑟0. 𝑡0 (8) 

𝑢(𝑟0) = √
𝑛0

𝑡0
2 = √

𝑟0

𝑡0

(9) 

The net count rate is calculated by subtracting average background count rate (𝑟0) from the 

gross count rate (𝑟𝑔): 

𝑟𝑛 = 𝑟𝑔 − 𝑟0 (10) 

Hence, the uncertainty on the net counting rate is: 

𝑢(𝑟𝑛) = √𝑢2(𝑟𝑔) + 𝑢2(𝑟0) = √
𝑟𝑔

𝑡𝑠
+

𝑟0

𝑡0
 (11) 

 

If N independent background measurements were made to estimate the mean background, 

the simple average may no longer represent the optimal “best value” as the values are too 

small. In this case, the weighted mean method is preferred to estimate the mean 

background 𝑟0 and associated uncertainty 𝑢(𝑟0), where individual measurements 𝑟𝑖  is given 

a weighting factor 𝑤𝑖  (Knoll, 2010). The weighted mean method is used in TRIMS to 

compute the mean background and associated uncertainty Eq. 12 and 13: 
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𝑟0 =
∑ 𝑤𝑖. 𝑟𝑖

𝑁
𝑖=1

∑ 𝑤𝑖
𝑁
𝑖=1

            𝑤𝑖 =
1

𝑢2(𝑟𝑖)
   (12) 

𝑢(𝑟0) = √
1

∑ 𝑤𝑖 
𝑁
𝑖=1

 (13) 

1.2. Mass/volume uncertainty 

A pre-defined mass (g) or volume (ml) of aliquot is taken with a pipette for the Tritium 

analysis. The uncertainty associated with mass/volume 𝑢(𝑚𝑠) is usually derived from the 

certificate of calibration for the balance/pipette used. Additional very small uncertainty that 

may be incurred from buoyancy correction and from the resolution of the display, which can 

be ignored due to their insignificant impact on the overall uncertainty estimation (IAEA, 

2017). 

1.3. Uncertainty on counter efficiency 𝑢(휀) 

If fractional counter efficiency is computed from net count rate of an internal standard 

(𝑟𝑠𝑡𝑑) and its known activity (𝑎𝑠𝑡𝑑) in dpm/L, associated uncertainty can be estimated as 

follows: 

휀 =
𝑟𝑠𝑡𝑑

𝑎𝑠𝑡𝑑

(14) 

𝑢(휀) = 휀. √(
𝑢(𝑟𝑠𝑡𝑑)

𝑟𝑠𝑡𝑑
)

2

+ (
𝑢(𝑎𝑠𝑡𝑑)

𝑎𝑠𝑡𝑑
)

2

(15) 

1.4. Uncertainty on activity of standard 𝑢(𝑎𝑠𝑡𝑑): 

Most laboratories prepare their tritium laboratory standard and spike by dilution of 

calibrated certified standards. At IAEA Isotope Hydrology Laboratory, we use SRM4926E 

(5.038±0.0363 kBq/g on 1998-09-03) distributed by the US National Institute of Standards and 
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Technology (NIST) to prepare the routine standard and spike samples. Uncertainty on the 

activity of counting standard and spike can be calculated through uncertainty propagation 

during the dilution steps, with appropriate decay correction in TRIMS (OSM-Fig. 3). 

 

OSM - Figure 3: Dilution by linear gravimetric mixing and computation of resulting activity 

and associated uncertainty in TRIMS 

 

When two samples of masses m1 and m2 with activities a1 and a2 respectively are mixed, the 

resulting solution will have an activity, 𝑎𝑑 , through linear mixing and an associated uncertainty 

of 𝑢(𝑎𝑑): 

𝑎𝑑 =
(a1. 𝑚1) + (𝑎2. 𝑚2)

(m1 + 𝑚2)
 (16) 

𝑢(𝑎𝑑) = √(
𝜕𝑎𝑑

𝜕𝑚1
𝑢(𝑚1))

2

+ (
𝜕𝑎𝑑

𝜕𝑚2
𝑢(𝑚2))

2

+ (
𝜕𝑎𝑑

𝜕𝑎1
𝑢(𝑎1))

2

+ (
𝜕𝑎𝑑

𝜕𝑎2
𝑢(𝑎2))

2

 (17) 

Where 

𝜕𝑎𝑑

𝜕𝑚1
=

(a1 − a2). 𝑚2

(m1 + m2)2
 (18) 
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𝜕𝑎𝑑

𝜕𝑚2
=

(a2 − a1). 𝑚1

(m1 + m2)2
 (19) 

𝜕𝑎𝑑

𝜕𝑎1
=

𝑚1

(m1 + m2)
(20) 

𝜕𝑎𝑑

𝜕𝑎2
=

𝑚2

(m1 + m2)
 (21) 

1.5. Decay uncertainty: 

Decay correction factor as a function of half-life, T1/2 and decay time, td is calculated as: 

ⅅ = 𝑒
(

−𝑙𝑛2.𝑡𝑑
𝑇1/2

)
 (22) 

The uncertainty on D is derived using error propagation rules and details can be found in 

(IAEA, 2017).  

𝑢(ⅅ) = {
−𝑙𝑛2. 𝑡𝑑

𝑇1/2
. √

(𝑡𝑠
2 + 𝑡𝑐

2)

12. 𝑡𝑑
2 + (

𝑢(𝑇1/2)

𝑇1/2
)

2

} . 𝑒
(

−𝑙𝑛2.𝑡𝑑
𝑇1/2

)
  (23) 

 

1.6. Uncertainty on enrichment factor u(Z): 

For enriched water samples, the enrichment factor (Z=final/initial tritium 

concentration) is computed using the effective enrichment parameter P given by (Taylor, 

1976) as: 

𝑃 =
F(Wi − 𝑊𝑓)

Q
.

ln(𝑍)

ln(𝑊𝑖/𝑊𝑓)
 (24) 

  Therefore 

ln(𝑍) = P.
𝑄

F(Wi − 𝑊𝑓)
. ln(𝑊𝑖/𝑊𝑓) (25) 
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Where:  

Wi = Initial sample weight (before enrichment)  

Wf = Final sample weight (after enrichment) 

Q = Total charge in ampere-hours [Ah] for the given enrichment run 

F = 2.97545 Faraday constant, which is amount of charge [Ah] to electrolyze one 

gram of water 

P = Enrichment parameter (P) of two or three spikes (Pj) in each set of samples or 

from time series data for each electrolytic cell 

1.6.1 Uncertainty of enrichment parameter, 𝑢(𝑃) 

Uncertainty of enrichment parameter for spike samples is calculated using error 

propagation rules as follows: 

First, calculate the uncertainty associated with enrichment factor of each spike (Zj) from 

initial and final activities, 𝑎𝑖 and 𝑎𝑓 respectively in the same unit, after applying decay 

correction. 

𝑍𝑗 =
af

ai
 (26) 

𝑢(𝑍𝑗) = 𝑍𝑖. √(
𝑢(𝑎𝑖)

𝑎𝑖
)

2

+ (
𝑢(𝑎𝑓)

𝑎𝑓
)

2

(27) 

 

The uncertainty associated with the effective enrichment parameter is computed as follows: 
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𝑃𝑗 =
ln(𝑍𝑖)

ln (
𝑊𝑖

𝑊𝑓
)

 

𝑢(𝑃𝑗) = √(
𝜕𝑃𝑗

𝜕𝑍𝑗
𝑢(𝑍𝑗))

2

+ (
𝜕𝑃𝑗

𝜕𝑊𝑖
𝑢(𝑊𝑖))

2

+ (
𝜕𝑃𝑗

𝜕𝑊𝑓
𝑢(𝑊𝑓))

2

(28) 

Where 

𝜕𝑃𝑗

𝜕𝑍𝑗
=

1

𝑍𝑗 ln (
𝑊𝑖

𝑊𝑓
)

 (29)
 

𝜕𝑃𝑗

𝜕𝑊𝑖
=

− ln(𝑍𝑗)

𝑊𝑖 ln (
𝑊𝑖

𝑊𝑓
)

2
(30)

 

𝜕𝑃𝑗

𝜕𝑊𝑓
=

ln(𝑍𝑗)

𝑊𝑓 ln (
𝑊𝑖

𝑊𝑓
)

2  (31)
 

 

𝑃𝑗 =
ln(𝑍𝑗)

ln(𝑊𝑖/𝑊𝑓)
 (32) 

𝑃𝑓 =
1

𝑛
∑ 𝑃𝑗

𝑛

𝑗=0

 (33) 

𝑢(𝑃𝑓) =
1

𝑛
√∑ 𝑢2(𝑃𝑗)

𝑛

𝑗=0

(34) 

  

Hence, the enrichment factor Z for each cell is calculated based on the reduction factor as: 
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𝑍 = (
Wi

Wf
)

𝑃𝑓

 (35) 

To avoid problems in the timing of an electrolysis run due to non-uniform sample size, a 

dead water sample is often added prior to enrichment to quantitatively dilute the 

insufficient unknown sample to bring it to the required volume (Taylor, 1976). A dilution 

factor needs to be applied to Z to account for the added dead water. 

𝑍 = Z. (
Wi − 𝑊𝑏

Wi
) (36) 

Where bW is weight of added blank water. 

Uncertainty on enrichment factor u(Z) is determined by combining the uncertainties of all 

the factors involved by using “derivative formula” as in the following equation. 

𝑢(𝑍) = √(
𝜕𝑍

𝜕𝑃
𝑢(𝑃))

2

+ (
𝜕𝑍

𝜕𝑊𝑖
𝑢(𝑊𝑖))

2

+ (
𝜕𝑍

𝜕𝑊𝑓
𝑢(𝑊𝑓))

2

 (37) 

Derivatives of ZS with respect to P, Wi and Wf are defined in equations 30-32 respectively. 

The uncertainty terms u(P), u(Wi) and u(Wf) are explained later. 
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1.6.2 Weighing of Electrolytic cells and distilled water samples before electrolysis 

The initial and final weights, Wi and Wf, of samples before and after electrolytic 

enrichment are determined by gravimetric measurement using an analytical balance. The 

gravimetric steps are as follows (Taylor, 1976):  

- Weight of the empty electrolytic cells (WCE)  

- Weight of granular sodium peroxide Na2O2 (WNa2O2) 

- Weight of the filled cells (WCI) 

- During dissolution, the peroxide reacts with water according to the following 

chemical equation.  

  2 Na2O2 + 2 H2O  →  4 Na+ + 4 OH− + O2  

- The oxygen produced in the above reaction escapes into the air, reducing the 

weight contribution of Na2O2 to about 79.5 %. For dissolution of 1 g Na2O2, the 

following stoichiometric reaction. 

1 g Na2O2 + 0.231 g H2O → 0.59 g Na+ + 0.436 g OH− + 0.205 g O2 (escapes)   

This chemical reaction is slow and only about 0.08g oxygen escapes instead of 0.205g within 

half an hour, which is usual weighing time after preparation of solution. In addition, a 

buoyancy correction term should be applied for the weight cell filled with water sample 

(WCW) because specific density of the system (cell and water) decreases as compared to the 

empty cell (WCE), which results in a slight underestimation of the actual determined mass.  

Therefore, the initial weight of water sample including OH− ions, Wi, is calculated by the 

following equation: 

Wi = WCW – WCE – (0.59 + 0.205 – 0.08) x WNa2O2    (41) 
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𝑢(𝑊𝑖)  = √ 𝑢(𝑊𝐶𝑊)2  + 𝑢(𝑊𝐶𝐸)2  + (𝑢𝑊𝑁𝑎2𝑂2)2    (42) 

Note: The uncertainty mass 𝑢(𝑊) is usually derived from a certificate of calibration for the 

balance used. Additional small uncertainty may be incurred from buoyancy correction and 

from the resolution of the display, which can be ignored due to their insignificant impact on 

the overall uncertainty estimation (IAEA, 2017). 

1.6.3 Weighing of Electrolytic Cells after electrolysis 

Once enrichment is completed, the cells are weighed to determine the final weight, Wf, of 

the water including the OH- from the following equation (Gröning and Rozanski, 2003): 

𝑊𝑓  =  𝑊𝐶𝐹 − 0.59𝑊𝑁𝑎2𝑂2
− 𝑊𝐶𝐸  (43) 

  

𝑢(𝑊𝑓) = √ 𝑢(𝑊𝐶𝐹)2  +  𝑢(𝑊𝐶𝐸)2  +  (0.59. 𝑢(𝑊𝑁𝑎2𝑂2))2 (44) 

 

1.6.4 Uncertainty on Deuterium based Enrichment Factor: 

The relationship between 3H-enrichment (ZT) and 2H-enrichment is given by: 

      

𝑍𝑇 = (
ⅅ𝑓

ⅅ𝑖
)

𝑘

(45) 

where Di and Df are the initial and final deuterium sample concentration in ppm and k is a 

cell constant that correlates the 3H- and 2H-enrichment factors (Kumar et al., 2016; 

Wassenaar et al., 2016). For δ2H (in ‰ VSMOW) with associated uncertainty u(δ2H), 

deuterium concentrations in ppm (D) and uncertainty 𝑢(ⅅ) are computed as follows: 
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ⅅ =
1000 + 𝛿2𝐻

6.420135
(46) 

𝑢(ⅅ) =
𝑢(𝛿2𝐻)

6.420135
 (45) 

The uncertainty on the enrichment factor, Z, based on initial Hi and final Hf deuterium 

content is estimated as: 

𝑢(𝑍) = √(
𝜕𝑍

𝜕ⅅ𝑖
𝑢(ⅅ𝑖))

2

+ (
𝜕𝑍

𝜕ⅅ𝑓
𝑢(ⅅ𝑓))

2

+ (
𝜕𝑍

𝜕𝑘
𝑢(𝑘))

2

(47) 

Where 

𝜕𝑍

𝜕ⅅ𝑖
= 𝑘.

𝑍

ⅅ𝑖

(48) 

𝜕𝑍

𝜕ⅅ𝑓
= −𝑘.

𝑍

ⅅ𝑓

(49) 

𝜕𝑍

𝜕𝑘
= log (

ⅅ𝑓

ⅅ𝑖
) . 𝑍 (50) 

 

1.7. Lower Limits of Detection 

Due to the effect of background during counting, radioactivity measurements tend to 

have variable ‘zero’ levels (Grau Malonda and Grau Carles, 2012). This is especially true for 

sources with very low radioactivity where the determination of detection limit is important. 

There are two levels that are needed for the computation of detection limits: 

i) Critical level (decision level/decision threshold) - LC: allows to determine if there 

is significant radioactivity in the sample 

ii) Detection limit (lower limit of detection or LLD) - LD: indicates whether a 

detection below a certain level is reliable or not 
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Computation of LC and LD based on ISO 11929 (Grau Malonda and Grau Carles, 2012) is as 

follows: 

𝐿𝐶 = 𝑘𝛼 . 𝑢(𝑛𝑛)             (51) 

where the net count (𝑛𝑛) in a region of interest is estimated from the gross count 𝑛𝑔 and 

the background 𝑛0 as in Eq. 51 and 𝑘𝛼 is the z-score for an alpha (type I) error (usually 1.645 

for 5 % error or 95 % probability – 5 false alarms out of 100 measurements): 

𝑛𝑛 = 𝑛𝑔 − 𝑛0  ∴  𝑢(𝑛𝑛) =  √𝑢2(𝑛𝑔) + 𝑢2(𝑛0) = √𝑛𝑔 + 𝑢2(𝑛0) (52) 

𝐿𝐶 = 𝑘𝛼√𝑛𝑔 + 𝑢2(𝑛0) (53) 

For cases where blank and sample counting times are equal (𝑡𝑏 = 𝑡𝑔) and 𝑛𝑏 ≈ 𝑛𝑔, LC is 

approximated as: 

𝐿𝐶 = 𝑘𝛼√2𝑛𝑏 (54) 

In most cases, the number of background counts 𝑛𝑏 is estimated from separate multiple 

blank measurements averaged over the total counting time (𝑡𝑏 ≫ 𝑡𝑔). For a source 

measurement counted over a duration 𝑡𝑔, the net count is estimated as (IAEA, 2017): 

𝑛0 =  
𝑡𝑔

𝑡𝑏
. 𝑛𝑏 (55) 

And the more general equation for 𝐿𝐶  for cases where 𝑡𝑏 ≠ 𝑡𝑔 (Johnson, 2017): 

𝐿𝐶 = 𝑘𝛼√𝑟𝑏𝑡𝑔 + 𝑟𝑏𝑡𝑏

𝑡𝑔
2

𝑡𝑏
2   𝐿𝐶 = 𝑘𝛼√𝑟𝑏𝑡𝑔 (1 +

𝑡𝑔

𝑡𝑏
) (56) 
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The detection limit, LD, is then computed from 𝐿𝐶  and 𝑘𝛽 (z-score for type II or beta error) 

(Grau Malonda and Grau Carles, 2012): 

𝐿𝐷 = 𝐿𝐶 +
𝑘𝛽

2

2
{1 + [1 +

4𝐿𝐶

𝑘𝛽
2 +

4𝐿𝐶
2

𝑘𝛼
2𝑘𝛽

2]

1/2

} (57) 

Minimum detectable counting rate (MDA) can then be obtained from 𝐿𝐷:  

𝑀ⅅ𝐴 =
LD

m𝑠. 휀. ⅅ. Χ. tg
 (58) 

where the variables are as described in Eq. 1. 

1.8. References 

Grau Malonda, A., Grau Carles, A., 2012. Radioactivity Counting Statistics, in: L'Annunziata, M.F. 

(Ed.), Handbook of radioactivity analysis, Third Ed. ed. Academic Press. 

Gröning, M., Rozanski, K., 2003. Uncertainty assessment of environmental tritium measurements in 

water. Accreditation and quality assurance 8, 359-366. 

IAEA, 2017. Determination and interpretation of characteristic limits for radioactivity measurements, 

IAEA Analytical Quality in Nuclear Applications Series 48. IAEA, Vienna. 

Johnson, T., 2017. Introduction to health physics. Mcgraw Hill. 

Knoll, G.F., 2010. Radiation detection and measurement. John Wiley & Sons. 

Kumar, B., Han, L.-F., Wassenaar, L., Klaus, P., Kainz, G., Hillegonds, D., Brummer, D., Ahmad, 

M., Belachew, D., Araguás, L., 2016. A compact tritium enrichment unit for large sample 

volumes with automated re-filling and higher enrichment factor. Applied Radiation and 

Isotopes 118, 80-86. 

Lucas, L.L., Unterweger, M.P., 2000. Comprehensive review and critical evaluation of the half-life of 

Tritium. Journal of research of the National Institute of Standards and Technology 105, 541. 

Morgenstern, U., Taylor, C.B., 2009. Ultra low-level tritium measurement using electrolytic 

enrichment and LSC. Isotopes in environmental and health studies 45, 96-117. 

Taylor, C., 1976. Tritium enrichment of environmental waters by electrolysis: development of 

cathodes exhibiting high isotopic separation and precise measurement of tritium enrichment 

factors. IAEA, Vienna. 

Wassenaar, L., Kumar, B., Douence, C., Belachew, D., Aggarwal, P., 2016. Measurement of 

extremely 2H‐enriched water samples by laser spectrometry: application to batch electrolytic 



104 
 

concentration of environmental tritium samples. Rapid Communications in Mass 

Spectrometry 30, 415-422. 

 



105 
 

Appendix 6 – Uncertainty Estimation of analytical balances 

The uncertainty associated with the gravimetric measurements u(W) can be estimated 

from the three major sources of uncertainty:  

a. drift of the balance during weighing procedure (linearity) 

b. display uncertainty (readability) 

c. repeatability 

 

𝑢(𝑊) = √𝑢(𝑟𝑒𝑝𝑒𝑎𝑡)2 + 𝑢(𝑙𝑖𝑛𝑒𝑎𝑟𝑖𝑡𝑦)2 + 𝑢(𝑙𝑖𝑛𝑒𝑎𝑟𝑖𝑡𝑦)2   

   

• Repeatability: is the variation in measurements taken by a single person or 

instrument on the same item and under the same conditions. It can be estimated by 

taking n repeated readings (xi) and calculating the standard deviation. Or one can 

also use the manufacturer quoted standard deviation. Normal distribution is 

assumed 

 
=

−
−

=
n

i

i xx
n

repeatu
1

22 )(
1

1
)(      

• Readability: the smallest difference between two measured values that can be read 

on the display. Assuming the weight is obtained by taking the differences of two 

readings by taring, the standard uncertainty of readability for a digital resolution d, 

with rectangular distribution, can be approximated from plus-minus half the balance 

resolution as:  

22

6

1
)( dyreadabilitu =         

• Linearity: the capability of the balance to follow the linear relation between the load 

and the displayed value, i.e., the difference from the actual weigh on the scale pan 

and the reading of the scale. For a manufacturer quoted maximum non linearity NL 

and assuming the weight is obtained by taking the differences of two readings by 

tarring, the non-linearity uncertainty with rectangular distribution is estimated as: 

 

22

3

2
)( NLlinearityu =   
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Appendix 7 - Conversion of Activity Units [TU  Bq/kg] 

(Winckler, IHL, 2000) 

L
dN

dt
N

T

N

m

T

A

H O

= − = 

=  




ln2
10

2

0

18

2

 

where  T0 = (4500 ± 8) d = 4500 d± 1.778‰  [Lucas & Unterweger, 2000] 

 NA =  (6.02214199 ± 0.00000047) 1023
 

   6.02214199 1023 ±7.8E-6%   [CODATA, www.codata.org] 

 mH2O = 18.01528 g    molar weight of water 

Estimate of uncertainty 

   L

L

T

T

N

N

T

T

A

A

=








 +









 = +  = 











0

0

2 2

2 6 2 0

0

0 001778 7 8 10 0 001778( . ) ( . ) .  

1 01191898TU
Bq

kg
= ( .  0.0002119)  

1 389979 0 014917
Bq

kg
TU= (8. . )  

L: tritium activity given in Bq/kg 

A: tritium activity given in TU 

F: Conversion factor 

A F L with
A

A

L

L

F

F
=  =









 +











  
2 2

 

Rounded, for (practical) use 

kg

Bq
TU )00021.011919.0(1 =  

1 390 0 0149
Bq

kg
TU F=  =(8. . )  
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Appendix 8 - Dilution Procedure and uncertainty 

(Winckler, IHL, 2000) 

Mother solution 

NIST SRM 4927F, certified activity and Expanded Uncertainty, [NIST Certificate SRM 4927F] 

on 3 September 1998 

L
Bq

kgmother =  634 7 10 0 726. . %  

relative expanded uncertainty: U = 0.72 % 

coverage factor k = 2 

combined standard uncertainty (1): u = U/k= 0.36 %  

Used for the following calculations: combined standard uncertainty u 

 

 

 

Estimate of uncertainty for Amother 

  A

A

L

L

F

F

mother

mother

mother

mother

=








 +









 = + =

2 2

2 20 0036 0 001778 0 0040( . ) ( . ) .  

 

  

 
L

Bq

kg

A L F TU

mother

mother mother

=  

=  = 

634 7 10 0 36

532513 10

6

9

. . %

.
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Example of Standard Dilution Steps: D1-2000 IAEA 

(Winckler, IHL, 2000) 

 

Given the following: 

 m [g] 

syringe empty 

(after) 

7.6416 

syringe filled 12.5479 

pip of Mother 4.9063 

DW after 1566.45 

DW before 572.07 

DW 994.38 

A A
m

m m
TU TUD mother

pip

DW pip

1

9 7532513 10
4 9063

999 2863
2 614534 10= 

+
=   = .

,

.
.  

mpip = pipetted mass of the standard = mfilled syringe – mempty Syringe 

Uncertainty of the dilution step can be estimated using the following solution (alternative to 

the partial differential equation of Appendix 5) 

A A d with d
m

m m
dilution factorD mother

pip

pip DW

1 =  =
+

 

 

( ) ( )

( ) ( )
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A

A

A

d

d
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d

d

m

m

m m

m m

A

A

A

A

m

m

m m

m m

D

D

mother

mother

pip

pip

pip DW

pip DW

D

D

mother

mother

pip

pip

pip DW

pip DW

1

1

2 2

2
2 2

2

1

1

2 2
2 2

2

=
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Conclusion: weighing uncertainties are two orders of magnitude lower than the uncertainty 

of the activity and is therefore negligible compared to the uncertainty of the activity of the 

mother solution.  

  

( ) ( ) ( ) ( )

gmwith

mmm

mmm

aftersyringebeforesyringepip

aftersyringebeforesyringepip

0002.0

0003.000028.00002.00002.0
222

_

2

_

__

=

=+=+=

−=

  

 

( ) ( ) ( ) ( )

gmwith

gmmm

mmm

afterDWbeforeDWDW

afterDWbeforeDWDW

05.0

07.005.005.0
222

_

2

_
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=

=+=+=
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( ) ( )
 A

A

A

A

D

D

mother

mother

1

1

3 2 5
2

5
2

34 0 10 6 10 7 10 4 0 10=  +  +  =  − − − −( . ) .  
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Example of Dilution Step: New Lab Standard 

(Winckler, IHL, 2000) 

3 weighings of dead water on PM4000 balance (uncertainty ± 0.05g), diluted using the 

pipette of D2 above.  

 

 before after net 

#1 3065.78 255.91 2809.87 
#2 3097.48 255.98 2841.5 
#3 3058.51 255.93 2802.58 
DW   8453.95 
D2 pip  99.070 15.485 83.585 

 

A A
m

m m
TU TULab D

pip of D

DW pip

= 
+

=   =2

2 55 35665 10
83585

8537 535
5244 32.

.

.
.  

 

( )

m m m m m m m

m m m g g

DW before after before after before after

DW i

i

= − + − + −

= =  =  
=



( ) ( ) ( )

. . .

_ _ _ _ _ _1 1 2 2 3 3

2

1

6

6 2 45 0 02 0 05  
 

Weighing uncertainties are negligible compared to the uncertainty of the mother’s activity 

 A

A

A

A

Lab S dard

Lab S dard

mother

mother

_ tan

_ tan

.=  −4 0 10 3
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Example of Dilution of the TRIC2000 Sample T1 

(Winckler, IHL, 2000) 

Spike of Lab Standard, diluted by barrel A2, Deadwater  

 
m of Deadwater : sum of 25 single weighings (on IHL-
PM4000, ± 0.02g) minus rest of water in funnel 

 ( )  m m m g gDW i PM= =  = 
2

1

52

400052 01442 0 2. .  

 

m of spike: difference weighing (on IHL-PM4000, ± 0.02g) 

 m gSpike = 003.  

 

  “net weighing” 

 Lab_Standard before 166.53 

# before after 

1 3466.71 257.63 

2 3202.21 257.79 
3 3387.34 258.78 
4 3363.76 257.76 
5 3427.98 258.16 
6 3471.56 257.24 
7 3305.03 256.71 
8 3353.31 257.55 
9 3379.62 257.19 
10 3171.07 258.37 
11 3424.92 257.31 
12 3380.68 258.38 
13 3428.44 258.14 
14 3400.71 256.86 
15 3308.16 257.69 
16 3385.44 257.19 
17 3416.91 257.26 
18 3376.95 258.24 
19 3452.93 257.07 
20 3388.95 257.74 
21 3368.94 257.61 
22 3309.6 256.94 
23 3322.76 257.89 
24 3383.14 258.77 
25 3348.58 257.66 
netto 77782.93  
funnel 215.03 215.87 
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 Lab_Standard after 0.01 
 Lab_Spike 166.52 

 

A A
m

m m
TU TUT LabS dard

Spike

DW Spike

1 5244 32
16652

77782 93 16652
11203= 

+
= 

+
=tan .

.

. .
.  

( ) ( )    



A

A

A

A

m

m

m m

m m

A

A

T

T

Lab S dard

Lab S dard
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Appendix 9 - TRIMS Quick Guides 

Coming…   
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Appendix 10 - TRIMS Database Structure  

 
The TRIMS project and sample registration and management data model
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Schematic representation of the sample preparation and pre-distillation procedures 
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Schematic representation of the electrolytic enrichment procedure 
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TRIMS LSC data model 
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Software Changelog 
 
V2018.1.13 

• Bug fixes 

• Added Spectral file options for Quantulus data importing module 

• Export module – now asks for an export folder 
 
V2018.1.14 

• Bug fixes 

• Expanded 2H/3H cell constant functionality 
 
V2018.1.16 

• Bug fixes 

• Streamlined user interfaces 

• Various enhancements  
 
V2018.1.18.1  

• Added Enrichment parameter computation option 

• Fixed some issues in sample registration module 

• Bug fixes and enhancements 
 
V2018.1.18.2 

• Added timeseries based Enrichment parameter computation with user-defined 
number of previous runs 

• Fixed initial and final water masses displayed in Enrichment window 

• Bug fixes and enhancements 
V2019.1.20 (April 2019) 

• Finalized reporting module 

• Finalized Dilution module, for lab standard preparations 

• TRIMS can now generate e-logbook based on remarks in various modules 

• Improvements on computation and presentation of minimum detection limits  

• LSC data importing module: fixed Packard/TriCarb related issues, added Aloka csv 
import capability 

• Improved detection limits computation methods 

• Added e-logbook generating module 

• Added Excel export tool in report module 

• Added copy-paste capability for gravimetry data in electrolytic enrichment module 

• General bug fixes and enhancements 
V2019.1.21 (May 2019) 

• Added option to use net dpm, net cpm, and/or counter efficiency data imported 
from LSC software during evaluation 


