A MANUAL FOR A LABORATORY
INFORMATION MANAGEMENT SYSTEM
(LIMS) FOR LIGHT STABLE ISOTOPES—

VERSION 7.0

U.S. GEOLOGICAL SURVEY

Open-File Report 98-284
Revision of Open-File Report 97-812

& USGS

sclence for a changing world



A MANUAL FOR A LABORATORY
INFORMATION MANAGEMENT SYSTEM
(LIMS) FOR LIGHT STABLE ISOTOPES—
VERSION 7.0

By Tyler B. Coplen

U.S. GEOLOGICAL SURVEY

Open-File Report 98-284
Revision of Open-File Report 97-812

Reston, Virginia

1998



U.S. DEPARTMENT OF THE INTERIOR
Bruce Babbitt, Secretary

U.S. GEOLOGICAL SURVEY
Thomas J. Casadevall, Acting Director

For additional information write to: Copies of this report can be purchased from:
Chief, Isotope Fractionation Project U.S. Geologica Survey

U.S. Geological Survey Branch of Information Services

MS 431 - National Center Box 25286, Federal Center

Reston, Virginia 20192 Denver, Colorado 80225-0286



CONTENTS

LY 0 = o SRR RO R USRI 1
INEFOTUCTION ...ttt ettt ettt et e et e et e e e e et e e e eeeeeeeeeee et eeeeeeeseeeeeseeseeaneensrnaees 2
Hardware REQUITEMENTS ..ot e e e e e s e s e s e sae s ee st esee e e eeeseeseeseeeen s 3
SOFtWAIE REGUITEIMENTS ... .ottt ettt et et e et et e et e ee e et e et et e eae et e et e e e et eeeeeneeeeeneens 3
INSLAAION INSIIUCLIONS ...ttt ettt e e e et s e e e e s e see e e eeeeeeeae e 4
Installation on asingle computer from the INternet....................coooviiieieceeeeeee e 4
Installation on a single computer from diSKEIES . ...............oveoeiieeee et 6
INSLAll@tion ON ANEBIWOTK ..ottt ettt e e e ae e s 7
Installation of version 1.4 from the INteMEL.................c.coovieie e 8
Installation of version 1.4 from diSketteS................cooviuiiieeeeeeeeeeeee e 9
Instructions for Removing LIMS for Light Stable Isotopes 7.0 (Uninstallation).............................. 10
CONCEPLS......ceeee ettt e e et et e et et e et e e e e e eeeeeeeeeeeeeaeeeeeeeeeeeeeseeeeeeeeseesaeaeeseesneenseneansenaens 11
EXAMPI@ DELAINASE. ...ttt e e e e e e et e et et e et e e e e e et e et e e e e e e eaeeaeeaeanas 20
INEFOTUCTION. ... ...ttt ettt ettt et e et e e e et et e e e e e e e eeeeaeeeeeeeseeseesaeseasensenanas 20
LOgin NEW SaMPIES FOMN ...ttt ettt e e se e e 26
IMPOIt NEW ProJECE BULLON. ... ...ttt ettt e et e et et e et et e et e e et e ee e et e e e nneans 28
SEarCh fOr @PIOJECE FOIM ... ..ot e e s ee e e se e 29
PrOJECE FOIMN ... et e et e e e e e et e e e et e e e e et e eaeeaeete et e saeseeseeseeseaseeaeeanns 29
SAMPIE FOIMN ...ttt e e e et e e e e ee e et e et e et e eeeeeeeaeeeeeeeeeeeeesaeseeseaans 34
Add Samples TO B ANBIYZEU FOIM. ...ttt ettt ee e eeeeee e 38
Print SAmMPlE RANGE FOIML..... ... oot e ettt e e et et et et e et et eeeeeneeeeenens 40
Printing a Template and the Samples To Be Analyzed FOrM..............c.oooveeeeeeeeeeeeeeeeeeeeeee e, 40
ANAIYSIS FOM ...ttt e e e et e et e e e et e et eea e et e et e et e eaeeeeseeeteeaeeaeseeaeens 51
Add Or Change ANBIYSES FOMN ... ..ottt et ettt e et et e et e e et e e eeeereee e 51
IMPOIT ANBIYSES BULLON. ...ttt ettt et et et e et e e et et e et e e eeeeeneeeeeeenneans 55
LIMS Default IMPOIt FOIMMEL ......... ..ottt ettt ettt e et e e ee e e e 56
Analytical Precision IMPOrt FOMMBEE ...............coiieeee oottt ee e e et ee e 56

Europa SCIentific IMPOIt FOIMMEL ..ottt eane 57

Finnigan MAT IMPOIT FOMMIEL ...ttt ettt et e et e et eeeeeeeeeeee e 57
INEFOTUCTION. ...ttt ettt ee e s e s e s e s e s e e e sae s e seesaeseesesseesensensansneas 57

DUBI INIEE ...ttt et et e et e et et et e et e et e et e e e eeeeeeeneann 57

G ...ttt et et e et e et et et e et e et e et e et e et e sa e et e ateeaeareann 58

B A ettt e et et e et e et et e et et e et e et e et e ate e e eaeaaaneas 59

MiICromass IMPOIT FOMMIEL...............ooieeeeeee ettt et e et e et et e et e e et e e eeeeeeeeeans 59

LIMS For Light Stable Isotopes Configuration FOIM...............c..ocvooe i eee e eeeeeee e, 60
Correction Factors and Normalization EQUations FOrM.................c..cooouieiiiieeeeee e 62
Print Samples 1N ProgreSS FOMM .. ... ..ottt e et ee e e et e et ee et nneeenenans 69

Edit SampPles 1N PrOgreSS FOMML.... ... .ottt ee et e et et e et e e et e et eeeereeneeeeeenens 71
Store SaMPIES IN PrOGrESS FOMMN ...ttt e et e et et et e et e e ere e e neans 77
Add Samples To Samples 1N ProgreSS FOM ... .....ooo oot 78
Normalization EQUation RANGES FOIM ... ... ..ottt e e et eeee e 78
Installing aNewW Datalase Fil.................ccocooeieee ettt ettt ettt e e e e 79
Importing Projects Using the EXCel 5.0 TEMPIGLE..................cooiiiiiieeeeeeeeeeee e 81



SPECIAI FEBLUIES ... .ot e e e e e et e et e et e e e e e e ae e et e e e et e e et e eeeeeaeeeaeeeaeeneeeaenens 85

LIMS For Light Stable Isotopes Configuration FOIM..................oovooeiee oo eee e, 85
ARENAIVE FIEIA NBIMES ...ttt ettt ettt e e e e e e enn 85

FOMM U COIOIS........c.eceeeeee ettt e ettt e et et e et e et e ee e e e e et eee e et e e e eeeneeeneans 85
SOFtWAIE SWITCNIES. ...ttt ettt et et e et e et et e e eeeene e 86

POPEN SIZE.........eoceeeee et ettt ettt ettt ettt e e 86

DEFAUIT COUNTY ... .ottt ettt et e ettt et e e et et e ee e e e et e e et e e e eeeeeeeneans 86

OUNEN PAIAIMELENS ...ttt ettt e et e et e et e e et e e et eeee et e et eeeneeeneaes 87
REFErENCE SAMPIES FOIM ...ttt e et e et e et et et e et e e e et neneeeeenens 89
Prefixes & Next SAMPIEH BULLON ...ttt ee e e et e et et e eeneeeeenens 89
Mass Spectrometer ConfiguIration FOMN ... ... ..ottt et eeeenens 91
Faraday Cup INfOrMELION FOIMM ... ... oottt e ettt ee e et et et eeneeeeenens 93
Mass Spectrometer Error COUES FOMMN ... .....coi oottt e et et ee et ee e e reneeeeenens 93
NAWID, NWQL, N0 ACCESS FOMMS ... .ottt ettt e et et e et e et e et et eeeneneeeeenens 93

L= o (k=Y o g1 o ST P PR PUR USRI 93
PrOCEOUIE FOMM ... oottt ettt e e et eea e et e et et e et e e e et e eee et eeeeeneereneneeaneenens 93
LOW ProCedUure COUBS FOMMN ... ...ttt ettt e ettt e et e e e et e e et e et et eereneneeeeeenens 94
High ProcedUure COUBS FOMMN............oee oottt ettt e e et ee et et e et et eereeeneseeeenens 94
How to Add Media, Procedures, Low Procedures, and High Procedures................cccooovveveeeeeennnn, 96
How to Delete Media, Procedures, Low Procedures, and High Procedures.................ccooeveevvvene.. 97
Creating and Editing TEMPIAES............c.oooe oottt ettt er e e e et e e ee e e eeeens 97
USING LIMSWItN C .o eee e e e eeeen e 105
USING LIMSWItN PH e e e ee e eenene. 106
USING LIMS WITN CRCS ...ttt et e e e e e 107
ANAYSISITMPOIT FOIMMBEES ...ttt e e e e e e e s e esee s e see s e s eeseeseesaeeae s 109
HpligeTe (§leixTo o NSRS RS USPRRURTRRN 109
LIMS Default IMPOIt FOMMEE ... ..ottt ettt e et e et e e et e e eeeenenneane 109
Analytical Precision AnalysSiS IMPOrt FOIMEE ..............c.ooooiiioeoe oot 111
Europa Scientific AnalySiS IMPOIt FOMMEE ..............oooeeieee oottt 112
Finnigan MAT AnalysSiS IMPOt FOMMEE ...........c.oooiieeoeeee oottt 112
Dual INIEE TMPOIT FOMMIEE ... ...ttt ettt ettt e e et eee e et et e et e e ereeenen 113

GCC IMPOIT FOMMEL ...ttt e e e et et e ee e et e et e e e nneeereeeeenane 116

EA TMPOIT FOMMBL ...t e e et et e et e et e e e et e et e eeneeereeaeenane 116
Micromass ANalySiS IMPOIt FOMMEE ..............ccoooeiie oottt ettt ee e 117
SAMPIE EXPOIT FOTMEES ...ttt ettt et e et e et et et et e et e en e et e eeeen e et eeneeeeenes 119
FgligeTe (§TeixTo o NSRS TR URRURURTRRN 119
LIMS Default Sample EXPOIt FOMMEE ...........c.oooeieeeeeee ettt ettt et 119
Sample Export Format for Analytical PreCiSiON ...............cooooiiiiieeeeeeeee e 119
Sample Export Format for EUropa SCIentific ...............c.ccoooiiiiiieieeeeeee e 119
Sample Export Format for Finnigan MAT ... . 121
Sample Export Format for MICIOMESS ...............c.couoeeeeeeeeee et 121
FIHESTOUNT ONAISKEIES ... ...ttt et et e et et e et et e et e e e et e et e et e eee e eeaeenens 122
ACKNOWIBAGIMENES ...ttt ettt e et et e et et e et et e et e et e et e et e e e e eae et e et e e e eeeeeeeeeeenenneens 123
References 124



Figure

26.
27.
28.
29.
30a.
30b.
3L

32.
33.

ILLUSTRATIONS

LIMSMAINMENU ........oooiiiieeeee ettt ettt aene e 22
LOQIN SAMPIETASKS ..........ceieieeeeeeee ettt ettt e e e e s sae e eee s 24
Tasks to analyze and rePOrt QLA ...............c.ooiieeee oottt eeee e, 25
Login New Samplesform ..o e 27
Search for project FOrM ... ..o 30
PrOJECE FOMM .. ottt ee 31
Example of project report after being [090ed iN ... ......c.ooviiiieeeeeeeeeee e 33
Example of asmall [abelSreport ...................ccoiiiiieceee e 35
SAMPIETOIM ettt 36
Add Samples To Be ANalYZed FOIM ..o, 39
Example of Print Samples RAaNQGE rEPOIT ............c.ooiieeee oottt 41
Samples To Be Anadyzed formforthe EA for Cand N ................cooooviiiiiii 42
Example of List of Samples To Be Anayzed for the EA for C & N template ............. 45
Page 1 of multi-sheet template (EA for C & N) for an elemental andyzer ................. 46
Page 2 of multi-sheet template (EA for C & N) for an elemental andyzer...................... 47
Page 3 of multi-sheet template (EA for C & N) for an elemental analyzer...................... 48
Page 4 of multi-sheet template (EA for C & N) for an elemental andyzer...................... 49
Page 5 of multi-sheet template (EA for C & N) for an elemental analyzer....................... 50
ANAYSISTOMM ettt en e 52
Add or Change AnalySESfOrM...............coouoiicceeceeee e, 54
LIMS For Light Stable Isotopes Configuration fOrm................c.c.ocvoeveoeeeee e 61
Analyses and Normaization EqUationS fOrm .................c.ccoouiiioeeeeeee e, 63
Normalization Equation Coefficientsform. ..., 65
Example of Normalization Equation Coefficientsreport .................c.ccoooeveeevcccececeeee, 67
Print Samples 1N ProgreSS fOrM ... ... oottt 70
Example of Print Samples In Progress réPOM .............oov oot 72
Example of Print Samples In Progress report with Print Aliquot IDs

and Interfering Masses check boxes enabled..................coovieiieiceceeeeeee e, 73
Edit Samples N ProgreSS fOrM .. .. ...ttt et 74
Example of report for 5°N results of compound specific isotope-ratio analyses

(CATNIOUGN CO) ...ttt ettt ettt e et et e et e e et e eeeneann 76
Alt.xls Excel 5.0 template for Creating PrOJECES............ooveeeeeeeeeeeeeeeeeeeeeee e, 83
Reference Samplesform .................ocooviieeee s 90
Mass Spectrometer Configuration fOIM ... ........c.ooiioeoe ettt 92
TeMPIAES FOMM ... 98
Micromass CO,-H,O equilibration system in author’'s [aboratory —..............cccoevevveeeenn. 99
Template for this system set up With 48 Samples ...............c.ccooviviiiieeceeeeeee e, 99
Example of List of Samples To Be Analyzed for the CO,-H,O equilibration template

WItN 48 SAMPIES ...ttt en e 100
Example of the 4-page CO,-H,O equilibration template with 48 samples. ................. 101
Ports & Configuration fOrM ... ...........c.cocooiiiceece e 104



Table

ghrowdPE

No

TABLES

Mediacodes used INLIMS VErSION 7.0.............cccccoovviiiicieiciciecseeeee s 12
List of sample prefixesused in LIMSVErsion 7.0 .............c.coooeioeieeeeeeeeeeeeee e 13
List of isotopes, isotope ratios, and CFCs that can be selected in LIMS version 7.0 ......... 14
List of sample preparation procedures used in LIMSversion 7.0 ..............ccocoevvevvveineenn.. 15
Minimum and Maximum Sample Preparation Procedure Codesin LIMS

version 7.0 as a Function of I1sotope Code Between Codes2and 15 ...............ccoeeevevnnn. 95
Fields of the LIMS version 7.0 default table for importing isotopic analyses .................. 110
Fields of the Analytical Precision Microsoft Access table of isotopic

ANAlYSES, LIMSINDUL ............oiiiiciceii e 112
Fields of the Europa Scientific file of isotopic analyses, Mercury.txt ...............c.....c........ 113
Fields of the LIMS version 7.0 default sample export table, SamplesToBeAnalysed
Fields of the sample export file for Europa ScientifiC.............ccooeeeeeeeeeeeeeeeeeeeenn., 120

Vi



A MANUAL FOR A LABORATORY INFORMATION MANAGEMENT SYSTEM (LIMS) FOR
LIGHT STABLE ISOTOPES—VERSION 7.0

Tyler B. Coplen

ABSTRACT

The reliability and accuracy of isotopic data can be improved by utilizing database software to (i)
store information about samples, (ii) store the results of mass spectrometric isotope-ratio anayses of
samples, (iii) calculate anaytical results using standardized agorithms stored in a database, (iv)
normalize stable isotopic data to international scales using isotopic reference materials, and (v) generate
multi-sheet paper templates for convenient sample loading of automated mass-spectrometer sample
preparation manifolds. Such a database program is presented herein. Major benefits of this system
include (i) an increase in laboratory efficiency, (ii) reduction in the use of paper, (iii) reduction in
workload due to the eimination or reduction of retyping of data by laboratory personnel, and (iv)
decreased errors in data reported to sample submitters. Such a database provides a complete record of
when and how often laboratory reference materials have been anayzed and provides a record of what
correction factors have been used through time. It provides an audit trail for stable isotope laboratories.

Since the origina publication of the manual for LIMS for Light Stable Isotopes, the isotopes °H,
*He, and “C, and the chlorofluorocarbons (CFCs), CFC-11, CFC-12, and CFC-113, have been added to
this program.

Information on downloading this report and downloading code and databases is provided at the
Internet address:  http://water.usgs.gov/software/geochemical.html, or from the author at the E-mail
address: tbcoplen@usgs.gov.



INTRODUCTION

Over the past two decades, the laboratory of the Isotope Fractionation Project of the Water
Resources Division of the U.S. Geological Survey in Reston, Virginia, has analyzed water and solid
samples for the determination of stable hydrogen, carbon, nitrogen, oxygen, and sulfur isotope ratios for
numerous individuals. In order to track these samples, we have developed a laboratory information
management system (LIMS) based on the relational database program Microsoft Access. This manual
discusses this database program and is an update of Coplen (1997). This database program now includes
the isotopes °H, *He, and *C, and the chlorofluorocarbons (CFC): CFC-11, CFC-12, and CFC-113. °H
users are directed especialy to pay particular attention to the section on °H beginning on page 106. “C
users should pay particular attention to the section on *C beginning on page 105. CFC users should pay
particular attention to the section on CFCs beginning on page 107.

Access is available as one of the applications in Microsoft Office Professional. Access allows
storage of more data than can be stored in spreadsheet programs. An Access database can be larger than
100 MB. Because LIMS is arelationa database application, data are stored in separate tables in such a
way as to eliminate or minimize repeating of data.

LIMS for Light Stable Isotopes has proven useful in laboratories that (i) receive samples for isotopic
analysis from numerous individuas, and (ii) perform at least a few thousand isotopic analyses per year.
Users who do not meet at least one, and likely both these criteria, will probably not find worthwhile the
investment in time that it takes to learn and fully apply LIMS for Light Stable Isotopes.

Experience has shown that approximately one week is required to become reasonably acquainted
with LIMS for Light Stable Isotopes and set it up for operation in alaboratory. The user should plan one
day for the tutorial (see page 20) and three to four days to set up a new database and begin importing
isotopic analyses from mass spectrometers in the laboratory. Although this may seem like a large
investment in time, current users report that the rewards in increased productivity and better organization
in alaboratory far outweigh this setup cost.

LIMS for Light Stable Isotopes can store information about samples and analytical results for the
following isotope ratios, isotopes, and CFCs:

H/'H “B/°B *or°o “clrFcl “xelXe
°*H “clic “Ne/Ne EAr/PAr e Xe
*He “C ZNe/Ne “Ar/*Ar CFC-11
‘He "N/“N *si/*si ®Kr/¥Kr CFC-12
LilLi Yor°o ¥g/%s ®Kr/¥Kr CFC-113

" The use of trade, brand or product names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.



Two versions of LIMS for Light Stable Isotopes are available. LIMS for Light Stable Isotopes
version 7.0 operates on the Microsoft Windows 95 or Windows NT 4.0 (or higher) platforms under
Access 97. LIMS for Light Stable Isotopes version 1.4, runs on the Microsoft Windows 3.1 or the
Windows for Workgroups 3.11 platform under Microsoft Access 2.0. The two versions of LIMS for
Light Stable Isotopes are nearly identical. Thisreport discusses version 7.0, but version 1.4 users can use
this manual also. Where important differences occur, they are discussed herein.

Hardwar e Requirements

LIMS for Light Stable Isotopes 7.0 requires an IBM compatible computer. A 486, Pentium, or
Pentium Pro computer with 16 MB of memory is satisfactory; however, a 32-MB Pentium is
recommended. A speed of at least 66 MHz is needed, but 200 or 233 MHz is desirable to minimize
delays while Access runs some queries. Although a 15-inch monitor can be used, a 17-inch monitor will
be easier to use because small fonts are used on some of the forms. Although a 640 x 480 pixel video
driver and video adaptor card may display text at its largest size, a screen resolution of 800 x 600 pixels
works satisfactorily with 17-inch monitors, and a screen resolution of 1024 x 768 pixels works
satisfactorily with 21-inch monitors. A mouse is required.

A Hewlett Packard LaserJet Il printer was used to generate the reports in this report. If a
different printer is employed, the user should confirm that the fonts available are sufficiently small

that no information is omitted from the user’sreports.

Softwar e Requirements

LIMS for Light Stable Isotopes 7.0 (abbreviated LIMS from here on) runs under Microsoft
Access 97 and requires Microsoft Windows 95 or NT 4.0 (or higher). LIMS will not function properly
with Access 95. Access 97 is one of the applications in the Microsoft Office Professiona suite.
Instalation of Microsoft Excel 97 is also required. (Note that installation of Excel 5.0 is useful, but not
required for LIMS 1.4 users.)

The complete LIMS application or only the most recent code file can be downloaded from the
Internet (http://water.usgs.gov/software/geochemical.html). Additionally, LIMS can be supplied by the
author (E-mail: tbcoplen@usgs.gov) on eight 1.44 MB diskettes (version 1.4 can be supplied with only
five diskettes—the code file is much smaller). Diskettes for LIMS for Light Stable Isotopes 7.0 consist
of:



Program Files (4 diskettes) To be installed on the user’'s computer

New Database For the user's laboratory database. To be installed after
completing the tutorial.

Example Database Installed with program files in the selected folder.

Excel 5.0 Template for For use by those submitting samples to user's

Creating Sample Projects laboratory.

Example Import Formats Contains ten files with isotopic analyses that can be

imported into the LIMS example database.

| nstallation I nstructions

As is done for many database applications, LIMS is divided into two database files. One is the code
(Lm7code.mdb) and the other is the backend database (LM4ADATA.mdb, Lm7data.mdb, or similar)
where all of the user's isotopic data reside. The location of these two files on the user's computer is
unimportant—they can reside in separate folders or in the same folder on the user's hard drive (or on
another computer on the user's network). LIMS runs on a single computer or on computers networked
together using Microsoft Windows for Workgroups or Microsoft Windows NT 4.0 (or higher).

Installation on a single computer from the Internet

The installation on a single computer is as follows:

1. Install Microsoft Access 97 on your computer (from Microsoft Office Professional 97 if
desired) if not already installed. Two optional components must be installed when Access 97 is
installed:

i. Database Drivers option under Data Access components, and

ii. Microsoft Graph under Office Tools.

2. Install Microsoft Excel 97 on your computer (from Microsoft Office Professional 97 if desired)
if not already installed.

3. Decide upon the directory (and subdirectory) that will contain LIMS and create it. In the
author's laboratory C:\Share\Limsdata is used.

4. Download the file, Lims7.exe, from http://water.usgs.gov/software/geochemical.html and move



it to the directory (and subdirectory) decided upon in the step above.

5. Lims7.exe is a self-extracting compacted file that can create five subdirectories and populate
them with files. Expand Lims7.exe by clicking the Start button, clicking RUN, and then
typing the following into the command line:

[drive]:\ [root directory] \ [sub directories chosen in step 3] \ lims7.exe -d
For example, the author would type:

C:\Sharé\L imsdata\lims7.exe -d

Five subdirectories should be created and populated with files. All of these files are backups of
the origina files. The user should make copies of them as requested below.

6. Copy the file Lm7codemdb in the subdirectory “\code” to the directory (and subdirectory)
decided upon in step 3 above.

7. Copy the files in the subdirectory “\expl-db” to a diskette and label it “LIMS for Light Stable
Isotopes 7.0—Example Database.”

8. Copy the files in the subdirectory “\imp-fmts” to a diskette and label it “LIMS for Light Stable
Isotopes 7.0—Example Import Formats.”

9. Copy the file in the subdirectory “\new-db” to a diskette and label it “LIMS for Light Stable
Isotopes 7.0—New Database.”

10. Copy the files in the subdirectory “\xlIs-tpl” to a diskette and label it “LIMS for Light Stable
Isotopes 7.0—Excel 5.0 Template for Creating Sample Projects.”

11. Copy the file Lm7datae.mdb from the subdirectory “\expl-db” to the directory (and
subdirectory) decided upon in step 3 above.

This completes the installation on a single computer. Multiple copies of the LIMS 7.0 code can be
installed on a network, allowing more than one person to use your backend database at a time. See the
instructions on page 7.

After the features of LIMS have been explored using the example database (see page 20), a new
database (found on the LIMS New Database diskette, created above) can be installed (see page 79). Be
sure to delete the example database (or change its hame or move it to another folder) to force LIMS to
query the user for the location of the new database.



Installation on a single computer from diskettes
Theinstallation on a single computer is as follows:

1. Install Access 97 (from Microsoft Office 97 Professional if desired) if not aready installed.
Two optional components must be installed when Access 97 isinstalled:

a. Database Drivers option under the Data Access components, and
b. Microsoft Graph under Office Tools.
2. Instal Excel 97 if not already installed.

3. Decide upon the name of the folder that will hold the backend database (the primary reservoir
of the user'sdata). In the author’s laboratory this folder is C:\SHARE\LIMSDATA.

4. Insert the diskette labelled “LIMS for Light Stable Isotopes 7.0 Program Files Setup - Disk 1”
into the computer.

5. Click Start.

6. ClickRun.

7. Click Browse and locate “setup.exe” on the diskette.

8. Click Open and follow the installation instructions. When asked for the folder in which to
locate LIMS, use that identified in step 3. The program will be installed. The installation
program will prompt the user faach of the four program setup diskettes in turn.

9. Add “LIMS 7.0” to theStart button menu if desired. The instructions can be found by
selecting Help, searching for “Start menu” and then for “adding programs to” under the Start
menu. For Windows NT 4.0 the instructions are:

a. Clickstart and then point tGettings.
b. Click Taskbar, and then click thetart Menu Programs tab.
c. Click Add, then clickBrowse.

d. Locate the program you want to add, and then double-click it.

e. Click Next, and then double-click the menu on which you want the program to
appear.



f.  Type the name that you want to see on the menu (LIMS 7.0, for example), and then
click Finish.

g. If Windows NT 4.0 prompts you to choose an icon, click one, and then click Finish.

This completes the installation on a single computer. Multiple copies of the LIMS 7.0 code can be
instaled on a network, allowing more than one person to use your backend database at atime. See the
instructions below.

After the features of LIMS have been explored using the example database (see page 20), a new
database (found on the LIMS New Database diskette) can be installed (see page 79). Be sure to delete
the example database (or change its name or move it to another folder) to force LIMS to query the user
for the location of the new database.

Installation on a network

Multiple copies of the LIMS code can be installed computers on a network, alowing more than one
person to use the backend database at atime. Theinstallation is as follows:

1. Firstinstal LIMS on the computer on which the backend database will reside using either the
Internet or diskette installation instructions above.

2.  Sharethefolder that serves as the location of the backend database using Microsoft Explorer by
right clicking the mouse (clicking the right-hand mouse button for right handed people) when
the cursor is on the folder to be shared. Select sharing and enter a Share Name of your choice.
In the author’s laboratory “LIMSDATA” is used.

3. Copy the LIMS program code file, Lm7code.mdb, to each computer on your network as
desired.

Then, for each computer that contains Lm7code.mdb, do the following:

4. Install Access 97 (from Microsoft Office 97 Professional if desired) if not already installed.
Two optional components must be installed when Access 97 is installed:

a. Database Drivers option under the Data Access components, and
b. Microsoft Graph under Office Tools.

5. Install Excel 97 if not already installed.



Open Microsoft Access.

Find Lm7code.mdb on this computer and open it.

Follow the installation instructions. LIMS will be unable to find the backend database and will
prompt the user to find it. Click on the Network Neighborhood icon and find the backend
database in the directory shared in step 2 above. Once the paper size has been selected, click
the Exit button.

Add “LIMS 7.0” to the Start button menu if desired as shown above.

This completes the installation.

After the features of LIMS have been explored using the example database (see page 20), a new
database (found on the LIMS New Database diskette) can be installed (see page 79). Be sure to delete
the example database (or change its name or move it to another folder) to force LIMS to query the user
for the location of the new database.

Installation of version 1.4 from the Internet

The installation for LIMS 1.4 (the version for Microsoft Windows 3.1 and Microsoft Windows for
Workgroups) on a single computer are given below (for instructions on installing LIMS 1.4 on a
network, contact the author):

1.

Install Microsoft Access 2.0 on your computer (from Microsoft Office Professional if desired)
if not already installed.

Decide upon the directory (and subdirectory) that will contain LIMS 1.4 and create it. In the
author's laboratory C:\Share\Limsdata is used.

Download the file, LIMS4.EXE, from http://water.usgs.gov/software/geochemical.html, and
move it to the directory (and subdirectory) decided upon in the step above.

LIMS4.EXE is a self-extracting compacted file that can create five subdirectories and populate
them with files. Expand LIMS4.EXE by selecting “Run,” from the Windows Program
Manager, and then typing the following into the command line:

[drive]:\ [root directory] \ [sub directories chosen in step 2] \ lims4.exe -d

For example, the author would type:

C:\Sharé\Limsdata\lims4.exe—d



Five subdirectories should be created and populated with files. All of these files are backups of the
original files. The user should make copies of them as requested below.

5.

10.

11.

Copy the file LM4CODE.MDB in the subdirectory “\CODE” to the directory (and
subdirectory) decided upon in step 2 above.

Copy the files in the subdirectory “\EXPL-DB” to a diskette and label it “LIMS for Light
Stable Isotopes 1.4—Example Database.”

Copy the files in the subdirectory “\IMP-FMTS” to a diskette and label it “LIMS for Light
Stable Isotopes 1.4—Example Import Formats.”

Copy the file in the subdirectory “\NEW-DB” to a diskette and label it “LIMS for Light Stable
Isotopes 1.4—New Database.”

Copy the files in the subdirectory “\XLS-TPL” to a diskette and label it “LIMS for Light
Stable Isotopes 1.4—Excel 5.0 Template for Creating Sample Projects.”

Copy the file LMADATAE.MDB from the subdirectory “\EXPL-DB” to the directory (and
subdirectory) decided upon in step 2 above.

Register Microsoft Graph by running the file GRAPHS5.EXE using the Run command from the
Windows Program Manager. It will indicate that it can only be run from within another
program. To locate GRAPHS5.EXE it may be easiest to use the command Browse.

This completes the installation. The user will probably find it useful to add a shortcut icon to one of
the program groups in Microsoft Windows (see the Microsoft Windows manual for instructions). In this
manner, the user can double click on this icon, Accessl dpen, and LIMS will open automatically.

You are now ready to begin the tutorial on page 20.

Installation of version 1.4 from diskettes

The Microsoft Windows version of LIMS (version 1.4) is smaller. The code is provided in
compressed form on a single diskette. The installation for LIMS 1.4 on a single computer are given
below (for instructions on installing LIMS 1.4 on a network, contact the author):

1.

2.

Install Access 2.0 (from Microsoft Office Professional if desired) if not already installed.

Decide upon the directory (and subdirectory if desired) that will contain LIMS and create it.
C:\SHARE\LIMSDATA is used in the author's laboratory.

Copy LM4ADATAE.mdb from the diskette labelled “Example Database” to the directory or
subdirectory created in step 2.



4. Copy LMA4CODE.EXE from the diskette labelled “Program File Setup - Disk 1" to the
directory or subdirectory created in step 2.

5. Extract the code file by running LMACODE.EXE using the Run command from the Windows
Program Manager.

6. Register Microsoft Graph by running the file GRAPH5.EXE using the Run command from the
Windows Program Manager. It will indicate that it can only be run from within another
program. To locate GRAPH5.EXE it may be easiest to use the command Browse.

This completes the installation. The user will probably find it useful to add a shortcut icon to one of the

program groups in Microsoft Windows (see the Microsoft Windows manual for instructions). In this
manner, the user can double click on this icon, Accesd apen, and LIMS will open automatically.

I nstructions for Removing LIMSfor Light Stable | sotopes 7.0 (Uninstallation)

If LIMS was installed from the Internet, the user can open Microsoft Explorer and delete the
following:

1. Subdirectories “\code”, “\imp-fmts”, “\new-db”, “\xls-tpl”, and “\expl-db”.

2. Files Lm7code.mdb, Lm7datae.mdb, Lm7data.mdb, Limsdata.log, Lm7prefs.mdb, Import.log,
Lims_err.log.

If LIMS was installed from diskettes:

1. Insert the diskette labelled “LIMS for Light Stable Isotopes 7.0 Program Files Setup - Disk 1”
into the computer.

2. Click Start.

3. ClickRun.

4. Click Browse and locate “setup.exe” on the diskette.

5. Click Open and the LIMS installation program will check for installed component.

6. Click Uninstall and follow the instructions.
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CONCEPTS

Most isotope laboratories can accept a variety of sampletypes. These sample types are called media
in LIMS terminology and represent the type of material or compounds analyzed. The current list of
media appears in table 1. There may be dight variations between table 1 and some versions of LIMS
because media are added occasionaly.

When samples are delivered to a laboratory, they normally are sent with a document listing the
samples and describing the analyses to be performed. In LIMS, this document is caled the sample
submission document. Before the samples can be analyzed, the samples must be logged in to LIMS.
This activity is commonly called “logging in samples.”

The date on the sample submission document isubgission date and is a key for storing the
samples in LIMS. A group of samplesa single medium comprises @roject in LIMS. Suppose a
group of organic sludge samples for C and N isotopic analysis and water sampjfs ford 5°0
determination is submitted by Howard Q. Johnson. These samples must be logged in as two separate
projects with media numbers of 1 and 26 (see table 1). Note that the sample medium is the medium of
the samples that arrives at the laboratory, not media that might be prepared during the sample preparation
in the laboratory. Thus, coal samples submittedsf& analysis might be converted to Ba3® Ag,S
during sample preparation, but they would be logged in as medium 28 (C- and S-bearing material) or as
medium 69 (other S-bearing material) and not as medium 72 (sulfate mineral) or medium 66 (sulfide
mineral). Note that users are free to delete and add media in LIMS as necessary for their specific
laboratory use. If a coal sample is to be analyzegffor 5°C, ands’S, then it must be logged in twice.
The reason for this is discussed below.

When samples arrive at the laboratory, each sample must have a unique identifier by which the
sample submitter distinguishes his (her) samples. In LIMS this is call@athsie ID or theField ID.
When samples are logged into LIMS, LIMS will assign an alphabegiéx and an integer, separated by
a hyphen, to each sample. This is called®ue Lab ID in LIMS, and it is the unique identifier by
which LIMS knows each sample. Examples are N-3345, W-332, and R-10. The prefix is determined by
the medium. Possible prefixes are listed in table 2. Consider sample prefixes as “cabinets” in which
samples are stored. Water samples #br and 5°0 analysis) are stored in the “W” cabinet and thus
have the prefix W. Carbonates are stored in the “C” cabinet, and so on. Samples analyzed primarily for
nitrogen and sulfur isotopic composition are given the prefixes N and S, respectively. The prefix R is
commonly used for gaseous reference samples, but one may choose samples with other prefixes for use
as reference samples. Lastly, the prefix J is user definable. It is not used for any media. Originally it
was thought that it would be used for reference samples identified by Julian date, thus, the letter
laboratory analyzing primarily extraterrestrial samples, the prefix J could be used for various
extraterrestrial media analyzed by the laboratory. Using this system samples are kept in numeric order
and they are easy to locate in cabinets, saving laboratory personnel time.
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Table1l. Mediacodesused in LIMS version 7.0.

Media Prefix Description
Code
1 w water (H & O)
2 C Cdlcite
3 C Dolomite
4 C DIC
5 G gaseous carbon dioxide
6 G gaseous hydrogen
8 R gaseous carbon dioxide reference
10 R gaseous hydrogen reference
12 R gaseous nitrogen reference
14 R gaseous sulfur dioxide reference
16 R gaseous oxygen reference
20 G methane (H & C)
21 G coa (H& C)
22 G oil (H& C)
23 G cellulose (H & C)
24 G other H-bearing material
25 G organic C
26 G C- and N-bearing materia
27 G C- and O-bearing materid
28 G C- and S-bearing material
29 G C- and Cl-bearing material
30 G other C-bearing material
31 C Aragonite
45 C other carbonate
46 G Graphite
50 N pure nitrogen gas
52 N N-bearing solid (salts, rock, etc)
53 N organic N
55 N water (dissolved nitrate)
56 N water (dissolved ammonium)
58 N other N- & O-bearing materials
59 N other N-bearing material
60 N nitrous oxide
64 S water (dissolved sulfate)
65 S water (dissolved sulfide)
66 S sulfide mineral
69 S other S-bearing material
70 S gaseous sulfur dioxide
71 S elemental sulfur
72 S sulfate mineral
79 G gaseous oxygen (anayzed as CO2)
80 G gaseous oxygen (anayzed as O2 for 170 & 180)
81 G quartz (O & Si)
82 G silicate rocks (O & Si)
89 G other O-bearing material

12



Tablel. Mediacodesused in LIMS version 7.0 (contd).

Media Prefix Description
Code
103 R Li reference material
104 G water (dissolved Li)
106 G phosphate minera
107 G Li (in silicates)
109 G other Li-bearing materia
113 R B reference material
114 G water (dissolved B)
115 G B (in evaporites)
118 G B (in rock)
119 G other B-bearing material
123 R gaseous silicon tetrachloride reference
125 G elemental silicon
126 G Silicate
129 G other Si-bearing material
133 R gaseous methyl chloride reference
134 G water (dissolved Cl)
139 G other Cl-bearing material

The samples in a project will comprise arange of samples. Thus, the water samples submitted by
Howard Q. Johnson above might comprise the project whose samples range from W-3321 through
W-3355.

Once samples have been logged into LIM S and been given an Our Lab ID, they can be analyzed for
isotopic composition. Samples cannot be analyzed prior to logging them in to LIMS because the Our
Lab ID needs to be entered in the sample ID field of the mass spectrometer analysis. In addition to
regular submitters, it is useful to have some additiona submitters, such as “Reference” and “Test.” Test
and Reference have both submitted samples in the example database discussed below and are included in
the table of customers in this database.

Table 2. List of sample prefixes used in LIMS version 7.0.

Prefix Description

Carbonate samples

General samples

User defined

Samples submitted primarily for N isotopic analysis
Gaseous reference samples

Samples submitted primarily for S isotopic analysis
Water samples

SOVITZu®O
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Samples may be analyzed for avariety of isotopes, isotope ratios, and CFCs (see Table 3).

Table 3. List of isotopes, isotope
ratios, and CFCs that can be select-
edinLIMSversion 7.0.

Code Description
2 HI*H
3 “crc
5 15N /14N
6 SIS
7 17O /160
8 180 /160
10 LilLi
11 “B/*B
12 *Si/*si
13 “clr¥al
14 “c
15 *H
16 *He
17 ‘He
18 EArPAr
20 “ArPAr
21 “Ne/*Ne
22 “Ne/*Ne
23 KK
24 KK
25 X el Xe
26 136X e1132)( e
27 CFC-11
28 CFC-12
29 CFC-113

Samples are prepared for isotopic analysis using set methods or procedures. Table 4 lists the
procedures (this list may differ slightly in some versions of LIMS) that can be selected. Procedures can
be edited, added, and deleted (see page 93) except that procedures that are currently used in other tables
in the database should not be deleted. The codes between 100 and 199 are miscellaneous codes for a
variety of purposes. Thus, ion gauge readings of the sample and standard (161 and 162) can be stored.
Concentrations of C, N, and S from elemental analyzers can be stored (codes 189, 190, and 191). Codes
200 to 299 arefor sH procedures, codes 300 to 399 are for 5 C procedures, etc. The abbreviations “DI”
and “CF” are dual inlet and continuous flow.
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Table4. List of sample preparation procedures used in LIMS version 7.0.

Code Description

0 N/A

100 m/z=2ion beam (sample)
101  m/z=2ion beam (standard)
102  m/z=3ion beam (sample)
103  m/z =3 ion beam (standard)
104  m/z=4ion beam (sample)
105 m/z=4ion beam (standard)
106  m/z=12ion beam (sample)
107  m/z=12ion beam (standard)
108  m/z =13 ion beam (sample)
109 m/z=13ion beam (standard)
110  m/z =14 ion beam (sample)
111  m/z =14 ion beam (standard)
112 m/z=15ion beam (sample)
113  m/z=15ion beam (standard)
114  m/z =16 ion beam (sample)
115 m/z =16 ion beam (standard)
116  m/z =17 ion beam (sample)
117  m/z =17 ion beam (standard)
118  m/z =18 ion beam (sample)
119  m/z =18 ion beam (standard)
120 m/z =20 ion beam (sample)
121 m/z=20ion beam (standard)
122 m/z =22 ion beam (sample)
123 m/z =22 ion beam (standard)
124 m/z =28 ion beam (sample)
125  m/z=28ion beam (standard)
126 m/z =29 ion beam (sample)
127  m/z=29ion beam (standard)
128  m/z =30 ion beam (sample)
129  m/z =30ion beam (standard)
130 m/z=32ion beam (sample)
131  m/z=32ion beam (standard)
132 m/z=33ion beam (sample)
133  m/z=33ion beam (standard)
134  m/z =34 ion beam (sample)
135 m/z=34ion beam (standard)
136  m/z =36 ion beam (sample)
137  m/z =36 ion beam (standard)
138  m/z =40 ion beam (sample)
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Table4. List of sample preparation procedures used in LIMS version 7.0 (contd).

Code Description

139  m/z=40ion beam (standard)

140  m/z =44 ion beam (sample)

141  m/z =44 ion beam (standard)

142  m/z =45 ion beam (sample)

143  m/z =45 ion beam (standard)

144  m/z = 46 ion beam (sample)

145  m/z =46 ion beam (standard)

146 m/z =47 ion beam (sample)

147  m/z =47 ion beam (standard)

148  m/z =50 ion beam (sample)

149  m/z =50 ion beam (standard)

150 m/z =52 ion beam (sample)

151  m/z=52ion beam (standard)

152  m/z =64 ion beam (sample)

153  m/z =64 ion beam (standard)

154  m/z =66 ion beam (sample)

155  m/z =66 ion beam (standard)

160  Contamination

161  lon gauge (sample)

162  lon gauge (standard)

163  Mgor ion beam (sample)

164  Mgor ion beam (standard)

165 Yied

187 H concentration

188 O concentration

189  C concentration

190 N concentration

191  Sconcentration

192 FH received unexpectedly

193  5°C received unexpectedly

195  5°N received unexpectedly

196 5 Sreceived unexpectedly

197 5O received unexpectedly

198 57O received unexpectedly

200 DI, §H, (medium 6 & 10)

201 DI, 2mL, 30 deg., Pt equil., §H, (medium 1)
210 DI, Znreduction, H, (medium 1)
220 DI, U reduction, sH, (medium 1)
225 DI, combus. & U reduction, §H, (media 20, 21, 22, 23, & 24)
300 DI, Gaseous carbon dioxide. 5°C, (media’5 & 8)
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Table4. List of sample preparation procedures used in LIMS version 7.0 (contd).

Code Description

303 DI, Filtered, 5 C, (medium 4)¢

312 DI, 100% phosphoric acid, £°C, (medium 2, 3, 31, & 45)

340 DI, CH4 combus. to CO2 £°C (medium 20)

352 DI, Qtz sedled tube, 800 deg, £ °C, (media 21, 22, 23, 25, 26, 27, 29, 30, & 46)
354 CF, CO2gas, ¢£°C, (medium 8)

355 CF, GCC, £°C, (media 25, 26, 27, 29, & 30)

356 CF, EA, ¢°C, (media21, 22, 23, 25, 26, 27, 28, 29, 30, & 46)
500 DI, Gaseous nitrogen, &°N, (media12 & 50)

510 DI, Tota N, solid sample, combust, £°N, (medium 52)

515 DI, Organic sample, combust, #°N, (medium 53)

520 DI, Diss. nitrate, FD1 (add KOH to pH > 9), FD2, &°N, (medium 55)
522 DI, Diss. ammonium, FD1 (add H2SO4 to pH < 3), &°N, (medium 56)
580 DI, ¢&°N, (medium 26)

580 DI, &N, (medium 58)

580 DI, &N, (medium 59)

582 CF, N20, &°N, (medium 60)

583 CF, GCC, ¢°N, (medium 26)

583 CF, GCC, ¢°N, (medium 59)

584 CF, EA, ¢°N, (medium 26)

584 CF, EA, ¢°N, (medium 52)

584 CF, EA, ¢°N, (medium 53)

584 CF, EA, ¢°N, (medium 59)

600 DI, Delta, &S, (medium 14)

600 DI, Délta, &S, (medium 28)

600 DI, Délta, &S, (medium 64)

600 DI, Délta, &S, (medium 65)

600 DI, Délta, &S, (medium 66)

600 DI, Délta, &S, (medium 69)

600 DI, Délta, &S, (medium 70)

600 DI, Delta, &S, (medium 71)

600 DI, Delta, &S, (medium 72)

662 CF, EA, &S, (medium 28)

662 CF, EA, &S, (medium 64)

662 CF, EA, &S, (medium 65)

662 CF, EA, &S, (medium 66)
662 CF, EA, &S, (medium 69)
662 CF, EA, &S, (medium 71)
662 CF, EA, &S, (medium 72)
688 CF, pure SO2, 5'S, (medium 14)
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Table4. List of sample preparation procedures used in LIMS version 7.0 (contd).

Code Description

700 DI, 5O of ref. or working std 02, (medium 16)

780 DI, § O of gaseous O2, (meduim 80)

800 DI, 2mL equilibration §°O, (medium 1)

809 DI, Guanidine H20, 570, (medium 1)

810 DI, §°0, (media5, 8, 27, 64, 79, & 89)

820 DI, 25 deg., 100% phosphoric acid, §5°0, (media2, 3, 31, & 45)
821 DI, 50 deg., 100% phosphoric acid, §5°0, (media2, 3, 31, & 45)
850 DI, S02, 5°0, (media 14, 70, & 72)

859 DI, User definable oxygen-isotope fractionation, 5°0, (media2, 3, & 31)
860 DI, BrF5, 5°0, (media81 & 82)

878 DI, §°0 on 02 gas converted to CO2, (media 16 & 80)

879 CF, 5°0 on O2 gas converted to CO2, (media 16 & 80)

880 DI, §°0on 02 gasas 02, (medial6 & 80)

881 CF, 5°00on 02 gasas 02, (medial6 & 80)

883 CF, convt. to O, for analysis, 5 O, (media 27, 58, 81, 82, & 89)
884 CF, convt. to CO, for analysis, 5°O, (media 27, 58, 79, 81, 82, & 89)
886 CF, pure CO2, 57O, (media5 & 8)

887 CF, N20, 5°0, (medium 60)

888 CF, pure SO2, 57O, (media 14 & 70)

890 DI, N-bearing material, 5°O, (media55 & 58)

1030  HLi, (medium 103)

1040  S'Li, (medium 104)

1060 gLi, (medium 106)

1070  §'Li, (medium 107)

1090  HLi, (medium 109)

1130 §'B, (medium 113)

1140 B, (medium 114)

1150 §'B, (medium 115)

1180 §'B, (medium 118)

1190 4B, (medium 119)

1230 DI, §°Si, (medium 123)

1240 DI, BrF5 §°Si, (media81, 82, 125, 126, & 129)

1320 DI, §'Cl, (medium 29)

1330 DI, §'Cl, (media133 & 139)

1340 DI, diss. Cl, §Cl, (medium 134)

When samples are analyzed for isotopic composition, LIMS requires that each mass
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spectrometric isotopic andysis have a unique integer value, known in LIMS as the analysis number.

Thisis required for its relational database structure. In the case that a mass spectrometer measures two
isotopic ratios simultaneously, such as 5°C and §°0 on CO, with a mass spectrometer having three
Faraday-cup collectors, both isotope-ratio analyses can be stored with the same integer analysis number.
For compound specific continuous flow isotopic analyses, §values from as many as 999 peaks can be
stored for each analysis number.

Because the mgjority of the samples analyzed by the author’s laboratory have been either water
or carbonate samples, each sample has normally required two isotopic analyses: $H and 5°O for water
samples and 5°C and 5°O for carbonates, for example. Thus, the LIMS Table of Samples has been
designed to store and present conveniently two types of isotopic analyses for a medium. Usudly, the
anaysis of the eement with the lower mass is the low anaysis (or low procedure) and the other is the
high analysis (or high procedure). One consequence of this scheme is that occasionally one may want to
anayze a sample for three isotopic ratios (C, N, and S, for example). There are two possible solutions to
this problem. One is to save the third isotopic ratio using a procedure code between 100 and 199. As
many as 100 parameters can be stored for each analysis using these specia procedure codes. For an
example of the use of these codes, see page 57. Alternatively, the user might log in the sample twice.
For example, one might use medium 26 (C- & N-bearing material) and medium 69 (other S-bearing
material). If thisis not acceptable, the user can modify the existing structure of LIMS and can add more
fields to the Table of Samples and to the samples form. LIMS s reasonably flexible and can be modified
by users. Users can add new media codes and procedure codes (see page 85), or delete existing ones.

Once samples have been analyzed, the isotopic analyses are imported into LIMS. The isotopic
results are “ corrected” using isotopic reference materials analyzed with the samples. The isotopic results
are then saved in the table that contains the sample information. This activity is called “storing data.”
Once all the samples in a project have been analyzed and the isotopic results have been stored, the project
is reported. This is commonly called “reporting results.” The next section is a tutorial that describes
these activities in more detail.
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EXAMPLE DATABASE
| ntroduction

Thetutorial that follows uses an exampl e database to help the reader to familiarize himself or herself
with the various forms and reportsin LIMS, and it will illustrate where and how various types of data are
stored in LIMS. To use the example database, the installation of LIMS must have been completed (see
page 6). |If another database has been instaled, you will need to temporarily change its name to force
LIMS to query the user for the file specifier of the example database. Start LIMS by selecting LIMS 7.0
from the Start button menu or run Access 97 and open the file Lm7code.mdb.

The figures and text in this tutorial apply to the U.S. English regional settings for Microsoft
Windows. If another regional setting is used, reports and input will correspond to that setting. Thus, for
Sweden a date-time would be entered as 1996-09-30 16:32 and a depth of three and one-half meters
would be entered as 3,5. If LIMS indicates that an entry error has been made and that the entry needs to
be a numeric value, the user should check to be sure that the correct decimal separator (comma versus
decimal point) is being entered.

WARNING. The reports shown in this tutoria were printed using a Hewlett Packard LaserJet 111
printer. Some printers will not support the same fonts as the HP LaserJet I1l. If the user's printer
employs a font with wider characters, some characters may be omitted from LIMS reports. The user
should compare closely the printer output of Figs. 7, 11, 20, 22, 23, and 25 to ensure that no characters
have been omitted. In the event that characters have been omitted, the user should contact the author
(e-mail tbcoplen@usgs.gov).

If LIMS has been used previously and a new database has been installed (either Lm7datamdb or
LMADATA.mdb), the user should record any preferences or tokens that have been saved in the
configuration table because they will be changed during this tutorial. After the tutoria is completed and
the new database is reinstaled, the user can edit these preferences and tokens to their values prior to
execution of the tutorial.

When one opens LIMS for the first time, the code module will be unable intentionally to locate the
backend database. A message similar to the following will appear:

Welcome to LIMS for Light Stable Isotopes. Please find the database for your samples and
analyses. For thetutorial it isLm7datae.mdb.

The user should click OK. The file dialog form will appear and the user should locate the backend
database. For this tutoria this is the file Lm7datae.mdb and is found in the folder in which the LIMS
code module, Lm7code.mdb, is found. (For LIMS 1.4 users, the backend database for this tutoria is the
file LMADATAE.mdb). LIMS should then require a minute or so to complete linking to tables in the
backend database.
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Once the code module connects with the tables in the backend database, a message similar to the
following may appear:

A previous LIMS preferences file has been found. LIMS will replaces the preferences and
tokensin thisnew version of LIM S with those saved by the previousversion of LIMS.

If this message does appear, click Cancel to begin anew tutorial session.
The following message will appear if a paper format for the printer has not been selected:
Welcometo LIMSfor Light Stable | sotopes.

You need to select either U.S. or European A4 size paper for reports. This can be changed at
alater date. LIMSwill default to U.S. standard paper.

Choose no to use A4 paper for printing.
Click Yes or No as appropriate for your printer.
The LIMS Main Menu is now shown on the screen. Click Special Features and LIMS will prompt

the user for the password. Enter the password supplied, and the Special Features subform will open on
the Main Menu (Fig. 1). The functions of the buttons on the Main Menu are summarized below.

Projects

New Project Login

Import New Project

Samples & Analyses

Print Sample Range
Import Analyses

Print Templates

Add or Change Analyses

Correction Factors and
Normalization Equations

Normalization Equation
Ranges

Opens the Search Projects form and allows the user to locate a project (group
of samples).

Login samples to be analyzed.

Login samples to be analyzed using the Excel diskette provided by the sample
submitter.

Open the sample form with the desired sample, and open the analysis form if
the sample has been analyzed.

Prints a range of samples such as between C-4444 and C-4449.
Import isotopic analyses from a diskette written to by a mass spectrometer.

Edit the list of samples to be analyzed and print a multi-sheet template for
laying out the samples for organized isotopic analysis.

Add or Edit mass spectrometric isotopic analyses.

Allows the user to adjust (“ correct”) the isotopic data to account for drift in
the working standatd,

Allows the user to view and print out the equations for the corrections made in

the step above.
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Example Database LIMS For Light Stable |sotopes

Correction Factors and
Mormalization Equations
Print Sample Range
Mormalization Equation
Import Analyses

Ranges

Samplez & Analyses

Print Templates Edit
Add or Change Samplez In Progress

Analpzes Print

Samplez In Progress
Cloze

Store
5 lez in P
DataLog amples in Progress

Add Samples to
_ Mass Spec Procedures LIMS Log Samples In Progress
"o

ImportLog
Sample # o

Procedures EnoiLog

Heferences

High Templates
Procedures

Fig. 1. LIMS Main Menu.
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Edit Samples In Progress Allows the user to view isotopic analyses of samples just analyzed and to
ignore analyses of samplesin the calculation of their final jvalue.

Print SamplesIn Progress  Print the isotopic analyses of samples recently analyzed, calculating final &
values where possible.

Store SamplesIn Progress ~ Once the user is satisfied with the final 5 value of a sample, the §value is
saved in the Table of Samples.

Add Samplesto Samples Reevaluate the isotopic analysis that went into determining the final jvalue of

In Progress asample.

Exit Exit LIMS and close Access 97.

About Information about LIMS for Light Stable Isotopes.

Config Edit the preferences, parameters, and tokensin LIMS.

Prefixes & Next Sample#  Edit the integers of the Our Lab ID numbers assigned during login of samples.
References Add, edit, or delete laboratory reference materials.

Mass Spec Install, edit, or delete a mass spectrometer.

Mass Spec Error Codes Add, edit, or delete mass spectrometric error codes.

Media Add, edit, or delete media.

Procedures Add, edit, or delete procedure codes.

Low Procedures Add, edit, or delete low procedure codes.

High Procedures Add, edit, or delete high procedure codes.

Datalog Future use.

LIMSLog Review certain LIMS activities.

Import Log Summary of importing activities.

Error Log A log of LIMS errors.

Templates Add, edit, or delete the instructions for creating a multi-sheet paper template

used for laying out samplesto be analyzed as a group (such asin a carousel).

The tasks necessary to login samples, analyze samples, and report isotopic results are shown in Figs.
2 and 3. Thistutoria takes the reader through these tasks. In Figs. 2 and 3, tasks are shown on the right
and the applicable Main Menu (Fig. 1) button to execute the task is shown on the left. For the readers
convenience, Figs. 2 and 3 are aso shown (in the printed documentation only—not on the Internet
download version) on the last page of this manual as a foldout page. The user should now turn to this
page and open it out so that it can be viewed as the reader trudges through this tutoriat| o&dittk

close thespecial Features subform.
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Use This Button on Main Menu of LIMS for Light Stable
Isotopes to Execute TheseTasks

TASKSTO LOGIN

SAMPLES

@)

Samples received

A/

New Project Login (2) Loginsamplesto add them to the
Table Of Samples

@)

Print labels
Projects (4) Add samplesto Table Of Samples
To Be Analyzed
5 Label sample
containers

(6) Put samplesinto cabinets for

storage until analyzed

Fig. 2. Login sample tasks.
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TASKSTO ANALYZE AND REPORT
SAMPLES

(1) Generate Daily List of Samplesto be Analyzed
and Template

\ g

(2) Technician |oads template with samples

(3) Analyze samples with mass spectrometer

(4) Save isotopic results to diskette

Import Analyses (5)  Import isotopic results from diskette. (LIMS will
add samples to Table Of Samples | n Progress.)
NZ

Correction Factors & Normalization™ | (6) Apply corrections to isotopic data
Equations

\1/

Print Samples In Progress (7 Print list of isotopic resultsin
Table Of SamplesIn Progress

\

dit Samples In Progr (8) Review and edit isotopic results

N\

©) Add sample reruns to

Table Of Samples To Be Analyzed

N

@amples In Pr@ (10) Store isotopic results to Table Of Samples and
remove from Table Of Samples In Progress

N

(11)  Print Reports and/or save datato a diskettein

ASCII or Excel 5.0 format

v

Done

Fig. 3. Tasksto analyze and report data.
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L ogin New Samples Form

When samples are delivered to a laboratory, they normally are sent with a document listing the
samples and describing the analyses to be performed. In LIMS this is called the sample submission
document. The date on this document is the submission date and is a key for storing projects, a group of
samples of the same medium, in LIMS. Suppose a box of organic sludge samples from Howard Q.
Johnson has arrived in the laboratory for isotopic analysis.

Click New Project Login on the Main Menu to open the L ogin New Samples form (Fig. 4). The
Login New Samples form alows the user to enter basic information about a project, such as the date,
sample submitter, Sample ID’s, country, and other information. When the Login New Samples form
opens, the country combo box is set to the default country selected in the LIMS For Light Stable
| sotopes Configuration form (see page 86 for instructions), which one accesses by clicking Special
Features on the Main Menu. After completing the LIMS tutorial and installing a new database, the user
will want to change the default country to his or her own country.

Enter the date on the sample submission letter. If U.S. regional settings are in effect, the user would
enter June 6, 1995 or 6/6/95 and press the Enter key. For Swedish regiona settings, the user would enter
1995-06-06. Select Johnson as the customer from the Customer combo (combination) box by clicking
on the down arrow on the right side of the control to open it. Then select Johnson by clicking the mouse
on Johnson. Select 26 as the medium (C- & N-bearing material). Set the Country to Canada. Set the
State/Province to 002--> British Columbia. For the Project Purpose or Title enter Weller Toxics Study.
For Location put Victoria, B.C. Howard Johnson submitted 18 samples with Sample ID’s of

Yta-01 through Yta-10
and
Yta-12 through Yta-19

that we want to add as arange. Click on Add Range. Since we will be omitting one Yta vaue, it will
be easier if we add 19 lines and delete 1. Enter Yta01 in the From box. Press Enter. Enter Yta-19 in
the to box. Press Enter and the message similar to the following appears.

You have chosen to add 19 rows. Isthiscorrect?

Click Yes. Now one needs to delete Yta-11. Using the vertical scroll control, bring Yta-11 into view.

Click on the gray area at the far left of the screen in the row Yta11. This row should be selected
(blackened). Press the Delete key on the keyboard (or click the right mouse key and select Cut). A
message similar to the following should appear:

You are about to delete 1 record(s).
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B Login Mew 5Samples Ed
AJUIE dit Customer [ Add Range Save | Cancel

Sul:umissicun:" |
[Dake]
Cuztomer:| -

b ediurm| - Project

Purpoze

or Title:

Lucaﬁun1
Countp: |5 -+ United States ]
State/Province ]
Field ID

2

Recard: 14 < |] 10k e ] af 1

Fig. 4. Login New Samples form.
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If you click Yes, you won’t be able to undo this Delete operation. Are you sure you want to
deletetheserecords?

Select Y es and save the project by clicking Save. A message similar to the following

Create project record
6/6/95 Johnson, Howard Q
G-13t0 G-30

appears. Select OK. The project has now been added to the database and the second task in Fig. 2 is
completed.

A comment about the values entered in the Add Range form above is useful. The user might be
tempted to enter Yta-1 (instead of Yta-01) and Yta-19. If these values are entered, LIMS responds with

the message
Invalid Range

because LIMS is unable to determine correct sample IDs. (This problem may be attacked in a future
version of LIMS))

In any one project, Sample IDs must be unique. If one adds two samples with identical Sample IDs,
amessage similar to the following appears.

The changes you requested to the table were not successful because they would create
duplicate values in the index, primary key, or relationship. Change the data in the field or
fields that contain duplicate data, remove the index, or redefine the index to permit duplicate
entriesand try again.

This is Microsoft Access way of informing the user that one of the Sample IDs will need to be changed
to continue.

| mport New Project Button

The second way to add a project to LIMS is by importing sample headings (the information about
each sample such as collection date, |atitude, etc.) and project information previously stored on a diskette
as an Excel 5 spreadsheet by the sample submitter—use the diskette labelled Excel 5.0 Template for
Creating Sample Projects (see page 81) and igiiglort New Project on the Main Menu (but don't do it
now). This method has the great advantage that the sample submitter enters all of the Sample IDs; thus,
laboratory personnel do not need to retype any of them. Any mistakes are the responsibility of the
sample submitter!
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Search for a Project Form

Now is agood time to print a project report and to print adhesive-backed labels for the samples just
entered (the third task in Fig. 2). These tasks are performed from the Pr oj ects form.

Click Projects on the Main Menu. The Search for a project form (Fig. 5) should open. In the
subform (the light area on the form), the entry

5/15/96 Reference G-12 Acetanilide for GCC tests

or similar is highlighted. The first column contains the submission date of the project, the second is the
last name of the sample submitter, the third is the range of samplesin the project, the fourth is the project
title or purpose, and the fifth is the location. One can use the vertical scroll bar or the up and down arrow
keys to move to another project. Note that there are about 36 projects in the database. Severa projects
contain only a single sample. The first twenty or so projects have been found useful in the author's
laboratory. Theseinclude:

Several test or “garbage” samples for testing, such as W-1, €],

C-3, G-3, N-3, and S-3 are defined to be a blank (with no boat) for an elemental analyzer,
C-4, G-4, N-4, and S-4 are defined to be an empty boat for an elemental analyzer, and
R-1 through R-5 are defined to be continuous flow reference gasés, ¢t.

PN

To open a project either double-click it, the user would click on the project to select it and depress
theEnter key or clickFind (but don't do it yet).

One can limit searches by using the search tools on this form. Suppose one only wants to see the
samples submitted by Johnson. From Kfzgne combo box select Johnson. Cligkarch. Only the
five Johnson projects should be displayed. One can limit searches with multiple criteria. Suppose one
only wants to see Johnson's prefix G samples. Frorprigfigx combo box select “G--> General” and
then clickSearch. Two projects are shown. If only one project had been displayed, LIMS would have
opened the project.

Project Form

Select the project “6/6/95 Johnson” and double-click on it to opepritject form (see Fig. 6).
On theproject form those text boxes which cannot be edited are shown with a darker background. If one
wants to edit an entry, one must first clieldit. This feature is used throughout LIMS to prevent
workers from accidently changing data. The following describes the buttons on the Project form:

List displays all the projects in the database.
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N |

M arne:| -] -Find
Frefin:| -] -
Aifter [date]:| | ﬂl

PB n.afu:un.a [date]:| | Gearch |
roject:

Submizzion | Last Mame|Fange | Purpose [ Lacation -

1/19/95 Reference | -5 M20 Lab Reference SIL

1/20/95 Johhzon | MG to M-42 20 Unzaturated Zone Study Eger. Hungary

1/21/595 Johrnzon | WwWB ko188 MWL zamples

E/E/95 Johhizon | G-13to G-30 Weller Towics Study Wictania, B.C.

202496 Reference | 5-5 Our elemental 5 reference

20396 Test 5-6 BaS04 test zample

2/8/96 Test G-7 ta G-11 Analytical Precizion mazs spectrameter test b ain facility

Feference

-1

Acetanilide for GCC tests

Fig. 5. Search for project form.
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B Project Ed

Subrmizzion] 5/5,/95

Cuztomer]) ohnzon, Howard [

=l

[rate Hepurtedi

Ehanged:FHEHHB 11:43:59 Ak

F'urpu:use:lWeIIer Tosicz Study

Location:[ictaria, B.C.

Medium:| 26 > G [C & M] C- and M-bearing material

HangeiE-'l Fto G-30

Fig. 6. Project form.
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The four navigation buttons, |<, <, >, and >|, allow one to go to the first, the previous, the next, and
the last project, respectively. The navigation buttons work the same way on other formsin LIMS.
When the current project isthe last project, > and >| are grayed out to indicate that they are disabled.

Delete allows one to delete a project (and al the samplesin that project). Thus, one could delete the
Johnson project entered (but do not do it). A password may be required to delete a project. Use the
password sent with the diskettes.

Ddta Plot loads Microsoft Graph and displays a §H versus 5 O plot of samples in the project
(unless Microsoft Graph has not been loaded, and then one needs to add this component from the
Microsoft Office 97 Professional installation media). This button is enabled only for medium 1,
water samples, and is demonstrated later in this tutorial.

Results alows one to save (i) project yvauesin ASCII format to a diskette or (ii) data from an
entire project to a diskette in Excel 5.0 format. The latter is a useful feature because sample
submitters occasionally need all of the sample information (latitude, longitude, etc., including 5
values) in an Excel spreadsheet. This button provides LIMS with that functionality.

Import transfers data from an Excel 5.0 spreadsheet to the Table of Samples (see page 81). Two
unpopulated (empty) spreadsheet templates are provided on the diskette |abelled Excel 5.0 Template
for Creating Sample Projects (see page 81). They are useful when someone does not have al of the
required sample information when samples are submitted. For example, latitudes and longitudes are
sometimes provided after samples have been submitted. Using a populated spreadsheet, data can be
added to the database without retyping by laboratory personnel (see page 81).

Print Report prints areport containing the yvalues of all samplesin the selected project.

Print Labels and Print Small Labels print two sizes of labels, 30 or 80 labels per page of U.S.
standard 8.5-inch by 11-inch label stock, or 21 or 84 labels per page on A4 stock, respectively. The
Avery stock numbers for 30 and 80 labels per page are 5260 and 5267, respectively. These label are
also available in colors. A4 stock with 21 labels per page is available from Ryman (stock number
P21). Avery (stock number L7656) provides 84 labels per A4 page.

The user should now click Print Report to print a report containing the yvaues of adl samples in
the project (Fig. 7). Since the project has just been logged in and no samples have yet been analyzed, no
isotopic results are shown on the report. The user should compare his or her printer output with that in
Fig. 7 to ensure that no characters have been omitted.

Click Print Small Labels LIMS will ask if one wants to print labels for every sample in the
project. The user has the possibility to print asingle label or labels for a range of samples. Select Yes to
print alabel for every sample in the project. LIMS will query the user for the number of labels for each
sample. Enter 3 and click OK or pressthe Enter key on the keyboard. The printer should print a page of
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Submission: 6/6/95  Johnson, Howard Q G-13t0 G-30

1/19/98

Medium: 26 --> G [C & N] C- and N-bearing material
Purpose:  Weller Toxics Study
Location:  Victoria, B.C.
sC SN
Collection VPDB (%) AIR(%0)
Sample ID: Date OurlLabID Vaue Comment Value Comment
Yta-01 G-13
Yta-02 G-14
Yta-03 G-15
Yta-04 G-16
Yta-05 G-17
Yta-06 G-18
Yta-07 G-19
Yta-08 G-20
Yta-09 G-21
Yta-10 G-22
Yta-12 G-23
Yta-13 G-24
Yta-14 G-25
Yta-15 G-26
Yta-16 G-27
Yta-17 G-28
Yta-18 G-29
Yta-19 G-30

Fig. 7. Example of project report after being logged in. No gvalues are
shown because no isotopic analyses have been performed on these samples.
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56 labels (Fig. 8). The user should compare his or her printer output with that in Fig. 8 to ensure that no
characters have been omitted. Had the user loaded adhesive label stock in the printer, adhesive labels for
samples would have been printed. This completes the third task in Fig. 2.

Sample Form

The user should add some geographic information to some of the Johnson sludge samples. Click
Samples on the Project form to open the Sample form (Fig. 9). The Sample form shows the first
sample in the project (G-13). (One can also open the Sample form by clicking Samples & Analyses on
the Main Menu.) Click List and select G-17. Alternatively, the navigation buttons can be used to move
through samplesin a project.

On the Sample form, there are eight fields that one can set with one's own user defined captions (see
page 85). They are:

Sample ID User Def Caption 5
User Def Caption 2 User Def Caption 6
User Def Caption 3 Caption 7
User Def Caption 4 Other Info

(Note that there are no periods in any of the above captions. A period is not allowed in afield name (see
page 85 for all disallowed characters.) Perhaps a user is anayzing urine from diabetic patients. One of
the fields could be defined as “ Days After Dose” (see page 85).

In case samples are for repay, the Project Account field may be useful.

There are over 200 “countries” on t@euntry combo control. They can be updated by editing the
underlying table of countries. States, provinces, or administrative districts are listed for some countries.

One can use as many of the fields onSample form as are desired. If only a few fields will ever
be used, one could easily modify the code and make unused labels and text boxes invisible. If this is
done, one may also want to make the same changesprartige of Samples report.

On theSample form, one can see blocks identified as Low Analysis and as High Analysis. These
will contain the low and higlgvalues discussed on page 19 once the sample has been analyzed.

A Comment is available for both the low and high analysis. The user might use these to indicate the
standard deviation of the analyses, to indicate a sample bottle has btoken,

Clicking Analyses opens the\nalysis form with analyses of the sample. Since this project has just
been logged in, no isotopic analyses yet exist. Try it.



G-13
YtaOl
G-14
Yta02
G-15
Yta-03
G-17
Yta-05
G-18
Yta-06
G-19
Yta07
G-21
Yta-09
G-22
Yta10
G-23
Ytal2
G-25
Ytal4
G-26
Ytal5
G-27
Yta16
G-29
Yta18
G-30
Yta19

G-13
YtaOl
G-14
Yta02
G-16
Yta04
G-17
Yta-05
G-18
Yta-06
G-20
Yta-08
G-21
Yta-09
G-22
Yta10
G-24
Yta13
G-25
Ytal4
G-26
Ytal5
G-28
Ytal/
G-29
Yta18
G-30
Yta19

G-13
YtaOl
G-15
Yta-03
G-16
Yta04
G-17
Yta-05
G-19
Yta07
G-20
Yta-08
G-21
Yta-09
G-23
Ytal2
G-24
Yta13
G-25
Ytal4
G-27
Yta16
G-28
Ytal/
G-29
Yta18

Fig. 8. Example of asmall labels report.
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G-14
Yta02
G-15
Yta-03
G-16
Yta04
G-18
Yta-06
G-19
Yta07
G-20
Yta-08
G-22
Yta10
G-23
Ytal2
G-24
Yta13
G-26
Ytal5
G-27
Yta16
G-28
Ytal/
G-30
Yta19



B Sample E

Ligt |} I4] 4 P | M| Edit | Analyses | Frint Project Copy Cloze Johnzon, 646435
OurLab ID: [G-13 Sample ID: [vta0t
b ediLinm; |2E =» G [C & M] C- and M-bea Ilzer Def Caption 2
Last Edit: |.'-".-"2.-"98 17:44:00 Akd Ilzer Def Caption 2
Ilzer Def Caption 4: |
Lo Ainalyzis 13C
Procedure: I =] Jzer Def Caption 5; |
Comnmert: I IJzer Def Caption B: |
Defa: | State/Pravince: [00Z > BC. BRITISH COLUIMEIR =]
High Analysis 16N E:;:D”r:”; ': Im 2.Lanada ]
F'r-:u:eu:lure: jv Project Acct: |
I:::umment: Callection Date:
Delts: End Collection D ate:

Decimal Deqrees I

Lat:l Lu:ung:l
=1

.-*-.u:u:urau:_l,l:l

Meters |
Elexation: I—
Top: I—
Bottarn: I—

Phone Mumber; |

Other [nfo;

Fig. 9. Sampleform.
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Print Project will print a report identical to the report generated by clicking Print Project on the
Project form (Fig. 7).

Edit enables editing of the information in the light colored text boxes (those not grayed out).

The latitude and longitude of many samples are important. One can enter or display data in either
degrees-minutes-seconds (DMS) format ( €.9., 1214512) or in decimal degrees format (e.9., 121.75333).
The symbols e, ’, and " are not accepted for data entry. One can set the display default to either Decimal
Degrees Or DM S using a software switch on the LIMS For Light Stable | sotopes Configuration form
(see page 86).

The user needs to enter the latitude and longitude of sample G-17. If necessary, click Decimal
Degrees to toggle the format to DMS. Click Edit. Click the Lat text box and enter 483807 for the
latitude. Press Enter. Enter -1233015 for the longitude (the minus sign is for the Western Hemisphere).
Press Enter. The accuracy of the latitude and longitude can be selected if desired.

The elevations and depths of some samples are important. One can use meters or feet and set the
default [for samples imported where the submitter has not specified meters or feet on his Excel 5.0
template (see page 81)] using a software switch on the LIMS For Light Stable I sotopes Configuration
form (see page 86).

Sample G-17 came from a site with an elevation of 142 meters. If the length units are Feet, click to
change it to Meters if necessary. Click the Elevation text box and enter the elevation of 142. Press
Enter. The depth to the top of the perforated interval is 3.5 m. Enter 3.5 in Top and press Enter. The
depth to the bottom of the perforated interval is4 m. Enter 4 in Bottom and press Enter .

Both a collection date/time and ending date/time are available. The ending date/time is useful for
rain samples.

The collection date/time of sample G-17 is February 2, 1995 11:30 am. Click the Collection Date
text box. Enter 2/2/95 11:30 as the collection date and time.

Click saveto save the information entered thus far.

The Copy button can be used to copy sample information to another sample. It is useful in the
event a user has submitted samples with more than one medium from the same location. Often water
samples are submitted for §H and 5°0 analysis along with samples for §'S analysis. The Copy button
is used to copy the headings entered for W samples to the S samples.

Suppose the sulfate mineral sample, S-6, was collected from the same location as sample G-17 (Yta

05). The user needs to copy the location information of G-17 to S-6. Click Copy. Severa fields will be
highlighted and LIMS will inform the user:
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This command will copy the highlighted information to another sample. Use this command
very carefully!

Click OK. If prompted, enter the password. Enter S-6 by selecting the Prefix S and entering 6 into the
Sample# text box. Click Copy. LIMSwill advise the user:

The Sample ID of the sample selected is BaSO4.

Click OK and the highlighted fields are copied to sample S-6 as will be shown below.

Click Close to return to the Project form.

Add Samples To Be Analyzed Form

LIMS can populate a multi-sheet template with samples for isotopic analysis. One first needs to add
the samples to the Table of Samples To Be Analyzed.

Click Templates on the Project form (Fig. 5) to add samples to this table. The Add Samples To
Be Analyzed form should open (Fig. 10). (The user should not confuse the Add Samples To Be
Analyzed form with the Samples To Be Analyzed form. The latter is opened by clicking on Print
Templates on the Main Menu and is discussed later in this tutorial.) The information used to set the
default entries on the Add Samples To Be Analyzed form is obtained from template configuration
tables. These are edited by clicking on Special Features on the Main Menu and then selecting
Templates (but don't do it now).

Only the template “EA for C & N” is available for medium 26 (C- & N-bearing material), so it is
automatically loaded into thieemplate combo box by LIMS. Th&rom andTo values that define the
sample range are set to 13 and 30. The user can edit them. The default number of repeat analyses is 1;
thus, samples will only be put on the template once. The user can increase this value if needed. Leave it
at 1. The default low procedure code is 356 (CF, EA, Delta 13C), so this value is entered into the low
procedure combo box by LIMS. Two other low procedure codes (352 and 355) are valid for medium 26
and can be selected by the user. Likewise, the user may accept the default high procedure code of 584
(CF, EA, Delta 15N) or choose one of the other values in the high procedure combo box. Select the
Front of the queue toggle button to add these samples to the top of the Table of Samples To Be
Analyzed. ClickAdd to add the samples to the Table of Samples To Be Analyzed. LIMS will respond
with a message box indicating that the repeats have been added. This completes the fourth task in Fig. 2.

If one wants to delete all the samples of a project from the Table of Samples To Be Analyzed, one
would click Delete (but don't do it). ClickOK. Close theprgject form.
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B Add Samples To Be Analyzed
Template: [ENTRaEAY -]
Fram:
Ta
H of repeats [analyses):

Add

Delete

Cancel

E

Law Procedure: | 356 ~ |
High Procedure: | 584 |
Add At

i1 Front of the queus
*)  End of the queus [default position)

Fig. 10. Add Samples To Be Analyzed form.
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The user can now confirm that information was copied from sample G-17 to sample S-6. Click
Samples & Analyses. Click the Prefix S, enter 6, and click Find. The Sample form opens showing
sample S-6. Note that data was copied from G-17. Click Close.

Print Sample Range Form

Clicking Print Sample Range prints information from the Table of Samples for arange of samples.
Try printing the range W-41 to W-42. The Access report generated is shown in Fig. 11. The user
should compare his or her printer output with that in Fig. 11 to ensure that no characters have been
omitted.

Printing a Template and the Samples To Be Analyzed Form

After sample projects are created in LIMS, one can add the samples to the Table of Samples To Be
Analyzed [(as the user did above (page 38)] in order to load them in turn on a multi-sheet template that
LIMS can generate. Additionally, LIMS can save the sample headings on a diskette and these headings
are available to the mass spectrometer data acquisition and control program. If the computer controlling
the mass spectrometer can read these sample headings from the diskette, then the headings need not be
typed into the mass spectrometer computer by the operator. If a user's computer software is not able to
read these sample headings, the user may want to contact the mass spectrometer manufacturer and
“encourage” the manufacturer to provide software that can read these headings since this is a significant
time saver.

On the Main Menu cliclerint Templates to open theSamples To Be Analyzed form (Fig. 12).
Click List and select the template “EA for C & N.” “EA for C & N” is the C and N elemental analyzer
template. One can see that there are 18 samples waiting to be analyzed by the elemental agizer for
and 3°N. The sample list shows the low and (or) high procedure code(s) and the number of repeats
remaining. The number of repeats is the number of times that a sample needs to appear on a template.
When generating a template, LIMS takes samples from the top of thg#ish time a sampleis taken,

the number of repeatsis decremented by one.

One can edit the list of samples by adding samples, deleting samples, editing the sample number and
prefix of a sample, and changing the number of repeatsample can appear more than once. We
will first add a sample to the list. Click on the last record of the subform marked by an asterisk in the left
column. LIMS immediately fills in the default number of repeats, the low procedure code, and the high
procedure code, 1, 356, and 584, respectively. For an experiment, try to enter W-1 as the sample. Enter
W as the prefix and 1 as the sample. When the user attempts to update the record by clicking another
record on the subform, the message

Thisrecord is not compatible with the EA for C & N. Perhaps the medium is of an incorrect
type or the sample does not exist.



Sample ranges

Created: 1/20/98 9:23:22 AM

Lak ID: [W-41

Mame! [Johhaon

Sampls W; [950240139

Usar Baf Capdon 2: [DENOAW JBES

[ 12195 Vst Dot Capion 3: [34524117193402 |
Mudium: [0 —> W [Watsr] watar {H & 0) Ut Dol Cuplich 4;
Laat Edit: [8/B/97 10:08:12 AM ] Uaar el Capsion B: ]
r— Bevators | | User Def Caption &: [ ]
Co—— | i — a: (008 > CA, CALFORNA
Commant:| | LIS Country: [US ~> United States
Capdon 7:
High .
Other Info:; Project Accr: |
Procedurs: | | Deatte] | Bog/Ens Collect; [1720/95 11:00:00 AM | I
Communrs | | Phane: |
Lab {D: [W-42 | Sample ID; 250242133

Nsma: |Inhneon

]

1/21/95]

Lotmde: | S Uaar Daf Capdon 2: [DEN/0AW 2BE1

Une:
Longitude: [ ne User Duf Caption 3: (3445241 17193401

Medium: D1 > W [Watsr] watar {H & Q) |

Last Edit: (B/A/M7 10:08:12 AM

Lewr

Procadure: ]Mn!
Commant:

High

Procaduas L
Cnmmom:[ I

User Def Caption 4: |

Uaar Daf Capdon 6: [

Bwyators [ | Usar Daf Caption 8; |

T[] Btate: (004 - > €A, CALIFORMIA

Bottom:| | Country: [US —> United Gtatee

Caption 7; |

Oher Info: Projest Asat: |

Beg/End Collect: [1/19/85 1:30:00 PM_ |

. 11. Example of Print Sample Range report.
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B3 Samples To Be Analyzed
Carlo Erba for 5 L

List | 14] 4

Dezcription: IE.-“-‘-. for sulfur on Europa

tazz Spec: |h-1_|,| Europa

Find | 4| 9 | Delete

Prefix

Sample

Repeatsz

Low Procedure

Receed 141 4 1] FRRETS (Y [ P

Hew
Template

Make
Baclkup

Retrieve
Backup

Select date of backup

1

Last
Template

Fig. 12. Samples To Be Analyzed Form for the EA for C and N.
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Click OK. Enter G for the prefix and 17 for the sample.

To cancel an entry, press the Escape key on the keyboard, but don't do it now.

To locate a sample quickly, one can use Find. Click Find and the Search form appears. Click
Prefix G, enter 17 in Sample text box, and click Find. The cursor will locate the first G-17.

Move G-13 to the bottom of the queue. Move the focus to sample G-13 by clicking on the cell
containing 13. Then click on the down arrow button. G-13 will be moved to the bottom of the queue.
Next, move it to the top of the queue. Click on the cell containing 13. Click on the up arrow button. G-
13 should be moved to the top of the queue. One will notice that it is quicker to move samples to the end
of the queue that to move them to the top of the queue.

The user may also move a group of records to the top or bottom of the queue. (Unfortunately, this
feature does not work in LIMS 1.4). This is done by selecting a group of records and then clicking the
up or down arrow button. For example, to move the records G-19 through G-28 to the bottom of the
queue, click on the cell containing 19, hold the Shift key down and click on the cell containing 28,
release the Shift key, and click the down arrow button. LIMS will display the message:

Samples G-19 through G-28 will be moved to the bottom of the queue.
Click Cance since we do not want to move them now.

Once the number of repeats reaches zero, the user commonly deletes the sample by selecting it with
the mouse and pressing the keyboard Delete key. A range of sample can be deleted by first selecting the
range of samples to be deleted (drag the mouse along the left edge of the list box) and then by pressing
the Delete key on the keyboard. Clicking the Delete button on the form alows one to delete a single
sample, the sample that has the focus. One can also use Delete on the Add Samples To Be Analyzed
form (see page 38) to delete al the samples from the selected project.

Click onthelast record, G-17. Click Delete. The sample just added has been deleted.

The user should now generate a multi-sheet template and diskette for the EA for C & N template.
Click New Template. LIMSwill advise the user of the number of samples waiting to be analyzed (18 in
thiscase). Click OK. LIMS populates the template with samples and reference samples according to the
specifications of the template. To populate the template, LIMS performs the following steps:

1. LIMS determines if any ports are to be empty according to the user's template configuration
specifications and makes these ports empty. If a port is not working properly due to improper
operation of a valve or solenoid, that port may be set to “Empty” by editing the template
configuration (selecgpecial Features and thernr emplates).

2. LIMS examines the user's template configuration specifications and places fixed reference



samples in any ports so specified. For example, the user may want the second port to always
have areference samplein it.

3. LIMS determines how many floating reference samples (if any) are to be placed in each bank
(manifold) of the preparation device and places them in ports using a random number
generation routine. A floating reference sample is a reference sample that is randomly
interspersed among a group of samples.

4. LIMS fills in the remaining ports with samples taken from the Table of Samples To Be
Anayzed. If LIMS reaches the bottom of the list and still needs more samples to complete
population of the template, LIMS begins again selecting samples from the top of the queue,
choosing samples that have repeats greater than zero. Thus, a sample can appear more than
once on a template. If LIMS exhausts samples from the Table of Samples To Be Analyzed,
LIMS fills the remaining ports with a sample so designated on the Template Configuration
form (see page 97). This often isW-1, or an equivaent “test” sample.

Creating a new template format and editing an existing template format is discussed beginning on page
97.

After the template is generated, LIMS will display the message

You can add Aliquot IDsif desired. You cannot edit any other field.
Click OK. Typically, the aliquot ID of each sample would be printed on the isotopic analysis sheet by
the mass spectrometer, assuming that the vendor's software can import the information saved to a file on

a diskette by LIMS.

Click print. When requested by LIMS, insert a blank diskette into the computer an®glickl he
following actions now take place:

1. Alist of samples is printed (Fig. 13). This list helps the analyst locate the samples.

2. A multi-sheet template is printed (Fig. 14a—14e),

3. Sample headings are saved on the diskette for use by the mass spectrometer, and

4. A backup of the Table of Samples To Be Analyzed is made.

5. The number of repeats for each sample shown on the template is decremented by one.

LIMS will inform the user that the oldest backup has beeracegl successfully. CliaRK .



EA for C N Samples To Be Analyzed 1/20/98 9:50:45 AM

Port Sample # Amount

00 G4 40 G-5
01 G-5 41 G-3
02 G-13 42 G-3
03 G-14 43 G-3
04 G-15 44 G-3
05 G-16 45 G-3
06 G-17 46 G-3
07 G-18 47 G-3
08 G-19 48 G-3
09 G-20 49 G-3
10 G-21

11 G-22

12 G-23

13 G-24

14 G-25

15 G-26

16 G-27

17 G-28

18 G-29

19 G-30

20 G-3

21 G-3

22 G-3

23 G-3

24 G-3

25 G-3

26 G-3

27 G-3

28 G-3

29 G-3

30 G-3

31 G-3

32 G-3

33 G-5

34 G-3

35 G-3

36 G-3

35 G-3

38 G-3

39 G-3

Fig. 13. Example of List of Samples To Be Analyzed for the EA for C & N template.



45/G-3 46/G-3 47/G-3
30/G-3 31/G-3 32/G-3
15/G-26 16/G-27 17/G-28
00/G-4 01/G-5 02/G-13
EAforC N 20-Jan-98
Page 1

Fig. 14a. Page 1 of multi-sheet template (EA for C & N) for an elemental analyzer.

46



48/G-3 49/G-3
33/G-5 34/G-3 35/G-3
18/G-29 19/G-30 20/G-3
03/G-14 04/G-15 05/G-16
EAforC N 20-Jan-98
Page 2

Fig. 14b. Page 2 of multi-sheet template (EA for C & N) for an elemental anayzer.
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36/G-3 37/G-3 38/G-3
21/G-3 22/G-3 23/G-3
06/G-17 07/G-18 08/G-19
EAforC N 20-Jan-98
Page 3

Fig. 14c. Page 3 of multi-sheet template (EA for C & N) for an elemental analyzer.



39/G-3 40/G-5 41/G-3
24/G-3 25/G-3 26/G-3
09/G-20 10/G-21 11/G-22
EAforC N 20-Jan-98
Page 4

Fig. 14d. Page 4 of multi-sheet template (EA for C & N) for an elemental anayzer.
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42/G-3 43/G-3 44/G-3
27/G-3 28/G-3 29/G-3
12/G-23 13/G-24 14/G-25
EAforC N 20-Jan-98
Page 5

Fig. 14e. Page 5 of multi-sheet template (EA for C & N) for an elemental analyzer.
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Note that the last approximately 30 positions on your template are populated with G-3 (see Fig. 13),
an empty sample on the elemental analyzer carousel (see page 29). Also, because a random number
generator is used to position the three floating reference samples (G-5), the user’s template will be
dightly different than the one shown in Figs. 13 and 14a-14e.

The last multi-sheet template is saved in case the printer malfunctions. If you need to print it again,
click Last Template on theSamples To Be Analyzed form.

Clicking Make Backup creates a backup of the Table of Samples to Be Analyzed shown on the

Samples To Be Analyzed form (Fig. 12). To restore a previous backup, clrieve Backup and
select the day and time of the backup to be restored. The last nine backups are retained by LIMS.

Close theSamples To Be Analyzed form. This completes the first task in Fig. 3. The technician
would now load the template with samples and analyze them (tasks 2 and 3 on Fig. 3).

Analysis Form

The tutorial will digress briefly to discuss tinalysis form which is used to show the isotopic
analysis of a sample that has been analyzed. To opemttgsis form, it is first necessary to open the
Sample form. The easiest way to open tbample form (Fig. 9) is to clicksamples and Analyses on
the Main Menu. Clicksamples and Analyses. The W is already selected, so enter 8 and [Fass .

The sample form should open. Thfalysis form is opened by clickinginalyses on theSample form.

Click Analyses and a message indicates that there are no analyses for sample W-8. This is correct since
the Comment text box indicates that the sample was broken (this is a real sample and it was broken).
Move to sample W-9 by clickingist or the navigation buttons. Cligknalyses and theAnalysis form

opens (Fig. 15).

Analysis D-117229 is visible. To view other analyses, select them by clickéng There are two
5’0 analyses from the DuPont mass spectrometer angfvanalyses from the VG mass spectrometer.
To edit an analysis, cligkdit and theedit Analysis form opens. One may need to enter the password.

Close theanalysis form and theSample form to return to the Main Menu.

Add or Change Analyses Form

Assume the Johnson sludge samples have now been analyzed along with numerous other samples.
The user needs to add these isotopic analyses to LIMS. Isotopic analyses are added in either of two
ways, they are entered using the keyboard or they are imported from a file created by the mass
spectrometer software. First enter isotopic data using the keyboard.
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B Analysis
4 |D-117229.001; 800 - D1, 2 mL equilibratic e | m

Analyziz. Pl

117229 Part: |23 Lazt Edit;

DateTime:

Sample:

275 23526 AM

-9

Standard:

BAB/7 10:03:12 AM

3k2

Owner: |Johnson

1721495

Mazz Spec:

DuPant

Errar;

0-» Ma Errar

Meda:

07 - W P ater] water [H & 0]

Afiquat [

Frocedure:;

200 - 01, 2 mL equilibration, Delta 180

Delta:

-10.51

[~ lgnore

Comment; |

Fig. 15. Anaysisform.
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Enter the missing mass spectrometer analysis information as follows. Click Add or Change
Analyses. The Add or Change Analyses form should appear (Fig. 16). From the Mass Spec combo
(combination) box, select V-->VG in 5B131. When the hourglass cursor disappears, W has been selected
as the sample prefix. Note that only three prefixes are shown for this mass spectrometer (G, R, and W)
because it can only analyze hydrogen isotopic ratios. [The Table of Media (table 1) shows that there are
no media with prefixes C, J, N, or S for hydrogen isotopic anaysis.] Above the Mass Spec combo box
is Range of Mass Spec Analyses for List option group. This only applies to the List button, which is
used below. Generdly, the user will want to accept the default of the last 1,000 analyses because
selecting al analyses may require a query of the database that takes more than a minute in the case of
large databases.

The analysis number of the missing analysis is 128329. Click New Analysis LIMS determines
that the next analysis number should be 128329 and LIMS inserts this value in the Analysis # text box.
By chance it is exactly the analysis that is missing, so press Enter and the focus (cursor) moves to the
Aliquot ID text box. Users often identify the aliquot of the sample analyzed with A, B, etc. This 20
character field can be used as one chooses. It will not be used now, so press Enter. The cursor should
move to the Standard text box.

Enter 24 for the working standard. The integers 1 to 366 are normally used in the author’s
laboratory for identification of working standards (the day of the year in which it was loaded). One can
force error checking for the integers 1 to 366 using one of the switches on the LIMS For Light Stable

| sotopes Configuration form (page 86).

Enter 31 for the port number. Port numbers can be up to six characters long. Integer port numbers
between 0 and 99 are used in the author’s laboratory. One can ensure that users enter only integer port
numbers between 0 and 99 by enabling a software switch (page 86).

Enter March 1, 1997 6:24 PM (or 18:24) for the date/time analyzed. The date/time format may be
different depending upon the Window’s date and time default settings of the user’s computer.

The cursor should move to the Comment text box. This 32-character field can be used to store text
for each analysis, as one chooses. It is not used now, so press Enter. The cursor moves to the Prefix W.
Accept this prefix and press Enter. The cursor moves to the Sampl e text box.

The sample number of the missing analysis is W-6, so enter 6 and press Enter. LIMS will now
search the database for information about sample W-6 and it will fill in the following information:

Sample submitter (owner) Reference
Submission date Jan. 5, 1995
Sample ID Light Lab Ref
Media 01 for water
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B3 Add or Change Analyzes

L5t Edit Hew Analusis Hew Feak Hew Erocedore) | Delete Close
Fange of Mazz Spec Analyses for List Analysis Information
€ Last 1000 analyses
Al analyzes Analysis #: I
: Aliguot 10 |
hazz Spec: “ Standard: I
B - My AP
D -» DuPant ort: I
;L e Ime: |
i | M - My Micromass ent
gz | F -+ My Delta Plus ; I
- by Europa
= i -:Z:=-"-.-"I:3' in EEI'IEI'I bdure [ nformation
& R - Reference Isntupe:l =]
& 5 Sulfur _
B e Procedure: | =
5 ample: I— Fernul. Delta: I
Erru:ur:l 0]
Sample Information lgnore: [
DW”E’:l E=p. Coef: |
Sample ID:| Add. Corr: |
Media: |

Fig.

. Add or Change Analyses form.




The cursor should be in the | sotope combo box. Select 2H from the | sotope combo box if it is not
already selected and press Enter. The cursor moves to the Procedure combo box and procedure 201 is
selected because it is the default low procedure code for the medium water (see page 94).

Enter -389.86 for the yvalue and press Enter.

The mass spectrometer error code is O (no error), so press Enter. The error code is similar to the
Micromass “Run Code.” The focus should move Save. Click Save or pressenter to save this
analysis.

Next the user should select “P --> My Delta Plus” from tngss Spec combo box. Note that
LIMS now makes thePeak Number text box visible because the Delta Plus has continuous flow
capabilities. ClickList and the analyses, peaks, and procedure codes for the last 1000 analyses of the
Delta Plus are shown. Additionally, the date and time of analysis, Aliquot ID, port ID, Our Lab ID,
Standard, angyvalue are shown. Click on P-110 and this analysis is loaded into the form.

The function of the buttons on this form is similar to those on other forms and is described below:
Edit enables the user to edit the isotopic analysis (and peak number if shown). Most fields can be
edited. LIMS will perform data validation whenever possible. Thus, LIMS would not allow the
user to change the Our Lab ID of a sample on the VG mass spectrometer from W-1 to S-1 because
the VG mass spectrometer is not able to analyze sulfur isotopic ratios.

New Peak enables the user to enter a new peak to an existing mass spectrometric analysis.

New Procedure enables the user to enter a new procedure code. LIMS will constrain the isotope
and procedure codes to those that are valid for the medium of the sample and the capabilities of the
mass spectrometer, that is, the isotopes it can analyze.

Delete enables the user to delete an analysis and peak number.

Next the user will enter isotopic data from files saved by mass spectrometers, siigcto close
theAdd or Change Analyses form.

I mport Analyses Button

Thelmport Analyses button on the Main Menu is used to import isotopic analyses from a file on a
diskette that has been saved by a mass spectrometer. In addition to the LIMS default format, LIMS can
import isotopic analyses from analysis files created by Analytical Precision, Europa Scientific, Finnigan
MAT, and Micromass mass spectrometers. The format for each manufacturer is discussed is some detail
beginning on page 109. LIMS cannot import all formats of all manufacturers. In particular, importing of
Micromass continuous flow isotopic results is not yet available because there are a variety of formats
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rather than a unique format.

When any sample analysis is imported, the Our Lab ID and the isotope (see table 3) is appended to
the Table of Samples In Progress unless it already is present in this table. Typically the user will “apply
a correction to” thgyvalues (discussed below) and store the finahlue in the Table of Samples so that
final reports of results can be generated. When the ginalue is stored in the Table of Samples, the
sample is deleted from the Table of Samples In Progress because the user no longer needs it there.

LIMS Default Import Format

The LIMS default import format for isotopic analyses is a Microsoft Access 2.0 .mdb database file
(see page 109). Next import isotopic results in the LIMS default format. Insert the LIMS Example
Database diskette into the computer. Cligkport Analysess When prompted to select a mass
spectrometer, select “D --> DuPont.” Note that the Import Format combo box is set to “LIMS Default”
because this is the only choice for the DuPont mass spectrometer. [t is the only choice because the
import format in the mass spectrometer configuration table (page 91) for the DuPont mass spectrometer
has been set to “LIMS Default.” Had it been left blank, LIMS would have prompted the user to select
the import format from the list of import formats.] Cligk and the file dialog form opens and displays
the .mdb files on the diskette. The DuPont mass spectrometer generated the file LmimpDef.mdb, so
select it and cliclsdect. The status form should open. The form is updated after each line of data in the
file of isotopic results is processed. Six analyses should be imported and LIMS should advise the user
that D-117457 through D-117462 have been imported. @ik If one were to import LmimpDef.mdb
again, one would see that the status form would process 6 lines and that there would be 6 duplicate
records.

Analytical Precision Import Format

Software from Analytical Precision saves isotopic results in an Access 2.0 database file (see page
111 for the format). Next import isotopic results from an Analytical Precision file. Chighort
Analyses. Select “A --> My AP” from the mass spectrometer combo box. @ikand the file dialog
form will show all of the .mdb files on the diskette. Select the file AP_Imp.mdb and Sdiekt.

Thirteen records should be imported, A-1318 through A-1323. To view these analyseg.delick

Change Analyses. Select mass spectrometer “A --> My AP”, and clidkt. Note that for the first
analysis, A-1318, botly"C ands°O values have been imported (procedure code 300 ig @eanalysis

and procedure code 810 is t}f#0 analysis). The user will note that analyses A-1318 through A-1322
are for gaseous CBamples from a mass spectrometer test (samples G-7 through G-11). Analysis 1323
is an elemental analyzer analysis of sample G-1 and has two peaks, the firaniitd "N value is

+0.33; the second is C@nd its5°C value is -24.35. Note that a value of -1.58 is listed for procedure
code 198 of peak 2. Procedure code 198°@ received unexpectedly. The Analytical Precision mass
spectrometer saved tigEO value of the COsample on the diskette. But LIMS knows that the medium
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of sample G-1is 26, C- and N-bearing material. Thus, LIMS knows that this medium has no oxygen in
it (asfar as LIMS is concerned). When LIMS imported the 5°0 value, the only way LIMS could store it
was as procedure code 198. Click Closeto closethe Add or Change Analyses form.

Europa Scientific Import Format

Software from Europa Scientific has for severa years saved isotopic results in an ASCII .prn file.
An example, Europa.prn, is provided on the Example Import Files diskette. In March 1997 a new format
was adopted (see discussion on page 112). The new format is an ASCII text file (.txt) given the name
Mercury.txt. Import a Europa Scientific file. Click Import Analyses. Choose “U --> My Europa.”
The Europa Scientific import format is automatically selected. @igk The file dialog form should
open showing the .txt files on the Example Database diskette. Choose Mercury.txtSefelick The
status form should show that 7 lines have been processed and 7 analyses imported. LIMS will advise the
user that analyses U-25 through U-30 have been imported. One can view these analyses as done above
by clicking Add or Change Analyses. Select “U --> My Europa” for the mass spectrometer and click
List. One can see that U-25 through U-29 g elemental analyzer analyses—the procedure code is
584. U-30 shows 2 peaks from a nitrogen isotope GC combustion analysis (a compound specific isotopic
analysis of sample G-1). Select U-25 and cfitkse.

Finnigan MAT Import Format

Introduction.

Finnigan MAT isotopic results need to be saved in a Lotus (.wks) format using ISODAT at the
Finnigan mass spectrometer computer. See page 112 for details on creating a .wks file that is compatible
with LIMS.

When Finnigan ISODAT analyses are imported, the unique integer that LIMS uses for the analysis
number is the Finnigan mass spectrometer Spec No. This number must be mgugore, if a user

needs to replace a computer or hard disk, the Spec No must be set during installation to the next
unique integer. For example, if the last Spec No. of the last analysis before the computer failed was
33115, the replacement computer must be installed with a Spec No. of 33116.

The format for Finnigan dual inlet, GC combustion (GCC), and EA (elemental analyzer) files are
different. They are discussed in detail beginning on page 113. Each will be imported in turn by the user.

Dual Inlet.

Click Import Analyses. Select “F --> My 251" from the mass spectrometer combo box.
“Finnigan ISODAT” is automatically displayed in theport Format combo box. ClickOK. The file
dialog form will open and display all of the .wks files on the diskette. Select Finn_di.wks. The status
form should open and three lines will be processed—this may take a few minutes. Note that 24 records
have been added to LIMS. ThrgdN values and 21 other values should have been imported. These
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include sample and standard major ion beam voltages, ion gauge vaues for the standard and sample, and

voltages of some interfering masses of the sample. One can examine these analyses as follows. Click

Add or Change Analyses. Click “F --> My 251" and clickList. The first line shows @°N value
(procedure code 580) of 0.73 of N-40 for analysis F-18206. In additio tevalue, LIMS has
imported seven other values. Specifically, the following procedure codes have been imported for each of
the three analyses:

124 m/z = 28 ion beam (sample)
138 m/z = 40 ion beam (sample)
140 m/z = 44 ion beam (sample)
161 lon gauge (sample)

162 lon gauge (standard)

163 Major ion beam (sample)
164 Major ion beam (standard)

Values for all of these parameters have been saved in LIMS. Select procedure code 161 of analysis
F-18206. A value of 2.9617180824 has been saved in LIMS for ion gauge reading of the sample. Click

Close.

Importing Finnigan isotopic data is not always straightforward. Sometimes the column heading of
the data one wishes to import is not what one expects. Examine the format of the data just imported.
Open Excel. Open A:\Finn_di.wks. One will see that isotopic results start in row 6 amédthaiow
contains all the isotopic results for a given analysis number (Finnigan's “spec no.”). In this f#lthe
values are given in the column with the heading “d-29/28.”

GCC.

Click Import Analyses. Select “P --> My Delta Plus” from the mass spectrometer combo box.
“Finnigan ISODAT” is automatically displayed in theport Format combo box. ClickOK. The file
dialog form will open and display all of the .wks files on the diskette. Double click F_GCCCO2.wks.
LIMS will display the message (if LIMS doesn't show this message, see the note below):

Finnigan GCC analysesfound. For thereference samplelDs, LIMSwill use:
R-2 for the CO, reference gas

(These can be changed using the configuration form. To change, click Cancd and click
Special Featureson the main menu.)

This message indicates that R-2 will be substituted for the Our Lab ID of the reference gas (standard).

Click OK. LIMS will open theStatus form, will import the 5°C and 5°0 values, and advise the user
that three analyses (P-515 through P-517) and 42 records have been imported. Delta values for 7 peaks
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of each analysis have been imported (3 analyses x 7 peaks x 2 gvalues per peak = 42 records). Page 116
discusses severa factors that need to be considered to import Finnigan GCC anayses.

EA.
The user needs to import the isotopic data for Mr. Johnson's samples from Victoria, B.C. Click
Import Analyses. Select My Delta Plus and click OK. Select Finn_EA.wks and click Select. LIMS
will advise the user that elemental analyzer analyses have been found and that R-2 will be used for the
CO, reference and R-3 for the N, reference. Click OK. LIMS will import analyses P-620 through P-659
(160 records). For each elemental analyzer analysis of a C- and N-bearing substance, ISODAT provides
two peaks and two isotopic analyses. Thefirst analysisisof N, gas (peak 1 isthe N, reference and pesk 2
is the sample), and the subsequent analysis is of CO, gas (peak 1 is the sample and peak 2 is the CO,
reference). If the user checks analyses P-620 and P-621 by clicking Add or Change Analyses, selecting
“P--> My Delta Plus” from the Mass Spec combo box, and clickirigt, the user will find that both
5°C and5°0 analyses have been imported. LIMS has correctly identified thefétence gas as R-3
and assigned it g°N value of -4.13%. (procedure code 500) and identified ther€@rence gas as R-2
and assigned it g°C value of -41.22, both obtained from the table of references. LIMS has retained the
asterisks from the ISODAT .wks file identifying the references. Note that both peaks 1 and 2 have N and
C concentration values listed for them (the values listed for procedure codes 190 and 189, respectively).
This completes the fifth task in Fig. 3.

LIMS can also import Finnigag'S elemental analyzer analyses. Page 116 discusses several factors
that are important in importing Finnigan elemental analyzer analyses.

Click analysis P-100 and clig®lose to close theadd or Change Analyses form.

Micromass Import Format

Micromass uses comma separated variable (csv) text files that can be imported into spreadsheet
programs. The format of dual inlet files for various gases is relatively siatitarding to Micromass;
however, the format for continuous flow samples has varied often. According to Tim Brockwell,
providing a stable format for continuous flow measurements has not been given a high priority.
Therefore, currently LIMS does not import Micromass continuous flow analyses.

Next import somey"O values of water from a dual inlet Micromass file. Cligkport Analyses.
Select “M --> My Micromass” from the mass spectrometer combo box and “Micromass” will be loaded
into thelmport Format combo box. ClickOK and the file dialog form will show all of the .csv files on
the diskette. Select the file Mm_o018w.csv and ciglect. LIMS will inform the user that there are no
Micromass analyses in the database and will suggest a default value of 1 for the first analysis number.
Because Micromass does not maintain an integer analysis number, incremented sequentially for each
analysis, Micromass users are forced to generate and maintain such analysis numbers themselves. The
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user should accept the default of 1 and click OK. Five lines are processed and 30 records are imported
(Anayses M-1 through M-5). Thus, results of 6 procedures have been stored for each analysis (linein
thefile). In addition to importing 5°O values, LIMS has imported the following procedure codes:

161 lon gauge (sample)

162 lon gauge (standard)

163 Magjor ion beam (sample)

164 Magjor ion beam (standard)

193 Delta 13C received unexpectedly

The user can open the Add or Change Analyses form and verify this. (Select “M --> My Micromass”
for the mass spectrometer, and cligkt. The code 193 appears for each analysis because water samples

(medium 1) were analyzed, and LIMS knows that water samples have only H and O in them—no C. But
the mass spectrometer analyzed, 8@mples and saved ba#iC and 5°O values. Thus, LIMS imports

5°C values and stores them as procedure 193. Note that Micromass' “Run Serial Number,” if available,
is stored in the comment field, for example for analysis M-5 as “RSN = 2572.” Clogedther

Change Analyses form.

LIMS For Light Stable | sotopes Configuration Form

Suppose one does not want to import ion gauge readings or major ion beam voltages. The user
needs to set a software flag to disable importing of these values. Spkekal Features. Enter the
password if requested. Cliggonfig. TheLIMS For Light Stable Isotopes Configuration form will
open (Fig. 17). This form allows users to (i) edit eight alternative field (column) names of the Table of
Samples, (i) edit the labels “top” and *“bottom” on the samples form (and the range of samples report),
(i) change the color of many of the forms in LIMS, (iv) set software switches, and (v) edit the value of
various tokens used in the software.

Click List. Select “STORE_INTERF_MASSES” and click it. Cligklit. Change the entry in the
Value text box from -1 to O (zero, not the letter oh). Cligave Click List. Click
“STORE_MAJOR_VOLTAGES.” Clickedit. Change the entry in thgalue text box from -1 to O.
Click save. Click List. Click “STORE_EA_CONCENTRATIONS.” Clickdit. Change the entry in
theValue text box from -1 to 0. Clickave. Click List. Click “STORE_ION_GAUGES.” Clicledit.
Change the entry in th&/alue text box from -1 to 0. ClickSave. Click List. Click
“STORE_UNEXPECTED_PROCEDURES.” Cligdit. Change the entry in thealue text box from
-1to 0. Clicksave Click Close. Click Close on theSpecial Features subform. Now interfering
masses, major ion beam voltages, elemental analyzer concentrations, ion gauge readings, and unexpected
procedures will not be imported. This will prevent LIMS from importing unneeded information and will
aid in keeping the user's database smaller. As a consequence, queries will run more quickly and LIMS
will respond more quickly. Users will need to set to -1 any of these parameters they need to store. An
extensive discussion of the M S For Light Stable I sotopes Configuration form starts on page 85.
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B3 LIMS For Light Stable Isotopes Configuration
List | 14 4 »| M

Token[4LT_SAMPLE_CAPTION_BOT

Yalue:|Bottom

Mates:| Caption for battan [hattarn of perfaration] when
alternative field names are enabled.

_ Preferences

[¥ Use decimal dearees az default for latitude and longitude instead
af deqrees, minutes, and seconds

IJze meters as default for distances instead of feet

Require warking ztd to be integer between 1 and 366

Check for mizzing maszs spec analyzes when starting proagram
Uze 'Rel toWPDEB' for carbonates instead of ‘Rel. to YSMOW!
Require port numbers to be integers between 0 and 33

Show 'Headings Complete' text entiy box on Project Form

Reston features enabled

L i A i B Bl Y

Debugaging enabled

| Edt | Add | Delete | Close

Last Edit: [1/17/98 2.26:22 PM

— Form Colors

| i

Set default colors |

S amples T able Alternative Field Names L

Sample D ISampIeID
Uzer Def Caplion 2 |L|ser Def Caption 2
Uszer Def Caphion 3 |L|ser Def Caption 3
Uzer Def Caption 4: |L|ser Def Caphion 4
Uzer Def Caption 5 |L|ser Def Caption &
Uzer Def Caption B: |L|ser Def Caplion B

Caption |Eaptiu:un 7
Other Info: |Other Info

¥ alternative Field Mames Enabled

Fig. 17. LIMS For Light Stable Isotopes Configuration form.




Correction Factors and Normalization Equations Form

The gvaluesimported into the table of analysesin LIMS are called penultimate delta values, that is,
the delta value before the last. To calculate the final delta value, one uses the equation

Fina delta=a x Penultimate Delta + b

where the coefficients a and b are determined by analyzing reference materials with known §values (see
Coplen, 1988, for a discussion of normalization). The coefficient b takes into account drift of the
working standard, etc. The coefficient a takes into account contraction of the 5 scale by one's mass
spectrometer or variation in the H, contribution to the m/z = 3 ion beam when analyzing hydrogen. In
the case of §°S, the user could employ it to take into account the difference between the SF.- and SO,-
based sulfur-isotope scales.

Click Correction Factors and Normalization Equations. The Analyses and Normalization
Equations form opens (Fig. 18) alowing one to choose a mass spectrometer and isotope to view. Start
with ®O for water samples on the Dupont by selecting “D (DuPont) for 180 (water)” from the
Correction Factor List combo box. Thenalyses from andto text boxes are automatically filled with
the last 501 analyses. Clichuery to display the list of all DuPont analyses in the database between
D-116962 and D-117462.

The mass spectrometric analysis number in the first column increases downward and consists of the
single letter prefix of the mass spectrometer and the integer analysis number. The peak number is given
in the second column. The value of the peak number will be 1 for all dual inlet analyses. It can range
between 1 and 999 for continuous flow compound specific GC combustion isotopic analyses. The time
and date occupy the third column. The sample analyzed (Our Lab ID) is given in the fourth column, and
port and working standard ID are given in the fifth and sixth columns. The coeffici@nt®, separated
by a comma, are given in the seventh column. Currently rhargiues are null. The last column
contains range markers. A range marker shows a range of analyses (such as 117446 through 117456) and
the coefficientss andb that are applicable to the analyses in that range. The “pd” stands for penultimate

gvalue. Thus, the last range marker on screen,

117446 - 117456; 1.00000* pd-0.47

indicates that the final delta value of each analyg¢is water sample in the range D-117446 to
D-117456 is calculated by multiplying the penultimgtgalue by 1.00000 and subtracting 0.47. The
range marker is shown at the bottom of a range of analyses, that is on the last analysis (D-117456). One
can move from analysis to analysis by use of the vertical scroll bar on the right side of the form. Note
that all of the DuPont analyses are shown, not justff@ analyses. Because DuPont f@ (water)

was selected from the Correction Factor List, one can only put range markgi® amalyses of water
samples. Eacly°O analysis of a water sample is indicated by an asterisk (*) after the Our Lab ID in the
fourth column.
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B Analyzes and Mormalization E quations
Canrection Factar List: | |

s & My 2P for T30
& [My & far 15M

| Analysis |Pk| Date/Time | Samp| A My AP for 180 [other than water)
A [y AP for 180 [water]

[ [DuPant) for 130

D [DuPant] far

D [DuPont] faor

F [y 2577 for 13C

F [ty 2577 for 15M

F [ty 2517 for 180 [ather than water)

F [by 2517 for 180 [water)

F (w2577 for 2H

b [by Micromassz] for 13C

b [by Micromasz] for 15M

b [by Micromaszz] for 180 [ather than water)
My Mizromazs) for 180 [water]

b [by Micromasz] for 2H

P [ty Delta Plusg) for 13C

P [ty Delta Pluz] far 150

P [ty Delta Plusg) for 170

P [bp Delta Plusg) far 180 [other than water]
P [ty Delta Plusg) for 180 [water]

P [y Delta Pluz] for 345

P [ty Delta Plus] for 37C1

Fig. 18. Analyses and Normalization Equations form.
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Unmark is used to delete a range marker. Click on the range marker “117409 - 117445;
1.00000*pd-0.55" at analysis D-117445. Note that the next range marker which is at D-117456 covers
the range 117446 - 117456. Clidkhmark. The range marker on D-117445 is removed and the range
of the range marker at D-117456 is updated to 117409 - 117456.

One creates a range marker in two ways. The first to be discussed is highlighting an analysis and
then double-clicking on it. The user should Select “D (DuPont) for 13C" fronC#heection Factor
List combo box. TheAnalyses from andto text boxes are automatically filled with the last 501
analyses. All of the DuPont isotopic analyses need to be evaluated so replace 1169@héanytie
from text box by 1. ClickQuery to display the list of analyses. The working standard was changed on
Feb. 22, 1995—the standard changed from 362 to 53 (at analysis D-117334). Therefore, the user will put
the first range marker at the lagfC analysis before the working standard was changed, that is at
D-117332. The user should move to this analysis and click it. The user should pressthiey or
double-click on analysis D-117332 to create a range marker. In a few seconfiritheization

Equation Coefficients form should appear (Fig. 19).

The Normalization Equation Coefficients form is used to calculate the coefficieatandb from
the isotopic analysis of reference materials interspersed with the samples. The coeifichent
expansion factor, is labellggkp. Coef, andb, the additive correction factor, is labelladid. Corr. (see
Fig. 19). All of they’C reference materials analyzed between D-000001 and D-117332 are shown in the
subform in red font. D-116957 is the first analysis. One can use the vertical scroll bar to scroll through
the analyses. In this example, we have 23 analyses. The sample number (Our Lab ID) is shown in the
first column and the mass spectrometer analysis number is in the second. The peak number is appended
to the analysis number as a decimal. For example, peak number 14 of analysis number 123456 would be
P-123456.014. If the peak number is 1 (which it is for all dual inlet analyses, and it igHere)01”
is not shown This feature is adopted for most of the forms and reports in LIMS The working
standard 1D appears in the third column, the port number in the fourth, the mass spectrometer error code
in the fifth (typically not used by most vendors, so it is 0), the penultimate delta in the sixth, the final
deltafor the analysisin the seventh, and an Ignore check box in the eighth column. Note that LIMS may
use -999 as a default delta value to indicate a null value. Analysis D-117195 was evidently lost, and the
mass spectrometer error code indicates that the sample was too small. The DuPont mass spectrometer
then provided the value of -999 as the penultimate delta value and set the Ignore check box to True.
Because of unknown difficulties with a sample, the DuPont mass spectrometer analyzed the sample three
times (D-116957 through D-116959) and automatically ignored the first two analyses. At this point, the
user should peruse the analyses and ignore any additional analyses that should not be included in the
determination of the coefficients a and b. The mean is 2.04 and the standard deviation is 0.02. Thus,
there is no statistically valid reason for eliminating any of these analyses. The vaue following the
Referencecombo box is 1.89 per mill [note that LIMS uses the ISO spelling of %, (ISO, 1992)]. This is
the “true” value of this reference material that LIMS obtained from the table of references (see page 89
for instructions on adding, editing, and deletgngalues of references). Because the mean value is 2.04,
the difference is -0.15. This value appears in text box labelled Proposed Add. Corr (Proposed Additive
Correction Factor) and is the proposed value of the coeffibierithe value ofi is 1.0000, in the box
above. There is only one reference material, C-5. Because it takes at least two points to determine the
coefficients of a straight line, one cannot determine another valagdnd the existing proposed value



E3 Mormalization Equation Coefficients

Comection Factor Lizt: RN ST ¥ Force Exp. Coef. to 1.00000
SNy [1-1 to D-11 References

' Show Single Reference

Mormalization Equation Coefficients " Show All References
Accepted Froposzed
Exp. Coef[1.00000 [1.00000 AR EES IEE, e il
Add. Corr| _|[0Ts Mean: EATHENN
Std. Dev:m
Ouwr Lab Penultimate Final =
1D Analyzis. Pk | Std | Port Error Delta Delta 1G
C-5 D-116957 362 77 (10 -> lgnore 1.84 rd
C-h D-116958 362 77|02 -» Duplicate 203 W
C-5 D-116955 362 i 204 |
C-h 0-116933 362 a4 204 O
C-5 D-117003 362 a9 204 |
C-h 0-117011 362 73 202 -
C-5 D-117023 362 75 205 |
C-h 0-117031 362 a4 205 -
C-5 D-117053 362 75 203 |
C-h D-1170E7 362 a3 204 - LI
Record: 14 < |] 1 |er e of 23

Fig. 19. Normalization Equation Coefficients form.
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of 1.00000 isretained. Calculation of an expansion coefficient different than 1.00000 is demonstrated
in an example below with hydrogen isotopic data on page 68. To accept the factor of -0.15 and apply it
to analyses D-000001 though D-117332, click the large arrow button between the labels Accepted and
Proposed. The 5°C valuesin on the underlying form are automatically updated and the range marker

1- 117332; 1.00000* pd-0.15

appears in column seven of the Analyses and Normalization Equations form (one can grab the top of
the Analyses and Normalization Equations form with the mouse and move it down to view the
underlying form). The proposed values have been copied to the text boxes below the label Accepted.
This is an easy way to apply correction factors to a large quantity of data quickly. It potentiadly
eliminates errors that commonly can occur when correcting data “ by hand.”

If one wants to apply a different value for the additive correction factor than is shown (proposed),
one only needs to delete the proposed value and enter the preferred value. Clicking the large arrow key
applies the new preferred value and updates the isotopic data in the selected range. If one wants to apply
a value for the expansion coefficient other than 1.00000 (the proposed value), one needs to deselect the
Force Exp. Coef. to 1.00000 check box and replace the proposed value by the new value. Clicking the
large arrow key applies the values in the “Proposed” column and updates the isotopic data in the selected
range.

The user should now cligkrint to obtain a permanent record of this determination of normalization
coefficients (see Fig. 20). The user should compare his or her printer output with that in Fig. 20 to
ensure that no characters have been omitted.

Click Close and move to analysis D-117461, the |$&€ analysis in the list. Double-click on it. A
correction factor of -0.17 should be shown. Apply it by clicking the large arrow button and close the
form. The correction factors for all of tiEC data in the database have now been completed.

To calculate correction factors (normalization coefficients) for gf@ values of the carbonates,
select “D (DuPont) for 180 (other than water)” from theérrection Factor List combo box and press
Enter. Replace the current value of 116962 inAhelyses from test box with 1. CliclQuery to show
the DuPont analyses again. This time the asterisks dghot@nalyses (other than water). Water is
treated separately because the coefficierdaadb are sometimes different than for non-water samples.
Double-click on D-117333. The standard deviation is 0.05 so accept the existing isotopic results. Click
the large arrow button and the additive correction factor of -1.25 is applied to the analyses in the selected
range. Close thRormalization Equation Coefficients form. The range marker

1- 117333; 1.00000* pd-1.25

is shown in column eight of th&nalyses and Normalization Equationsform. Move to D-117462
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Referencesfor D (DuPont) for 13C 1/20/98
Between 1 And 117332

Expansion Coefficient: 1.00000
Correction Factor: -0.15

Proc. Penultimate
Date Analysis# Port Code Error Messages Delta Ignore
C-5
1/6/95 9:32:32 AM D-116957 77 312 10-->Ignore +1.84 Ignore
1/6/95 9:50:46 AM D-116958 77 312 10 -->Duplicate +2.03 Ignore
1/6/95 10:18:04 AM D-116959 77 312 +2.04
1/7/95 12:14:18 AM D-116993 84 312 +2.04
1/7/95 3:07:16 AM D-117003 89 312 +2.04
1/8/95 1:39:18 PM D-117011 73 312 +2.02
1/9/95 8:13:36 PM D-117023 7% 312 +2.05
1/9/95 10:29:59 PM D-117031 84 312 +2.05
1/11/95 12:33:03 AM D-117053 7% 312 +2.03
1/11/95 4:33:47 AM D-117067 83 312 +2.04
1/12/95 7:12:21 AM D-117089 74 312 +2.04
2/10/95 11:46:37 AM D-117107 83 312 +2.03
2/13/95 6:19:52 PM D-117121 74 312 +2.01
2/13/95 8:38:46 PM D-117129 78 312 +2.04
2/15/95 2:27:56 AM D-117154 76 312 +2.04
2/15/95 9:24:37 AM D-117178 89 312 +2.03
2/15/95 3:36:28 PM D-117182 71 312 +2.03
2/16/95 7:20:38 AM D-117195 71 312 03-->Too Small or -999.00 Ignore
2117195 3:45:41 PM D-117251 89 312 +2.06
2/18/95 8:44:25 PM D-117263 83 312 +2.01
2/20/95 6:19:34 PM D-117328 74 312 +2.01
2/21/95 8:45:39 PM D-117330 77 312 +2.04
2/21/95 10:30:02 PM D-117332 81 312 +2.06
+2.04 £ 0.02

Computed value of C-5 relative to VPDB: 1.89 per mill
Value should be (from reference table): 1.89 per mill

Fig. 20. Example of Normalization Equations Coefficients report.
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and double-click. The proposed additive correction factor is-1.32. Accept it (click the arrow button) and
close the Normalization Equation Coefficients form. The 5°C and 5°O correction factors for
carbonates in the database (also for G samples if there were any for 5°C and 5°0) are completed.

LIMS allows one to take into account expansion or contraction of the yscale. As an example,
calculate the normalization coefficients and allow the expansion coefficient to differ from 1.00000. From
the Analyses and Normalization Equations form select “V (VG in 5B131) for 2H” and clickQuery.
The correction factors (normalization equation coefficients) have been calculated for all but the last 21
analyses. Thus, one only needs to determine correction factors for these 21 analyses. Since these
analyses extend over less than 1/4 day, one can treat them as one range. Double-click on V-128329.
When theNormalization Equation Coefficients form opens, click th@®eference combo box and select
W-5. The proposed values of the expansion coefficient and additive correction factor are 1.00000 and
8.03. Accept these values and click on the arrow button to update the underlying form. Now click the
option buttonShow All References from the References option group. The analyses of W-6 are now
added to the subform. Their Final Deltas are about -382. The true value, -395.1, can be found by
clicking the Reference combo box to open it. What has happened is that the mass spectrometer has
“misbehaved” and the Hvalue has increased significantly. One needs to normalize the isotopic data
over this range and one can do this by clickigce Exp. Coef. to 1.00000 check box in order to
uncheck it. The message

Will determine best fitting normalization equation coefficients.

appears. CliclOK or pressReturn. The Proposed and Accepted Expansion Coefficient andiveld
Correction Factor have changed to 1.03879 and 10.42. The Final Delta values for the two W-6 samples
should have changed to -395.63 and -394.56, appropriate for a true value of -395.1.

To determine the best fitting coefficients, the option bughow All References must be selected.
If one has three or more reference materials in the range of analyses, analyses of all three will appear in
the subform and will be used to calculate the best fitting coefficients unless one has checked the Ignore
box for one or more of them. Given analyses for three materials, analyses for any one can be eliminated
by ignoring all of its analyses (checking thgnore check box of each of its analyses). Close the

Normalization Equation Coefficients form.

The second method to create a range marker is tmggle. In the event that there are no analyses
of reference samples in the range to be markedmthe button is the only method to create a range
marker. The user will first be prompted for the expansion coefficient and then for the additive correction
factor. The user should select “F (My 251) for 15N” from @@ rection Factor List combo box.
Click Query. Click (do not double-click) on analysis F-18208 to select it unless it is already selected.
Click Mark. Use 1.00000 for the expansion coefficient. Enter -0.28 for the additive correction factor.
The range marker

1 - 18208; 1.00000* pd-0.28
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has been created.

View/Edit opens the Normalization Equation Coefficients form using the range marker affecting a
particular analysis unless there are no reference samples in that range. In that case, LIMS displays the

message:
No reference samples found in the correction range selected.

Note that the highlighted selector bar need not be on a range marker, and the current analysis remains
highlighted rather than moving the highlighting to a range marker. If the highlighted analysis does not
have an asterisk, the user will be advised that they need to move to an analysis that matches that selected
in the Correction Factor List combo box, that is, one that does have an asterisk in column 4.

Now do the correction factors for Mr. Johnson's samples from Victoria, B.C. Select “P (My Delta
Plus) for°C.” Click Query. Note the asterisks in column 6. ISODAT uses these to indicate that this is
a standard. Do not confuse these asterisks with the ones in column 4 which indicate that the isotope of
an analysis is identical to that selected in@aerection Factor List combo box. Double click on peak
2 of P-659. From th&Reference combo box choose G-5, which is the reference material that was
analyzed in the elemental analyzer with Mr Johnson's samples. The standard deviation is 0.01, so accept
the proposed additive correction factor of -0.27 and click the arrow button. This complet$iCthe
corrections; clickClose. Repeat for My Delta Plus fgf"N. Select “P (My Delta Plus) for 15N.” Click
Query. Double click on the lagy’N analysis, that is, the last one with an asterisk in column 4 (peak 2
of P-658). After theNormalization Equation Coefficients form opens, select G-5 from tifesference
combo box. The additive correction factor is -0.13 and the standard deviation is Gf&epb these
coefficients and click on the large arrow button. Clitkse. This completes task 6 in Fig. 3.

Close theanalyses and Normalization Equations form.

Print Samplesin Progress Form

When mass spectrometer analyses are added to the Analyses table in LIMS, they are also
automatically added to the Table of Samples In Progress. When the user is satisfied gwtlubeof a
sample (assuming that the sample may require replicate analysis), thyviahaé is “stored,” saving its
oVvalue in the Table of Samples. Whepaalue of a sample is stored, that sample is removed from the
Table of Samples In Progress.

As an example, print thg°C results for the samples C-5 through C-7. Clknt Samples in

Progress and thePrint Samples in Progress form should open (Fig. 21). Select C for the Prefix. The
Isotope combo box is automatically updated and opened displagirand“O as possible selections.
Select”C. Enter 5 and 7 in thErom andto boxes, respectively. ClicRrint. LIMS displays the
message
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EJ Print Samples In Progress

— Prefis

C -» Carbonates
3 -» General

J - Julian

[ -» Mitrogen

R - Reference
S > Sulfur

W -x W ater

Clale e lelie e’

]
|zotope: - - Print |
Cancel |

Frarm: | | to: | |

Replace Emor Messages
With Cormrments

LI Print Aliquat 100

(1 Print Interfering M azzes

Fig. 21

. Print Samples In Progress form.
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Do you really want to print all of the analyses of reference sample C-5?

This message appears in order to alow the user to modify the selection to minimize wasting of paper.
Click Yes. A Samples In Progress report is printed for the selected range (Fig. 22). The user should
compare his or her printer output with that in Fig. 22 to ensure that no characters have been omitted.
Note that analyses D-116957, D-116958, and D-117195 are ignored for sample C-5 (note large X in right
column of Fig. 22). LIMS calculates amean §°C value, 1.89, and two standard deviations. The first is
labelled Std Dev 1 and includes all of the analyses. The second, Std Dev 2, is calculated after the farthest
outlier is eiminated. Means for both standard deviations are determined and the one that appears as the
Fina Delta is the one associated with the Std Dev in bold font. Users might look at the existing code
that is enabled when the software switch, Reston Features (page 86), is enabled. Thisagorithmin LIMS
can be modified to suit the user's own needs.

Aliquot IDs and (or) interfering mass vaues can be printed (assuming they exist in the database).
Click Print Samples In Progress on the Main Menu. Select the Prefix N. Select ®N for the Isotope.
Check the Print Aliquot ID’s and the Print Interfering Masses check boxes. The Replace Error
M essages With Comments check box should aready be checked. Enter 41 in the From text box. Click
Print. The report printed (Fig. 23) shows values of m/z = 28, 40, and 44 for this sample. The user
should compare his or her printer output with that in Fig. 23 to ensure that no characters have been
omitted. lon gauge values for the sample and standard are shown, and values for the maor ion beam
electrometer outputs of the sample and standard are shown.

Click Print Samples In Progress, select Prefix G, select “C for the | sotope, enter a sample range

of 13 to 30, and click Print. Thiswill print the 5°C analyses of Mr. Johnson's samples. Repest for 5°N.
This completes the seventh task in Fig. 3.

Edit SamplesIn Progress Form

Edit Samples In Progressis used to edit the analyses that determine the Fina gvaue. Click Edit
Samples In Progress to open the Edit Samples In Progress form. Select C as the Prefix and “C asthe
Isotope. Enter 5in the From text box. Click Query. The analyses of C-5 are shown (Fig. 24). Note
that two standard deviations are shown. To show the effect of including poor analytical data on Std Dev
1, click on the Ignore box for analysis D-116957. The Final Delta and both standard deviations are
immediately updated. Note that Std Dev 1 changes from 0.01 to 0.04. Click the same check box to
ignore D-116957.

A Final Ddta will not be calculated for a sample with a null value (or -999) in Pen. Delta field
(penultimate delta). To demonstrate this, click the Ignore box of D-117195 to uncheck this box. Note
that Final Delta and both standard deviations are cleared. Click the Ignore box of D-117195 so that a
numerical valuein Final Delta is displayed.
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Samplesin Progressfor 13C 1/20/98 1:42:23 PM
Between C-5 And C-7

Proc. Penultimate  Corr. Corrected
Date Analysis.Pk Port Code Comments Delta Coefs. Delta Ign
C-5 Reference Q1 02 --> C [Cal] calcite
1/6/95 D-116957 7 312 +1.84  1.00000, -0.15 +1.69 X
1/6/95 D-116958 7 312 +2.03  1.00000, -0.15 +1.88 X
1/6/95 D-116959 7 312 +2.04  1.00000, -0.15 +1.89
1/7/95 D-116993 84 312 +2.04  1.00000, -0.15 +1.89
1/7/95 D-117003 89 312 +2.04  1.00000, -0.15 +1.89
1/8/95 D-117011 73 312 +2.02  1.00000, -0.15 +1.87
1/9/95 D-117023 75 312 +2.05  1.00000, -0.15 +1.90
1/9/95 D-117031 84 312 +2.05  1.00000, -0.15 +1.90
1/11/9 D-117053 75 312 +2.03  1.00000, -0.15 +1.88
1/11/95 D-117067 83 312 +2.04  1.00000, -0.15 +1.89
1/12/95 D-117089 74 312 +2.04  1.00000, -0.15 +1.89
2/10/95 D-117107 83 312 +2.03  1.00000, -0.15 +1.88
2/13/95 D-117121 74 312 +2.01  1.00000, -0.15 +1.86
2/13/95 D-117129 78 312 +2.04  1.00000, -0.15 +1.89
2/15/95 D-117154 76 312 +2.04  1.00000, -0.15 +1.89
2/15/95 D-117178 89 312 +2.03  1.00000, -0.15 +1.88
2/15/95 D-117182 71 312 +2.03  1.00000, -0.15 +1.88
2/16/95 D-117195 71 312 -999.00 1.00000, -0.15 X
2/17/95 D-117251 89 312 +2.06  1.00000, -0.15 +1.01
2/18/95 D-117263 83 312 +2.01  1.00000, -0.15 +1.86
2/20/95 D-117328 74 312 +2.01  1.00000, -0.15 +1.86
2/21/95 D-117330 7 312 +2.04  1.00000, -0.15 +1.89
2/21/95 D-117332 81 312 +2.06  1.00000, -0.15 +1.01
3/4/95 D-117399 85 312 +2.06  1.00000, -0.17 +1.89
314195 D-117407 85 312 +2.05  1.00000, -0.17 +1.88
Std Dev 1=0.01 Final Delta=1.89
Std Dev 2=0.01
C-6 Johnson  DHC2-0.25 02 --> C[Cal] calcite
1/5/95 D-116943 70 312 -2.07 1.00000, -0.15 2.22
2/9/95 D-117093 75 312 -2.05 1.00000, -0.15 -2.20
Std Dev 1=0.01 Final Delta=-2.21
C-7 Johnson  DHC2-0.50 02 --> C[Cal] calcite
1/5/95 D-116945 71 312 -2.08 1.00000, -0.15 -2.23
2/9/95 D-117095 76 312 -2.05 1.00000, -0.15 -2.20
Std Dev 1=0.02 Final Delta=-2.22

Fig. 22. Example of Print Samples In Progress report.
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Samplesin Progress for 15N 1/20/98 1:48:44 PM
Between N-41 And N-41

Proc. Penultimate Corr. Corrected

Date Analysis.Pk Port Code Comments Delta Coefs. Delta Ign
N-41 Johnson 1286 60 --> N [N20] nitrous oxide

Aliquot ID: Aliquot 5

6/6/96 F-18208 124 miz=28ionb 0.996  1.00000,

6/6/96 F-18208 138 miz=40ionb 2.078  1.00000,

6/6/96 F-18208 140 miz=44ionb 0.039  1.00000,

6/6/96 F-18208 161 Ion gauge (sam 2.9372  1.00000,

6/6/96 F-18208 162 lon gauge (sta 2.93681  1.00000,

6/6/96 F-18208 163 Major ion beam 1.00118  1.00000,

6/6/96 F-18208 164 Major ion beam 1.0042  1.00000,

6/6/96 F-18208 580 0.636v -2.85  1.00000, -0.28 -3.13

Fig. 23. Example of Print Samples In Progress report with Print Aliquots IDs and Interfering Masses
check boxes enabled.
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B Edit Samples In Progress E3

Add Ethereal

B L PO — - = Results
{*) C -+ Carbanate Sample_ IC o Final Delta: I—
) G -+ General SUkmittar IHeference
gJ->JuIian .| Std Devi: |
P -> Mitrogen Subm Date: |1/5/35 _
() R -» Reference Sl DeE I
O 5 > Sulfur Sl ¢ |1
3 % > wiater
|zotope: I'I ac - I
From: |5 Tex |70
Date Aliquot ID | Analysis Pk | Port | Code Error Pen. Delta| Add. Corr. | Corr. Deltallg |«
b 1/6/95 D-116957 i A2 |10 -» lgnore +1.84 -0.15 +1.69
1/6/95 [-116958 i N2 |02 -» Duplicate +2.03 -0.15 +1.88
1/6/95 [-116959 i Nz +2.04 -0.15 +1.59/ ]
147495 0-116933 a4 Nz +2.04 015 +1.89/ ]
1/7/95 D-117003 a9 Nz +2.04 -0.15 +1.59/ ]
1/8/95 D-117011 73 Nz +2.02 -0.15 +1.57/ 01
1/9/95 D-117023 Fid] Nz +2.05 -0.15 +1.90/ ]
1/9/95 0-117031 a4 Nz +2.05 -0.15 +1.90/ ]
1411495 D-117083 Fid] Nz +2.03 -0.15 +1.58/ 1
1411495 D-117067 a3 Nz +2.04 -0.15 +1.59/ ]
1/12/95 0-117089 74 Nz +2.04 015 +1.59/
2410495 0117107 a3 Nz +2.03 -0.15 +1.58/ 1
211395 0-11714 74 Nz +2.01 -0.15 +1.85/ ]
211395 0117129 7a Nz +2.04 -0.15 +1.59/ ]
2115495 0117154 fi Nz +2.04 015 +1.89/0 |+
Record: 14| 4 ] 10k L lesl of 25

Fig. 24. Edit Samples In Progress form.
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One may easily view the results of compound specific isotopic analyses. As an example, set the
Prefix to G, select “C from the Isotope combo box, and click Query. Move to sample G-6 by clicking
List or the navigation buttons. Listed are 5°C values for a sludge sample. To print areport of these data
(Fig. 25), click Close, click Print Samples In Progress, select Prefix G, select |sotope 13C, enter 6 in
the From text box, check the Print Aliquot 1Ds and the Print Interfering Masses check boxes, and
click Print. The user should compare his or her printer output with that in Fig. 25 to ensure that no
characters have been omitted. Note that no Final Delta value is calculated by LIMS. Such avaue is
probably not of much use because it is the average of the yvalues of al of the aliquots. It is this vaue
that would be stored in the Table of Samples and that would be displayed on the Sample form. Thus, it
IS necessary to use Samples In Progress for viewing and printing reports on compound specific analyses.

Open the Edit Samples In Progress form again if it was closed. Click Prefix G, select °C from the
| sotope combo box, and click Query. Click List and select sample G-6. To delete the sample from the
Table of Samples In Progress, click Delete. This act does not delete the sample (or analyses) from the

database. It only removes the sample from the Table of Samples In Progress. To add it back, the user
can click Add Samples to Samples In Progress on the Main Menu discussed below. Generdly, the

Delete button is rarely used because samples are removed automatically from the Table of Samples In
Progress when the Final Deltais stored in the Table of Samples by clicking Store Samples In Progress
as described below.

Click List and select sample G-13. The user can review the 5°C values of Mr. Johnson's samples,
Use the L jst button or the navigation buttons to move to another sample. The user can repeat for 3N
values by selecting 15N from the | sotope combo box and clicking Query. No editing of the samples is
necessary; thus, this completes the eighth task in Fig. 3. No sample reruns are necessary because we only
planned to analyze each sample once. Thus, the ninth task in Fig. 3 is also completed.

Occasiondly one may redize that the mean 5 value calculated from severa mass spectrometer
anaysesisin error and needs to be corrected. If the user has a good idea of what the true §value of the
sample should be, ¢.9., the average of two “close” §values, theadd Ethereal button can be clicked to
add this value to the table of analyses. Clicking this button brings up the “Ethereal mass spectrometer.”
Enter thegy value for the sample—this is the correcigdalue, not the penultimatg value. Ignore
(check thegnore check box) all of the other analyses of the selected sample. If all analyses except the
Etherealy value are ignored by checking eagjmore check box, then the Etherealvalue is stored in
the Table of Samples when Store Samples in Progress is executed v@ihgheAnalysis check box
checked (see below). Such a case can arise, for example, when there are two analyses of a sample that
are fairly close, but not close enough to satisfy the algorithm that calculates the Final Delta. If the
sample were exhausted, the user could store an average of the two extant analyses.

The other buttons on ti&dit Samples In Progress form are described below:

Retrieve is described below in the section titled “Add Samples to Samples In Progress” (see page
78).
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Samplesin Progressfor 13C 1/20/98 1:59:28 PM
Between G-6 And G-6

Proc. Penultimate Corr. Corrected

Date Analysis.Pk Port Code  Comments Delta Coefs. Delta Ign
G-6 Johnson Sludge 1 26 --> G [C & N] C- and N-bearing material

Aliquot ID: C4

2/18/96 P-101 0 355 -25.55  1.00000, -0.36 -25.91

Aliquot ID: C5

2/18/96 P-101.002 0 355 -25.35  1.00000, -0.36 -25.71

Aliquot ID: C6

2/18/96 P-101.003 0 355 -23.33  1.00000, -0.34 -23.67

Aliquot ID: C7

2/18/96 P-101.004 0 355 -23.55  1.00000, -0.34 -23.89

Aliquot ID: C8

2/18/96 P-101.005 0 355 -23.81  1.00000, -0.34 -24.15

Aliquot ID: C9

2/18/96 P-101.006 0 355 -24.35  1.00000, -0.34 -24.69

Aliquot ID: None

2/19/96 P-110 0 355 -22.84  1.00000, -1.68 -24.52

Fig. 25. Example of report for 5°N results of compound specific isotope-ratio analyses (C4 through C9).
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Print alows the user to print analyses of the prefix, isotope, and range selected. However, it is not
quite as flexible as the Print Samples In Progress form because the options of printing aliquot IDs or
printing interfering masses are not offered.

Close the Edit Samples In Progress form.

Store Samples I n Progress Form

Ranges of samples are “stored” (Final Delta values of samples in the Table of Samples In Progress
are calculated and saved in the Table of Samples, and the sample is removed from the Table of Samples
In Progress) with thestore Samples In Progress form. Click Store Samples In Progress  Select
Prefix C and the sotope combo box is updated and opened. Séfect For the range choose a range
large enough to include all the samples to be stored. Use 1 to 999. Click StoreStacuthiorm will
display the samples as they are stored. Only samples for which a Final Delta can be calculated are stored.
Thus, there must be at least two analyses for every sample that is stored. Samples for which correction
factors have not been determined cannot be stored because a Final Delta cannot be calculated for them.
When the samples have been stored, ¢igk

Store Mr. Johnson's samples {§iC and all others that have only a single analysis. Gligke
Samples In Progress. To store samples that have only a single analysis, the user must chggis ¢he
Single Analysis check box. Clickstore Samples In Progress. Click Prefix G, select sotope “C, enter
1-999 for the sample range, check there Single Analysis check box, and cliclstore. When LIMS
gets to sample G-5 it displays the message:

Sample G-5 has data for morethan 1 peak. Therefore, a mean value will not be calculated and
no value will be stored in the Samples Table.

Do you want this sample deleted from Samples In Progress?

Click Yes because the mean value of this sample is meaningless as discussed above. Deleting the sample
from the Table of Samples In Progress does not delete any isotopic analyses or results. LIMS repeats the
message for sample G-6. Cligies. When the samples have been stored, ¢higk

Repeat foPrefix G andi sotope "N. Mr. Johnson's samples have now been “stored,” completing the
tenth task in Fig. 3.

To print a report of Mr. Johnson's samples, ciekjects. Double click on 6/6/95 Johnson to open
the Project form. Click Print Report and a final project report is printed. To save isotopic data from
this project in ASCII format on a diskette, cligkesults and click Yes. Insert a diskette into the
computer. LIMS will advise the user that the file will create a file with 18 samples and will save the file
with a default name of Johnson.txt on the diskette. The user can change this file specifier if desired.
Click sdect and the file is created. To save all of the information in the Table of Samples about each
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samplein this project to a diskette in Excel 5.0 format, click Results and click No. Using LIMS default
file specifier, the file G-13.xIs is created on the diskette. Click Close. This completes the tasks on Fig. 3
for Mr. Johnson’s samples and the results could be sent viamail or E-mail to him.

Add Samplesto Samples|n Progress Form

In the event that one wants to revise normalization coefficients for a sample and change the stored 5
value, one will need to add the sample back into the Table of Samples In Progress. This can be done by
clicking Add Samples to Samples In Progress on the Main Menu. The sample Prefix, the Isotope, and
the sample range will need to be selected. If asampleis reanalyzed, the sample is automatically added to
the Table of Samples In Progress.

One can aso add a sample to the Table of Samples In Progress by clicking Retrieve on the Edit
Samplesin Progress form.

Nor malization Equation Ranges Form

For audits, one may want to print the coefficients of the normalization equations and their ranges.
Thisis done with the Normalization Equation Ranges form which is accessed by clicking Nor maliza-
tion Equation Ranges on the Main Menu. One needs to select a mass spectrometer and isotope from the

Normalization Equation List combo box and enter the range of the mass spectrometer analyses.

This compl etes the discussion of the Example Database.
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INSTALLING A NEW DATABASE FILE

A new database is installed when the user is ready to begin using LIMS in their laboratory. The
database is a backend database that holds the samples, anayses, and projects of the user’s laboratory.
The user first needs to select from between two possible database files. If the database must be
accessible by LIMS version 1.4 (the Access 2.0 version of LIMS), the user should install the Access 2.0
compatible database, LMADATA.mdb. If only Windows 95 or NT 4.0 (or higher) platforms will be used
for LIMS, the user should install Lm7data.mdb, which is only compatible with Access 97.

To install the new database, find the New Database diskette that contains the file that will be the
backend database (either LMADATA.mdb or Lm7datamdb) and insert it into the computer. Locate the
folder for the backend database. This is likely to be the folder in which Lm7datae.mdb now is found.
Copy the new database file (either LM4ADATA.mdb or Lm7datamdb) from the New Database diskette to
this folder. The user will need to delete the current backend database, change its name, or move it to
another folder in order to force LIMS to query the user for the location of the new database.

When LIMS is opened, one or more mass spectrometers will need to be installed. Follow the
instructions on page 91 and then close the M ass Spectrometer Configuration form. Click New Project
L ogin on the Main Menu to open the L ogin New Samples form. Click Add/Edit Customer to open the
Customers form. Customer # 001 should be visible. Click Edit. Replace MyLastName with the user's
last name. Replace MyFirstName with the user’s first name, etc. When finished, click Save. Click List
or use the navigation buttons to view the customersin the table of customers. The customers “Test” and
“Reference” will be found. “Test” is often used for samples that are employed to test a mass
spectrometer or for fill-in samples whogevalues are not needed. “Reference” is normally used to
designate reference materials. ClClose to close theCustomers form and clickCancel to close the

Login New Samples form.

When thel_ogin New Samples Form opens, theCountry combo box is set to the country selected in
the LIMS For Light Stable I sotopes Configuration Form. See page 85 for instruction on how to set
the default country to the user's country. The user should at this time set the software switches and other
preferences on thelM S For Light Stable | sotopes Configuration Form.

Click Projects on the Main Menu to open ti@earch for Projects form. Nineteen projects have
already been created and should be shown. The submitter of five projects is Reference, and these are the
H,, CO, SQ, N,, and Qused as the references (standards) in continuous flow measurements. If one does
not plan to employ continuous flow techniques, these projects can be deleted. There are fourteen Test
projects. These are useful for testing. Several are for an elemental analyzer. Their samples are for
empty boats and no boats for background determination. If other media are needed, now is a good time
to add them (see page 93).

Stable isotope laboratories will typically employ a number of internally produced reference materials

on a daily or weekly basis for their own quality assurance. The user should log all such reference
materials into LIMS now. The knowp values versus VSMOW, VCDT, VPDB, AIR, or other
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internationally accepted reference should be added to the table of references (see page 89).

The user should modify the Alternative Field Names on the LIMS For Light Stable |sotopes
Configuration form (Fig. 17). For example, the user might be primarily interested in oceanographic
samples and might prefer the names “ Station”, “Cast”, “Niskin”, and “Depth”, for “User Def Caption
2", “User Def Caption 3", “User Def Caption 47, and “Elevation” (see page 85). If the user plans to
employ the Excel 5.0 template for importing projects of samples entered by those submitting samples to
the laboratory (this is strongly advised), the column headings will also need to be changed on the
worksheet Alt.xls (see page 81). Note that the worksheet Alt.xls is protected, but there is no password.
Thus, users can easily unprotect it, make the necessary changes, and protect it again. All yellow cells
should remain unprotected; all others can be protected so that column headings cannot be changed
accidentally by those saiitting samples to the laboratory.

The new database is now ready for use.

The user should make backups of the backend database on a regular interval. Have at least two
backups, for example, one for even days of the month and one for odd days of the month. In the author's
laboratory, a copy is saved to another hard disk daily using an automatic backup program for .mdb files
(Total Access Agent, http:/www.fmsinc.com.he importance of regular, frequent backups cannot
be stressed too strongly. |f power fails while LIMS is writing to on€'s backend database, it will
likely be corrupted and could be a total loss. Thus, an uninterruptible power supply for the LIMS
computer is very worthwhile.
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IMPORTING PROJECTSUSING THE EXCEL 5.0 TEMPLATE

An easy way for a user to create a project in LIMS is to import the sample headings and project
information entered in an Excd 5.0 template file by the customer submitting the samples. This technique
eliminates typographic errors by the laboratory staff. Any errors are the responsibility of the submitter of

the samples.

The minimum required information that must be provided by the template file includes:

(D
)

©)
(4)

Other project

the submission date,

the name of the submitter (only last name may be needed if the last name is unique in the
table of customers),

the numeric media code, and
Sample IDs for each of the samples submitted.

information will be imported if it is present, €.g., project purpose and location. Additiona

sample information, such as latitude, longitude, country, etc., will be imported if it is present.

The LIMS diskette titled Excel 5.0 Template for Creating Sample Projects contains two Microsoft
Excel 5.0 files: USGS.xIsand ALT.xls. The two template files are unpopulated with data. The choice
of which oneto use is based on the following:

ALT.xls

USGSuxI

Thisisfor use by submitters who use a laboratory where Alternative Field Names are
employed (see page 85). This probably includes the vast mgjority of users. The
advantage of this template is that column headings can be changed to match the
alternative field names.

s Thisisfor use by users who submit samples to a laboratory that has not checked the
Alternative Field Names Enabled check box on the LIMS For Light Stable
| sotopes Configuration form, e.g., the author’s laboratory. The column names cannot
be changed or importing will fail.

Thereis asignificant difference in size between ALT.xls and USGS.xls, 97 kb and 425 kb, respectively.
Most of this differenceis due to the fact that USGS.xls contains all the states and countiesin the U.S.

In order to use USGS.xIs, the user only needs to ensure that the Alternative Fiddd Names Enabled

check box on
has entered hi
and createap

the LIMS For Light Stable I sotope Configuration form is deselected. After a customer
s project and sample information in the spreadsheet, LIMS should import this information
roject.
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Part of Excel 5.0 template ALT.xls is shown in Fig. 26. In addition to customer information (last
name, first name, address, etc.) and project information (submission date, title, and genera location), the
following fields are provided for sample information:

Sample ID User Def Cap 2
Country Code User Def Cap 3
State/Province Code User Def Cap 4
Latitude User Def Cap 5
Longitude User Def Cap 6
Lat. Long. Accuracy Cap7
Collection Date/Time Other Info
Ending Collection Date/Time

Elevation

Length Unit

Top

Bottom

It is possible to change 10 of these (Sample ID, User Def Cap 2 through 6, Cap 7, Other Info, Top, and
Bottom) using the LIMS For Light Stable Isotope Configuration form and selecting the Alternative
Field Names Enabled check box. If this has been done, the user must change the names on the Excel
template to match exactly or LIMS cannot import the project. The Excel template files can then be
distributed to customers.

A Sample ID (or equivalent name if the user has changed the name of this column) must be provided
for each sample. Sample IDs must be unique. LIMS will check to be sure that Sample IDs are unique
and will not import a project if they are not unique. The Country Codes are listed on the spreadsheet
titled “Countries.” The State/Province Codes are listed on the spreadsheet titled “ States-Provinces.”
Latitude and longitude can be entered as 45.3333 in the Degrees field or 45 in the Degrees field and 20 in
the Minutes field. No characters other than numbers and decimal points should be entered (for example,
do not enter 20" for 20 seconds). The Collection Date/Time and Ending Collection Date/Time should be
entered in a format compatible with that in your Microsoft Windows settings. The ending date/time is
used when collecting a precipitation or similar sample. The Elevation of the site must be a numeric
entry. The unit of distance (meter or foot) is specified in the column Length Unit. Valid entries are
andft. If the columns Top or Bottom are used, they must contain only numeric data (no alpha characters
are allowed). The seven remaining fields, beginning with User Def Cap 2, can contain alphanumeric
entries.

As supplied, the maximum length of entries that will be imported and stored in LIMS is:

Sample ID 35 characters
User Def Cap 2 40 characters
User Def Cap 3 20 characters
User Def Cap 4 20 characters
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2 Microzoft Excel

” File Edit %ew Insert Format Tools Data Window Help

ID2E gl | izad|o o e® > sl mds @ -
“F'.rlal = 10 = BIU|_§§ |$f;, |:u:|+'|:| +;§|_v&v£, s
| Al | =| Last Mame:
ﬁhlt.xls =] 3
A B ] E F =
Last Mame: LIMS for Light Stable Isotopes
First Marne: For %ersions 1.4 and 7.0
Initial: Excel YWorksheet for

Address (Line 13

Address (Line 23

State or Province:

Postal Code:

Country:

Ermail:

Telephone:

Fax:

ala|la|lal =
O = Ga ol = [ |99 |00 | =1 | O (07 | b | G0 | P |

Submission Date:

15

Froject Title:

i mem |

Alternative Field Mames

Field Mames in the seven columns B
R, 5, T, and U {row 21) must be iden
to those on the Sample farm.

4 4 3 \Headlngs A Media £ Countries £ States-Provinces £ Shi| 4|

Ready

Fig. 26. Alt.xls Excel 5.0 template for creating projects.

83




User Def Cap 5 20 characters

User Def Cap 6 22 characters
Cap7 26 characters
Other Info 70 characters

Any of these can be easily increased by the user—see the Microsoft Access Help or Microsoft 1997a,
1997b.



SPECIAL FEATURES
The Special Features button alows the user to change the configuration of LIMS and to add,

delete, and edit mass spectrometers, procedure codes, media codes, etc. Clicking Special Featur es opens
the Special Features subform. The user may be prompted for a password.

LIMS For Light Stable | sotopes Configuration Form

Clicking Config opens the LIMS For Light Stable I sotopes Configuration form (Fig. 17). This
form alows the user to (i) edit eight aternative field (column) names (and “Top” and “Bottom”) that
appear as labels on tigamples form, (ii) change the color of most of the forms, (iii) set software
switches, and (iv) edit the value of various tokens or parameters used in the software. All of these values
are stored in the code module. When you dligit on the Main Menu, LIMS makes a backup of these
items in the Access database Lm7prefs.mdb (LM4PREFS.mdb in the Access 2.0 version of LIMS). If
the user updates the code module Lm7code.mdb, LIMS will search for Lm7prefs.mdb. If LIMS finds it,
it will ask the user if the configuration parameters should be updated. The user should choose in the
affirmative.

Alternative Field Names

If users check thelternative Fiddd Names Enabled check box, they may change the names of
eight fields on thesample form (andRange of Samples report). For example, one might want one of
the fields to be Dose if one is working with urine from diabetic patients. Generally one will use upper
and lower case letters and the underscore character. In no case should the following five characters be
used:

[]°.!

Form Colors

To change the color of a form, first cligkdit, choose a form from thEorm Colors combo box,
click on a color on the palette, and clidgk on the color palette. Try it with the Main Menu first
because it can be seen below th&1S For Light Stable I sotopes Configuration form. One can reset
the colors to the initial LIMS for Light Stable Isotopes colors by clicldagdefault colors. If one has a
video card that can produce more than 256 colors, one canDafthke Custom Colors on the color
palette to produce more colors than employed in LIMS (LIMS requires and assumes you have at least
256 colors).
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Software Switches
The following software switch options may be selected:
1. Show latitudes and longitudes on forms and reports using decimal degrees (33.34221, for
example) rather than DDMMSS (Degree Degree Minute Minute Second Second) format. Data
inthe LIMS Table of Samples are always stored in decimal degrees.

2. Display eevations and depths on forms and reports using meters instead of feet. Data in the
LIMS Table of Samples are stored in feet. (This, of course, could be changed.)

3. Require working standard label to be an integer between 1 and 366.

4. Check for missing mass spectrometer analyses when starting LIMS.

5. Use ‘Rel. to VPDB' fors°O values of carbonates instead of ‘Rel. to VSMOW.'

6. Require port label identifiers on the mass spectrometers to be integers between 0 and 99.

7. Display “Headings Complete” text box on tReoject form. This is useful when extensive
amounts of information may need to be added tcgtraple form, often after the samples are
analyzed.

8. Reston features enabled. This switch changes several values to Reston default values. It
enables an algorithm for preventing isotopic replicate analyses from being stored unless the
standard deviation is sufficiently low, makes visiN/QL, NAWID, andAccess buttons and
forms, makes visible some buttons on Eieject form, and enables several other features.

9. Debugging enabled will make numerous text boxes visible on forms. Once you toggle this
check box, it is a good idea to exit LIMS and restart it.

Paper Size
The paper size token, US_PAPERSIZE, can be found by cli¢kigg. It can have two values, 0
and -1. A value of 0 is used to select the A4 paper size and -1 selects U.S. standard paper (8.5 inches x
11 inches). The value for this token is changed by clickag, replacing the value in thgalue text
box, and clickingsave to save the change.

Default Country

When theL ogin New Samples form opens, the&€ountry combo box is set to the country selected
by the token labelled “DEFAULT_COUNTRY” in the configuration table. To change the country to his
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or her own country, identify the two character string that is used for the new country. This is done by
clicking the Samples and Analyses on the Main Menu, entering a 1 for the sample number, clicking
Find, opening the Country combo box, and scrolling to the new country. The first two character (CA
for Canada, for example) are needed. To set the default country to this new country, click Special
Features on the Main Menu, enter the password if requested, click Config, click List, select the token
DEFAULT_COUNTRY, click Edit, change the two character token from “US” to that identified above,
click Save, and clickClose. The new default country can be checked by clickieg Project L ogin.

Other Parameters

The other tokens whose values can be changed are listed below:

ALT_SAMPLE_CAPTION_BOT

ALT_SAMPLE_CAPTION_TOP

CF_Std_OurLablD_AIR

CF_Std_OurLablD_CO2

CF_Std OurLablD_H2

CF_Std OurLablD_N2

CF_Std_OurLablD_O2

CF_Std_OurLablD_SO2

COMPANY_NAME

FINN_BLANK_CORR_EA_DATA

FINN_COL_HEAD_13C

Caption for bottom (bottom of perforation) when alternative
field names are enabled.

Caption for top (top of perforation) when alternative field
names are enabled.

The Our Lab ID of the mixed reference gas used for continu-
ous flow analysis.

The Our Lab ID of the CO2 reference gas used for continuous
flow analysis.

The Our Lab ID of the H2 reference gas used for continuous
flow analysis.

The Our Lab ID of the N2 reference gas used for continuous
flow analysis.

The Our Lab ID of the O2 reference gas used for continuous
flow analysis.

The Our Lab ID of the SO2 reference gas used for continuous
flow analysis.

Name of company, university, or organization.

Set to -1 to import EA blank corrected delta values. Other-
wise set to 0 to use non-blank corrected data.

Unique identifier in §°C column in ISODAT dual inlet
Spreadsheet.
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FINN_COL_HEAD_15N

FINN_COL_HEAD_170

FINN_COL_HEAD_180

FINN_COL_HEAD_180H20

FINN_COL_HEAD_2H

FINN_COL_HEAD_30Si

FINN_COL_HEAD_34S

FINN_COL_HEAD_37Cl

FINN_COL_HEAD_GCC 13C

FINN_COL_HEAD_GCC_15N

FINN_COL_HEAD_GCC_180

SHOW_CFC-11 12 & 113

STORE_EA_CONCENTRATIONS

STORE_INTERF_MASSES

STORE_ION_GAUGES

STORE_MAJOR_VOLTAGES

Unique identifier in 3N column in ISODAT dual inlet
spreadsheet.

Unique identifier in 5’0 column in ISODAT dual inlet
Spreadsheet.

Unique identifier in 3°0 column in ISODAT dual inlet
spreadsheet for other than H20 samples.

Unique identifier in 3°0 column in ISODAT dual inlet
spreadsheet for H20 samples.

Unique identifier in delta 2H column in ISODAT dual inlet
Spreadsheet.

Unique identifier in delta 5°Si column in ISODAT dual inlet
Spreadsheet.

Unique identifier in §'S column in ISODAT dual inlet
Spreadsheet.

Unique identifier in §'Cl column in ISODAT dual inlet
Spreadsheet.

Unique identifier in 3°C column in ISODAT GCC CF
Spreadsheet.

Unique identifier in »°N column in ISODAT GCC CF
spreadsheet.

Unique identifier in 3°0 column in ISODAT GCC CF
Spreadsheet.

Set to -1 to show CFC-11, 12 & 113 simultaneously on
sample form and reports. Otherwise set to 0.

When set to -1, Finnigan EA concentrations are stored when
isotopic compositions are imported. Otherwise set to 0.

When set to -1, interfering mass voltages are stored when
isotopic analyses are imported. Otherwise set to O.

When set to -1, Finnigan ion gauge values are stored when
isotopic analyses are imported. Otherwise set to O.

Set to -1 to store ion gauge readings and major ion beam
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volatages when importing analyses. Otherwise, set to 0.

STORE_UNEXPECTED_PROCEDURES Set to -1, unexpected procedures (192 - 198) are stored when
isotopic analyses are imported. Otherwise, set to 0.

UMASS COL_HEAD_13C Column header of §°C column in Micromass spreadsheet.

UMASS COL_HEAD_15N Column header of 3°N column in Micromass spreadsheet.

UMASS _COL_HEAD_170 Column header of 3O column in Micromass spreadsheet.

UMASS_COL_HEAD_180_Other Column header of 5°0 column in Micromass spreadsheet for
samples other than water.

UMASS_COL_HEAD_180_Water Column header of 5°0 column in Micromass spreadsheet for
water samples.

UMASS COL_HEAD_2H Column header of FH column in Micromass spreadsheet.

UMASS_COL_HEAD_30Si Column header of §°Si column in Micromass spreadsheet.

UMASS _COL_HEAD_34S Column header of §'S column in Micromass spreadsheet.

UMASS_COL_HEAD_37Cl Column header of §'Cl column in Micromass spreadsheet.

Reference Samples Form

The Reference Samples form (Fig. 27) is opened by clicking Special Features on the Main Menu
and clicking References. This form is used to add, delete, or edit reference samples used in the
normalization equation calculations. To add a reference sample, click Add, select the isotope from the
| sotope combo box, select the sample prefix from the Prefix combo box, enter the integer sample
number, and enter the “true value” in theFinal Delta text box. To save results, clidave. To edit an
existing reference click ist or the navigation buttons to move to the reference. ik, make the
change, and clickave. Click Delete to delete a reference sample.

Prefixes & Next Sample # Button

ThePrefix form is opened by clickingpecial Features on the Main Menu and clickingr efixes &
Next Sample#. One can only edit the positive integer in Next Sample text box. This is the integer
used for assigning the next Our Lab ID in thegin New Samples form. If one changes this integer, one
needs to be careful that samples with duplicate Our Lab IDs are not generated. This is a sure method of
creating havoc in LIMS.
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E5 Heference Samplesz

Close -

List 4|4 [R-1 3 Hl Edit Add Delete
Sample D IFI-'I Last El:Iit:lE.-"'I'I.-’EIF" 10:54:57 A
|zotope: Cur Lab D

2 > 2HINNEA (8 I |

Final Delta: |-'I 21.5

Fig. 27. Reference Samplesform.
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M ass Spectrometer Confiquration Form

The Mass Spectrometer Configuration form (Fig. 28) is opened by clicking Special Features on
the Main Menu and clicking Mass Spec. Install a new mass spectrometer as follows:

1

2.

Click Add.

Enter a single letter code for the mass spectrometer. Once a mass spectrometer is created,
this single letter code cannot be changed (the mass spectrometer must be deleted and a new
mass spectrometer must be installed). One probably should avoid using the letters aready used
for sample prefixes (C, G, J, N, R, S, and W) and the letters O and |I. The letter E is not
available because it is used for the Ethereal mass spectrometer. The short name is used in
several combo boxes.

Enter the vendor serial number which may be used by some mass spectrometer manufacturers
on the file of isotopic results in order to identify the mass spectrometer that generated the
isotopic results. |f your mass spectrometer manufacturer supports LIMS, ask what entry needs
to go into thisfield.

Enter an analysisimport format appropriate for your mass spectrometer.

Enter a sample export format as appropriate for your mass spectrometer. If a user's
manufacturer is not listed, “LIMS Default” can be selected. The user can then generate multi-
sheet templates and (or) sample lists even though the file on the diskette generated by the
template code cannot be used. The user may want to encourage mass spectrometer vendors to
modify their mass spectrometer software so that it can make use of the LIMS sample export
file.

Select all isotopes that will be analyzed by the mass spectrometer.

Enter the sample prefix of the most common sample analyzed. This field can be left blank.

Check the “Continuous Flow Capability” check box if appropriate.

Click save to create your mass spectrometer.

One may edit most fields for an existing mass spectrometer. One cannot deselect an isotope if there are
any analyses of that isotope in the table of analyses. Likewise, one cannot delete a mass spectrometer if
there are any analyses for it in the table of analyses.
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B9 Mass Spectrometer Configuration
Add | Delete

Code: [& Last Edit: [4/11/37 31144 PM
Shart Mame: [My 4P
“endor zerial number: |MEIEI'I

Analysiz import format: [Analytical Precision |
Sample export format: |.-“-‘-.na|_l,lti|:a| Frecizion ;l
|zotopes, izotope ratios, and CFCz to be meazured
Chooze all that apply

C 2HAH [ 1140 W 180ME0 [T 37Cl23sC [T 1294e/132%e
[ W 13ch2c [T XkWes20Me [ 3840364 [T 136xe 32xe
[T 3He ™ 14c [T 22Mes20Me [ 4080/364r [ CFC1
[T 4He W 18MA4N [T 30Si2850 [ 83k [T CFrca2
[T 7LiseLi [ 170460 [ 345325 [ 8EK/S4kr [T CFCA13

Prefis of mozst comman zample analyzed: IG - I
¥ Continuous Flow Capability

Fig. 28. Mass Spectrometer Configuration form.
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Faraday Cup Information Form

When the user clicks Faraday Cups LIMS advises the user that Faraday cup information for al
mass spectrometers can be edited. Click Faraday Cups. Click OK and the Faraday Cup Information
form opens. For each Faraday cup of each mass spectrometer, one can assign an electrometer output
coefficient. Thisisthe expansion coefficient that is used when an interfering mass value is imported and
that is printed on the Samples In Progress report for interfering masses. If analyses with interfering
masses are imported and no Faraday cup electrometer output coefficients are found, a default value of 1
is employed.

M ass Spectrometer Error Codes Form

The mass spectrometer Error Codes form is opened by clicking Special Features on the Main
Menu and clicking M ass Spec Error Codes. The existing error codes are used by the author’s Microsoft
Visual Basic mass spectrometric data acquisition and control software. One can add additional codes,
delete these, or edit existing codes.

NAWID, NWQOL , and Access Forms

NAWID, NWQL, and Access are program features used only by the U.S. Geological Survey and
are only visible when Reston Features is enabled.

Media Form

The Media form is opened by clicking Special Features on the Main Menu and clicking Media.
One can add, edit, and delete media in a manner similar to that used with the Reference Samples form
above. The description can always be edited. The prefix cannot be edited if any samples of the medium
have been logged in because labels may already exist on sample containers with this prefix. One is
required to select one and may select two isotopes for a medium. These will become the low and high
isotopes of the medium. An example of adding a medium is given on page 96. Information about
deleting media codes is given on page 97.

Procedure Form

The Procedure form is opened by clicking Special Features on the Man Menu and clicking
Procedures. One can add, edit, and delete procedure codes using this form in a manner similar to that
used with the Refer ence Samples form above. Note that only the description of the procedure code can
be edited. When LIMS was designed, it was decided to build in a relationship between the procedure
codes (table 4) and the isotope codes (table 3) in order to minimize disk accesses and to speed up
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the program. Thisrelationshipis:
Integer(Procedure code)/100 = | sotope code

Thus, all of the procedure codes for FH lie between 200 and 299 because the isotope code for *H is 2
(table 3). The situation with oxygen is a little more complicated. It was decided that normalization
coefficients for 5°O of water should be in alist separate from that of other O-bearing substances. Thus,
5°0 procedure codes for water range from 800 through 809 and those for other O-bearing materials lie
between 810 and 899. The situation for isotope codes 2 through 15 is summarized in table 5. The values
for codes above 15 are anaogous to the values for isotope code 15. If more than 100 procedure codes
were needed for any isotope, one could easily modify the algorithm above. For example, the value of
100 could be changed to 1000. Then each isotope could have 1000 procedure codes.

To add a new procedure code and make use of it in LIMS is a two-step process. First, the user
should add the procedure code to LIMS using this form. Next the user must link the procedure to each
medium using the L ow Procedure Codes form or the High Procedure Codes form. An example of
adding a medium, procedures, low procedures, and high procedures is given on page 96. Information
about deleting media codes, procedure codes, low procedure codes, and high procedure codes is given on

page 97.

L ow Procedure Codes Form

The Low Procedure Codes form is opened by clicking Special Features on the Main Menu and
clicking L ow Procedures. One can add, edit, and delete low procedure codes. The low procedure code
links the low isotope of a medium to a procedure code. When a new procedure has been added to the
table of procedures, the user can open the L ow Procedure Codes form, click Add, select the medium,
select the new procedure, and click Save. If this medium has entries in both the low and high procedures
tables, then the user must ensure that procedure 000 (N/A) has been added to both the low and high
procedures tables. This gives the user the possibility to select individualy either the low or the high
procedure code, but not to require both. For every medium, one and only one procedure should be
selected as the default procedure. The default procedure is selected by assigning an asterisk to the
Default field on the L ow Procedure Codes form.

An example of adding a medium, procedures, low procedures, and high procedures is given below.

Information about deleting media codes, procedure codes, low procedure codes, and high procedure
codesis given on page 97.

High Procedure Codes Form

The High Procedure Codes form is opened by clicking Special Features on the Main Menu and
clicking High Procedures. One can add, edit, and delete high procedure codes. The high procedure code
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Table 5. Minimum and Maximum Sample Preparation Procedure Codes in LIMS version 7.0 as a
Function of Isotope Code Between Codes 2 and 15.

| sotope Isotope  Prefix Minimum Maximum

Code Procedure Procedure
Code Code
‘H 2 G 200 299
H 2 J 200 299
H 2 R 200 299
123H 2 W 200 299
.C 3 C 300 399
.C 3 G 300 399
.C 3 J 300 399
C 3 R 300 399
“N 5 G 500 599
“N 5 J 500 599
®N 5 N 500 599
N 5 R 500 599
zs 6 G 600 699
.S 6 J 600 699
°S 6 R 600 699
S 6 S 600 699
i) 7 G 700 799
i) 7 J 700 799
0 7 R 700 799
.0 8 C 810 899
.0 8 G 810 899
.0 8 J 810 899
-0 8 N 810 899
-0 8 R 810 899
.0 8 S 810 899
o) 8 W 800 809
‘Li 10 G 1000 1099
‘Li 10 J 1000 1099
‘Li 10 R 1000 1099
B 11 G 1100 1199
B 11 J 1100 1199
B 11 R 1100 1199
zSi 12 G 1200 1299
oS 12 J 1200 1299
S 12 R 1200 1299
(el 13 G 1300 1399
(el 13 J 1300 1399
'Cl 13 R 1300 1399
’Cc 14 G 1400 1499
’Cc 14 J 1400 1499
C 14 R 1400 1499
°*H 15 G 1500 1599
°*H 15 J 1500 1599
°*H 15 R 1500 1599
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links the high isotope of a medium to a procedure code. High procedure codes are edited and added in
the same manner as low procedure codes (see page 94). An example of adding a medium, procedures,
low procedures, and high procedures is given below. Information about deleting media codes, procedure
codes, low procedure codes, and high procedure codes is given on page 97.

How to Add Media, Procedures, L ow Procedures, and High Procedures

Suppose a large project on the variability of 5°0 and §°Si of olivine samples is starting. Suppose
5°0 preparation will be by a new laser ablation technique and 5°Si preparation will be by reaction with
gaseous fluorine. Assume that some samples will have 5°0 analyses only and some will have 5°Si
anayses only. Add a new medium, two procedure codes, and low and high procedure codes. Because
thiswill be amajor project spanning decades, choose a unique prefix for the medium.

Click Media and click Add. Enter 85 (since 85 is not used) in the Code text box, “olivine” in the
Medium text box, J in thePrefix combo box, and “olv” in thesbbr text box. Either one or two
isotopes need to be selected. Click ‘ftog°0 and the*si/*si check boxes. Clickaye and LIMS will
remind the user to add this medium to the list of media on the Excel 5.0 template for importing projects.
Click OK. Click Close.

Now add two new procedure codes. From table 5 one knows thgf@herocedure needs to be

between 810 and 899 because this is an O-bearing material that is not water. Choose 870 since it is not
used. For they’Si use 1225 since it is available. Cliekocedures and clickAdd. Enter 870 in the

Code text box, “DlI, laser ablation, delta 180" in timRescription text box, and clicksave. The
Amount of Sample text box is not used (this text box is for future use in LIMS). Cheld. Enter
1225 in theCode text box, “DlI, gaseous fluorine, Delta 30Si” in thescription text box, and click

Save. Click Close

Now link the medium and procedures. Let 870 be the low procedure code.L 6ldRr ocedures.
Click Add, select 85 from th&ledium combo box, select 870 from thew Procedure combo box,
and set th@efault combo box to * (this indicates that procedure code 870 will be selected as the default
for the determination 0§°0O in olivine samples). Clickave. One needs the possibility to select only
the 5°Si preparation. This is done by adding the following additional low procedure code. AGtick
Select 85 for theyledium combo box, select “000 --> N/A” for theow Procedure combo box, and
click save. Click Close. Now either O or 870 can be selected as the procedure code for the low isotope
(180)-

Repeat in a similar manner for the high procedure code. @ligk Procedures Click Add.
Select 85 for thevledium combo box, select 1225 for tiigh Procedure combo box, select * for the
Default combo box, and clickave. Click Add. Select 85 for th&ledium combo box, select “000 -->
N/A” for the High Procedure combo box, and clickave. Click Close. Now either O or 1225 can be
selected as the procedure code for the high isoftgip (
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This completes the addition of a medium, procedure code, low procedure code, and high procedure
code.

How to Delete M edia, Procedures, L ow Procedures, and High Procedures

Media codes, procedure codes, low procedure codes, high procedure codes must be deleted in the
reverse order in which they are installed. Therefore, if a procedure code is to be deleted, al of the low
and high procedure codes using this procedure must first be deleted. If amedium is to be deleted, all of
the low and high procedure codes using this procedure must first be deleted. Media codes, procedure
codes, low procedure codes, high procedure codes cannot be deleted if they have been used for samples
or isotopic analyses in the database.

Creating and Editing Templates

Multi-sheet paper templates are used for two purposes: (i) to set out samples to be analyzed so that
they correspond to the location of sample preparation vessels, and (ii) to provide alist of the sample that
goes into each location on an elemental analyzer. Templates are popul ated with samples from the Table
of Samples To Be Analyzed, and printed by clicking Print Templates on the Main Menu. However,
before a template can be populated and printed, it must be designed and created. Templates on the
Special Features subform opens the Templates form (Fig. 29) and alows the user to add or edit a
template. The user may want to examine the templates in the example database. Templates for elementa
anayzers and water equilibration devices can be found in the example database. The user should
examine these templates prior to generating any templates. To view these templates (first make sure the
example database is active—see page 20), cliclspecial Features on the Main Menu, and click

Templates.

Fig. 30 shows a photograph of the 48-port Micromass sample equilibration system in the author's
laboratory and a template set up with 48 water samples for this preparation system. The multi-sheet
paper template is shown in Figs. 31 and 32. Note that there are 12 samples in each of 4 rows (48 samples
total) laid out on a four-page template. (Twelve samples, whether they be water, carbonates, or other
samples, has been found to be a convenient number to put on one sheet of paper. If samples are larger,
then fewer samples can be placed on each page, leaving desitethpddank.) Samples can be placed
on the template the day prior to sample preparation; thus, a designated technician has time to check to
make sure that each pidien on the template has the correct sample on it. This has led to a significant
reduction in errors in the laboratory. The plastic holder in the front is used to load the samples from each
row and to transport them to the equilibration system.

It is important to consider the layout of your multi-sheet template. Proper design can lead to
important savings in sample preparation time and reduction of error by minimizing the possibility of a
sample getting into the wrong sample port. As an example, for the 48-pgk,G@quilibration device
above, there are four banks, A, B, C, and D. There are 12 sample ports on each bank. Thus, one might
use the port names Al, A2, A3, ... B1, B2, ... D12. However, in the author's laboratory operators find it
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B Templates Ed

List | 14| 4 | CarloEbatorS | » | Ports & References | (Edii; | Add | Delete | Close

Lazt Edit: |?£5£EI? 23724 P
General Info
Mame: |Carlo Erba for 5 Masz Spec: [U --» My Europa -]
Description: |EA for zulfur on Europa

Export Format: [Europa 5 cientific -]

Axailable Media: tedia Selected for Template:

01 - W [wfater] water [H & 0] = 28 -» G[C & 5] C- and 5-bearing material =]
02 --» C[Cal] calcite = B4 --x 5 [504] water [dizzolved sulfate]
03 > C [Dol] dolomite T Add B5 - 5 [52] water [dissolved sulfide] o
04 - C[DIC]DIC hd BE > 5 [5] sulfide mineral -
Irelete Medmm I
— Low
lsotope: [5 > 345 -] Default # of Repeats: I_'I
Default Procedure: [562 -» CF, EA, Delta 345 -]
— High
lsotope: | -] Default # of Repeats: I_
Default Procedurs: | -]
— Default samples far ports Printing
Print list of I I
Floating R eference: _ H on template; |3_ ® Rk ey
. .. Frint multi-zheet b |2k
Sample for Unfilled Pozitions: _ ) arqg “I:tuufl za?nilezmp e

Fig. 29. Templatesform.
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Fig. 30. (a) Micromass CO,-H,O equilibration system in author’s laboratory. (b) Template
for this system set up with 48 samples.
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Neptune Samples To Be Analyzed 1120/98 3:54:33 PM

Port Sample # Amount

11 W-69 34 W-102
09 W-5 36 W-5
07 W-70 38 W-103
05 W-71 40 W-104
03 W-72 42 W-105
01 W-73 44 W-106
23 W-74 46 W-107
21 W-75 48 W-108
19 W-6

17 W-6

15 W-5

13 W-76

02 W-77

04 W-78

06 W-79

08 W-80

10 W-81

12 W-82

14 W-83

16 W-84

18 W-5

20 W-85

22 W-86

24 W-87

35 W-88

33 W-89

31 W-5

29 W-90

27 W-91

25 W-92

47 W-93

45 W-94

43 W-95

41 W-96

39 W-97

37 W-98

26 W-99

28 W-100

30 W-101

32 W-5

Fig. 31. Exampleof List of Samples To Be Analyzed for the CO,-H,O equilibration template with 48
samples.
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26/W-99 28/W-100 | 30/W-101 32/W-5 34/W-102 36/W-5 38/W-103 40/W-104 | 42/W-105 44/W-106 | 46/W-107 | 48/W-108

35/W-88 33/W-89 31U/W-5 29/W-90 27/W-91 25/W-92 47/W-93 45/W-94 43/W-95 41/W-96 39wW-97 37/W-98

02/W-77 04/W-78 06/W-79 08/W-80 10/W-81 12/W-82 14/W-83 16/W-84 18/W-5 20/W-85 22/W-86 24/W-87

11/W-69 09W-5 07/W-70 05/W-71 03/W-72 0VW-73 23/W-74 21/W-75 19/W-6 17/W-6 15/W-5 13/W-76
Page 1 Page 2 Page 3 Page 4

Fig. 32. Example of the 4-page CO,-H,0 water equilibration template with 48 samples. Note placement
of pages side by side.
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easier to identify each sample port by an integer; thus, 1, 2, ... 47, and 48 are used. Personnel find it
quickest to load 12 samples at atime. The first 12 samples are 6 samples on one side of bank A and 6
samples on the same side of bank B. The next 12 samples are the samples on the other side of banks A
and B. The third set of 12 samples consists of 6 samples on bank C and 6 on bank D. The last 12
samples are on the other side of banks C and D. This relatively complicated layout scheme allows
personnel to load samples in a minimum of time and it minimizes the possibility of error in sample
loading. It is presented to demonstrate to the reader that it is important to consider various scenarios for
loading samples.

Before starting be sure that the reference samples you want to use as floating (see step 14 below) and
fixed (see step 25 below) references are in the Table of Reference Samples. To add a template follow
these steps:

1. Click Special Featureson the Main Menu and then click Templates.

2. Click Add.

3. Enter aname for the template, such as "Pegasus." Each template must have a unique name.

4. Enter the description.

5. Select the mass spectrometer.

6. Select the sample export format if necessary.

7. Select the media for the template. The user will need to fill the Media Selected for Template
list box with all of the mediafor the template. First click on a medium in the Available Media
list box to highlight it. Then click Add to add this medium to the Media Selected for Template
list box. As many media as required can be included. If you make a mistake, highlight the
medium to be deleted in the Media Selected for Template list box, and click Delete M edium.

8. Sdect anisotope for the low procedure code if necessary.

9. Sdect the default low procedure code if necessary.

10. Select the default number of repeats for the low procedure if necessary. The default number of
repesats is the number of times a sample added to the template will be analyzed. For example,
in the author’s laboratory, every water sample for H equilibration is analyzed twice.

11. Select an isotope for the high procedure code if necessary.

12. Select the default high procedure code if necessary.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Select the default number of repeats for the high procedure if necessary.

Select the sample that will serve as the floating reference. A floating reference is a reference
sample that is randomly interspersed with samples. LIMS will determine the location of all
floating reference samples using a random number generator. Only samples from the table of
reference samples that have a medium found in the Media Selected for Template list box will
appear in this combo box.

Enter the number of floating reference samples on your template. Often it is 10 to 15% of the
total number of samples on atemplate.

Select a sample for unfilled positions. This sample is used to fill or pad the remainder of a
template in the event that there are not sufficient samples in the Table of Samples To Be
Analyzed to populate all the spaces in a template. Often a sample such as W-1, C-1, etc. is
sel ected.

Select the printing option. Usually, one wants to print a multi-sheet template and a list of
samples.

Click save.

Click Ports & References to open the Ports & References form (Fig. 33) and design the
multi-sheet paper template that will holds the samples. Even though one only wants to print a
list of samples and not a multi-sheet template, one still needs to use this form to provide
necessary information to LIMS (port identification, etc.).

Layout the multi-page template. The user will need to decide the following:

a  Will al 12 positions on each page be used? If not, which will remain blank?

b. What isthe port number for each of the positions on the page that will hold a sample?

c.  Which ports should be left empty. These might be ones with vacuum leaks or such other
problem that prevents their use.

d.  Which ports must always hold areference sample, that is, afixed reference sample.

e. By default, the remaining ports can hold a floating reference sample. A floating reference
sample “floats” from port to port and has no fixed location.

Click Edit to enable editing.

Page 1 of your template should be shown. Enter port numbers (or port identifiers for each of

the 12 positions that should hold a sample.

Enter the list number of each port specified above. This is the ordinal number of the sample in
the sample list printed out for the user. For example, the sample position that is always at the

top of the list is 1, the second ist®,
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B Meptune Ed

Add Page Delete Page
Fart: IEE Port: IEE Port: |3EI
List #: I ar List #: I ] List #: I 29
»} Floating Ref » Floating Ref 2 Floating Ref
) FiedRef [ ~]| o FixedRet [ -] ) FisedRef [ ]
) Ermpty ) Ermnpty ) Ermnpty
Puort; |35 Puort; |33 Part: |31
Lizt #: I 25 Lizt #: I 26 List #: I e
2 Floating Ref 2 Floating Ref 2 Floating Ref
< FisedRef [ ]| < FikedRef [ -] ) FisedRef [ -]
- Empty - Empty - Empty
Fart; II:IE Fart; |EI4 Fart; IDE
List #: I 13 List #: I 14 List #: I 15
2} Floating Ref & Flaating Ref 2} Floating Ref
) FigedRef [ ]| o FiedRef [ -] ) FisedRef [ -]
 Ermnpty - Empty -2 Empty
Fart: |11 Fart: IEIEI Fart: IEI?
List #: I 1 List #: I 2 List #: I 3
»} Floating Ref 2 Floating Ref 2 Floating Ref
) FiedRef [ ~]| o FixedRef [ -] < FisedRef [ -]
- Ermnpty - Ermnpty - Ermnpty

Fig. 33. Ports & Configuration form.
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24. For each position that should be empty, select “Empty.”

25. For each patson that should be a fixed reference, select “Fixed Ref’ and select the reference
sample from the fixed reference (“Fixed Ref’) combo box. The remaining positions should be
identified as “Floating Ref” positions. This completes the entry for this page.

26. Click save to save your entries.

27. If the template consists of only a single page, diklse and this completes the creation of the
template. Otherwise, clickdd Page.

28. Enter the entries on page 2 in a manner similar to that done for page 1.
29. Repeat data entry for remaining template pages.
30. When all pages are complete, ci@ose.

Additional pages may be added and entries may be edited by cliefing If the user needs to delete a
page, only the last page of a template can be deleted. This completes the creation of the template.

In order to use this template, the user will need to add samples to the Table of Samples To Be
Analyzed. This can be done from tpeoject form (page 29) by clickingremplates, or from the

Samples To Be Analyzed form (page 40). Once samples have been added to the Table of Samples To
Be Analyzed, a list of samples (and a template of samples to analyze) can be pgintsek(Figs. 31
and 32).

Using LIMSwith “C

LIMS can be used fofC samples.”C media and procedures must be added to the default database
because no media or procedures using them are otherwise available. The fallostnages how this is
done.

Add a new medium containingC and “C, and add a procedure code f&. Click Special
Features, entering the password if required, clivkedia from theSpecial Features subform, and click
Add on theMedia form. LIMS will prompt the user to select the Prefix last. Clk. Enter “140”
for the Code, enter “C-bearing material” for th@edium, and enter “14C” for th@bbr. Click the
check boxes|3C/12C and14C. Selectprefix “G,” and click Save. (Note, that the user could have
selected “C --> Carbonate.” LIMS will remind the user that this medium should be added to the Excel
Template file for Creating Sample Projects in case the user is using this feature (see page 8K .Click
Click Close to close thaviedia form. Note that the user can create a medium containing‘Gnlgr one
containing“C and™C with Prefix C gtc.

105



Next add a new procedure for “C. Click Procedures on the Special Features subform. LIMS will
display a message box advising the user of valid ranges of procedure codes for various isotopes, isotope
ratios, and CFCs. Note that valid procedure codes for *C are between 1400 and 1499. Click Ok. Click
Add. Enter “1400” for theCode and press the Enter key. LIMS will advise the user that a cod€for
is being added. CliclbK. Enter “14C by AMS” for theDescription. Click Save. Click Close to
close theProcedure Codes form.

The user next needs to link procedures to the medium created. L@\¢KProcedures on the
Special Features form. Click Add. Select “140 -->G [14C] C-bearing material” from tkieedium
combo box. Select “352 --> DI, Quartz sealed tube, 800 deg. Delta 13C" fropo#nérocedure
combo box. If a user had several procedure codes for the same medium and needed to indicate to LIMS
which should be used as a default (such as when importing isotopic analyses), the user could select “*”
from the Default combo box in order to make the selected procedure code the default low procedure
code. Clicksave and close the ow Procedure Caodes form by clickingClose.

Next click High Procedures on theSpecial Features subform to open theligh Procedure Codes
form. Click Add. Select “140 -->G [14C] C-bearing material” from tidedium combo box. Select
“1400 --> 14C by AMS” from theHigh Procedure combo box. ClickSave and close thedigh

Procedure Codes form by clickingClose

A media code, and procedures codes are now availabftCfase in LIMS. To demonstrate this,
click New Project Login on theMain Menu. Click theMedium combo box and verify that medium
140 is available.

Using LIMSwith *H

LIMS can be used foH samples.’H media and procedures must be added to the default database
because no media or procedures udih@re otherwise available. The following illustrates how this is
done.

Add a new medium containintd, and add a procedure code fet. Click Special Features,
entering the password if required, clivkedia from theSpecial Features subform, and clickadd on the
Media form. LIMS will prompt the user to select the Prefix last. Ctik. Enter “150” for theCode,
enter “3H-bearing material” for thg edium, and enter “3HC” for thabbr. Click the check bogH.
SelectPrefix “G,” and click Save. LIMS will remind the user that this medium should be added to the
Excel Template file for Creating Sample Projects in case the user is using this feature (see page 81).
Click OK. Click Close to close thaviedia form. Note that the user can create a medium containing
only *H, or one containingH and’H, for example.

Next add a new procedure fit. Click Procedures on theSpecial Features subform. LIMS will

display a message box advising the user of valid ranges of procedure codes for various isotopes, isotope
ratios, and CFCs. Note that valid procedure code$ifare between 1500 and 1599. Cligk. Click
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Add. Enter “1500” for theCode and press the Enter key. LIMS will advise the user that a codéH for
is being added. ClickoK. Enter “3H by electrolytic enrichment and LSC” for tbescription.
Click save. Click Closeto close theerocedure Codes form.

The user next needs to link procedures to the medium created. L@\¢KProcedures on the
Special Features form. Click Add. Select “150 -->G [3H] 3H-bearing material” from tMedium
combo box. Select “1500 --> 3H by electrolytic enrichment and LSC” from ¢ieProcedure combo
box. If a user had several procedure codes for the same medium and needed to indicate to LIMS which
should be used as a default (such as when importing isotopic analyses), the user could select “*” from
the Default combo box in order to make the selected procedure code the default low procedure code.
Click save and close the ow Procedure Cades form by clickingClose.

A media code, and procedures codes are now availablel fase in LIMS. To demonstrate this,

click New Project Login on theMain Menu. Click theMedium combo box and verify that medium
150 is available.

Using LIMSwith CFCs

The CFCs, CFC-11, CFC-12, and CFC-113, are available in LIMS. CFC media and procedures
must be added to the default database because no media or procedures using them are otherwise
available. The following illustrates how this is done.

First add a new medium by clickir@pecial Features, entering the password if required, clicking
Media from theSpecial Features subform, and clickingndd on theMedia form. LIMS will prompt the
user to select the Prefix last. Cligk. Enter “270” for theCode, enter “CFC-11, 12, & 113" for the
Medium, and enter “CFCs” for thabbr. Click the check boxeSFC-11 andCFC-12. SelectPrefix
“G,” and click Save. LIMS will remind the user that this medium should be added to the Excel
Template file for Creating Sample Projects in case the user is using this feature (see page 8K .Click
Click Close to close theviedia form.

Next add two new procedures, one for CFC-11 and one for CFC-12. mligedures on the
Special Features subform. LIMS will display a message box advising the user of valid ranges of
procedure codes for various isotopes, isotope ratios, and CFCs. Note that valid procedure codes for
CFC-11 are between 2700 and 2799, and for CFC-12 are between 2800 and 2899k CliGhick
Add. Enter “2700" for theCode and press the Enter key. LIMS will advise the user that a code for
CFC-11 is being added. Clioa®K. Enter “CFC-11" for theDescription. Click Save. The first
procedure code has been added. Enter the second code by @lidkingntering “2800” for theCode,
entering “CFC-12" for theDescription, and clickSave. Click Close to close theProcedure Codes
form.

The user next needs to link these two procedures to the medium created. daliPkocedures on
the Special Features form. Click Add. Select “270 --> G [CFCs] CFC-11, 12 & 113" from the
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Medium combo box. Select “2700 --> CFC-11" from the_ ow Procedure combo box. If a user had
several procedure codes for the same medium and needed to indicate to LIMS which should be used
as a default (such as when importing isotopic analyses), the user could select “*’ fr@efdhg

combo box in order to make the selected procedure code the default low procedure codgav€acki

close thg_ow Procedure Codes form by clickingClose.

Next click High Procedures on theSpecial Features subform to open theligh Procedure Codes
form. ClickAdd. Select “270 -->G [CFCs] CFC-11, 12 & 113" from tidedium combo box. Select
“2800 --> CFC-12" from thedigh Procedure combo box. Clicksave and close thefigh Procedure

Codes form by clickingClose.

A media code, and procedures codes are now available for use in LIMS. To demonstrate this, click
New Project Login on theMain Menu. Click theMedium combo box and verify that medium 270 is
available.

LIMS allows users to display, print, and store CFC-113 results on a medium created for CFC-11 and
CFC-12 using the token “SHOW_CFC-11_12 & 113" found in[th®S for Light Stable |sotopes
Configuration form. Setting this token to -1 will enable the label “CFC-113" to be visible on the

Samples form, theProject report, and th&ample Range report.
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ANALYSISIMPORT FORMATS
Introduction
LIMS can import isotopic results from a file on a diskette. The formats that existed when this

document was printed are discussed below. The user may discover that additional import formats have
been added.

LIMS Default Analysis | mport For mat

The LIMS Default format for importing isotopic anayses is a Microsoft Access 2.0 .mdb database
file. The specifications are listed below. The field names of the database file are listed in table 6.

Extension of the Microsoft Accessfile: .mdb
Microsoft Jet engine version: 2.0
Name of Microsoft Access table: tbl_IsotopicResults

Either of the first two fields can be null (rstr_MassSpec or str_VendorMSID). If rstr_MassSpec is null,
then LIMS can use str_VendorMSID to interrogate the table of mass spectrometers to determine

rstr_MassSpec.

LIMS_TBA.mdb must be an Access 2.0 database and not an Access 95 or 97 database so that it can
be imported by users employing LIMS 1.4, the Access 2.0 version that runs on the Microsoft Windows
3.1 or Windows for Workgroups 3.11 platform.

The Microsoft Visua Basic 3 code fragment below shows how to create the Access 2.0 file, create
the table tbl_IsotopicResults, and populate the table.

Dim dyn As dynaset
Dim sz As string
Dim qdf As querydef
Dim thl As table

Dim db As database

On Error GoTo 0

'Delete file named ANALYSES.mdb on drive A:.
On Error Resume Next

Kill ("A:\ANALYSES.MDB")

On Error GoTo e_Export_Click

'Create Microsoft Access file. By default it is version 2.0.

Set db = CreateDatabase("A:\ANALYSES.MDB", DB_LANG_GENERAL, False)
sz = "CREATE TABLE tbl_IsotopicResults"

sz =sz & " (rstr_MassSpec TEXT (1),"

sz = sz & " str_VendorMSID TEXT (50),"

sz = sz & " Ing_Analysis LONG,"

sz = sz & " Ing_PeakNumber LONG,"

sz = sz & "rstr_Prefix TEXT (1),"
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Table 6. Fieldsof the LIMS default table for importing isotopic analyses.

Maximum
Datatype string size
Field name Description
rstr_MassSpec Text 1 Single letter mass spectrometer identification. Primary key
of thl_MassSpec. Does not need to be supplied aslong as
str_VendorMSID is supplied.
str_VendorMSID Text 50  Mass spectrometer seria number or vendor identification
number. Does not need to be supplied aslong as
rstr_MassSpec is supplied.
Ing_Analysis Number Anaysis number. Unique integer that should be generated
(long) by the mass spectrometer and printed on the analysis report.
This number must be able to be changed by user so that it
can be set to required value in case mass spectrometer
computer requires replacement.
Ing_PeakNumber Number Peak number. Acceptable values are 1 to 999. Default
(long) value for dua inlet mass spectrometersis 1.
rstr_Prefix Text 1 Single letter sample prefix; C, G, J, N, R, S, or W (seetable
1).
ring_Sample Number Integer sample number. Together with sample prefix, this
(long) formsthe Our Lab ID, e.9., W-45677.
str_AliquotID Text 20  Aliquot identification.
str_Port Text 5 Name or identifier of the sample port on the preparation
unit, manifold, carousdl, etc.
str_Std Text 14 Indua inlet mass spectrometry, the name or identifier of
the working standard.
dat_Analyzed Date/Time Date and time sample anaysis of this peak is begun.
Generally increments for each peak.
str Comment Text 32 Comment.
int_Procedure Number Procedure code from table thl_Procedure (table 4).
(integer)
dbl_PenultimateDelta Number Penultimate deltavalue.
(double)
rint_Error Number Error code. Primary key of tabletbl_Error. Default value
(integer) isO.
ysn_Ignore Yes/No Default valueis No. Mass spectrometer can set thisfield to

Yesif it can determine that isotopic analysisis unsatis-
factory and should not be included in acalculation by LIMS
of the final deltavalue. Usually thisisthe case when the
dual inlet mass spectrometer software performs another
isotopic analysis of the sample.

110



sz = sz & " ring_Sample LONG,"

sz =sz & " str_AliquotID TEXT (20),"

sz =sz & " str_Port TEXT (5),"

Sz =sz & " str_Std TEXT (14),"

sz =sz & " dat_Analyzed DATETIME,"

sz =sz & " str_Comment TEXT (32),"

sz =sz & " int_Procedure SHORT,"

sz = sz & " dbl_PenultimateDelta DOUBLE,"

sz =sz & " rint_Error SHORT,"

sz =sz &"ysn_Ignore BIT );"

Set qdf = db.CreateQueryDef("qdf_Create_tbl_IsotopicResults", sz)
qdf.Execute

qdf.Close

db.DeleteQueryDef ("qdf_Create_tbl_lsotopicResults")

Set thl = db.OpenTable("thl_IsotopicResults")
... set dynaset with analysis data here.

dyn.MoveFirst

Do While Not dyn.EOF

tbl. AddNew

thl("rstr_MassSpec") = dyn("rstr_MassSpec")
thl("str_VendorMSID") = "My serial #"
tbl("Ing_Analysis") = dyn("Ing_Analysis")
thl("Ing_PeakNumber") = dyn("Ing_PeakNumber")
thi("rstr_Prefix") = dyn("rstr_Prefix")
tbl("ring_Sample") = dyn("ring_Sample")
thi("str_Port") = dyn("str_Port")
thl("str_Std") = dyn("str_Std")
thl("dat_Analyzed") = dyn("dat_Analyzed")
thl("str_Comment") = dyn("str_Comment")
thl("int_Procedure") = dyn("int_Procedure")
thi("dbl_PenultimateDelta") = dyn("dbl_PenultimateDelta")
tbl("rint_Error") = dyn("rint_Error")
thl("ysn_Ignore") = 0

tbl.Update

dyn.MoveNext
Loop
thl.Close
Set db = Nothing

Analvtical Precision Analysis I mport Format

Analytical Precision saves analyses in a Microsoft MDB file with the specifications below (see
table 7):

Microsoft Jet engineversion: 2.0
Microsoft Access Table name:  LIMSInput
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Table 7. Fields of the Analytical Precision Microsoft Access table of isotopic analyses, LIM SInput.

Field name Datatype Size Comments

Counter Long Not used by LIMS

MassSpecl D String 9  Thisisthe VendorID of the mass
Spec.

AnaysisCounter Long Anaysis number.

PeakNo Integer Peak number.

Name String 20  OurLablD must be here.

Position Long PortID

GasName String 10 Not used by LIMS.

RunDate Date/Time Date/Time

Comment Memo First 32 characters should be
saved in LIMS comment field.

| sotope Integer | sotope from thl_|sotope.

Ddta Double Detavalue

RunCode Long Same asLIMS error code.

Barcode string 10 Equivalentto LIMS SampleID.

Europa Scientific Analysis | mport For mat

The format employed by Europa Scientific is a comma separated ASCII text file with al values

nn

in quotes (see table 8). Null values areindicated by "".
File name: Mercury.txt

An example of oneline of datafollows:

"U","45741","1","W","4578""Aliquot 2","10101","Y123","23/03/1997 23:15:17"," "-9.23","200","0"

Finnigan MAT Analysis I mport Format

The format for Finnigan ISODAT dua inlet, GC combustion (GCC), and EA (elemental
anayzer) files are different and are discussed below. Importing isotopic data from any of these three
formatsinto LIMS is atwo step process:

1 Save the isotopic data on a diskette in Lotus .wks format using the mass spectrometer’s
computer.
2. Insert the diskette with the .wks file into the LIMS computer, click Import Analyses,

and import the .wksfile.
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Table 8. Fidlds of the Europa Scientific file of isotopic analyses, Mercury.txt.

Maximum

[tem String Length
#  Description Comment
1  mass spectrometer ID 1 LIMS mass spectrometer |ID
2  anaysis number 7 LIMS long integer
3 peak number 3 LIMS long integer
4 sample prefix 1 LIMS text with length of 1
5  sample number 6 LIMS long integer
6 aiquot 1D 20 LIMS text with length of 20
7 portID 5 LIMS text with length of 5
8 standard ID 14 LIMS text with length of 14
9 dateltime 19 LIMS date/time
10 Comment 32 LIMS text with length of 32
11  penultimate delta LIMS double
12 Procedure 4 LIMS integer
13  error code 5 LIMS integer

Finnigan MAT is currently investigating possible formats for incorporation into their ISODAT-
NT software, now under devel opment.

Importing Finnigan isotopic data is not always straight forward. An example of importing the
dua inlet file Finn_DI.wks is given in the tutoria on page 57. If one opens this file with Excel, one

Dual Inlet Import Format

finds the following 17 column headings in row 4:

date/time
Spec.- no.
sampleident

Comment
SA

ST
SA28[V]
ST28[V]
SA29[V]
ST29[V]
d-29/28

©WOoNoUh~wWDNPE

ol el el
whN ko

standard name

std.dev. 29/28
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14. Basdline

15. Interfering mass 1
16. Interfering mass 2
17. Interfering mass 3

This spreadsheet file was created with ISODAT version 5.2-0009 software using the following ISODAT
configuration parameters:

Date

Spec.-No. / Sample Ident / Sample Size
Standard Name

Comment

* 13  lon-Gauge

* 25 DetaMean

* 26  Std.Deviation

* 50  New Page

* 52  Interfering Masses

*
0o WwWN

For importing 5°O values of water the user may want to put an asterisk on parameter 44,
“sample (alpha H20).” For importing”O values of CQgas, the user may want to put an asterisk on
parameter 42, “Delta O-18 vs SMOW.”

A few comments are in order. The date/time column is imported by LIMS. Column 2, the spec.
no., is the LIMS analysis number. This must be a unique integer for use by OiN&efore, if a user

needs to replace a computer or hard disk, the Spec No must be set during installation to the next

unique integer analysis number. Column four contains the standard name. Column five contains the
analysis comment. Column three is used to provide information about the description of the sample and
the analysis. Currently LIMS does not import Baseline information (column 14). LIMS does import
some interfering masses (columns 15 through 17).

LIMS needs a value for the peak number. It uses a value of 1 as a default for dual inlet analyses.

Column three, sample ident, can contain as many as five items of information as shown an
example below:

Example Value

Our Lab ID C-1

Aliquot ID My test #34
Low Procedure Code 312

High Procedure Code 820
Comment Temp=41C

When all five items are provided, they are delimited with forward slashes as:
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Our Lab ID / Aliquot ID / Low Procedure Code / High Procedure Code / Comment

The minimum information needed by LIMS to import the analysisis Our Lab ID. LIMS will use default
procedure codes for the medium if not provided. The following are examples for valid entries in column
3

C-1/My test #34/312/820/Temp =41 C

C-1 /Mytest#34/312/820/ Temp=41C
C-1

C-1/lll Temp=41C

C-1 /Mytest#34/// Temp=41C

C-1/My test #34

C-1// 312/ 820

C-1// 820

Note that if the comment is provided as a unique column (column 5 in this example), then it should not
be provided in column 3.

The 5N values are found in column 12 in this example. The column header is “d-29/28".
LIMS needs a mechanism to uniquely identify the column opthalues to be imported. Oftenvalues
are found in several columns so the user must specify the correct column. The procedure the user follows
is to open the IMS For Light Stable I sotopes Configuration form by clicking Special Features on
the Main Menu and then clickingonfig- The user can click ist and can click on the token
“FINN_COL_HEAD_15N.” Note that the value of this token is “d-29/28" and that the description of
this parameter is that it is the descriptor that uniquely identifies the columg MtHata to be imported.
Note that tokens are also available for several oghealues. In the case f°O, two tokens are
provided. One is for importing water samples and the other is for all other oxygen bearing materials.

An example of a file containing’O values from water samples is F_18wodi.wks. Another
example of a file containing”O values from water samples is Fh2018di.wks. In this file, the unique
column identifier is “18/16-0”. Finnh2di.wks contairgH results. Note that the unique column
identifier containing the desired isotopic data is either “sample vs. SMOW” or “H3 factor” to choose
column 7 or “std.dev. 3/2” to select column 11. “outl. corr” cannot be used because it is found in other
columns. If the user is having difficulty importing isotopic data into LIMS, it is important to verify that
the token specifying the column with thevalues to be imported is unique and spelled exactly as it
appears. It cannot differ, even by a space. The author uses the copy and paste features of Windows to
copy these column specifiers.

In order to import data from a file LIMS needs at a minimum the following columns: (i)

date/time, (ii) spec.- no. (analysis number), (iii) sample ident with Our Lab ID, (iv) standard narge, (V)
value.
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As shown in the example database (page 57), LIMS can import ion gauge readings and sample
and standard ion beam voltages if these are present in the spreadsheet to be imported. The user enables
importing of these values using the tokens “STORE_INTERF_MASSES” and
“STORE_MAJOR_VOLTAGES” in the IMS For Light Stable I sotopes Configuration form.

GCC Import Format

Two slightly different formats are generated for GCC analyses depending upon whejlwr CO
N, is being analyzed. F_gcc_n2.wks was generated from a Finnigan Delta Plus from caffeine. Note that
the format is significantly different than that of dual inlet isotopic data. jfNevalues are found in a
column uniquely identified by “delta-29/28” and this is saved in the token
“FINN_COL_HEAD_GCC_15N". The Our Lab ID must be found in either column “Sample Name
#1”, “Sample Name #2”,or “Sample Name #3.” As in the case of dual inlet data, aliquot IDs and
procedure codes can be appended using forward slash as the record separator in columns 1, 2 or 3. There
is little reason to put the comment in columns 1, 2, cecabse a separate comment column is provided.
LIMS will use the peak number found in the column with the specifier “Peak.” Typically, one or more
analyses will be a standard. This is identified by an asterisk in the column “STD.” For such analyses
LIMS will use the Our Lab ID found in the token “CF_Std_OurLablD_N2" in theé1S For Light

Stable I sotopes Configuration form.

F_GCC_CO2.wks was generated during installation of a Finnigan Delta Plus from analysis of
CO, from a flame ionization mixture of organic compounds. P€ values of CQare found in a
column uniquely identified by “delta-13/12" and this is specified with the token
“FINN_COL_HEAD_GCC_13C" (see theIMS For Light Stable | sotopes Configuration form). The
5°0 values of CQare found in a column uniquely identified by “delta-18/16” and this is specified with
the token “FINN_COL_HEAD_GCC_180" (see théMS For Light Stable | sotopes Configuration
form). The Our Lab ID must be found in either column “Sample Name #1”, “Sample Name #2”, or
“Sample Name #3.” As in the case of dual inlet data, aliquot IDs and procedure codes can be appended
using forward slash as the record separator in columns 1, 2 or 3. LIMS will use the peak number found
in the column “Peak.” Typically, one or more analyses will be a standard. As above, this is identified
by an asterisk in the column “STD.” For such analyses LIMS will use the Our Lab ID found in the
token “CF_Std_OurLablD_CO2” in thelM S For Light Stable I sotopes Configuration form.

EA Import Format

Three slightly different formats are generated for GCC analyses depending upon whetlier SO
only, or CQ only or CQ and N is being analyzed. Finn_EA.wks was generated on a Finnigan Delta
Plus from C- and N-bearing samples. The format is similar to that of GCC analyses. The first 18 or so
columns are similar or identical to those found in Finnigan GCC files. LIMS can import the values for
C, N, or S concentration found in the column “CONC.” They will be stored using procedure codes 189,
190, and 191, respectively. The amount of sample is listed in the column “ Sample Wt. [mg] .” If the
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comment is blank, LIMS will import the amount of sample and save it in the Comment field of the
analyses table. The 5°C and §°N values are found in columns 26 through 29. Both blank-corrected and
non-blank-corrected 5 values are reported. The user specifies which to import using the token
“FINN_BLANK_CORR_EA_DATA”" in the LIMS For Light Stable Isotopes Configuration form.

Set it for -1 to import blank-corrected values, otherwise set it for 0. As in the GCC format, the Our Lab
ID must be found in either column “Sample Name #1”, “Sample Name #2”,or “Sample Name #3.”
Aliquot IDs and procedure codes can be appended using forward slash as the record separator in columns
1, 2 or 3. There is little reason to put the comment in columns 1, 2, ézaBide a separate comment
column is provided. LIMS will use the peak number found in the column “Peak.” Typically, one or
more analyses will be a standard. This is identified by an asterisk in the column “STD.” For such
analyses LIMS will use the Our Lab ID found in the token “CF_Std_OurLabID_CO2” in|tes For

Light Stable Isotopes Configuration form. When Nis analyzed, LIMS will use for standards the Our
Lab ID specified in the token “CF_Std_OurLablD_CO2.” For, 8Ralyses LIMS will use for standards

the Our Lab ID specified in the token “CF_Std OurLablD_S0O2.” Files F_EA_N2.wks and
F_EA_SO2.wks are examples of dbhly and of SQfiles. As of the version of ISODAT of September
1997, blank-corrected”S values were not available. TherefoseS values imported by LIMS will be
identical whether the token “FINN_BLANK_CORR_EA DATA” in theIMS For Light Stable

| sotopes Configuration form is set to True (-1) or False (0).

If the user has set LIMS to import EA blank correctgdvalues by setting the token,
FINN_BLANK_CORR_EA_DATA, to true (-1) using theonfiguration form (page 60), LIMS displays
the following message:

At software development time [a date], Finnigan |SODAT software did not save blank
corrected sulfur delta values with unique column headings, such as’deltavs. CDT.’

If the user clickDK, the message above about Finnigan GCC analyses being found appears. The “At
software development time ...” message appeaecause LIMS checks the spreadsheet to see if it is an

EA analysis, and then to see if it is a GCC analysis. This is a temporary message until a future version of
ISODAT provides blank corrected EX'S values.

Micromass Analysis | mport For mat

Micromass uses comma separated variable (CSV) text files that can be imported into spreadsheet
programs. An example of importing the dual inlet file Mm_H2.csv is given in the tutorial on page 59.
The format of dual inlet files is relatively similaccording to Micromass; however, the format for
continuous flow samples has varied often. According to discussion of the author in March 1997 with
Tim Brockwell of Micromass, providing a stable format for continuous flow measurements has not been
given a high priority. Therefore, currently LIMS does not import Micromass continuous flow analyses.

Micromass dual inlet files often contain more than 150 columns; thus, standard importing tools
of Access will not work. Examples of Micromass dual inlet files H of water, 5°N of other N-
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bearing material, and 5°O of water are provided by the files Mm H2.csv, Mm_N2.csv, and
Mm_O18w.csv, respectively. Column 1, “Sample Name”, must contain the Our Lab ID. Just as for
Finnigan importing, the Aliquot ID, the low procedure code, the high procedure code, and the comment
can be appended together in this field using the record separator forward slash (see above). The user has
the choice to select the column®values to be imported.

Note that no analysis number is maintained by Micromass software. Therefore, users are
prompted by LIMS to input an analysis number that must be separately maintained by the user. The
“Run Serial Number” that Micromass generates is stored in the comment field of the analyses table. If a
comment has been entered, the two are appended.

The 5°0 values are found in column 39 in this example. The column header is “delta 018 wrt
SMOW”. LIMS needs a mechanism to uniquely identify the column ofsthelues to be imported.
Often gyvalues are found in several columns so the user must specify the correct column. The procedure
the user follows is to open thelMS For Light Stable Isotopes Configuration form by clicking
Special Features on the Main Menu and then clickigpnfig. The user can clickist and can click on
the token “UMASS COL _HEAD 180 Water” Note that the value of this token is “Delta O18 wrt
SMOW'” and that the description of this parameter is that it is the descriptor that uniquely identifies the
column with 5°0 values of water to be imported. Note that tokens are also availa$&Cosf other
materials,5 'C, 5 'S, etc. If the user is having difficulty importing isotopic data into LIMS, it is important
to verify that the token specifying the column with the@alues to be imported is unique and spelled
exactly as it appears. It cannot differ, even by a space. The author uses the copy and paste features of
Windows to copy these column specifiers.

As for Finnigan files (see page 57 of the tutorial), LIMS can import ion gauge readings and
sample and standard ion beam voltages if these are present in the spreadsheet to be imported. The user
enables importing of these values using the tokens “STORE_INTERF_MASSES” and
“STORE_MAJOR_VOLTAGES” in the&. IMS For Light Stable I sotopes Configuration form.

When LIMS imports date and time from Micromass files it first tries to import them assuming
they are in the format 18-03-1997 18:03. If that is unsuccessful, LIMS attempts to import them as valid
dates for the existing Window's setting. Therefore, be careful not to enter 09/03/97, expecting that
September 3, 1997 will be imported. LIMS will import it as March 9, 1997.
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SAMPLE EXPORT FORMATS
| ntroduction

When the user generates a template of samples to be analyzed, LIMS creates a file on the user's
diskette that contains the sample names, the position of the samples in the preparation system, and
information about the isotopic analyses requested. The data acquisition and control software of the user's
mass spectrometer can use this information to perform the requested isotopic analysis(es) of each of the
user's samples. This technique eiminates typing in the sample heading and potential typographic errors.
This method has been used in the author’s laboratory for a decade.

LIMS Default Sample Export For mat

LIMS saves information on samples to be analyzed in two files, as a Microsoft Access 2 .mdb
database file and as a Microsoft Excel 5.0 file. The specifications of the database and table are listed
below (table 9). Analytical Precision also saves information on samples to be analyzed in the same
Microsoft Access 2.0 format.

Name of Microsoft Accessfile: LIMS_TBA.mdb
Name of Microsoft Access table: SamplesToBeAnalyzed
Name of Microsoft Excel 5.0 file: LIMS TBAxIs

Sample Export Format for Analytical Precision

The sample export format used by Analytical Precision is the LIMS default format, discussed
below.

Sample Export Format for Europa Scientific

The format employed by Europa Scientific is a comma separated text file with al values in

nn

quotes (see table 10). Each line corresponds to one sample. Missing information is presented as "".

Name of text file; ZEUS.TXT
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Table 9. Fields of the LIMS default sample export table, SamplesToBeAnalyzed.

Description Field name Datatype Size
Date and time of template dat_Stamp Date/Time 8
Generation

template name rstr_TemplateName Text 50
mass spectrometer ID rstr_MassSpec Text 1
mass spectrometer serial number  rstr_VendorMSID Text 50
or vendor ID

ordinal position of sample ring_OrdinalPositioninList  Number (Long) 4
inlist

port ID rstr_Port Text 5
flag; 1 = fixed reference sample ring_PortRefEmpty Number (Long) 4
in this port, 2 = floating

reference samplein this port,

and 3 = port is empty.

sample prefix rstr_Prefix Text 1
sample number ring_Sample Number (Long) 4
aiquot ID rstr_AliquotiD Text 20
low isotope byt Lisotope Number (Byte) 1
low procedure rint_L procedure Number (Integer) 2
high isotope byt Hisotope Number (Byte) 1
high procedure rint_Hprocedure Number (Integer) 2
method (for future use) rstr_Method Text 32

Table 10. Fields of LIMS sample export file for Europa Scientific.

Maximum

[tem String

#  Description Length

1 template name 50

2  mass spectrometer ID 1

3 mass spectrometer serid 50

number or vendor ID

4  ordina positionin list 5

5 portID 5

6  sample prefix 1

7  sample number 6

8 diquot ID 20

9  Isotope of low procedure 2

10 Low procedure 5

11  Isotope of high procedure 2

12 high procedure 5
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An example of two rows of datafollow:

"EA 1","U","4KM33","1","10001","G","4451" " Aliquot 1","3","380","5"," 584"
"EA 1","U","4KM33","2","10002","C"," 751", Aliquot 1","3","356","",""

Sample Export Format for Finnigagn MAT

Finnigan MAT’s sample export format is currently being developed on Finnigan's ISODAT-NT
data acquisition and control software that operates on the Microsoft Windows NT platform.

Sample Export Format for Micromass

Currently Micromass has no sample export format.
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FILESFOUND ON DISKETTES
The following files are included with LIMS—Version 7.0.
Program Files (4 diskettes, except only 1 diskette for LIMS 1.4)
Example Database
Lm7datae.mdb (LMADATAE.mdb is provided for LIMS 1.4)

numerous examples of mass spectrometer analyses for importing

New Database
Lm7data.mdb and LM4DATA.mdb

Excel 5.0 Template for Creating Sample Projects
ALT.xls
USGS.xls

Example Import Formats
Several files of isotopic analyses that can be imported into the example database.
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