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Isotopic Analysis of Wine |l

Distillate

180 of Wine Water 13C of Ethanol
(OIV method) (OIV method)

COMPENDIUM OF INTERNATIOAL METHODS OF ANALYSIS - O1IV
COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OIV Ethanol
Isotopic ratio of water

Method OIV-MA-AS2-12 Type Il method Method OIV-MA-AS312-06 Type II method
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IRMS Basics — Bulk analysis

« The IRMS instruments measure stable precisely small differences in the
abundance of isotopes (?H/'H, 13C/12C, 1°N/14N, 180/160)

» Prior to analysis by IRMS, samples are converted into simple gas

[ Samples (solid, liquid) ]

3

/ Conversion into gas by \
Oxidation ,Pyrolysis”
COZ’ N2, 802 CO, H2

Watertrap
Separation with GC

b4

IRMS
13C 15N, 343 180, 2H

Headspace/Cryofocus

CO,, N,, N,O, Hy, O, CO
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IRMS basics — CO,

« Example 3C/1°C: CO, can contain '2C, 3C, 1°0, 70, 80

0=C=0

« Mass to charge ratios (m/z):
— 44 (12C180160)
— 45 (13C160160, 12C160170)
— 46 (12C160180, 12C170170’ 13C170160)

mmmm) Separation in the Mass Spectrometer
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Principles of EA-IRMS measurements |

« Combustion: for 13C/12C and '>N/'*N analysis

« Carrier gas in the EA-IRMS-system is helium

|||||||||||||||||||||||||||||||||||||||||||||||||||||
2 £

444546 %
282930 ¢
mog ¢

Autosampler
Standard
gas
€o. .
He
N, o /CO\/”\
, Open split——
Elemental analyzer Interface
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Principles of EA-IRMS measurements Il

« Combustion: for 3C/2C and '"N/'“N analysis

« Carrier gas in the EA-IRMS-system is helium

Sample in CcO2

==
scrubber
{} (optional) To mass spectrometer.

Combustion furnace
GC

column

Reduction furnace
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IRMS Basics — Mass Spectrometer

m/z seperated

Sector field i s

Magnet /

Hydrogen Spur

\

7

Hydrogen
Collector Mass Standard collector
Standard 25 o
lon Beam Collector 44 ol |
\ Vacuum 29 & 45 o=
Pump l
Vacuum 46 ool
Pump 30 =
‘ ——— lon Source
. Faraday Cups:
Sample 1 - simple metal ,buckets” coated with
on oeam . . . .
Inlet \ specialized high carbon content paint
Inn_isation Acceleration
Point Field
et Electron Beam
lon ;
Repeller Gas Inlet
Source: Sercon 20-22 User's Manual V5.1
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O13C of wine ethanol

COMPENDIUM OF INTERNATIOAL METHODS OF ANALYSIS - O1V
Ethanol

Method OIV-MA-AS312-06 Type II method

Determination by isotope ratio mass spectometry “C/>C of
wine ethanol or that obtained through the fermentation of

musts, concentrated musts or grape sugar.
(Resolution Oeno 17/2001)

— The distillate that is produced according to the SNIF-NMR method OIV-MA-
AS311-05 is used.

— Elemental Analyzer EA-IRMS
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EA-IRMS — Combustion

Distillate

Tin Capsules/ Liquid Injector

https://lwww.elementalmicroanalysis.com hitps://www.palsystem.com
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EA-IRMS — Sequence

Make Sample List

Delete | Add I Insert I Copy. I Paste | Clear |Revert |Quwd(FiIe| Import I Spedal "l

Select 5ample File IEA_LIIJ_SEIJI]ES j References IMﬂw_JANZﬂ‘] 5 jﬂl
-IDESCIiD“Dﬂ ITEST SAMPLE Setlp ICDZ PRESISION 'lﬂl
Sample Hame |WEighI |Selup ﬂ
1 MOW_JAN2015 100 13C_DESTILLAT
2 MOW_JAN2015S 100 13C_DESTILLAT
3 MOW_JAN201S 100 13C_DESTILLAT
4 MOW_JAN2D1S 100 13C_DESTILLAT
5 MOW_JANZ01S 100 13C_DESTILLAT
] MOW_JANZ201S 100 13C_DESTILLAT
7 MOW_JANZ201S 100 13C_DESTILLAT
8 BCREB56-337 100 13C_DESTILLAT
BCRBS6_337 100 13C_DESTILLAT
BCRES6-337 100 13C_DESTILLAT
W-PTS06729_15A 0712151 PP_W286 100 13C_DESTILLAT
W-PTS06729_154 0712151 PP_W286 100 13C_DESTILLAT
W-FASDGE07_17P 0905181 PP_wW310 100 13C_DESTILLAT
W-FASDGE07_17P 0905181 PP_wW310 100 13C_DESTILLAT
W-FASDEE07_17P 0905181 PP_wW310 100 13C_DESTILLAT
MOwW 2017 100 13C_DESTILLAT
MOW 2017 100 13C_DESTILLAT
MOW 2017 100 13C_DESTILLAT
W-PTS05624_15A 2204152 PP_W278 100 13C_DESTILLAT
W-PTS05624_15A 2204152 PP_W278 100 13C_DESTILLAT
BCRES6_337 100 13C_DESTILLAT
BCRE56-337 100 13C_DESTILLAT
W-PTS05729_154 0712151 PP_W286 100 13C_DESTILLAT
W-PTS05729_15A 0712151 PP_w286 100 13C_DESTILLAT
W-FASDEE10_17P 0905182 PP_wW310 100 13C_DESTILLAT
W-FASDGE10_17P 0905182 PP_W310 100 13C_DESTILLAT
W-FASDGE10_17P 0905182 PP_wW310 100 13C_DESTILLAT
W-FASDEE20_17P 0905183 PP_wW310 100 13C_DESTILLAT
W-FASDGE20_17P 0905183 PP_wW310 100 13C_DESTILLAT
W-FASDEEZ0_17P 0905183 PP_w310 100 13C_DESTILLAT
W-PTS505624_15A 2204152 PP_W278 100 13C_DESTILLAT
W-PTS05624_15A 2204152 PP_W278 100 13C_DESTILLAT
BCRE56_337 100 13C_DESTILLAT
BCRE56-337 100 13C_DESTILLAT
W-PTS06729_154 0712151 PP_W286 100 13C_DESTILLAT
W-PTS05729_154 0712151 PP_W286 100 13C_DESTILLAT
W-FASDEE2Z7_17P 0905184 PP_wW310 100 13C_DESTILLAT
W-FASDGE27_17P 0905184 PP_wW310 100 13C_DESTILLAT
W-FASDG627_17P 0905184 PP_wW310 100 13C_DESTILLAT
W-Q5P06605_17P 0905185 PP_W310 100 13C_DESTILLAT
W-Q5P06605_17P 0905185 PP_W310 100 13C_DESTILLAT
W-Q5P06605_17P 0905185 PP_W310 100 13C_DESTILLAT
W-PTS05624_154 2204152 PP_W278 100 13C_DESTILLAT
W-PTS05624_154 2204152 PP_W278 100 13C_DESTILLAT
BCRB56_337 100 13C_DESTILLAT
BCRBS6_337 100 13C_DESTILLAT
W-PTS06729_15A 0712151 PP_W286 100 13C_DESTILLAT
W-PTS06729_15A 0712151 PP_W286 100 13C_DESTILLAT
W-FASDE811_17P 0305184 PP_wW310 100 13C_DESTILLAT -|

Print

Save+Exit | Exit

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS
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EA-IRMS — Combustion

T —
Distillate U

Tin Capsules/ Liquid Injector

!

Combustion at 900-1050°C

https://lwww.elementalmicroanalysis.com hitps://www.palsystem.com

+ Catalyst (Cr,05 and Co;0,+AQ)

!

Sample Gas CO, + H,O + (NO,)

!

Reduction (in 2" quartz tube), 650°C,
NO, 2> N,

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 12 .'-7( B'FR



Combustion and Reduction tubes

8cm
Quartz Chips
* Quartz or steel stube $C0004
« Oxygen atmosphere il
« Catalyst: Cobalt Oxide,
Chromium Oxide, Copper
Oxide
« Temperature 900-1050 °C
200g / 30cm
Copper Metal Wires
SC0002
f1em  Quartz or steel stube
Chromium Oxide
SC0001 * Copper
» Temperature 600-650 °C
4cm
Copper Oxide
SC0003
- 2cm
= I Silver Wool v
sScooo7 Plug of
0.5cm Quartz Wool
Quartz Wool SC0006
(in between all layers)
SC0006
Standard Combustion Tube Standard Reduction Tube

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 13 & )C B'FR



EA-IRMS — Combustion Il

Reduction (in 2" quartz tube), 650°C,
NO, = N,

Water trap - Removal of H,0, Mg(CIO,),

!

GC (packed column, isothermal 65-100°C)

—> separation of CO, + N,

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 14 ,-'7( B-FR



Watertrap and GC

. White PTFE

=" facing
| glass tube
A

Fill it to the top
with
Magnesium
Perchlorate

’ plug of

E Quartz Wool
=— attop and bottom
SC0006

Water Trap

Water trap: Mg(ClO,),

& 4300 4 (1) :171.4 : 5.529E-10 Time

Separation of N, and CO,:
« packed GC column
» isothermal, approx. 70 °C

« alternativ purge-and-trap system

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 15



EA-IRMS — Combustion Il

Reduction (in 2" quartz tube), 650°C,
NO, = N,

Water trap - Removal of H,0, Mg(CIO,),

!

GC (packed column, isothermal 65-100°C)
—> separation of CO, + N,

!

Interface
Dilution with Helium, Transfer into MS

IRMS

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 16 & )¢ B-FR



EA-IRMS — Results and Data handling

(Automatically: )
* Peak integration

« Correction of raw data (e.g. '"O correction)
% Calculation of isotope delta ratios (6'3C)

Reference Gas Calibration ) )
* Calibration Intra-Sequence

Reference gas is previously calibrated :
against reference material [ Raw ratios }

v \{

Reference gas is measured in each run

J

Recalibration against the
of each sample reference samples in the
* sequence

[ Chromatogramm ] /
~ EETTTT——

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS
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Results and Data handling — intra-sequence calibration

|z24E-0 F
[oome 4

>

L

0.0 2
0.0

Co4

0.0114

& 0

- T - -
(1) :204.9 : -1.103E-12

Time

620

B Data Reprocess [ EA_LIQ SEQO68.rec ] 3

I | Elank On

&l

u Replay v| SampIeListl Setup v| Show Infol Talll
JJ Laba m [Cabeld [~ Original Timing [ Original Mames v
B aroletame [co2>>  [Ci5am) [ 13C (Sam)[ 180 (Sam)] 2] B
|Beam drea | ug |DeltaPDB_| DeltaSMOY| | |
Cift Corrected Results
1 MOW_JAN2015 100,  4.01E07 2888212 -29.76 0.09 0010303 0.004011
2 |MOWw_JANZ015 100,  4.01E07 28390712 -29.23 0.05 0010303  0.004011
3 MOW_JAN2015 100, 3.98E-07 28633.26 -29.m 0.06 0.mo311 0.004011
4 |MOW_JANZ015 100,  3.98E-07  28695.66 -28.89 0.55  0.010313  0.004013
5 MO JAN2015 100, JE7E-07 286324 -28.75 0.54 0.010914 0.004013
B |MOW_JANZ015 100,  4.01E07  28871.86 -28.52 0.81 0010317 0.004014
7 |MOWw JANZ015 100,  3.98E-07  28648.25 -28.39 0.85 0010318  0.004014
8 |BCRES6-337 100, 4.07E-07  29307.95 -27.02 1.19 0010334 0.004015
9 |BCRESE_337 100.  4.06E-O07 29270 -26.91 1.00 0010335  0.004014
10 [BCRE5G6-337 1oa. 4.08E-07 23411.37 -26.94 1.07 0.010934 0.004015
11 |'w-PTS05729 154 0712151 PF 100, 4.02E07 289733 -28.06 1.23 0010322 0.004015
12 |'W-PTS05729 154 0712151 PF 100, 4.02E-07 28963 57 -28.09 1.29 n0.01092z2 0.004016
13 |'wW-FASOBEZ3 17P 2404185 PF 100, 4.03E-07 2906248 -28.11 1.15 0010321 0.004015
14 |'w-FASOBEZ3 17P 2404185 PF 100,  4.08E-07 2923518 -28.11 111 0010321 0.004015
15 |'wW-FASOBEZ3 17P 2404185 PF 100,  4.04E-07  29094.62 -28.13 112 0010321 0.004015
16 |'w-FASOBE24_17P 2504181 PF 100, 4.02E07  28991.83 -27.84 110  0.010324)  0.004015
17 [w-FASOEE24 17P 2504181 PF 100, 4.05E-07 2917878 -27.89 1.03 0.010324 0.004015
18 |'w-FASOBE24_17P 2804181 PF 100, 4.02E-07 289603 -27.85 112 0010324 0.004015
19 [W-PTS05624 154 2204152 PF 100 397E-07 2BE35.98 -26.94 1.35 0.010934 0.004016
20 |'w-PTS05624 184 2204152 PF 100,  3.97E-0F 2857663 -26.90 1.22 0010335  0.004015
21 |BCRESE_337 100.  4.06E-O07 29270 -26.91 1.00 0010335  0.004014
22 |BCRES6-337 100.  4.08E-07 2925583 -26.95 0.96  0.010334  0.004014
23 |'w-PTS05729 154 0712151 PF 100, 4.03E-07 2903271 -28.17 0.57 0010321 0.004013
24 |W-PTS05723 154 0712151 PF 100, 4.03E-07 28356.43 -28.10 0.20 0.0m0321 0.004011
25 |'w-FASOBEZ5_17P 2504182 PF 100, 4.03E-07 289793 -26.65 013 0010338 0.004011
26 |'wW-FASOEE25_17P 2504182 PF 100 4.05E-07 29147.04 -26.75 0.22 0.010937 0.004011
27 |'w-FASOBEZ5_17P 2504182 PF 100,  4.03E-07 2895639 -26.73 0.54 0010337  0.004013
28 |'w-FASOBEZE_17P 2504183 PF 100,  4.08E-07 2921287 -23.3 0.70 0010975 0.004013
29 |'w-FASOBEZE_17P 2504183 PF 100,  4.04E-07 2899098 -23.20 0.76  0.010376  0.004013
30 |'w-FASOBEZE_17P 2504183 PF 100, 4.07E07 2921381 -23.30 0.82 0010375 0.004014
N [W-PTS05624_ 154 2204152 PF 100, 399E-07 2861018 -26.87 1.14 0.010935 0.004015
32 |'w-PTS05624 184 2204152 PF 100,  3.98E-07 2859585 -26.87 1.200 0010335  0.004015
33 |BCRESE 337 100,  4.08E-07 29270, -26.91 1.00 0010335  0.004014
34 |BCRES6-337 100, 4.08E-07 29230.81 -26.93 1.15 0010335  0.004015
35 |'w-PTS05729 154 0712151 PF 100, 4.04E-07 2894283 -28.10 1.29 0010321 0.004016
36 |'w-PTS05729 154 0712151 PF 100,  4.04E-07 2893345 -28.11 117 0010321 0.004015
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5180 of Wine water

COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - O1IV
Isotopic ratio of water

Method OIV-MA-AS2-12 Type I method

Method for °0/'°0 isotope ratio determination

of water in wines and must
(Resolution OIV-Oeno 353/2009)

» The technique is based on the equilibration of water in

samples of wine with a Carbon dioxide standard gas.

C'°0, +H,""0«<C°0"0+H, "0

 Headspace-Method

Example Gasbench

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 19 ,-'7( B-FR



Principles of equilibration-IRMS measurements |
Headspace Method

He + CO, Sample Closed system (vials)
CO, Water CO, Water vapor
(gas phase) (liquid phase) (gas phase) (gas phase)

120160160 + HIH18O0 «——— 12C160180 + TH'H'60O
m/z 44 m/z 20 m/z 46 m/z 18

l l l

Injection of the gas phase into IRMS
He + CO, (m/z 44 + 46) + H,O (m/z 18 + 20)

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 20 ,-'7(‘ B-FR



Principles of equilibration-IRMS measurements Il
Headspace Method

Removal of residual air

At least dublicates, He He + CO;
H || + standards “

500 ul 1% COz ‘ 180 transfer from Analysis
Aqueous in Helium H;0 into CO; in
sample the headspace
B
~
e e S
* Inject 500 plL of the sample = Flush the Exetainer * Place all sample vials in the temperature » Start the Sequence Acquisition
using a 1 mlsyringe with Helium/COz stabilized autosampler tray

* Equilibrate (e.g. 24 h at 24 °C)

Borosilicate sample bottles Required temperature stability £ 0.1 °C

« Sealed with new septa (temperature dependance = 0.25 %o per °C)

Thermo Fisher Scientific, Application Note 30048

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 21 ,-'7( B-FR



Principles of Equilibration-IRMS measurements Il

GasBench Scheme

He+H:0 He

Interface

ference Gases

He 7 C J
w c0, Water Removal 1 | Vent
H; lsotope Ratio MS
He+ N;
0 .
Ni[} @ He+H:0 He
M Lol owwe |/ v
- —
@ / | Autosampler GC Column G J i
" | (96 Vials) Water Removdl 2 (l
Q) I
| Loop (100 L) He dilution Measurement of
!
m/z 44, 45, 46

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS



Equilibration-IRMS measurements - Sequence

GB_SEQ_IRMS2_094 ods

GB_SEQ_IRMS2_094 26.07.2018 C=CO2 in He H=He
Nr Identifier1 Identifier2 AS| Nr Identifier1 Identifier2 AS| Nr Identifier1 Identifier2 AS
1 |Laborwasser C (29 W-DBWO07080/18A RHG-28/17W330 | C | 57 W-PTS07029/18A 18/1/AW327 C
2 (Laborwasser C |30 W-PTS07029/18A 18/1/AW327 C |58 W-DBWO07081/18A RHG-29/17W330 | C
3 [Laborwasser CcC|3 W-DBWO07081/18A RHG-29/17 W330 C |59 W-DBWO07082/18A RHG-30/117W330 | C
4 STD 16 20160016 C|32 W-DBW07082/18A RHG-30/117W330 | C | 60 | W-MOWO04612_12P_24_30 PP:W224 C
5 STD 17 20160017 C (33 STD 16 20160016 C |61 STD 16 20160016 C
6 STD 18 20160018 C |34 STD 17 20160017 C |62 STD 17 20160017 C
7 Laborwasser C (35 STD 18 20160018 C |63 STD 18 20160018 C
8 | W-MOWO04612_12P_24_30 PP:W224 C |36 W-PTS07084/18P JUE/O718/1W332 | C | 64 C
9 W-PTS07084/18P JUE/0718/1 W332 | C |37 W-DBWO7077/18A RHG-25/17 W330 C |65 G
10 W-DBWO7077/18A RHG-25/17 W330 | C |38 W-DBWO07078/18A RHG-26/117W330 | C | 66 C
1 W-DBWO07078/18A RHG-26/17 W330 | C |39 W-DBWO07079/18A RHG-27/17W330 | C | 67 C
12 W-DBWO7079/18A RHG-27/17 W330 | C |40 W-DBWO7080/18A RHG-28/17W330 | C |68 C
13 W-DBWO07080/18A RHG-28/17 W330 | C |41 [ W-MOW04612_12P_24_30 PP:W224 C |69 C
14 W-PTS07029/18A 18/1/AW327 C |42 STD 16 20160016 CcC|70 C
15 STD 16 20160016 C (43 STD 17 20160017 c|7 C
16 STD 17 20160017 C |44 STD 18 20160018 Gl 72 C
17 STD 18 20160018 C |45 Laborwasser cC |73 C
18 | W-MOWO04612_12P_24_30 PP:W224 C |46 W-PTS07029/18A 18/1/AW327 C |74 C
19 W-DBWO07081/18A RHG-29/17 W330 | C | 47 W-DBWO07081/18A RHG-29/17W330 | C |75 G
20 W-DBWO07082/18A RHG-30/17 W330 | C |48 W-DBWO07082/18A RHG-30/17W330 | C |76 =
21 W-PTS07084/18P JUE/O718/1 W332 | C |49 W-DBWO07077/18A RHG-25/17TW330 | C |77 C
22 W-DBWO7077/18A RHG-25/17 W330 | C | 50 W-DBWO07078/18A RHG-26/117W330 | C |78 C
23 W-DBWO7078/18A RHG-26/17 W330 | C |51 STD 16 20160016 C|79 (]
24 STD 16 20160016 c| 52 STD 17 20160017 C |80 C
25 STD 17 20160017 C (53 STD 18 20160018 C |81 C
26 STD 18 20160018 C |54 Laborwasser C |82 C
27 | W-MOWO04612_12P_24_30 PP:W224 C |55 W-DBWO7079/18A RHG-27/17 W330 C |83 C
28 W-DBWO07079/18A RHG-27/17 W330 | C | 56 W-DBWO07080/18A RHG-28/17W330 | C |84 C
Erstellt von Werner-Karl Blaas 31.08.2018 Seite 1
'.
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6’80 in wine water - Chromatogram

File Name: DAFINNIGANWGasbanch_Results\EE_SEGQ_IRMSZ_0943%60_W_MOWDAE1Z_12F_24_30_cf

Intensity [rmh]

Intensity [rn]

E000-
4000-

2000-

10000
2000
000
4000
20004

o4

M a4

i |

M a5

&5 60

13573

38477

54477

G34.77

70425

Ta4.00

254.07

044 78

T
200

T
400

Time [5]

T
200

T
A0

co2 |Err|:|r IEx‘tended Sequence Line

Feak Mr. | Start Rt Wridth | Ampl. 45 d 12060
] ] [£] [m*] [per mil]

we, WS WO

1 232 25T 238 [S0z2 0215

2 G862 256 21.0 [ 5044 0033

o 1162 [ 1357 | 31.2 | S0 0.000

4 2218 | 2250 (140 | 9566 2030

5 2017 | 2047 (127 | 20a7 2078

=] 2817 | 3848 (135 | 2368 2008

7 4616 [ 464.0 (125 | 7T 2208

2 ST | D448 (132 | TFz08 2975

g B21.7 | 8248 [ 13.0 | G692 3019

10 FOE | TO04E (127 | G226 2048

11 FEME | FB40 (127 | 5760 2aa2

1z 261.7 | 265.0 [ 125 | 52311 21448

13 S e | 9448 (122 | 4833 2176
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5180 in wine water - data evaluation |

The final results are presented as relative 8'°Oy_syow values expressed in %o.
~18 . . .
0 "Ov_smow values are calculated using the following equation:

[ ]80) [ ]80} ]
16 | 16
O sample O V-SMOW

48 .
0 Oy _snow = ( IS OJ
16
O V-SMOW

The 8'°0 value normalized versus the V-SMOWY/SLAP scale is calculated using
the following equation:

<1000 [%o]

~18
(5 O.smay)ie

o0

_ 5‘180 )
¢ VF—SMOW }X 555 [%0]

SE
-0 O.S‘LAP

SE _
0 OV—SM'OH";’ SLAP — |:

V—-SMOW

The 8"*Oy.smow value accepted for SLAP is -55.5%o (see also 5.1).

Melanie Gimpel, Stable Isotopes Analysis of Wine — 13C and 180 IRMS page 25 ,-'7(‘ B-FR



Gasbench — data evaluation |

Auswertung
Sequenz SEQ090 PROBEN
Innerhalb Praobe
gemessen: 15.03.-16.03.2018 Blaas Streuung 0.200 0.150
Delta 18/16 vs Ref CO2 Delta 18/16 vs Std 4 51 O (VSMOW, SLAP)
Probe Nr. Line No Mittelwert s n-1 n | Probe/STD 4 SKAL ALL Reduced Mittelwert s n-1 n
VW-MOW04612/12P-22/30 8 3,537 0,192 5 SIAY ATAT -1,48 -1,48 -1,32 0,137 3
34 3,783 0,052 5 -16,93 -16,93 -1,23 -1,23
47 3,766 0,179 5 -16,95 -16,95 -1,25 -1,25
W-PTS06854/17TA 9 8,267 0,156 5 -12 64 -12.54 3,23 3,23 3,16 0,061 3
Ref:17/3/F 22 8,152 0,105 5 -12,65 -12,65 3N 3,11
PP:W 321 35 8,174 0,073 5 -12.63 -12,63 3,14 3,14
VW-PTSO7006/184A 10 -12,255 0,145 5 -32.64 -32.64 17,19 -17.19 17,15 0,084 3
JUE/D118M1 36 -12,2T1 0,170 5 -32,66 -32,66 17,21 -17,21
PP:W 325 49 -12,117 0,103 5 -32 50 -32,50 -17,05 -17,05
VW-DBW0G909/18A 1 8,525 0,026 5 -12,29 -12,29 3,49 3,49 3,53 0,062 3
No22C_2016 24 8,552 0,136 5 -12,26 -12,26 3,51 3,51
PP:W 323 3 8,644 0,129 5 1217 1217 3,60 3,60
\VW-DBW06910/18A 12 8,515 0,125 5 -12,30 -12,30 3,48 3,48 3,43 0,038 3
No23C_2016 25 8,448 0,114 5 -12,36 -12,36 3,41 3,41
PP:W 323 5 8,450 0,177 5 -12,36 -12,36 3,41 3,41
VWV-DBWO0E911/18A 16 8,59 0,146 5 -12,22 -12,22 3,55 3,55 3,63 0,076 3
No24C 2016 29 874 0,143 5 -12,08 -12,08 3,70 3,70
PP-W 323 55 8,693 0,139 5 -12.12 -12,12 3,65 3,65
VW-DBW0B912/18A 30 10,483 0,060 5 -10,37 -10,37 5,43 5,43 5,52 0,083 3
No25C 2016 43 10,649 0,141 5 -10,21 -10,21 560 5,60
PP-W 323 56 10,680 0,089 5 -10,28 -10,28 553 5,53
VW-DBWW0B913/18A 18 8,632 0,079 5 -12,18 -12,18 3,59 3,59 3,60 0,036 3
No26C 2016 &l 8,673 0,042 5 -1214 -12,14 3,63 3,63
PP-W 323 57 8,601 0,109 5 -12.21 -12,21 3,56 3,56
VW-DBW06914/18A 32 8,392 0,046 5 -12 42 -12.42 3,35 3,35 3,33 0,075 3
No27C_2016 45 8,421 0,051 5 -12,39 -12,39 3,38 3,38
PP-W 323 58 8,278 0,090 5 -12 53 -12,53 3,24 3,24
Laborwasser 7 -1,809 0,093 5 -22 41 -22 41 -6,80 -6,80 -6,76 0,031 3
33 -1,750 0,173 5 -22,35 -22,35 6,74 6,74
46 -1,763 0,138 5 -22 36 -22.36 6,75 6,75
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Data handling - Corrections

* Correction for interferences
« e.g. mass 45: 3C16Q1Q, 12C1701%0O — 170O-Correction,

 Drift correction
« Traces of water, changes of working gas canlead to drift effects —
determination of slope of linear drift curve

« Linearity correction
« correlation between the signal intensity and the measured value —
can be corrected or avoided by closely controlling the weight of each
sample

 Memory correction
« preceding samples with deviating isotope values — memory
correction is possible, but quite complex

« Blank correction
» Blank effects can arrise — can usually be corrected by IRMS
software, unlikely with sufficiently large sample peaks
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