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How do we normalize the data?

Why do we need reference material?

Standard or reference material?

What is a delta scale?
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The 13CVPDB is -30‰ vs. VPDB

The 18OVSMOW-SLAP is -20 ‰ vs. VSMOW
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The dual inlet system

McKinney et al. (1950)

Murphey (1947)



Centre de Recherche sur la 
Dynamique du Système Terre

So, we normalize to a “known” CO2
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The delta notation and the zero point

The  (delta) value is the ratio of the quantity of a rare isotope to its abundant isotope of a 

sample normalized to the same ratio of a reference standard. We multiply this value by 

1000 since the ratios are very small. 

For exemple, for carbon isotopes :
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Zero points for traditional stable isotopes

Hydrogen   SMOW (Standard Mean Ocean Water)

Carbon    PDB (Pee Dee Belemnite)

Nitrogen   AIR (Ambient Inhalable Reservoir)

Oxygen    SMOW (Standard Mean Ocean Water) or PDB

Sulfur    CDT (Canyon Diablo Troïlite)
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VPDB and VSMOW

- So… from 1995 until otherwise stated, the VPDB  (13C) is defined by assigning 
+1.95 ‰ to the calcium carbonate material NBS19.

- The zero point stays the same but the material used to normalize changes.
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VPDB and VSMOW

- VPDB replaces PDB to avoid confusion

- VSMOW replaces SMOW to introduce SLAP as a second anchor

- A new concept is introduced here! 
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Now we need to talk about scales…

Scales on a fish on a scale?
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Temperature scales
Celsius: 

0oC

Water boiling

Water freezing

100oC

Fahrenheit: 

0oF

Human body

NH4Cl – water – ice mix

96oF

DOI: 10.1177/0020294014557405

ITS-90: 



Centre de Recherche sur la 
Dynamique du Système Terre

Isotope scales

δ18OVSMOW-SLAP: 

VSMOW 0 ‰ vs VSMOW

-55.5 ‰ vs VSMOWSLAP

δ13CVPDB-LSVEC: 

NBS19 +1.95 ‰ vs VPDB

-46.6 ‰ vs VPDBLSVEC
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Scale definition vs scale realization

- An Isotope scale can be defined by one or two points.
- Example of one point isotope delta scale: the SMOW scale defined by SMOW water (zero point)
- Example of two point isotope delat scale: the VSMOW-SLAP scale defined by VSMOW and SLAP waters

- We can realize the definition of such a scale with existing physical reference materials.
- Realization of the VSMOW-SLAP oxygen isotope delta scale by measuring VSMOW2 water and assigning it a 

delta value of 0‰ vs VSMOW and measuring SLAP2 and assigning a delta value of -55.5‰ vs VSMOW.
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Scales for the traditional stable isotopes

Hydrogen   VSMOW-SLAP

Carbon    VPDB & VPDB-LSVEC

Nitrogen   AIR

Oxygen    VSMOW-SLAP & VPDB & VPDB-CO2

Sulfur    VCDT
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Scales for the traditional stable isotopes

Hydrogen   VSMOW-SLAP

Carbon    VPDB & VPDB-LSVEC

Nitrogen   AIR

Oxygen    VSMOW-SLAP & VPDB & VPDB-CO2

Sulfur    VCDT
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Scale definitions for carbon and oxygen

Rapid Communications in Mass Spectrometry, 2025;
https://doi.org/10.1002/rcm.10018
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Scale definitions for carbon-13

The VPDB scale for the carbon-13 isotope delta value, expressed as δ(13C), is defined by taking the fixed 
numerical value of +0.00195 for the δ(13C) of the NBS 19 RM, when expressed relative to VPDB.

The VPDB-LSVEC scale for the carbon-13 isotope delta value, expressed as δ(13C), is defined by taking the 
fixed numerical value of +0.00195 for δ(13C) of the NBS 19 RM and −0.0466 for the δ(13C) of the LSVEC RM, 
when expressed relative to VPDB.

With 7 notes

With 7 notes
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The VPDB scale for the carbon-13 isotope delta value, expressed as δ(13C), is defined by taking the fixed 
numerical value of +0.00195 for the δ(13C) of the NBS 19 RM, when expressed relative to VPDB.

1. The quantity isotope delta is dimensionless and has the unit one. It is common 
practice to express numerical values of isotope delta, when multiplied by 1000, using 
the symbol permille (‰): For example, the consensus δ(13C) value of NBS 19 is 
+1.95‰.

2. VPDB stands for Vienna Peedee belemnite.

3. VPDB is a virtual material; it does not and has not existed in material form. Its δ(13C) 
value is exactly 0 on the VPDB scale.

4. The values of the 13C/12C isotope number ratio (commonly shorted to isotope ratio) [14] 
for the VPDB virtual material and 17O/16O and 18O/16O isotope ratios in the CO2 gas that
would be liberated from VPDB in reaction with concentrated phosphoric acid at 25°C have 
been measured. Values currently recommended by IUPAC for these quantities are as follows:

R(13C/12C, VPDB) = 0.011113 ± 0.000022 (95% confidence level)
R(17O/16O, VPDB-CO2) = 0.0003907 ± 0.0000012
R(18O/16O, VPDB-CO2) = 0.00208839 ± 0.00000092
λ = 0.528 (assumed exact)

These values have been endorsed by the CIAAW in 2024 [25] and replace the 
recommendation of Brand, Assonov,and Coplen [26].

5. Carbonate RMs, such as NBS 19 which is quarantined [9], or IAEA-603
[27], that can be used instead of NBS 19, provide a means for analysts to realize the 
VPDB scale in practice. To achieve reliable measurements on the VPDB scale, IUPAC 
recommends the use of at least two RMs whose values have been determined 
relative to VPDB to minimize common sources of instrument measurement bias [28].
RM producers should demonstrate that their assigned values and the associated 
uncertainties on such RMs are consistent with the VPDB scale definition and with 
values and uncertainties of other RMs intended for the same purpose.

6. When reporting their measurement results, users should follow the minimum 
requirements established by IUPAC [6].

7. Carbon isotope delta values reported on the VPDB and VPDB-LSVEC
scales can differ. Differences between delta values reported on the VPDB and 
VPDB-LSVEC scales range from +0.14‰ to +0.30‰ [22, 24] for materials with
carbon isotope delta values around −45‰ and are negligible (below current 
analytical combined uncertainty) at carbon isotope delta values close to zero. 
Conversion models between the two scales can be established and used but
will introduce uncertainty [22].
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Scale definitions for oxygen-18

The VSMOW-SLAP scale for oxygen-18 isotope delta value, expressed as δ(18O), is defined by taking the 
fixed numerical value of 0 for δ(18O) value of the VSMOW RM and −0.0555 for the δ(18O) value of the SLAP 
RM, when expressed relative to VSMOW.

The VPDB scale for oxygen-18 isotope delta value, expressed as δ(18O), is defined by taking the fixed 
numerical value of −0.0022 for δ(18O) of the NBS 19 RM, when expressed relative to VPDB. 
The VPDB-CO2 scale for oxygen-18 isotope delta value, expressed as δ(18O), is defined by taking the fixed 
numerical value of −0.0022 for δ(18O) of the CO2 gas liberated from the NBS 19 RM in reactions with 
oversaturated phosphoric acid at 25°C, when expressed relative to VPDB-CO2.

With 9 notes

With 8 notes
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Other scales (no official definitions)

- Hydrogen-2: The VSMOW-SLAP scale for hydrogen-2 isotope delta value, expressed as δ(2H), is defined 
by taking the fixed numerical value of 0 for δ(2H) value of the VSMOW RM and −0.428 for the δ(2H) 
value of the SLAP RM, when expressed relative to VSMOW.

- Nitrogen-15: The AIR scale for nitrogen-15 isotope delta value, expressed as δ(15N), is based on Air-N2 
with a δ(15N) value of 0. For practical reasons, IAEA-N-1 (δ(15N)Air-N2 = +0.43‰ ± 0.07‰) is commonly 
used as a solid RM for realizing the Air-N2 isotope delta scale, and USGS32 (δ(15N)AIR-N2 = +180‰) has 
been used as a second anchor for scale realization to normalize δ(15N) data. This is still debated.

- Sulfur-34: The VCDT scale for sulfure-34 isotope delta value, expressed as δ(34S), is defined by taking the 
fixed numerical value of 0.003 for δ(34S) value of the IAEA-S-1 RM, when expressed relative to VCDT. It is 
recommended that IAEA-S-2 or IAEA-S-3 RMs also be used for the VCDT scale realization.
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Reference materials

reference material
RM
material, sufficiently homogeneous and stable with respect to one or more specified properties, which has been 
established to be fit for its intended use in a measurement process

certified reference material
CRM
reference material (RM) characterized by a metrologically valid procedure for one or more specified properties, 
accompanied by an RM certificate that provides the value of the specified property, its associated uncertainty, and 
a statement of metrological traceability
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RM hierarchy
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RM hierarchy

- Scale defining RM: A reference material that defines the isotope 
delta scale. It defines the zero-point of a delta scale. 

- Scale realizing RM: RMs of the highest metrological quality. They 
have the smallest uncertainty with respect to the scale defining RMs.

- All other RMs: RM that has an assigned isotope delta value and 
associated uncertainty that is consistent with the scale definition.

Pure and Applied Chemistry

Comprehensive assessment of international reference materials for isotope 
ratio analysis using delta scales (IUPAC Technical Report)

Manfred Gröning, Philip J.H. Dunn, John K. Böhlke, Willi A. Brand, Federica Camin, Tyler B. Coplen, 

Monika Horsky, Johanna Irrgeher, Wenshuai Li, Jacqueline L. Mann, Juris Meija, Harro A.J. Meijer, 

Thomas Prohaska, Grzegorz Skrzypek, Yoshio Takahashi, Jochen Vogl, Thomas Walczyk, Jun Wang, 

Michael Wieser, Tetsuya Yokoyama, Igor Zivkovic.
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Reference sheets
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Reference materials

13C(VPDB)

IAEA-603 CaCO3 +2.46±0.01

IAEA-610 CaCO3 -9.109 ± 0.012

IAEA-611 CaCO3 -30.795 ± 0.013

IAEA-612 CaCO3 -36.722 ± 0.015

13C(VPDB-LSVEC)

USGS44 CaCO3 -42.21 ± 0.05

IAEA-601 Benzoic Acid -28.81 ± 0.04

IAEA-602 Benzoic Acid -28,85 ± 0.04

IAEA-CH-6 Sucrose -10.45 ± 0.03

IAEA-CH-7 polyethylene -32.15 ± 0.05

NBS22 Oil -30.03 ± 0.03

USGS24 Graphite -16.05 ± 0.04

USGS61 Caffeine -35.05 ± 0.04

USGS62 Caffeine -14.79 ± 0.04

USGS63 Caffeine -1.17 ± 0.04

USGS64 Glycine -40.81 ± 0.04

USGS65 Glycine -20.29 ± 0.04

USGS66 Glycine -0.67 ± 0.04

USGS67 n-hexadecane -34.50± 0.05

USGS68 n-hexadecane -10.55 ± 0.04

USGS69 n-hexadecane -0.57 ± 0.04

USGS70 C20 Fame -30.53 ± 0.04

USGS71 C20 Fame -10.50 ± 0.04

USGS72 C20 Fame -1.54 ± 0.04

USGS73 L-valine -24.03 ± 0.04

USGS74 L-valine -9.3 ± 0.04

USGS75 L-valine +0.49 ± 0.07

USGS76 C17 FAME -31.36 ± 0.04

USGS77 Polyethylene -30.71 ± 0.04

USGS78 Oil -29.72 ± 0.05

VPDB scale VPDB-LSVEC scale
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Jumping from one scale to another

13C: VPDB-LSVEC to VPDB

13CVPDB = -0.003±0.020 + [(1-0.0043±0.0009) x 13CVPDB-LSVEC

18O: VPDB to VSMOW

18OVPDB = 0.97001 x 18OVSMOW-SLAP -29.99

Coplen et al., 2002. U.S. Geological Survey Water-Resources Investigations Report 01-4222 
https://pubs.usgs.gov/wri/wri014222/

Hélie et al., 2022. Discontinuity in the Realization of the Vienna Peedee Belemnite
Carbon Isotope Ratio Scale. https://doi.org/10.1021/acs.analchem.1c02458
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Water standards available:

- VSMOW2 & SLAP2: 1 ampoule (20 ml)  180 € each

- USGS45-50: 144 ampoules (5 ml)   1444 $USD

- Elemental Microanalysis (set of 5 vials)  ???

Reference materials
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Normalizing internal standards
Leucine 13C(VPDB-LSVEC) = -28.74 ± 0.04 ‰

- 15 sequences
- Last 11 year
- N=58
- NBS19, NBS18, IAEACH6, IAEA601, LSVEC, IAEA603, IAEACH7, USGS24, IAEA602, NBS22

Leucine 15N(AIR) = -0.06 ± 0.10 ‰

- 7 sequences
- Last 11 year
- N=53
- IAEAN1, IAEAN2, IAEAN3, USGS32, USGS25, USGS26, USGS35, USGS41
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Normalization

 measured


tr
u
e

Ref 1 Ref 2

R
ef

1
R

ef
2

Control

true = measured x m + b

Slope

Y intercept
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Normalization

 measured


tr
u
e

USGS61 IAEA-CH-6

U
SG

S6
1

IA
EA

-C
H

-6

Control

true = measured x m + b

Slope

Y intercept-10.45

-35.05
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Uncertainty propagation

 measured


tr
ue

STD 1 STD 2

ST
D

 1
ST

D
 2

sample

ሺ𝛿𝐴 ± 𝜎𝐴) = 𝑚 ± 𝜎𝑚 ∙ 𝛿𝑎 ± 𝜎𝑎 + 𝑏 ± 𝜎𝑏

𝜎 =
2

෍
𝜕𝑓𝑖
𝜕𝑥𝑖

2

∙ 𝜎𝑖
2

$FREE TEMPLATE$
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Monkey calculations…

𝑚 =
)𝛿𝑅1 ± 𝜎𝑅1 − ሺ𝛿𝑅2 ± 𝜎𝑅2

൯ሺ𝛿𝑟1 ± 𝜎𝑟1) − ሺ𝛿𝑟2 ± 𝜎𝑟2

ሺ𝛿𝐴 ± 𝜎𝐴) = 𝑚 ± 𝜎𝑚 ∙ 𝛿𝑎 ± 𝜎𝑎 + 𝑏 ± 𝜎𝑏

b = (R1±R1)–[(m±m)∙(r1±r1)]

𝜎𝑚 =
𝛿𝑅1 − 𝛿𝑅2

𝛿𝑟1 − 𝛿𝑟2
∙
2 𝜎𝑅1

2 + 𝜎𝑅2
2

𝛿𝑅1 − 𝛿𝑅2 2 +
𝜎𝑟1
2 + 𝜎𝑟2

2

𝛿𝑟1 − 𝛿𝑟2 2

𝜎𝑏 =

2

𝜎𝑅1
2 + 𝑚 ∙ 𝛿𝑟1 ∙

2 𝜎𝑚
2

𝑚2 +
𝜎𝑟1
2

𝛿𝑟12

2
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Better tools

https://metrology.shinyapps.io/isotope-delta-calibration/
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QA/QC
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Titre

- How many different standards?
- How many replicates of each

standard should be done? 
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Titre
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Titre
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Titre
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Titre
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