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Traceability in Stable Isotope Measurements Traceability in Stable Isotope Measurements in our labin our lab

Big Delta (R45 or 46 or R13 or 18): ∆A-B = [(RA - RB)/ RB ]*103=(δA-ref - δB-ref)/(δB-ref*10-3+1)

which is independent on referenceswhich is independent on references

Daily MeasurementDaily Measurement::
RRSamSam//RRVPDBCO2VPDBCO2 == [R[RSamSam/R/RWW--RefRef]*[1/(]*[1/(RRLStdLStd//RRWW--RefRef)]*)]*((RRLinkLink--StdStd//RRVPDBCO2VPDBCO2))

where (RSam/RW-Ref) from daily measurements, 
(RLinkStd/RVPDBCO2) from annual calibrations, 

RLinkStd is the link between calibrations and daily measurements, 

Both Cal1 and Cal2 are RLinkStd  in our lab)

(RNBS19/RVPDBCO2) from IAEA assigned value

== [[∆∆SamSam--LStdLStd*10*10--33+1]*+1]*[[∆∆LStdLStd--NBS19CO2NBS19CO2*10*1033+1]*+1]*((RRNBS19CO2NBS19CO2/R/RVPDBCO2VPDBCO2))

Annual Calibration:Annual Calibration:
RRLinkLink--StdStd//RRVPDBCO2VPDBCO2 == [R[RLinkStdLinkStd/R/RWW--RefRef]*[]*[1/(R1/(RNBS19CO2NBS19CO2/R/RWW--RefRef)] *)] *((RRNBS19CO2NBS19CO2/R/RVPDBCO2VPDBCO2))

== [[∆∆LSLS--NBS19CO2NBS19CO2*10*10--33+1]*+1]*((RRNBS19CO2NBS19CO2/R/RVPDBCO2VPDBCO2))



Schematic of Multi-Carbonates Direct Link (MCDL) in Isotope Measurements
at the Stable Isotope Research Lab, ASTD/STB/EC, Toronto, Canada

Note:
-Cal1 & Cal2 are  the lab calcium carbonate standards in the isotope lab, ASTD/ STB/EC;

- Big Delta values (i.e.∆45 &  46) are independent on working reference (Wr) gases and should be precisely determined by IRMS;

- δ13C and δ18O will be dependent on ∆45 &  46 .

∆45 & 46 (A-B) = [(RA - RB)/RB ]*103

= (δA-ref - δB-ref)/(δB-ref*10-3+1) 

VPDB
NBS19

Cal2 

NBS18 

Cal1 

∆ 45 & 46

X (sample)

Annual calibration
Daily measurement
Traceability path

wr

∆ 45 & 46 (Cal2-Cal1)

NBS19 NBS18

Cal1 Cal2

wr

∆ 45 & 46 (NBS18-NBS19)

∆ 
45

 &
 4

6
(C

al
1-

N
B

S1
9)

∆ 45 & 46 (Cal2-NBS19)



-7.26

-7.24

-7.22

-7.20

-7.18

-7.16

1998 2000 2002 2004 2006
-5.10

-5.08

-5.06

-5.04

-5.02

-5.00

1998 2000 2002 2004 2006
-23.15

-23.05

-22.95

-22.85

-20.95

-20.85

-20.75

-20.65

δ1
3 C

VP
DB

CO
2(‰

)

δ1
8 O

VP
DB

CO
2(‰

)

∆4
5 (‰

)

∆4
6 (‰

)

Decimal Year Decimal Year

-5.043 ± 0.015 -22.991 ± 0.049

-7.201 ± 0.014 -20.831 ± 0.052

Isotopic Compositions in NBS18* Isotopic Compositions in NBS18* directly calibrated by NBS19by NBS19

Note:
-both NBS19 and NBS18 were reacted with 100 % H3PO4 (density: 1.91-1.92) at 25°C; 
-each data point represents the average value of > three (i.e. 3-8) individual reactions) with one σ Std.
-The numbers shown on each plot represents the average of multi year calibrations with one σ Std at 25°C.



Isotopic Compositions in Cal1* Isotopic Compositions in Cal1* directly calibrated by NBS19by NBS19

-45.35

-45.30

-45.25

-45.20

1998 2000 2002 2004 2006
-45.85

-45.80

-45.75

-45.70

1998 2000 2002 2004 2006
-22.30

-22.20

-22.10

-22.00

-21.90

-20.25

-20.15

-20.05

-19.95

-19.85

δ1
3 C

VP
DB

CO
2(‰

)

δ1
8 O

VP
DB

CO
2(‰

)

∆4
5 (‰

)

∆4
6 (‰

)
Decimal Year Decimal Year

-22.033 ± 0.040-45.771 ± 0.024

-20.097 ± 0.054

-45.250 ± 0.024 -19.972 ± 0.057

-22.179 ± 0.049

21.5°C

25°C

25°C

25°C21.5°C

25°C

Note:
- NBS19 was reacted with 100 % H3PO4 at 25°C always; 
- *Cal1 were reacted with 100 % H3PO4 at two different temperatures, i.e. 21.5°C and 25°C
- each data point represents the average value of > three (i.e. 3-8) individual reactions with one σ Std.
- The numbers shown on each plot represents the average of multi year calibrations with one σ Std at either 21.5°C or 25°C.    

and the average values for carbon isotope include all the data from both 21.5°C and 25°C.
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Isotopic Compositions of Cal2* Isotopic Compositions of Cal2* directly calibrated by NBS19by NBS19
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Note:
- NBS19 was reacted with 100 % H3PO4 at 25°C always; 
- *Cal2 were reacted with 100 % H3PO4 at two different temperatures, i.e. 21.5°C and 25°C
- each data point represents the average value of > three (i.e. 3-8) individual reactions with one σ Std.
- The numbers shown on each plot represents the average of multi year calibrations with one σ Std at either 21.5°C or 25°C.    
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