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Radiocarbon as tracer in atmospheric research

Felix R. Vogel

f \
.)‘|I LABORATOIRE DES SCIENCES DU CLIMAT & DE LENVIRONNEMENT
SOFIE spring school PKU-LSCE May 12t%h, 2014, Beijing, China

Irsstitert

Plerre
imon

Lapiace




Nobelprice for Chemistry 1960

“Seldom has a single
discovery in chemistry had

such an impact on the
thinking in so many fields

of human endeavor.”’

%

W.J. Libby -Nobel Committee (1960)
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Applications of Radiocarbon

Dating in archeology and historical sciences

Dating of paleoclimate archive

Reconstruction of solar activity

Neuroscience and medicine

Tracer studies on ground water flow, plant physiology, etc...

Understanding the exchange processes in the global
carbon cycle (atmosphere-biosphere-ocean)

Determine the partition of fossil fuel of atmospheric CO,
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Atmospheric %C in CO,

[Levin et al. 2010]
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Atmospheric C in

[Levin et al. 2010]
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The delta notation

Classical definition
i
i6= i I:{Sample _ 1 iR:
I:{S’tandard

130 180

12c’ 160’ etc.
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The delta notation

Classical definition
i 13 18
I:}Sample i C O

—1 'R = ; . efc.

5 =- 257 16

i
I:{S tandard

Historically for Radiocarbon:

14A
5140 = Sample 1 14Ai=14(3 activity

14
AS tandard
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The delta notation

Classical definition
i 13 18
RSampIe i C O

—1 'R = : . etc.

5 =- 257 16

i
I:{S tandard

Historically for Radiocarbon:

14A
5140 = Sample 1 14Ai=14C activity

14
AS tandard

Correcting for fractionation effects:

A"C =38"C (8"°C normalised) (x10° %s)
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Natural production of 14C (Libby 1960, Nobel prize lecture)

2 neutrons per second

Q = 1cm2 N (n, p) *C

2 C!'% atoms for
per seco

2 C‘4ofoms
disintegraoting per
second
Total Excnangable
Carbon

8.3 grams

@
I

Fast oxidation of 14C to “CO,

E. 8
B

Specific Activity = =15 min~! gm"'

F1a. 1. Schematic showing carbon 14 production mechanism.
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Properties of radiocarbon

Rare (12C/14C) = 1012
Radioactive (T, = 5700a)
Everywhere in the (short) carbon cycle
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Properties of radiocarbon

Rare (12C/14C) = 1012
Radioactive (T, = 5700a)
Everywhere in the (short) carbon cycle

Proportional counting chambers Accelerator Mass Spectrometry
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Production and fate of 14 C
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Production and fate of 14 C
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Atmospheric %C in CO,

1200 | i
1000 Ir Z
300 ‘
600 ‘
400} :
200 ‘
ol :
—200 L—e— | "
1950 1960 1970 1980 1990 2000

A™C in per mil

0 LABORATOIRE DES SCIENCES DU CLIMAT & DE 'ENVIRONNEMENT %W@ ,,,,, st
: SOFIE spring school PKU-LSCE May 12th, 2014, Beijing, China @ 7} p.ua"cg



14C0O, propagation in the carbon cycle

Production: natural and anthropogenic
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14C0O, propagation in the carbon cycle
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A'™C in per mil
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A'C in per mil
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14C0O, propagation in the carbon cycle
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A'C in per mil
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14C0O, propagation in the carbon cycle
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Global inventory of 14C
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Adapted from U.Karstens

Concentration of 14CO, is (quite)

homogenuous in the troposphere, but... -
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Adapted from U.Karstens

fossil fuels

Concentration of 14CO, is (quite)
homogenuous in the troposphere, but...



Adapted from U.Karstens

@

LN
‘ 14 14
1 A Cref > A CpoIIuted

... adding FFCO the 14C02/12CO ratio (~A14C)
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Concentration of 14CO, is (quite)
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Determing fossil fuel from radiocarbon observations
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Determing fossil fuel from radiocarbon observations
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Derive the seasonal cycle of fossil fuel CO, in the atmosphere

Long-term monitoring of changes in FFCO,
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measured total [CO,] (ppm)

Determing fossil fuel from radiocarbon observations

Observations — Paris, France
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measured total [CO,] (ppm)

Observations — Paris, France

Determing fossil fuel from radiocarbon observations

Simulation — Paris, France
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measured total [CO,] (ppm)

Determing fossil fuel from radiocarbon observations

Observations — Paris, France
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Determing fossil fuel from radiocarbon observations
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Determing fossil fuel from radiocarbon observations
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Determing fossil fuel from radiocarbon observations

AFFCO, [ppm]
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Summary

Radiocarbon is used across many fields of research

It is produced naturally and anthropogenically and is distributed in the whole
(living) carbon cycle

Concentrations are low and measurement techniques still complex/costly

Radiocarbon helped to reveal the interaction of the major compartments of the
carbon cycle by following its dispersion after the bomb-peak 1950-1960ies

It can be used to determine the fraction of modern versus fossil fuel CO, and
When combined with modelling studies radiocarbon can be used to derive

emission estimates for urban areas and help to identify specific sources
(categories)
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[For Egbert data and correction terms see: Vogel et al, Radiocarbon 2013]
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[Naegler, 2005]
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