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Quantity Estimated Turnover Time of Soil Carbon Based on
Pools (Gt) Carbon pools Mean Carbon Pools and Mean Soil Respirations Rates
" . p— in the major
mosphnere . Soil C Soil respiration Turnover?
P reservoirs on Vegetation type (tha-) (tha-1) (vears)
Oceans 38,400 earth
Total inorgamc 37,400 Tundra 204 0.6 490
EU rfa Clt’ layer 16 ?gg Boreal forests 206 32 91
eep layer 3
Total organic 1,000 Temperate grasslands 189 4.4 61
) Temperate forests 134 6.6 29
thgo;phers.; bonat 0000000 Woodlands 69 74 14
edimentary carbonates =60, A i
Cultivated lands 79 5.4 21
Kerogens 15,000,000 Desert scrub 58 2.2 37
Terrestrial biosphere (total) 2,000 Tropical grasslands 42 6.3 10
Living biomass 600-1,000 Tropical lowland forests 287 10.9 38
Dead biomass 1,200
Swamps and marshes 723 2.0 520
Aquatic biosphere 1-2 Global total 15x 108 5x107 32
Fossil fuels 4,130
Coal 3510 a)  Turnover time is estimated based on the assumption that
il 230 30 % of soil respiration is derived from root respiration.
g;t!:] ( t] ;;g Source: SCIENCE Source: Soil Microbiology and Biochemistry, 2nd ed.
er (pea : » -
P 290(13), 291 - 296, 2000 by E.A. Paul and F.E. Clark, Academic Press, 1996

Siberian Peatlands a Net Carbon
Sink and Global Methane Source
Since the Early Holocene
L. C. Smith,"* G. M. MacDonald,"* A. A. Velichko,*

D. W. Beilman," . K. Borisova,* K. E. Frey," K. V. Kremenetski,"4
Y. sheng’

Topics

P (G) “switching

on” of a major Northern Hemisphere methane source in the early Holocene.

Extensive data from Russia's West Siberian Lowland show (i) explosive,
i ishment between 11.5 and

1. Overview: Photosynthesis, mineralization and storage

increased atmospheric methane concentrations and IPGs, (i) larger carbon
Stocks than previously thought (70.2 Petagrams, up to ~26% of all ter-
restrial carbon accumulated since the Last Glacial Maximur), and (i) ittle
evidence for catastraphic oxidation, suggesting the region represents a
long-term carbon dioxide sink and global methane source since the early
Holocene.

2. Energy turnover and biochemistry of photosynthesis

3. Energy turnover and biochemistry of mineralization
65°N
4. Storage of assimilated carbon (Humus, Oil, etc.)
Science, Vol. 303,

353 - 356, 2004 5. Case study I: CO, cycle and global climate

6. Case study lI: Methane oxidation in the subsurface
B0°N-

7. Varia
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Fig. 1. Location of peat cores driled in this study. Cirdle diameters are scaled by basal radiocarban
age. Broad spatial distribution of early Holocene ages [11,500 to 5000 calendar years before
present (11,510 9 cal ky BP)] confirms that West Siberian peatlands were widely established during
this time of high atmospheric methane concentration. Inset shess figure location and geographic
extent of our GIS-based peatland inventory.
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Satellite data help predict terrestrial carbon sinks
Potter et al., EOS Vol. 84(46), 2003

MODIS: Imaging Sp
Sensor aboard NASA’s TERRA and AQUA satellites

Balance: Net primary production (NPP)
- Soil microbial CO, fluxes

Net ecosystem production (NEP)

Observations 2001: Above average temp. was associated with positive NEP
Heavy rainfall was associated with negative NEP

Terrestrial NPP for the globe:
Around 50 Pg C/ year
(Trend: increasing!)

Seasonal patterns:
Very pronounced for 30° - 60° North
In summer positive NEP
In winter negative NEP
Literature: Potter et al.

EOS 84(46), 2003
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Major microbial activities in soil
involving gaseous species

Mineralization CH,0 + 0, - CoO,
Denitrification NO, = N, (N,O)
Nitrification NH,* + 0, -> NO; (N,O)
Methanogenesis co, + H, > CH,

CH,COOH > CH, + CO,
Methane oxidation  CH, + 0, = CO,

Source:
Brock's
Biology of
Microor-
ganisms

Rough estimates of CH, released into
the atmosphere (units: 102 g/year)

Total 350 - 820
Biogenic (81 - 86% of total) 302 - 665
Ruminants 80 - 100
Termites 25 - 150
Paddy fields 70 - 120 ) .
Natural wetlands 120 - 200  Microbial
Landfills 5 . 79  Oxidation
Oceans and lakes 1 - 20 reduces
Tundra 1 - 5 flux!
Abiogenic (14 - 19% of total) 48 - 155
Coal mining 10 - 35
Natural gas flaring and venting 10 - 30
Industrial and pipeline losses 15 - 45
Biomass burning 10 - 40
Methane hydrates 2 - 4
Volcanoes 0.5
Automobiles 0.5

Experimental approaches to determine
metabolism and fluxes of trace gases in soil
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Basic concept of a gas push-pull test (GPPT)
(PPT successfully applied in groundwater!)

Injection of

well defined Extract and Typical result
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(i.e. 0,, CH,, composition

Ar, Ne)

Ratio conc. extr. / conc. Inject.

Tracer
gas

Methane
(inhibited,

Methane N
sterile)

(active)

Time (h)




Fate of methane in vadose zone above
oil contaminated aquifer (field site Studen)
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Gas Profiles in Soil above a Contaminated Aquifer
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Field GPPT : Results (ES&T 2005, in press)

Gas ¢/ Gas — Ne

Low activity Ar

k=0.68 h' = 0.05
8'3C (CH,) = - 24.3 Injected CH, : 3'3C = - 46.5 %o

CH, turnover = Less negative

High activity Inhibited

=-0.07 h = 0.04
813C (CH,) = - 44.4

k=2.19 h" + 0.26
813C (CH,)=-3.6

Extracted / Injected Volume

8 13C values of important carbon reservoirs
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-90

Biochemical pathways of methane
( 8'3C values in 8'3C notation)
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2
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—

(DIC) (-14%s) phi
microorganisms microorganisms
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(ca. 0%o)

Measurement of 8'3C in methane:
Rolf Siegwolf, PSI
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