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Abstract. The exchange of carbonyl sulfide (COS) betweenproducts are eventually oxidized to sulfuric acid, which then
soil and the atmosphere was investigated for three arableondenses to form aerosol particles.

soils from Germany, China and Finland and one forest soil According to Watts (2000) and Kettle et al. (2002) total
from Siberia for parameterization in the relation to ambi- global sources and sinks can be regarded as balanced within
ent carbonyl sulfide (COS) concentration, soil water con-the uncertainties of the estimates. The global annual source
tent (WC) and air temperature. All investigated soils actedand sink strengths are estimated to be 825 Tga® and

as sinks for COS. A clear and distinct uptake optimum was1.66+0.79 Tga'l, respectively (Watts, 2000). However, re-
found for the German, Chinese, Finnish and Siberian soils atent investigations by Sandoval-Soto et al. (2005) reveal that
11.5%, 9%, 11.5%, and 9% soil WC, respectively, indicating current estimates for the uptake of COS by vegetation seem
that the soil WC acts as an important biological and phys-to be underestimated and indicate that the global atmospheric
ical parameter for characterizing the exchange of COS bebudget of COS may be considered as unbalanced again.
tween soils and the atmosphere. Different optima of deposi- Known natural sources of COS are oceans (Ferek and
tion velocities {;) as observed for the Chinese, Finnish and Andreae, 1984; Belviso et al., 1986; Johnson and Harri-
Siberian boreal soil types in relation to their soil WC, aligned son, 1986), volcanism (Cadle, 1980; Khalil and Rasmussen,
at 19% in relation to the water-filled pore space (WFPS), in-1984; Belviso et al., 1986), precipitation (Mu et al., 2004)
dicating the dominating role of gas diffusion. This interpreta- and marshes (Aneja et al., 1979; Steudler and Peterson,
tion was supported by the linear correlation betw&grand  1984) as well as anthropogenic sources such as biomass
bulk density. We suggest that the uptake of COS depends 0Burning, coal-fired power plants, sulfur recovery, chemi-
the diffusivity dominated by WFPS, a parameter dependingcal processing and GSonversion (Khalil and Rasmussen,
on soil WC, soil structure and porosity of the soil. 1984; Crutzen et al., 1985; Bandy et al., 1993; Watts, 2000;
Sturges et al., 2001). Besides photolysis and the reactions
with OH and O in the stratosphere, vegetation and soils are
regarded as the dominating terrestrial sinks (Brown and Bell,
1986; Goldan et al., 1988; Kettle et al., 2002; Sandoval-Soto
Among all sulfur trace gases, carbonyl sulfide (COS) is rec-€t al-, 2005; Chin and Davis, 1993; Kesselmeier et al., 1999).
ognized as one of the most abundant volatile sulfur com-On the other hand, COS has also a chemical sink in the tro-
pounds in the atmosphere with an average global concenPOSPhere through reaction with OH (Chin and Davis, 1995;

tration of approximately 500 ppt (Barnes et al., 1994; Kjell- Kjellstrbm, 1998). These sinks and sources could drive the
strom, 1998). Because it is nearly inert to photochemi-seasona“ty in the Northern (NH) and Southern (SH) Hemi-

cal decomposition in the troposphere, most of it is trans-SPheres with vegetation bein.g the dominaptsinkfactor in the
ported into the stratosphere where it undergoes photo disNH and the oceans the dominant source in the SH (Montzka
sociation as well as oxidation with &) atoms and OH rad- €t al., 2007), but it still remains uncertain.

icals (Crutzen, 1976; Chin and Davis, 1995). The reaction Since the clarifying work of Castro and Galloway (1991)
which demonstrated the sink quality of soils, several publica-

tions have given convincing evidence that soils generally act

Correspondence tal. Kesselmeier rather as a sink than as a source for COS (Kesselmeier et al.,
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(lks@mpch-mainz.mpg.de) 1999; Kuhn et al., 1999; Geng and Mu, 2004; Steinbacher et
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al., 2004). This implied an obviously better balanced globalter storing capacity (optimum soil water content; % of dry
budget of sinks and sources (Andreae and Crutzen, 1997)weight) was determined according to conventional methods.
One of the main controlling parameters for soil atmosphereSoil WC was determined by air-drying and by moistening
exchange is the ambient trace gas concentrations which influwith deionized waterg>18 MQ cm). WFPS was calculated
ences the direction as well as the magnitude of the COS fluwaccording to the general particle density), considered to
between soils and the atmosphere. The net exchange withinlze 2.65gcm? for non-organic soils, and the bulk density
certain biotic system is interpreted as the result of simultane{p;) (Hillel, 1980). In contrast to the mean general parti-
ously operating production and consumption processes. Thisle density, which is typically taken as a constant for non-
implies the existence of the so-called compensation pointprganic soils, the bulk density is highly labile. It is affected
which reflects an ambient concentration where the consumpby the structure of the soil, that is, its looseness or degree of
tion balances production and the net flux is zero (Lehmanrcompaction, as well as by its swelling and shrinkage char-
and Conrad, 1996; Kesselmeier et al., 1999; Simmons et alacteristics. Therefore bulk density was separately measured

1999; Conrad and Meuser, 2000). for each soil type. With this information we were able to
In a laboratory study, Kesselmeier et al. (1999) demon-calculate the number of pores (Hillel, 1980):
strated that in addition to the linear correlation with atmo-
spheric concentrations, temperature and soil water contenf (#pore$ = [(1 — %) ~100} Q)
s

(WC) are controlling variables in the COS soil atmosphere
flux. To confirm these measurements, we investigated thaJsing the WC andf (# pores) for each soil, the WFPS can
German arable soil used in the Kesselmeier study again ime obtained according to Eq. (2):

comparison with two other arable soils from an arid region

in the temperate zone of Northeast China, a Finnish soil with’VFPS(%) = (WC/f) - 100 @

a moraine origin, and a podzolic forest soil from Central
Siberia. All soils were measured under the same controlle
conditions in order to get information about the influence of All measurements were performed inside a climatic cham-

environmental parameters relating to the control of dep03|ber_ Each soil sample (80 g) was wetted up to its maximum
tion ratgs by soil structure and porosity, such as soil WC andsoil WC (Table 1) and incubated in the cuvette system where
water filled pore space (WFPS). it dried out in the course of the measurements under COS
fumigation with. All experiments were carried out at an am-
bient concentrationcfer) of approximately 1100 ppt to en-
sure measurable uptake rates at low activities during wet and
dry conditions. Air samples were taken at the cuvette out-
lets every 15 min and analyzed. Uptake rates were calculated

Soil | btained f ¢ tes: (1 bl based on the difference between the reference and the sam-
oll sampies were obtaned from four Sies. ( ) an ara eple cuvette. The gas uptake rat€)(was calculated accord-
soil from Germany, consisting of sandy clay with low loess

X i Eq. f h i iff
content (4857 N, 8°15 E): (2) a sandy arable soil from an ing to Eq. (3) from the measured concentration difference

arid region in the temperate zone in the Northeast of Chinaé?yc v_vg?ank:?la_uf;eg)s, iggoigiggg ;ltu;h rzac;ca%(; and the soil
(45°36'N, 12321 E); (3) an arable sandy soil of moraine B '
origin from Finland (6250 N, 24°20 E) and (4) a sandy F— Ac. o 3)
soil from a boreal forest region in Central Siberia {60 dw

89°E). Samples were taken from the top 5cm from multi- Ag shown by Kesselmeier et al. (1999) it is possible to nor-
ple grabs (up to 10) at all sites in order to eliminate vari- ajize the COS fluxes because of the existence of a lin-
ability within a single location on the site, and were sieved g5 correlation between COS concentration and COS uptake.
with a stainless steel sieve with a mesh size of 2mm. Wery, s effects of fluctuations of COS mixing ratios in course
tried to use the same method to collect all soil samples. BUbt the measurement series were eliminated by normalizing

we can.not exclude the variability over time. Samples were, . qata to a constant and comparable atmospheric concen-
stored in polyethylene bags atG until analyzed. Carbon, ya4ion by the calculation of deposition velocitieg,] in re-

sulfur and nitrogen content, potential water storing capacity|ation to soil WC, as/, is representing the relation between
(WC), bulk density, WFPS, and pH atZ5 were determined ;.o gas flux and concentration.

and the results are presented in Table 1. Soil characteristics

were determined with a Vario Micro cube analyzer (Elemen-2_3 Construction and performance of soil enclosures

tar Analysensysteme GmbH Hanau, Germany) at the Uni-

versity of Mainz in the laboratory of Micro-analytics. Only The measurements were performed with two dynamic enclo-
800 mg of soil sample was necessary to analyze the carborsures (cuvettes) made of Teflon (FEP) film (Kesselmeier et
nitrogen and sulfur content of the soil. The potential wa- al., 1999): one which enclosed the soil sample (200 g or 80 g)

c?.Z Experimental set-up

2 Material and methods

2.1 Soil samples
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Table 1. Soil chemical and physical characteristics.

Properties German soil  Chinese soil Finnish soil Siberian soil

Site description Arable sandy Arable sandy Arable Moraine  Boreal forest
loess content boreal origin boreal sandy podzolic

Ciotal, Wt% 2.22 0.40 2.30 0.38

Stotals Wt% 0.022 0.030 0.06 0.03

Niotal, Wt% 0.156 0.040 0.15 0.03

Max Soil WC, % O g1 DW 52.0 32.7 42.7 29.3

Bulk density, gch3 1.60 1.40 1.08 1.43

Calculated WFPS, % 124.9 69.3 72.1 63.6

pH at25C 7.58 7.28 7.83 4.20

and the other serving as an empty reference. Both cuvettes The net COS flux, Fcos Iis described by
were incubated inside a climate chamber and kept undefcogWC)=a WC? exp(—cWC).  The parameters:, b
controlled temperature conditions (between 10 antC30  andc are related to observed values by

Each of them was flushed with a total ambient airflow of b

2L min~L. All tubing coming from the cuvettes was heated ¢ = Fcos(WCopt) / [WCoptexp(—b)] (4)
up to 30C to prevent water vapor condensation. Temper-

atures were measured with thermocouple§ (OCOO‘,Ehro_m- b = In[ Feos (WCopt) / Fcos (WCupp)] /

Constantan, Omega, UK). Compressed air was purified by

passing it through a multistage gas purification system con-  [In (WCopt/WCypp) + WCypp/WCopt—1] (5)
sisting of three 3 L columns filled with (1) silicagel with a hu-
midity indicator to remove the water (1-4 mm, VWR Inter- € = —b/WCopt ®6)
national, Darmstadt, Germany); (2) molecular sieve (0.5nm, Thus, the COS exchange at a given temperature was
VWR International, Darmstadt, Germany) which acted as adescribed as a function of W, this is the soil WC
drying agent and also filtered out trace gases and radicalat which the maximum deposition velocity/) is ob-

like ozone; and (3) charcoal (1-3 mm, Carl Roth) to removeserved, and as a function of Wg, this is the soil WC
COS. The desired COS mixing ratios were obtained by mix-at which V4(WC)=V,;(WCypp)~0 for WC>WCopt (Meixner

ing the purified compressed air with known gas mixtures pro-and Yang, 2006). The mathematical fit described the overall
duced from a permeation device (Haunold, Germany) withbehavior reasonably well, but sometimes failed to accurately
COS permeation tubes (VICI Metronics, USA). Mass flow take the maximun¥,; into account. Nevertheless, this data
controllers (MKS, USA) were used to regulate all gas flows. point was considered in the discussion because it represented

the mean value of at least five measurements.
2.4 Analysis of carbonyl sulfide (COS)

The uptake of COS was measured with an automated ana3 Results

lytical SUIphur GasAnalyzeR (SUGAR; more detailed in-

formation in von Hobe (2000) and von Hobe et al. (2008)) Four different soils from around the world were investigated
which performed an analysis every 15min. COS was fully for their exchange of COS with the atmosphere. A first se-
automatically sampled by cryogenic trapping and analyzedies of megsurer_nents_was performed W|th_30|l from the same
with a gas chromatograph equipped with a flame photometrid>erman site as investigated by Kesselmeier et al. (1999) and
detector. Data were processed and stored with a GC analysider the same experimental conditions as described therein

software program (ELAB, OMS Tech, USA). in order to check the reproducibility after 6 years. These
measurements using 200g soil, showed maximum uptake
2.5 Mathematical best fit rates which were roughly a factor of 4 higher than those from

1999, but with optimal uptake rates at similar soil WC (be-
The mathematical equation developed by Meixner and Yangween 9 and 14% soil WC) for all temperature ranges investi-
(2006) gave the best fit to describe the COS exchange degated (Fig. 1a). The higher uptake rates seem to be the result
pendence on soil WC and WFPS. This mathematical equaef unknown effects, but we may take three possible explana-
tion was developed for the exchange of NO between soil andions into account: (a) Kesselmeier et al. (1999) measured the
the atmosphere, thus taking the same matrix which takes thaptake rates at a fixed soil WC by measuring at a relative hu-
same biological and physical background into account. midity of 90%. Our data was obtained by drying out the soil
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T T T T T T for the dependence on WC and the very similar temperature
B % Gomansoi: | ] dependence (see below) demonstrate the principal of repro-
' 4 oae — i ducibility for such measurements.

The uptake rates were shown to correlate linearly with the
amount of soil dry weight incubated up to a value where the
gas exchange is limited in deeper parts of the soil sample.
Kesselmeier and Teusch (1999) demonstrated this linearity
to exist up to 200g in the case of the German soil sam-
ple site. As we wanted to compare different soil samples
with unknown saturation behavior, we adapted the experi-
mental conditions to lower amounts of solil, i.e. 80g. This
ensures that the entire soil mass contributes to the exchange
of COS with the atmosphere. This could be related to other
soil masses according to Kesselmeier et al. (1999) who found
a linear correlation of COS uptake and soil mass up to 200 g
per cuvette, but shifted to a saturation-like uptake behaviour
with increasing soil masses between 200 and 400 g of soil.
The experiments were carried out at an ambient concentra-
tion (cref) Of approximately 1100 ppt to ensure measurable
0 10 2 20 20 50 uptake rates at low activities (i.e. at dry and wet conditions).

Soil water content (%) Kesselmeier et al. (1999) demonstrated that a positive linear

correlation exists between COS uptake and the ambient con-

Fig. 1. German arable soilta) COS uptake rates (pmotg h~—1) centration up to these ranges. Furthermore, for all further cal-
in relation to the soil WC (%) at P&, 20°C and 25C for 200g of  culations, deposition velocitied/{: i.e. a normalized uptake
soil per cuvette(b) Deposition velocities¥,;; mms1; normalized  rate) instead of uptake rates were used in order to eliminate
uptake rates) in relation to soil WC (%) at°®, 20°C and 25C for the influence of the fluctuations of COS mixing ratios. The
80g of soil per cuvette. The recalculated data &tCl%or 80g of  uptake rates for the German soil as recalculated are shown
soil from Kesselmeier et al. (1999) was added in order to providejp Fig. 1b. Lower and higher soil WCs led to a decrease in
a comparison of the magnitude of thg. V; at 1C were near uptake. Moreover, optimurii; was found at 15C, at lower

71 . y .
zero mms - at soil WC's and therefore not shown. Each data point 54 higher air temperatures there was a much lower uptake
represents the mean value of at least 5 measurements with their stagé1 ability of COS by the German arable soil, at 10°C was
dard errors (error bars aed./n). Some error bars are smaller than P y y .

the symbol. near zero mmst at all soil WC’s and is therefore not shown
in Figs. 1 and 2a.

It is well known that a variable parameter depending on
soil structure and the porosity of the soil dominates soil WC
from his maximum soil WC to 0% of soil WC with a varying (Meixner and Yang, 2006). Therefore, we investigated the
humidity at around 40%; (b) The difference in achieving the relationship betweefr; and WFPS, a parameter depending
data implies also that our data was taken at the moment then soil structure, porosity and soil WC. The bulk densities
soil was already adapted to the cuvette’s environment durinde,), necessary to calculate the WFPS, were determined for
along-term measurement. The data of Kesselmeier et al. wasach soil and are given in Table 1.
achieved during a short-term measurement where the soil had At the optimum temperature of 18, the V, for the
less time to adapt to the cuvette environment; (c) The thirdGerman soil exhibited an optimum uptake rate at around
reason, which may be the most important one, could be th29% WFPS (Fig. 2a). Compared with the 6 year old find-
developmental stage of the sall, i.e. development of soil qualings of Kesselmeier et al. (1999), maximuip was found
ity over time. We assume that the soil microbiological com- around the same optimum temperature and the same opti-
munity has changed over the years because of different cropsium WFPS. This clearly demonstrates the reproducibility of
and the use of different fertilizers, which can both influence such measurement techniques as well as the constant charac-
the microbiological growth in the soil. Such a developmentteristics of the soil, although the soil was used annually for
represents a general problem for determination of trace gaagriculture proposes and tilled by the farmers.
exchange. Future simultaneous determination of the micro-
bial activity in terms of carbonic anhydrase activity may help
to overcome or gradually reduce this problem. If we find a
positive relationship between CA activity and gas exchanges,
it will be of great help to predict the soil uptake on a regional
and global scale. Nevertheless, the well matching optimum

Deposition velocity (mm s™')  COS uptake (pmol g h)
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B 25°C Fit| ]
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Fig. 2. Deposition velocities¥;; mms~1; normalized uptake rates) in relation to WFPS (%) (@rthe German arable soil at 16, 20°C
and 25C and for(b) the Chinese sandy soil at10, 15°C, 2C°C, 25°C, 3C°C and 35C. Each data point represents the mean value of at
least 3 measurements with their standard errors (error baed gfe).

3.1 Comparison with three boreal soils 4 Discussion

The Chinese soil, a sandy arable soil from an arid region inThe experimental results obtained in this study have con-
the temperate zone of Northeast China, had a totally differfirmed, in agreement with others, that soil is a sink for COS
ent structure and therefore a much lower maximum soil WC(Castro and Galloway, 1991; Kesselmeier et al., 1999; Kuhn
(32.7%). Furthermore, calculatad for this soil exhibited et al., 1999; Geng and Mu, 2004; Steinbacher et al., 2004).
a clear and sharp optimum at lower soil WC (9%) and at aThe close accordance of our work with the 6 year old find-
much higher optimum temperature (8). V;, related to the  ings of Kesselmeier et al. (1999) on the same German arable
WFPS showed a maximum around 19% WFPS (Fig. 2b).  soil from the same site demonstrated the reproducibility of
The uptake capability of an arable Finnish soil exhibited asuch measurement techniques as well as the constant char-
temperature optimum in the range of 252301In the range  acteristics of soils. For both investigations, COS deposition
of 15 to 40% WFPS, deposition velocities for the Finnish velocities showed a maximum around 11.5% soil WC, 29%
soil are higher than those for the other soils. Plottifygfor WFPS and the temperature optimum was found to be around
the Finnish soil as a function of WFPS demonstrates the im-15°C. This gave us strong motivation to execute further ex-
portance of soil structure for COS uptake by soils (Fig. 3a).periments in order to compare such parameters of the up-
Comparison of the optima of th&,; of the Chinese and take of COS by different soils from different locations in the
Finnish soil at their optimum temperature (in the range ofworld.
25-30C) clearly showed optimun¥,; at around the same To our knowledge, this is the first time that four totally
WFPS (Fig. 3b). This result indicates that soil structure anddifferent soil types have been parameterized by direct com-
physical gas diffusion play an important and dominating role parison. Earlier models (Kettle et al., 2002) used such data
for the uptake of COS by soil. already but the modelling was only based on the measure-
The above described results were supported by investigaments of the one soil type and interpolated on a global scale.
tions of the Siberian soil from a boreal forest. This soil had Our measurements now should guide to a more realistic ap-
a rather acidic pH compared to the other soils which had groach on the COS uptake by soils on a global scale. These
neutral pH (Table 1) and might therefore have exhibited afour different soils show a distinct behavior in relation to
distinct behavior. This boreal soil reached the highést temperature and the soil WFPS, the latter being the domi-
at temperatures between 25 and@pa soil WC around 9% nant factor. This assumes that diffusivity plays a major role
and at a WFPS around 19% (Fig. 3c). Although this soil orig-in the exchange of COS between soils and the atmosphere.
inated from a forest instead of an agricultural site, it exhib- Furthermore, different COS uptake optima related to the soil
ited a comparable uptake pattern as the German, Chinese aMiC for different analyzed boreal soil types (Chinese, Finnish
Finnish soil. Furthermore, by comparing the almost identicaland Siberian soil) disappeared when the uptake was related
uptake pattern of the Siberian and Chinese soil (Fig. 3d) weto the WFPS. Deposition velocity representing concentration
can eliminate the possible influence of the soil pH within the normalized uptake rates exhibited a comparable uptake pat-
acidic to neutral range. tern. The corresponding optima at 19% WFPS suggests a
highly dominating regulating role of gas diffusion/transport
in the soil.
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Fig. 3. Deposition velocities{;; mm s 1; normalized uptake rates) in relation to WFPS (%) (@ythe Finnish soil at 18C, 15°C, 20°C,
25°C, and 30C and for(c) the Siberian forest soil between® and 30C. For both soils an optimum exchange was reached near 19%
WFPS.(b) V; (mms-1) optima for the Finnish and Chinese soil af} V; (mms-1) optima for the Siberian and Chinese soil coincide
near 19% WFPS at optimum temperatures. Some error bars are smaller than the syr8bet(or bars are/,/n).

Table 2. An overview of the optimun¥/,, optimum temperature, optimum soil WC and WFPS is given for the German, Chinese, Finnish
and Siberian soils.

German soil  Chinese soil  Finnish soil  Siberian soil

Vg at optimum soil WC and 0.84+£0.25 0.93:0.08 1.54:0.19 0.820.10
temperaturet standard error

[mms]

Optimum temperature C] 15 30 25 25
Optimum soil WC [%)] 115 9 115 9
Optimum WFPS [%] 29 19 19 19

The comparison of the three boreal soils highlighted theThese results are useful in order to parameterize the COS
difference of the uptake capacity as indicated by the differentuptake by soils and to underline the dominant role of diffu-
COS deposition velocities. The maximur for the Finnish  sivity depending on the bulk density (linear relationship) and
soil was twice as high as the maximuvp for the Chinese the WFPS. Diffusivity as a limiting factor for COS uptake by
and Siberian soil, all considered at their optimal conditions.soils may play a more important role than previously thought.
In contrast, its bulk density was remarkably lower than those
of the other soils. With a bulk density of only 1.08 gt Temperature has a significant influence on several biolog-
the Finnish soil is supposed to have a higher porosity andcal and biochemical processes, it affects microbial activity
should therefore have the largest average pore size of all inand has been used in several laboratory studies to parame-
vestigated soils, which implies a better diffusivity of COS terize COS fluxes (Kesselmeier et al., 1999; Steinbacher et
through the soil. Considering the maximu at optimum  al., 2004). The temperature optimum for COS uptake can be
conditions (e.g. temperature, soil WC and WFPS; see Taunderstood to depend on enzymatically catalyzed processes,
ble 2) in relation to the measured bulk density)(of each  during which the enzymes amplify the trace gas exchange
soil shows a convincing linearity (Fig. 4). This implies the up to a certain threshold temperature. Above this tempera-
importance of bulk density and thus the porosity of the soil.ture, the enzymes deteriorate and their activity decreases. In

this study, measurements of COS uptake for all soils were

Biogeosciences, 5, 47883 2008 www.biogeosciences.net/5/475/2008/



H. Van Diest and J. Kesselmeier: Soil atmosphere exchange of carbonyl sulfide (COS) 481

~ 1L6F T H T T T T T
< - 1.6 A German soil — fit
£ 141 v > -1.547 x +3.008 i g 1.41 ® Chinesesoil — fit
E L R =0.996 | £ Finnish soil fit
= = 127 & siberian soil — fit
Z
£ o 7 3 1.0 X
=] 2 B
= 08 7 g 08¢ /
> =
= — — 0.6
e £ "
G 04t 7 g 04 >
z ‘\
g .l | £ 02 A
a o 0.0 1 I 1 1
0 b I ! 1 ! o 10 15 20 25 30 35

0.8 1.0 1.2 1.4 1.6 18

Bulk density (g cm™) Temperature (°C)

Fig. 5. Normalized deposition velocity dat&{; mms1) for the
German, Chinese, Finnish and Siberian soil in relation to incubation
temperatures between 10 anc®@5 All data are given for their op-
timal soil WC. Some error bars were smaller than the symizeB{
error bars are/.,/n). The plotted line represents the mathematical
approximation (Meixner and Yang, 2006).

Fig. 4. Maximum V; (mms™1) of all soils at optimum conditions
(optimum temperature, optimum soil WC) in relation to the mea-
sured bulk density (g citf). From left to the right, data points are
the maximumV,; of the Finnish, Chinese, Siberian and the German
soil.

pﬁrformrc]ad at temp(lar?tur(;s getween é(r)].an%"’:\flgqriS q pacity of soils is based on biological (enzymatic) consump-
shows the/y (mm s~ for the German, Chinese, Finnish an tion needs to be investigated. As shown by Kesselmeier et

Siberian soil in relation to incubation temperatures betweerhI (1999) an inhibition of the carbonic anhydrase resulted

10 and 35C. Al four soils fo!lowed a similar uptake pat_- in only 50% inhibition of COS uptake. It remains unsolved
tern. The uptake increased with temperature up to an optim hether non-inhibited enzymes or non-enzymatic decompo-

range, followed by a sharp decre_ase fat_hlg_her temperatureSg;iion can explain this gap. Further studies needed are deter-
In contrast to the German soil, originating from a more yinations of the COS uptake in the field which would give
temperate climate, the boreal soils reached a maximum depoy petter idea about estimating the sink strength of soils on
sition velocity at surprisingly high temperatures between 25, yegional and global scale. Answers to these question will
and 30C. The optimum temperature in the case of the Ger-hg|5 1o significantly reduce the existing uncertainties about
man soil was found at around 5 which is in close agree-  he glohal COS budget. As this study can not deliver an esti-
ment with the earlier _flndmgs of Kesselmeier et al. (1999). mation of sink strength we can only state that all soil types in
We have no explanation, but we may speculate. We expeds investigation were acting as sinks. Taking into account
that thel range of uptake rates is depending on the microbigj,4¢ i) most soils may act as sinks for COS and ii) a poten-
populations. We assume that the micro-organisms of the bogia|ly strong underestimation of the sink strength of vegeta-
real soils (Chinese, Finnish and Siberian soil) are adapted tggp, (Sandoval et al. 2005), we consider an underestimation

more extreme temperature ranges and thus will be active att known and unknown sources to be responsible for an un-
higher temperatures. The German soil belongs to a temperaig;janced COS budget.

zone, where temperatures are not varying so extremely over
the year. Thus the results may be discussed as an adaptatia@knowledgementsThis work was made possible by the support
of the boreal soils to higher temperatures. of the Max Planck Society and the International Max Planck
The behavior of exchange processes exh|b|t|ng temperReseal’Ch SChOO| on Atmospheric Chemistry and PhySi.C.S, Mainz.
ature optima as well as dependence on humid conditiondVe especially thank H. Stenner from Mainz for providing the
clearly supports the influence of a biological process. TheSerman S_O'I’ . v .for _bnngm_g the Chinese soil, K. Katrynski
. . ; Jor collecting the Siberian soil samples and G. Eerdekens for
enzymatically based COS uptake is quite well understoo shipping the Finnish soil to Germany. We thank W. Dindorf from
(Protoschill-Krebs and Kesselmeier, 1992; Protoschill-Krebs,

i > A ) the laboratory of Micro-analytics of the University in Mainz for
et al., 1996; Haritos and Dojchinov, 2005). Carbonic an- providing data on soil chemical characteristics. We also gratefully

hydrase (CA) has been identified as the controlling enzymeycknowledge the help of T. W. Andreae with the manuscript.
for COS uptake in algae, lichens, higher plants and soil

(Protoschill-Krebs et al., 1996; Kesselmeier et al., 1999;Edited by: A. Neftel
Blezinger et al., 2000; Kuhn and Kesselmeier, 2000). How-

ever, as we have learned more about the role of diffusivity

dominated by WFPS and bulk density from our studies, there

is a need to investigate more soil types in order to allow

modeling of soil atmosphere exchange of COS on a global

scale. Furthermore, the question how much of the uptake ca-
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