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Subseafloor environments has already been recog-
nized as the largest biosphere on the planet Earth, how-
ever, the microbial diversity and activity has been still
poorly understood, even in their impacts on biogeo-
chemical processes, tectonic settings, and paleoenviron-
mental events. We demonstrate here the evaluation of
microbial community structure and active habitats in
deeply buried cold marine sediments collected from the
Sea of Okhotsk by a combined use of molecular ecolog-
ical surveys and culturing assays.

The piston core sediment (MDO01-2412) was col-
lected by IMAGES (International Marine Global
Change Study) Project from the southeastern Okhotsk
Sea, June 2001. The total recovered length was about
58m. The lithology of the core sediment was mainly
constructed from pelagic clay (PC) and volcanic ash
layers (Ash). We collected aseptically the most in-
side core parts from 16 sections at different depths
for microbiological study. The direct count of DAPI-
stained cells revealed that the cells in Ash samples
were present 1.2 to 2.2 times higher than in PC sam-
ples. The quantitative-PCR of 16S rDNA between bac-
terial and archaeal rDNA suggested that the increased
population density in Ash layers was caused by the
bacterial components. We studied approximately 650
and 550 sequences from bacterial and archaeal rDNA
clone libraries, respectively. The similarity and phylo-
genetic analyses revealed that the microbial community
structures were apparently different between in Ash
layers and PC samples. From bacterial tDNA clone
libraries, the members within gamma-Proteobacteria
such as genera Halomonas, Shewanella, Psychromonas
and Methylosinus were predominantly detected in Ash
layers whereas the Dehalococcoides group and delta-
Proteobacteria were major bacterial components in PC
samples. From archaeal libraries, the sequences from
Ash and PC samples were affiliated into the clusters
represented by the environmental sequences obtained
from terrestrial and deep-sea environments, respec-
tively. We evaluated the activity of microorganisms in
subseafloor environments by the culturing assay. The
colony forming unit (CFU) counts on three kinds of me-
dia and at four different incubation temperatures (5,
15, 25, 35 deg.C) revealed that the bacteria in Ash lay-
ers were in fact alive even at around in-situ temperature
(<15 deg.C). In addition, the rDNA phylogenetic anal-
ysis of these isolates indicated the consistency results
of environmental rDNA analyses.

In conclusion, the permeable ash layer buried in
subseafloor environments is significant for discrete mi-
crobial habitat, and at least most of bacteria in ash
layers within 60 m are indeed alive and may impact on
the biogeochemical circulations in subseafloor environ-
ments.
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This paper presents and validates a new paradigm
for modeling complex biogeochemical systems using a
diagonalized reaction-based approach. The bioreduc-
tion kinetics of hematite by the dissimilatory metal-
reducing bacterium (DMRB) Shewanella putrefaciens
strain CN32 in the presence of the soluble elec-
tron shuttling compound anthraquinone-2,6-disulfonate
(AQDS) is used for presentation/validation purposes.
Experiments were conducted under nongrowth condi-
tions with H2 as the electron donor. In the pres-
ence of AQDS, both direct biological reduction and
indirect chemical reduction of hematite by bioreduced
anthrahydroquinone-2,6-disulfonate (AH2DS) can pro-
duce Fe(II). Separate experiments were performed to
describe the bioreduction of hematite, bioreduction
of AQDS, chemical reduction of hematite by AH2DS,
Fe(II) sorption to hematite, and Fe(II) biosorption to
DMRB. The independently determined rate parameters
and equilibrium constants were then used to simulate
the parallel kinetic reactions of Fe(II) production in the
hematite-with-AQDS experiments. Previously deter-
mined rate formulations/parameters for the bioreduc-
tion of hematite and Fe(II) sorption to hematite were
systematically tested by conducting experiments with
different initial conditions. As a result, the rate for-
mulation/parameter for hematite bioreduction was not
modified, but the rate parameters for Fe(II) sorption to
hematite were modified slightly. The hematite biore-
duction rate formulation was first-order with respect
to hematite free surface sites and zero-order with re-
spect to DMRB based on experiments conducted with
variable concentrations of hematite and DMRB. The
AQDS bioreduction rate formulation was first-order
with respect to AQDS and first-order with respect to
DMRB based on experiments conducted with variable
concentrations of AQDS and DMRB. The chemical re-
duction of hematite by AH2DS was fast and consid-
ered to be an equilibrium reaction. The simulations of
hematite-with-AQDS experiments were very sensitive
to the equilibrium constant for the hematite-AH2DS re-
action. The model simulated the hematite-with-AQDS
experiments well if it was assumed that the ferric oxide
surface phase was a non-crystalline hydroxide rather
than hematite. This is the first reported study where
a diagonalized reaction-based model was used to simu-
late parallel kinetic reactions based on rate formula-
tions/parameters independently obtained from segre-
gated experiments.
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Microbial reactions play an important role in reg-
ulating pore water chemistry (e.g., pH and Eh) as
well as secondary mineral distribution in many sub-
surface systems and therefore directly control trace
metal migration and recycling in those systems. In
this paper, we present a multicomponent kinetic model
that explicitly accounts for the coupling of micro-
bial metabolism, microbial population dynamics, ad-
vective/dispersive transport of chemical species, aque-
ous speciation, and mineral precipitation/dissolution in
porous geologic media. A modification to the tradi-
tional microbial growth kinetic equation is proposed,
to account for the likely achievement of quasi-steady
state biomass accumulations in natural environments.
A scale dependence of microbial reaction rates is de-
rived based on both field observations and the scaling
analysis of reactive transport equations. As an exam-
ple, we use the model to simulate a subsurface contami-
nant migration scenario, in which a water flow contain-
ing both uranium and a complexing organic ligand is
recharged into an oxic carbonate aquifer. The model
simulation shows that Mn and Fe oxyhydroxides may
vary significantly along a flow path. The simulation
also shows that uranium (VI) can be reduced and there-
fore immobilized in the anoxic zone created by micro-
bial degradation.

Sandia is a multiprogram laboratory operated by
Sandia Corporation, a Lockheed Martin Company, for
the United States Department of Energy (US DOE) un-
der Contract DE-AC04-94AL85000.
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The public domain reactive transport code RT3D
(Clement, 1997) is a general-purpose numerical code
for solving coupled, multi-species reactive transport
in saturated groundwater systems. The code uses
MODFLOW to simulate flow and several modules of
MT3DMS to simulate the advection and dispersion pro-
cesses. RT3D employs the operator-split strategy which
allows the code solve the coupled reactive transport
problem in a modular fashion. The coupling between
reaction and transport is defined through a separate
module where the reaction equations are specified. The
code supports a versatile user-defined reaction option
that allows users to define their own reaction system
through a Fortran-90 subroutine, known as the RT3D-
reaction package. Further a utility code, known as
BATCHRXN, allows the users to independently test
and debug their reaction package. To analyze a new
reaction system at a batch scale, users should first run
BATCHRXN to test the ability of their reaction pack-
age to model the batch data. After testing, the reac-
tion package can simply be ported to the RT3D en-
vironment to study the model response under 1-, 2-
, or 3-dimensional transport conditions. This paper
presents example problems that demonstrate the meth-
ods for moving from batch to field-scale simulations us-
ing BATCHRXN and RT3D codes. The first example
describes a simple first-order reaction system for simu-
lating the sequential degradation of Tetrachloroethene
(PCE) and its daughter products. The second exam-
ple uses a relatively complex reaction system for de-
scribing the multiple degradation pathways of Tetra-
chloroethane (PCA) and its daughter products.

References

1) Clement, T.P, RT3D - A modular computer
code for simulating reactive multi-species transport
in 3-Dimensional groundwater aquifers, Battelle Pa-
cific Northwest National Laboratory Research Re-
port, PNNL-SA-28967, September, 1997. Available at:
/bioprocess.pnl.gov/rt3d.htm.

B72B-0764 1330h POSTER

Reactive Iron deposition and ground
water inflow control neutralization
processes in acidic mine lakes

Christian Blodau (0049-921-552223;
christian.blodau@uni-bayreuth.de)

Limnological Research Station and Department of
Hydrology, University of Bayreuth,
taetsstrasse 30, Bayreuth 95444, Germany

Universi-

The controls on the internal neutralization of highly
acidified waters by iron sulphide accumulation are
yet poorly understood. To elucidate the influence of
ground water inflow on neutralization processes, inven-
tories of solid phase iron and sulphur, pore water pro-
files and rates of ferrous iron and sulphate production
and consumption were analyzed in different areas of
an acidic mine lake. Ground water inflow had previ-
ously been determined by ground water modelling and
chamber measurements (Knoll et al., 1999). The in-
vestigated sediments adjacent to mine tailings, which
were subject to the inflow of groundwater (10-30 L d-1
m-2), were richer in dissolved ferrous iron iron (30 vs.
5 mmol L-1) and sulphate (30 vs. 10 mmol L-1) and
showed higher pH values (6 vs. 4) than the sediments
in areas of the lake not being influenced by groundwa-
ter inflow. Sediments adjacent to the mine tailings also
showed higher rates of sulphate reduction and iron sul-
phide accumulation (Fig. 1). From these data it is sug-
gested that neutralization processes in iron rich, acidic
mine lakes neutralization processes primarily occur in
areas influenced by the inflow of acid mine ground-
water. These waters usually have considerably higher
pH values than the surface waters in the lakes due to
buffering processes in the tailings. The seepage of this
water through the sediment might thus lead to higher
pH values and thus to a higher thermodynamic compet-
itiveness of sulfate reduction vs. iron reduction (Blo-
dau and Peiffer 2002). This causes increased neutral-
ization rates. These findings have consequences for re-
mediation measures in highly acidic lakes. In areas in-
fluenced by the inflow of mine drainage increases in car-
bon availability, for example by the deposition of par-
ticulate organic matter, should enhance iron sulphide
formation rates, whereas in other areas increases in car-
bon availability would only result in enhanced rates of
iron reduction without a lasting gain in alkalinity.

Blodau, C. und Peiffer, S. (2002): Thermodynam-
ics and organic matter: Constraints on the internal
neutralization of highly acidic waters. Applied Geo-
chemistry, in print. Knoll, D. Weber, L., und Schfer,
W. (1999): Grundwasseranbindung von alten Tage-
baurestseen im Niederlausitzer Braunkohletagebauge-
biet.Grundwasser 2/99: 55-61
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Cr(VI) reduction tests were performed with the well
known metal reducing bacterium Shewanella oneiden-
sis MR-1 in liquid phase batch reactors and continu-
ous flow soil columns under anaerobic conditions. In
the batch tests, the cultures were grown with fumarate
as the terminal electron acceptor and lactate as the
electron donor in a simulated groundwater medium to
determine yield coefficients and specific growth rates.
The bench-scale soil column experiments were carried
out with MR-1 to test the hypothesis that the kinetic
parameters obtained in batch studies, combined with
microbial attachment /detachment processes, will ac-
curately predict reactive transport of Cr(VI) during
bacterial Cr(VI) reduction in a soil matrix. Cr(VI)-
free simulated groundwater media containing fumarate
as the limiting substrate and lactate was supplied to
a 2.1lcm (ID) x 15 cm soil column inoculated with
MR-1 for a duration of 9 residence times to allow for
biomass to build-up in the column. Thereafter the
column was supplied with both Cr(VI) and substrate.
The concentrations of effluent substrate, biomass and
Cr(VI) were monitored on a periodic basis and attached
biomass in the column was measured in the termina-
tion of each column test. A reactive transport model
was developed in which 6 governing equations deal with
Cr(VI) bioreaction, fumarate (as electron donor) con-
sumption, aqueous biomass growth and transport, solid
biomass detachment and attachment kinetics, aqueous
and solid phase enzyme reaction and transport, respec-
tively. The model incorporating the enzyme reaction
kinetics for Cr(VI) reduction, Monod kinetic expres-
sions for substrate depletion, nonlinear attachment and
detachment kinetics for aqueous and solid phase mi-
croorganism concentration, was solved by a fully im-
plicit, finite-difference procedure using RT3D (A Mod-
ular Computer Code for Reactive Multi-species Trans-
port in 3-Dimensional Groundwater Systems) platform
in one dimension. Cr(VI)-free column data was used
to calibrate the biomass attachment and detachment
terms used in the model. Column data collected with
Cr(VI) in the influent was used to calibrate the model.
The modeling results indicate that the Cr(VI) and sub-
strate predictions match closely with the column data.
The calibrated model was also able to match attached
biomass profiles within the column as well as aqueous
biomass in the effluent.
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Reactive transport models can account for the com-
plex set of transport and reaction processes that control
the geochemical conditions in aquatic sediments. A di-
agnostic indicator of reaction processes is pore water
pH. Thus, the combination of high resolution pH pro-
files and reactive transport models has the potential to
unravel the interplay of the major biogeochemical pro-
cesses occurring in sediments.

Existing models do not satisfactorily reproduce
measured pH profiles, however. This points to an in-
complete understanding, or inadequate representation
of the processes that affect the proton balance in sedi-
ments. In order to quantify the factors controlling pore
water pH distributions, we adopt a systematic approach
to modelling the relevant processes. In this contribu-
tion, the role of particulate deposition fluxes and cal-
cite dissolution are evaluated.

We use the Biogeochemical Reaction Network Sim-
ulator (BRNS), which provides an efficient and flexible
modelling environment in that modifications of model
formulations are easily implemented and tested. The
kinetic formulations of primary and secondary redox re-
actions, aqueous carbonate and sulfide equilibrium re-
actions, and calcite dissolution kinetics constitute the
reaction network. These reactions are coupled to the
transport processes: sedimentation, diffusion, and bio-
turbation in one dimension.

The buffering effect of calcite dissolution on the
pH profiles is evaluated quantitatively under contrast-
ing conditions of inorganic carbon fluxes reaching the
sediment-water interface. Two simulation environ-
ments are considered, namely deep-sea sediments above
and below the lysocline, for which published data exist.
These environments display similar redox conditions,
yet distinctly different pH profiles. The calculated pH
profiles are found to be a highly non-linear function of
the solid (organic and inorganic) deposition fluxes. By
varying the organic carbon flux, a close correlation be-
tween the oxygen penetration depths and the depths of
pH minima is observed. This correlation is independent
of the pH buffering by calcite dissolution.
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Growing populations, increasing water demands,
and worsening environmental conditions have led to
the need for new water supplies in addition to exist-
ing surface and groundwater. Recycled water is being
considered as one of new water supplies, and a wide
variety of options to reuse water has been developed.
Where soil and groundwater conditions are favorable,
artificial recharge of water through infiltration basins
results in a significant improvement in water quality.
The unsaturated (vadose) zone acts as a natural filter
where physico-chemical and biological processes oper-
ate to remove pollutants of concern such as suspended
solids, organic and inorganic materials, bacteria, and
viruses. The saturated subsurface provide seasonal and
longer storage, as well as additional treatment. We
developed a 3-dimensional numerical model to simu-
late the physico-chemical and biological behavior of key
constituents, including nitrate, organic carbon, oxygen,
ammonia, in recycled water as a consequence of trans-
port in soil/groundwater systems. The model devel-
oped in this study was found to effectively describe the
dynamics of the key constituents and microorganisms
in both unsaturated and saturated subsurface environ-
ments. Then, the model was employed to estimate op-
timum operational conditions of the soil aquifer treat-
ment process. Operation conditions relating to dis-
solved oxygen levels were found to be a key to obtaining
desired water quality improvements. Our ultimate goal
is to estimate long-term sustainability of systems and
evaluate the efficacy of this approach.
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Experience has demonstrated the poor performance
of conventional approaches to remediating NAPL con-
taminated sites (e.g. pump-and-treat, air sparging,
soil vapor extraction, etc.). More recently, researchers
have been investigating novel approaches to NAPL
source zone treatment such as the HERTZ (Halores-
piration Enhancing Redox Transition Zone) technol-
ogy for bioremediation where carbon sources are in-
jected into the subsurface enhancing in situ reductive
dechlorination of halogenated NAPLS (i.e. PCE, TCE).
Although this innovative approach has proven effec-
tive in controlled small-scale laboratory experiments,
this technology still remains relatively unverified at the
field scale in a natural subsurface environment. One
tool for evaluating the performance of HERTZ in the
more complex subsurface is detailed numerical simu-
lation through sophisticated biogeochemical transport
modeling.

Recent advances in computational science including
superior computational hardware, more efficient nu-
merical algorithms and increased understanding of the

2002 Fall Meeting F239

governing equations describing biogeochemical trans-
port have enabled the use of numerical models to more
accurately predict/validate the performance of differ-
ent remediation strategies. In this presentation we in-
vestigate the use of numerical models to describe NAPL
source zone treatment using HERTZ. The multicompo-
nent reactive transport model PARTRAN is used in the
simulations. This model is capable of tightly coupling
three-dimensional transport and geochemical reaction
on large, high-resolution grids through the use of paral-
lel high-performance supercomputers. Simulations are
carried out to investigate the influence of small-scale
heterogeneities on retainment of NAPL contamination
during remediation.

URL: http://www.cee.uiuc.edu/transport/
publications/hammond/agu2002/
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Soil surface COg flux (Fs) is generated primarily

by microbial and root respiration. Evaluation of which
ecosystem parameters dominate production and trans-
port of COg in soil is necessary to determine those
land management techniques that cause an agroecosys-
tem to be a source or sink of carbon. The objective
of this study was comparison of numerical model (UN-
SATCHEM) results to field measurements of Fs by a
chamber flux measurement system. Soil temperature,
moisture, microbial biomass C, microbial activity, leaf
area index (LAI) and Fs were monitored at a winter
wheat (Triticum aestivum L.) site in Oklahoma from 1998-
2001. Fs rates were highest during December-May ( 8
pumoles m~2 s—1). Microbial respiration was 82% of
the total annual flux (1100 g C m™2) for this sys-
tem. A Qg of 2.9 (rZ:OA998) was determined from
48 h laboratory soil incubations at temperatures be-
tween 5 and 45°C. Initial UNSATCHEM modeling of
COg production and transport in the uppermost 1.5 m
for 958 days starting August 21, 1997 was conducted
using standard COg production parameter values for
microbial and root respiration. Model prediction gen-
erally conformed to measured soil surface COqg flux but
during each springtime, the period of rapid growth of
the wheat, the measured fluxes exceeded model predic-
tions by a factor of approximately 2.5.
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In natural waters, yttrium and the rare earth el-
ements (YREE) are mostly complexed with inorganic
anions such as carbonate and chloride. YREE com-
plexation with sulfate is minor (<5%) in seawater and
generally negligible in fresh waters, yet it can be quite
important in situations where oxidation of pyrite leads
to high dissolved sulfate concentrations. The devel-
opment of a consensus pattern of stability constants
for YREE monosulfato-complexes has a quite convo-
luted history. It is based on a 1974 ’'compilation’ that
was derived from a much older, somewhat question-
able, dataset, by adding interpolations and omitting a
few elements. During subsequent transcriptions, some
errors were introduced and the omitted data were in-
terpolated rather than replaced with the original val-
ues. All this has resulted in a consensus pattern that is
essentially flat, without any structure or fractionation
between light and heavy REE. It is widely quoted and
has been used to argue that sulfate complexation does
not cause YREE fractionation. Conversely, flat YREE
patterns in natural waters have been taken as evidence
for substantial complexation of the YREE with sulfate.
‘We have taken a new approach to measuring the stabil-
ity constants of all YREE monosulfato-complexes with
the greatest possible precision. Stability constants were
determined by comparing the solubility of barium sul-
fate in YREE chloride solutions and in an ammonium
chloride reference solution, all at the ionic strength of
seawater. The reference solution and solutions of indi-
vidual YREE chlorides were equilibrated with a small
amount of high purity barium sulfate at t = 25°C for
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at least one week. The equilibrated solutions were then
filtered and analyzed for concentrations of YREE and
Ba (ICP-MS), chloride and sulfate (ion chromatogra-
phy), and pH (glass electrode). A simple model was
used to determine the stability constants from these
measurements.

Averaged results from four experiments, two with and
two without added sulfate, have standard deviations of
0.03 log units or less. Within this precision, the pattern
of stability constants is not flat, as has been assumed,
but has a very distinct shape. The pattern is nearly
flat from La to Gd, possibly with a slight maximum
at Eu. From Gd to Lu it shows a gradual and almost
linear decrease, with the stability constant of Lu being
more than 0.2 log units below that of La. The stabil-
ity constant of Y is close to that of Er. Our pattern
is in broad agreement with several careful earlier stud-
ies that have been largely ignored in the recent litera-
ture. Comparison with the substantial body of existing
work also indicates that our stability constants are well
within the published range for individual YREE. This
revised pattern may have significant consequences for
the interpretation of YREE patterns in high-sulfate en-
vironments such as runoff from mine tailings and cer-
tain groundwaters.
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The reactive surfaces of bacteria and minerals
can determine the fate, transport, and bioavailabil-
ity of aqueous heavy metal cations. Geochemical
models are instrumental in accurately accounting for
the partitioning of the metals between mineral sur-
faces and bacteria cell walls. Previous research has
shown that surface complexation modelling (SCM) is
accurate in two-component systems (metal:mineral and
metal:bacteria); however, the ability of SCMs to ac-
count for metal distribution in mixed metal-mineral-
bacteria systems has not been tested. In this study,
we measure aqueous Cd distributions in water-bacteria-
mineral systems, and compare these observations with
predicted distributions based on a surface complexation
modelling approach.

We measured Cd adsorption in 2- and 3-component
batch adsorption experiments. In the 2-component ex-
periments, we measured the extent of adsorption of 10
ppm aqueous Cd onto either a bacterial or hydrous fer-
ric oxide sorbent. The metal:bacteria experiments con-
tained 1 g/L (wet wt.) of B. subtilis, and were con-
ducted as a function of pH; the metal:mineral exper-
iments were conducted as a function of both pH and
HFO content. Two types of 3-component Cd adsorption
experiments were also conducted in which both mineral
powder and bacteria were present as sorbents: 1) one in
which the HFO was physically but not chemically iso-
lated from the system using sealed dialysis tubing, and
2) others where the HFO, Cd and B. subtilis were all in
physical contact. The dialysis tubing approach enabled
the direct determination of the concentration of Cd on
each sorbing surface, after separation and acidification
of each sorbent.

The experiments indicate that both bacteria and
mineral surfaces can dominate adsorption in the sys-
tem, depending on pH and bacteria:mineral ratio. The
stability constants, determined using the data from the
2-component systems, along with those for other sur-
face and aqueous species in the systems, were used with
FITEQL to independently predict the amount of ad-
sorption and the partitioning of the Cd in the bacteria-
metal-mineral systems. Results from these comparisons
suggest that surface complexation modelling is a vi-
able resource for predicting metal partitioning in multi-
sorbent geologic systems.
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The reaction kinetics of a-alanine under

enzymatic, aqueous hydrothermal conditions has been

non-

the subject of few experimental studies. Varying con-
clusions on the alanine system have been reached,
with some observing breakdown by pathways such as
decarboxylation, and others observing polymerization
and cyclization reactions (e.g. Abelson et al.(1957),
Berhardt et al.(1984), Kawamura et al.(2001), Li et
al.(2002), Vallentyne et al.(1964)). We have been able
to observe the reaction kinetics of alanine in situ

at temperature and pressure with a special gold-lined
spectrophotometric cell which is also itself the reaction

vessel. The identities of the reaction products were

further confirmed using ion chromatography (Dionex
AminoPAC). A postulated reaction scheme involving
reversible polymerization and irreversible breakdown
pathways will be presented and its dependence on tem-
perature and other factors will be discussed, with an
aim to reconciling conflicting data in the literature.
Rate constants for this scheme, derived mathematically
from the experimental data using a factor analysis-
based method, will be presented up to 185 °C and 20
bar.

URL: http://www.geochem.ethz.ch
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The ability of butane-utilizing microorganisms to
aerobically cometabolize a mixture of chlorinated
aliphatic hydrocarbons (CAHs) in laboratory micro-
cosms and in an in-situ field demonstration was mod-
eled using parameter values measured in laboratory
experiments. The butane grown culture was inocu-
lated into soil and groundwater microcosms and ex-
posed to butane with several repeated additions of
1,1,1-trichloroethane (TCA), 1,1-dichloroethylene (1,1-
DCE), and 1,1-dichloroethane (1,1-DCA) at aqueous
concentrations of 200 pg/L, 100 pg/L, and 200 pg/L,
respectively. The utilization of butane and the trans-
formation of the CAH mixture in the batch microcosms
were simulated using differential equations accounting
for Michaelis-Menten kinetics with cell growth and de-
cay, substrate utilization, transformation product tox-
icity, and substrate inhibition of CAH transformation.
Both competitive inhibition kinetics and mixed inhibi-
tion kinetics, determined in prior laboratory studies,
were included in the model construct. The equations
were solved simultaneously using fourth-order Runge-
Kutta numerical integration. The batch microcosm
experimental results were simulated well with param-
eter values determined independently in culture ki-
netic studies, with some minor adjustments. Having
adequately defined the parameter values from labora-
tory studies, the biotransformation model was com-
bined with 1-D advective-dispersive transport to sim-
ulate the results of in-situ bioremediation tests con-
ducted at the Moffett Field Test Facility in CA. The
butane-utilizing culture was injected into a 7 m subsur-
face test site and exposed to alternating pulses of oxy-
gen and butane, along with TCA (150 pg/L), 1,1-DCE
(50 pg/L) and 1,1-DCA (150 pg/L). The model sim-
ulated well the transient transformation of the CAHs
in response to different butane and oxygen pulse cycles
and injection concentrations. Model simulations corre-
lated well with field results and indicated that better
remediation performance was achieved when more bu-
tane and oxygen were injected in the field test plot with
short pulse cycles. 1,1-DCE was the most effectively
transformed, followed by 1,1-DCA, and TCA, consis-
tent with model predictions. The model simulations
also indicated that as time proceeded, indigenous mi-
croorganisms were likely responsible for the effective
transformation of 1,1-DCE and limited transformation
of 1,1-DCA and TCA. This was consistent with PCR
based molecular analysis of the microbial population
that was stimulated.
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Controls on the seasonal cycle of NEE:
Inferring temperature dependence of
photosynthesis in evergreen needleleaf
forests using eddy covariance data
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An earlier study showed that simulations of cou-
pled energy, water, carbon, and nitrogen cycles across
a broad climate gradient in evergreen needleleaf forests
were able to capture between-site variability in leaf
area and annual and seasonal variability in evapotran-
spiration within and across sites, but that the simu-
lated seasonal cycle of net ecosystem exchange of car-
bon (NEE) compared poorly to observations. In this
study we show that this model bias is associated with
the choice of Rubisco enzyme kinetic parameters. Op-
timization to minimize the model bias in seasonal cycle
of NEE at each site results in a range of kinetic pa-
rameters across the climate gradient. We present re-
sults relating the optimized parameters to site climate.
We also demonstrate the influence of model bias in the
seasonal cycle of NEE on model estimates of NEE at
annual and longer time scales.
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Generic relationships between the lifespan, physi-
ology and biochemistry of leaves have recently been
quantified for the first time in contrasting biomes and
functional groups. These relationships have impor-
tant consequences for ecosystem biogeochemical cycles,
and therefore offer the potential for simulating large-
scale forest properties on the basis of leaf lifespan. We
have used the scaling mechanisms involved to develop
the University of Sheffield Conifer Model (USCM), a
tool for simulating conifer carbon, nitrogen, and water
fluxes using data on leaf lifespan, climate and soils as
inputs. Simulations of net primary production and par-
titioning, leaf area index, evapotranspiration, nitrogen
uptake and land surface energy partitioning show close
agreement with observations from sites across a wide
climatic gradient. This indicates the generic utility of
our model for modern forests, and adequate represen-
tation of the key processes involved in forest function.
The new development of a technique for estimating leaf
lifespan from the anatomical properties of fossil woods
provides a secure basis for extrapolating model simu-
lations to conifer forests of the geological past. Fu-
ture simulations with our model will therefore examine
conifer forest feedbacks on paleoclimate during warm
intervals in the Mesozoic and early Tertiary.
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