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The D13 Puzzle

A huge number of
experiments.

About 30 model JL’SL
parameters. %

4 000 Calculations
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Enzyme Kinetics

specific rate

a | ~
A= Ki
i—j [ . ; .
= +['+1]j+[i][1+ ['1)
\ Ki—1 Ki+1 Kii
\ P
saturation self-inhibition

3x4 Parameters
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Kinetic Parameter Set

ki Ki Kii
pumol/pg/d UM UM
PCE 0.06 1.6 0
TCE 0.60 18 | 900
DCE 0.07 18 | 750
VC 0.008 5 750
N

[ batch & column tests }

{ pure
culture

modified literature data
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Zenne / DCE degradation

0,014 |

‘ 0O L — | |
T 0 0,012 + FAST ‘// 0 d]
initial population X, o / = DR o
=" i —— VC - model
Hg/L pore water %0’008 \ / — ETH-mae
FAST 800 e ) A VC-fact
= f
MID 5 50004 D/ \ O ETH - fact
SLOW 05 0,002 §< \\\
AN
xSLOW 0.01 0,000 O —O= o ®
A 0,014 T T ] J] O
0012 | MID //’
= DCE - model
a” data S 0,010 //’A-\\ // — \VC - mrcT)]cczl)eIe
bundled into E 0008 1 Iy — ETH - model
5 \>< O DCE - fact
4 groups § 0,006 A A VC -fact
: E o /A \ O ETH - fact
fitted N
parameter 0002 > N
0,000 S O O————== )

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
days

January 2006 @ UMWELTLEISTUNGEN



Variation of X,
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CAH-Modeling

Population
Dynamics

enne DCE
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Bacterial Growth

y
Individual Cell Populations of Cells
(Cell Growth) Increase in
Increase in Total Number of Cells
Cellular Mass
and Size X @
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Population Growth for various X,
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CAH-Modeling

BATCH TEST

VC and DCE
degradation
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Zenne / VC Degradation
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Bela Site L
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CAH-Modeling

BATCH TEST

The complete
degradation chain
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PCE Degradation
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Ignoring Adsorption
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Mass Balance for PCE Degradation
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Bela / Aquifer Material
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Bela / Aquifer Material
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CAH-Modeling

COLUMN TEST

Overview
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Geometry and Material Parameters

parameter symbol unit Zenne Bela
column length L cm 105 50
cell length AX cm 1.5 2.5
cell number N = L/AX — 70 20
inner diameter d cm 4.2 3.8
cross section A = ntd?/4 cm? 13.85 11.34
porosity 3 m3/m3 0.40 0.31
cell volume AV cm? 20.8 28.4
pore volume AV e = €AV cm? 8.3 8.8
flow rate Q mL/d 15 226
time step (advect.) At=AV, [Q h 13.3 0.93
time step (kinetic) At h 0.83 0.09
sediment density Py g/cm? 1.62 1.23
dispersivity o cm 7.5 7.5
org. matter content o 0/g 0.007 0.013
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Zenne / Sediment Columns
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Zenne / Sediment Columns
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Bela / Sediment Columns
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Bela / Sediment Columns
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Two-Strain Model

Population f G h
Dynamics a—— YQ, -T'X®W
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columns Y=10 pg/pM
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CAH-Modeling

CALCULATING
CFU’s

January 2007



Number of Cells per gram dry Soil [cfu/g]

‘ biomass per Liter

pore water [ug/L]
Bacteria cell Q >/\
F 1..3um 4

m. = 1.2g/cm®-25um° = 3.10°° pg

cell —
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Microbial Diversity
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Model Results: CFU/g
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CAH-Modeling

PROGRAM
CAPABILITIES
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“Between-the-Discipline Model”
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Two Options of the CAH-Model

Layer A Layer B Layer C
§ — ~ — — ™
]
= j>
[
£
Reactive 1D-Transport
Bulk Water
o i . g -
- > -~ - -
Batch Test Sediment (Pore Water)
(Kinetics only)
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Dynamical-Model Capabillities

D12 D13 »—— Now used
Population Dynamics X
Anaerobic Pathway X X

Aerobic Pathway

T-Dependence

pH-Dependence

Nutrient Limitation

Enzyme Kinetics

0O2-competition
Advection + Dispersion X .~ Finally used

Time-Dependent Inflow

Multi-Layer

Transport

Heterogeneous Populations

Complete Analyses
Open CO2-System
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PHREEQC

Total Program
Capability

lon-Exchange
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CAH-Modeling

MODEL LIMITATION

Upper Bound
for X
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Complete Degradation Chain (Symbiosis)

DOC
[ Fermentation } CAH
} - ) R _
” Dechlorination
Acetat L ) CO,
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Problem Solving (provisional)

to prevent unlimited population growth extra parameter
to simulate limited e-Donor supply Xmax

Source Code

unaesthetic !
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CAH-Modeling

SUMMARY

and
Conclusions
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Conclusions — Part |

“Environmental Microbiology” is highly complex
(more than pure culture media)

Our approach is only a first step towards a
“Quanitative Microbiology”

ONE kinetic dataset exist for batch/column tests from
Zenne and Bela sites (but not unique due to unknown X;)

ONONO

January 2006 @ UMWELTLEISTUNGEN



Batch Reaction

Initial Bulk Water Initial Pore Water Adsorption Sediment Water Bacteria Strain A Bacteria Strain B
Batch Test PCE | TCE | DCE VC ETH PCE | TCE | DCE VvC f oc rho porosity | m_sed V_bulk X0 X_max X0 X_max

uM uM UM UM UM uM UM uM UM % g/lcm3 m¥m3 g mL Mg/l Mg/l Mg/l Mg/l

DCE_FAST 36 8 15 36 8 0,7 1,62 0,40 30 70 800 4000

DCE_MID 3,6 8 15 3,6 8 0,7 1,62 0,40 30 70 2 4000

o | DCE_SLOW 3,6 8 15 3,6 8 0,7 1,62 0,40 30 70 0,5 4000

? DCE_XSLOW 36 8 15 36 8 0,7 1,62 0,40 30 70 0,01 4000
% VC_XFAST 35 10 35 0,7 1,62 0,40 30 70 3000

~ VC_FAST 35 5 35 0,7 1,62 0,40 30 70 2400 6000

VC_MID 35 5 35 0,7 1,62 0,40 30 70 1400 5000

VC_LOW 35 5 35 0,7 1,62 0,40 30 70 700 3500

DCE_1 10,3 5 13 1,23 0,31 58 110 100 1400

DCE_10 103,2 5 13 1,23 031 58 110 100 1400

DCE_50 300 5 13 1,23 0,31 58 110 100 1400

PCE_1 6 3 13 1,23 0,31 58 110 2000 6000 100 1400

PCE_10 60,3 3 13 1,23 0,31 58 110 2000 6000 100 1400

PCE_50 220 13 1,23 0,31 58 110 2000 6000 100 1400

'% DCE_HW 103 04 1,23 0,31 58 110 10 1400

§ DCE_SW 103 04 1,23 0,31 58 110 1 500

PCE_HW 12 04 1,23 0,31 58 110 1 500 10 1400

PCE_SW 12 04 1,23 0,31 58 110 0,01 200 1 500

HW2 260 15 50 0 1,14 0,21 58 110 0,5 1800 10 2800

HW3_CS 260 15 50 0 1,14 0,21 58 110 0,5 2600 10 2800

HW4 260 15 50 03 1,14 0,21 58 110 0,02 3000 1 2800

HW4_BI 260 15 50 03 1,14 0,21 58 110 0,02 3000 1 2800
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Conclusions — Part |l

@ Population is time-dependent (non-constant);
at least two strains for complete CAH-degradation

@ Deduced CFU’s are in accord with other estimations

OUTLOOK - Future Model Extensions:

Symbiosis of fermentative and respirative bacteria

Calculation of 8'C data (for isotopic analysis)
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Modeling in WP5

Batch tests

1 Model for 3 Tasks

\

kinetic data )

\ 4

Column tests

transport data )

Field sites

Dynamical Modeling )
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SEDBARCAH Computer Program

I: new start @ Chem with PhreeqC
@ conlinue

kCHM
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kOUX

N cell 40
steps = 400
T [P¥] 10,0

with Dispersion
area [m2] = 0.001385

with Adsorption

with Reaction
Population Dynamics
with lon Exchange

UIT Gk

SEDBARCAH

Input Directory
Graphics

Q@ Chem without PhreeqC

2006

Time Dependence
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Online Visualization
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fast C++ code

incl. PhreeqC

high flexibility
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