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PETROLEUM & NATURAL GAS FORMATION

OCEAN OCEAN
300-400 million years ago 50-100 millien years ago :
o Sand & Silt
Rock
/ \E Sand & Silt
e
¥/ Plant & Animal Remains Qil & Gas Deposils
Tiny sea plants and animals died Ower millions of years, the remains Today, we drill down through layers
and were buried on the ocean floor. were buried deeper and deeper. of sand, silt, and rock to reach
Owver time, they weare covered by The enarmous heat and pressure the reck formations that contain
layers of silt and sand. turned them into oil and gas. oil and gas deposits.
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Linear alkanes (paraffins): NSNS Aromatic hydrocarbons: AN
decane
hexadecane |
bz
napthalene

benzo[a]pyrene

Branched alkanes (isoparaffins):
\)\/\/\ Polar components (resins and asphaltenes):

3-methyldecane

pristane (2, 6, 10, 14- tetramethylpentadecane)

Cyclic alkanes (naphthenes):

C30 174, 21B(H)-hopane representative asphaltene
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Jettisoned fuel: 0.6%

Runoff from
land sources: 11%

- Ex.l;ac{ian of
petr_uleu_m; 2.9%

- Accidental spills: 9.8%
N /ﬂm operations; 24.1%
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Natural oil seeps: 47.3%
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I Resins

B Aromatic
hydrocarbons

W Asphaltenes

D Saturated
hydrocarbons

Abundance

Abundance

Abundance

Increasing biodegradation

Hydrocarbon chain length
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Low-molecular-weight
aliphatic hydrocarbons

High-molecular-weight
aliphatic hydrocarbons

Low-molecular-weight
aromatic hydrocarbons

High-molecular-weight
aromatic hydrocarbons

Polar fraction

Specialist

alkane degraders
(e.g. Alcanivorax spp.)
Specialist aromatic-

hydrocarbon degraders
(e.g. Cycloclasticus spp.)
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Aerobic chemotrophic

Anoxygenic phototrophic

Cell mass

Anaerobic chemotrophic

COg

COg

/02 Crude \ - Fe D
COg . il > - e
// ~ Hydrocarbons S04 N Cell mass + energy
(O 5 ~
H0 Cell mass + energy o ; w
Cell mass '+ energy 2
HoS
)
Cell mass + ener;
& ) COg
CHy
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Pore water chemistry

Mineralization process

suboxic

anoxic
(sulfidic)

(methanic)

1 cm

1dm

10m

oxygen respiration

nitrate reduction
manganese reduction

iron reduction

sulfate reduction

anaerobic oxidation
of methane

methanogenesis
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(3) Outgassing of sulfide (Zn**S) by cold chromium distillation

after Kallmeyer et al (2004)
—>

Pasteur pipettes (4) Liquid

(1) Whole - core injection i scmtitllatlon
after Jorgensen (1978) . / counting
and incubation (2) Sectioning

and termination of incubation

witn zink acetate 7 m citrate- .

solution (0.1M) (5) Analysis of porewater
@ from sediment

9 ml ZnAc (5%);
antifoam (1 drop) Zn*$ in sample

—, o
@ Citrate trap 5 L
Zink acetate trap [SO.]
9 analysis
Nitrogen inlet Chemicals port
\ “ A

Total %S in sample

Sediment sample;
DMF; HCI; CrCL;
antifoam

/

— Magnetic stirrer
Gasflow
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ediment particle

Bacterial cell mem-
branes become
permeable for

Incubation in lysozme

larger molecules g3z
Sediment sample, fixed q %é—
with formaldehde, filte- o g9 a
red on polycarbonate Biotine labeled BER
) oligonucleotide probe o0 =
filter 20¢e
Cell A £33
>So
Probe can not & | 28
Incubation in blocking 4 bindto RNA < :“mmﬁ °g
reagent and : wy ¥ T
streptavidin - HRP -
. |*HRP )
" | = Streptavidin Co
Probe can
Streptavidin - HRP CellBnow o oONA~— (4
j i labeled with a
conjugate binds to 1De i %
biotine in cell B biotine 7T 'ty

HRP produces tyramide radicals

Counter staining with
which then bind to proteins

DAPI

Incubation with
fluorescently labeled tyramides

jce” A CARD-FISH

Incubation in MeOH

containing 0.15% H,0, Inactivation of

—————————————» endogenous peroxidases
in bacterial cells

Bacterial rRNA
oppr .

->fluorescently labeled tyramides DAPI binds to DNA/RNA

stay in cells containing HRP

# Fluorescently labeled
tyramide radicals

W SONKAEE

Eiiiiigg i

—stains all cells in the sample

Fluorescence microscopy
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*DAPI
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