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Biodegradation of crude oil in reservoirs leads to both a significant reduction of
volumes in place as well as a strong quality deterioration of the residual oil (e.g. Head et al.,
2003; Wenger et al., 2001). The latter is a direct consequence of compositional alteration as
the molecular basis for changing physicochemical properties such as the APl gravity.
Compositional alteration results from the preferential loss of certain compound types believed
to be more susceptible to biodegradation than others which appear to be more recalcitrant.
However, recent research in our group has shown that oil constituents generally assumed to
be relatively recalcitrant to biodegradation including but not limited to the isoprenoids
pristane and phytane may be substantially affected even within very initial stages of alteration
(Elias et al., 2007). This indicates that most oil constituents are degraded simultaneously, and
the important but yet unanswered question thus is: Why does biodegradation of different ail
constituents proceed at different rates? This presentation will discuss degradative capabilities
of the involved microorganisms and bioavailability of different petroleum constituents as two
key controls on compositional alteration using the results from laboratory experiments as well
as data from field studies on biodegraded oil reservoirs.

Our work is based on the assumption that biodegradation of hydrocarbons in
petroleum reservoirs proceeds under anoxic conditions. Importantly, free energy changes
associated with hydrocarbon oxidation depend mainly on the utilised electron acceptor but are
largely independent from the type of oxidised hydrocarbon (Spormann and Widdel, 2000).
Therefore, thermodynamic differences can be ruled out as a main reason for the preferential
removal of certain types of petroleum constituents. With this in mind, model experiments
were performed with 16 pure cultures of denitrifying and sulphate-reducing hydrocarbon-
utilising bacteria and individual hydrocarbons as pure substrates or crude oil as a complex
mixture of organic substrates. These investigations provide a detailed insight into the
degradative capabilities of anaerobic hydrocarbon-oxidising bacteria. Importantly, all these
organisms exhibit pronounced substrate specificities. For example, al n-alkane degraders

have their own characteristic range of n-alkane chain length that can be utilised. It therefore
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must be concluded that either concomitant or successive activity of different types of
hydrocarbon-oxidising bacteria is required to achieve the complex alteration patterns
observed in petroleum reservoirs. Different patterns of hydrocarbon degradation in different
oil fields most likely reflect differences in the respective microbial consortia. Our experiments
with crude oil also revea co-metabolism of hydrocarbons that do not support growth if
supplied as pure substrates as a relevant mechanism of compositional alteration of crude oil.

A further result of these experiments is that the relative degradation rates of individual
hydrocarbons depend on their variable bioavailability in terms of factors and processes
influencing their concentration in the water phase. Microorganisms need liquid water to exist
and biodegradation takes mainly place at or near the oil water contact. As a consequence
petroleum constituents are available for microbes only when they are dissolved in water.
Therefore, bioavailability and hence degradation rates of individual petroleum constituents in
oil reservoirs are to a large extent controlled by the physicochemica processes controlling
their transport to and into the water phase such as diffusion and partitioning. For example,
there is a clear and systematic relationship between decreasing relative degradation rates and
increasing chain length of n-alkanes. Such effects are observed in laboratory experiments as
well as in petroleum reservoirs and are not restricted to n-alkanes but also true for other types
of petroleum constituents including aromatic hydrocarbons and certain NSO compounds such
as carbazoles or xanthones. Our results from various petroleum systems indicate that
concomitant biodegradation of different types of oil constituents is rather the rule than the
exception. This has strong implications with respect to the validity of the conventiona
perception of biodegradation as a process removing different compound classes sequentially
resulting in more or less similar patterns of compositiona alteration in any biodegraded oil
reservoir.
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Biodegradation of petroleum is an important ateration process with major economic
consequences for oil and gas production. Evidence is emerging to support the hypothesis that
in-reservoir petroleum biodegradation is caused by anaerobic hydrocarbon degrading bacteria
(e.g. Aitken et al., 2004). Geochemical and isotopic evidence also suggest that in many cases
the end-product of hydrocarbon degradation in petroleum reservoirs is methane (e.g. Pallasser,
2000). From thermodynamic considerations, hydrocarbons are feasible substrates for
anaerobic degradation to methane (e.g., 4CigHz, + 30H,O —15CO, + 49CH,, AG -1596 kJ
mole'l), However, until recently these compounds were thought to be largely microbially
(resistant) inert in the absence of oxygen, nitrate or sulfate (e.g. Rozanova et.al., 1997).
Because of the potentia importance of methanogenic crude oil biodegradation, our limited
knowledge of the organisms involved and of the mechanisms by which components of crude
oil are degraded, it is important that we learn what governs the microbial conversion of oil to
methane.

Saturated hydrocarbons comprise the quantitatively most important fraction of crude
oils but very little is known about the methanogenic degradation of them and there are
currently very few reports in the literature that provide strong direct evidence of
methanogenic degradation of aliphatic hydrocarbons or crude oil (Zengler et al., 1999;
Anderson & Lovley, 2000; Townsend et al., 2003).

We have recently adopted a combined geochemical and molecular genetic approach to
study the key processes and microbia drivers of methanogenic degradation of crude oil. In
our study we have demonstrated methanogenic degradation of the alkanes in crude oil added
to anaerobic microcosms inoculated with estuarine sediment (e.g. Figure 1). We have
determined tempora changes in methane production, oil chemistry, and microbial community
composition in replicated anaerobic microcosms. These data were then compared with control
microcosms which contained no oil or which contained a specific inhibitor of methanogenesis.
Methane production in microcosms amended with oil was significantly enhanced and the
quantity of saturated hydrocarbons consumed, when compared with the total amount of

methane produced, was consistent with their conversion to CHs and CO,. The methane
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production and n-alkane degradation profiles indicated that the process of degradation was
slow with an initial lag phase during which comparatively little degradation activity was
observed. Following this lag phase methane production and the concomitant degradation
hydrocarbons increased markedly. The changes in the microbial communities and
hydrocarbon compositions during the laboratory anaerobic degradation experiments provide

new insights into the mechanisms of hydrocarbon degradation in petroleum reservoirs.
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Figure 1. Gas chromatograms showing total hydrocarbon fractions from an undegraded North
Seacrude oil (A) and the same oil after 15 months laboratory degradation under
methanogenic conditions (B) 1S and SS are added standards, Pr and Ph are pristane and
phytane.
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The biodegradation of hydrocarbons in petroleum reservoirs leads to substantial
petroleum composition changes, decreasing the crude oil quality and economic value. The
strongest change of petroleum quality occurs during the biodegradation initial phase as
consequence of the crude oil hydrocarbons microbial biotransformation which is a sequential
process. The biodegrading microbes have a pronounced preference for n-akanes, followed by
branched and cyclic hydrocarbons (Peters et al., 2005). At advances stages of biodegradation,
certain biomarkers, such as 25-norhopanes and secohopanes, are either created or enhanced
by depletion of more abundant biomarkers (Bost et al., 2001).

Petroleum biodegradation processes have been investigation for several decades and
there are two major hypothesis. aerobic microbiota is responsible for the predominant
biodegradation process in deep water reservoirs and caused by infiltration of fresh water
carrying oxygen; anaerobic microorganisms are responsible for the oil biodegradation in deep
water reservoirs and in shallow reservoirs (< 500 m) (Roling et al., 2003). From our point of
view these two apparently conflicting hypotheses can be merged into one in which the aerobic
and anaerobic microbiota life cycles coexist but do not overlap, each are redly active at
different geologica times both using petroleum and each other metabolites. Our hypothesis,
based on recent bacteria research (among others Xu J et al., 2004), goes further by quoting
that the anaerobic bacteria present in water droplets inside the crude oil produce oxygen by
reducing nitrates and perchlorates during the anaerobic life cycle The oxygen might be
trapped into the bacterial biofilms at the interface oil water of the droplet and acting like an
oxygen sponge. When the oxygen content is high the anaerobic consortium suffers from these
conditions and ceases activity and the aerobic consortium takes over consuming the stored
oxygen in the biofilm “sponge”, biodegrading the petroleum and some of the anaerobic
bacteria byproducts. As soon as the oxygen is depleted the anaerobic microbiota takes over
again. We cannot estimate the life cycle but we are talking about geological times and our
experiments are optimized to be evaluated in few months. To evaluate this hypothesis, our

group investigated the biodegradation potential of both aerobic and anaerobic microbiota
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present in biodegraded Brazilian reservoirs oils and formation waters from Campos Basin,
Brazil. Biodegradation potential was assessed by using either isolated strain or consortia and
crude oil or mixtures of five biomarkers. Presently the samples were submitted to enrichment
techniques producing aerobic and anaerobic consortia from which 29 strains of aerobic
bacteria were isolated and identified (Consortium 1, Col) and 63 not yet identified (Consortia
2, Co2). The biodegradation potentials of these consortia were assessed using 10 mg of crude
oil, incubated at 30 °C and 200 rpm, during 60 days with 2g of wet cells in 50 mL of Zinder
(Zinder et al., 1984). Here we present preliminary results of the aerobic consortia with two
sample of crude oil (P1 and P2), at different stages of biodegradation. Internal standards were
used to estimate crude oil biodegradation monitoring n-alkanes (m/z 71) and biomarkers more
resistant to biodegradation (i.e., steranes, m/z 217 and triterpanes, m/z 191). After 60 days of
monitoring, the relative amounts of n-alkanes decreased from 75 to 33% to P1 and 61 to 28%
to P2, both using Co1, while decrease from 75 to 60% to P1 and 61 to 45% to P2, using Co2.

In relation to the steranes, biodegradation was more efficient to P2Col with 78%. This
consortium also degraded hopanes in both samples, depleting the Czy 17a(H), 218 (H)-hopane
and the Cs134 homohopanes with preferential degradation of the lower molecular weight
homologues (C3z1 > Cz2 > Csz > Czs > C3z5). The homohopane index (Cz1-Czs homohopanes
(22R+22S)/C35 homohopanes (22R+22S), in m/z 191) decreased in the two consortium when
compared to the control experiment (P1Col, 10.09 to 9.91 and P2Col, 10.14 to 7.40).
Biodegradation of hopanes has been associated with the C-10 demethylation of the hopane
A/B rings generating the corresponding 25-norhopanes (Peters et al., 2005). In the present
study, 25-norhopanes were detected after 20 days of incubation.

Assays with a mixed anaerobic and aerobic microbiota are in progress in a controlled
experiment with alternate aerobic and anaerobic cycles.
Acknowledgments:. Petrobras, FAPESP, Capes, Finep and CNPg.
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Nowadays, one of the greatest concerns of the oil industry is the acidity of crude ails,
particularly in biodegraded or immature reservoirs. In most of the cases, this acidity is caused
by what is called in the literature "naphthenic acids’, which are, in readlity, the carboxylic
acids. Each step of the oil industry is concerned by the influence of this class of compounds:
wettability alteration, destabilization of water/oil emulsions (Acevedo et al., 1999), corrosion
of refinery units of heavy degraded oils (Laredo et al., 2004). Therefore, acidic crude oils
have alower price due to these industrial risks. Predicting the quality of the ail in place before
drilling, especialy in deep offshore, is as important as predicting its volume. Consequently,
the quality of the oil being directly linked to the acid molecules, particularly in biodegraded
reservoirs, a qualitative and quantitative evaluation of the acidity hasto be taken into account.

Total acidity (Total Acid Number) is routinely measured by a standardized method
(ASTM D 974 or ASTM 664) based on atitration by KOH. It has been clearly demonstrated
that a strong correlation exists between the TAN and the concentration of carboxylic acids in
the crude oils and between the carboxylic acids content and the degree of biodegradation
(Meredith et al., 2000). However, in the range of 0.5 to 1.0, TAN of some oils does not
correlate with the carboxylic acids amount showing that a more detailed approach is necessary.
A molecular characterization but also a study of the mechanisms and kinetic parameters of the
formation of such molecules are necessary.

A liquid-liquid extraction of the acidic compounds, followed by an esterification and a
GC/MS analysis iswidely used in the literature to characterize these compounds, but presents
several drawbacks (unresolved signal with high biodegraded oils, lost of the heavier part of
the sample in the column,...). New techniques as Electrospray ionization Fourier transform
ion cyclotron resonance mass spectrometry (ESI-FTICR MS) can overcome some of these
inconvenient and provides very detailed information (Hughey et al., 2007) but the instrument
isvery expensive and it is challenging to find the right operating conditions.

The aim of the present work was to develop a new characterization schema, qualitative
and quantitative, based on an extraction of the carboxylic acids followed by a derivatization
and areduction to hydrocarbons in order to perform a group type analysis by direct inlet mass

spectrometry. The originality of such analytical procedure was to convert the total fraction of
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carboxylic acids into hydrocarbons without chemical side effect in order to use conventional
techniques such liquid chromatography fractionation and quantitative mass spectrometry
analysis for characterization. Group-type analysis gives an overall composition of the total
fraction. As a matter of fact, the major advantage of direct inlet mass spectrometry is to be
able to analyze compounds with a fina boiling point near to 660°C (equivalent to C60)
compared to GC, which is widely used as acid characterization, where only light compounds
(up to C35) can be eluted from the column. The second advantage is the determination of
hydrocarbons repartition by group type anaysis. The saturates are anayzed in term of
paraffins (n and iso) and cycloal canes with oneto 6 ringsin % w/w (ASTM D2786-80, 1980)
and the repartition of aromatics in 28 families (13 pure aromatic compounds (with 1 to 5
condensed rings) and 15 sulfured and disulfured aromatic compounds) is obtained (in %w/w)
(Fafet et al., 2000). Consequently, these two overall characterization can be further used for
oil typing in terms of source or biodegradation alteration.

Each step of the protocol was validated with model compounds and quantitative
accuracy was checked with acommercial mixture of naphthenic acids (Fluka).

This protocol was applied to severa oils coming from the same basin but with
different levels of biological alteration in order to implement the results in a basin model.
Results show an increase of the total amount of carboxylic acids, a decrease of the acyclic

species and an increase of the multi-ring compounds when the biodegradation level increases.
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Biodegradation of regular steranes has been observed only in heavily biodegraded oils
after complete remova of the compounds like n-alkanes and isoprenoids. In many cases,
steranes are more susceptible to biodegradation than hopanes (Wenger et al., 2002; Peters &
Moldowan, 1993). In general, the susceptibility of steranes to microbial degradation typically
decreases with increasing carbon number (C,;>C,s>Cy>Cs), and compounds with the
biological configuration are more prone to degradation than the other isomeric forms
(50,140, 170(H),20R >> 5a,14pB,17p(H),20R > 50, 14p,17p(H),20S > 5a,140,17a(H),20S;
Peters et al., 2005).

The main goal of this work was to investigate the preferential biodegradation of
regular steranes based on quantitative analytical techniques (MRM-GC-MS) and compare the
observed results with the biodegradation scale proposed by Wenger et al. (2002).

Thirteen samples of lacustrine oils with moderate thermal evolution and submitted to
different biodegradation degrees, collected in an oilfield in the Brazilian continental margin,
were selected for the study. All these oils were generated from source rocks in the Barremian
rift section, and were trapped in Upper Cretaceous-Tertiary reservoirs. Non-biodegraded oils
have API gravitiesin the 28-30°range.

The saturated hydrocarbon fraction was quantitatively analyzed using gas-
chromatography with mass spectrometry (metastable ratio monitoring or MRM-GC-MSwith a
Waters Autospec system). 3-cholane (100 ppm in the saturated hydrocarbon fraction) was
used as internal standard and compounds quantified in relation to it.

The biomarker concentrations were measured in the saturated hydrocarbon fraction
and recaculated for the whole oils based on the percentage of saturates obtained by liquid
chromatography (MPLC) considering the mass losses during the analysis.

The results show a relative increase of the steranes concentration for the oils as API
gravity is reduced from 30 to 20° due to the preferential biodegradation of more liable
compounds such as n-alkanes and isoprenoids. For oils submitted to even more intense

degradation levels (APl gravities below 20°), a remarkable decrease in the steranes



P342-TH

concentration was observed, suggesting that these compounds were probably also affected by
the biodegradation process (Figure 1A).

In this study, differences in biodegradation susceptibility of steranes related to
isomeric forms and the carbon number of the structure were noticed. Relative losses of
steranes were calculated taking the sample with the highest concentrations (19.5° API) as a
reference. Steranes losses of more than 70% were estimated for the most biodegraded oils.
Under more severe levels of biodegradation, Coo-steranes were preferentially removed when
compared to their C,; and C, homologs (Figure 1B). Among the Cyo-Steranes, the
5a,14a,17a(H),20R configuration was apparently the least affected by biodegradation.

Furthermore, it is worth noting that in moderate stages of biodegradation (18°API oils)
hopanes are preferentially removed, whereas both hopanes and steranes are degraded in more
severely biodegraded oils (9°API ails).
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Figure 1. Variations of the concentrations of the C,7, C,g and Cyg steranesin the whole oil as
afunction of API gravity (A). Relative losses (%) of the 50,143,173 (H),20S isomer of Cy7,
Cos and Cyo-steranes as a function of API gravity (B).

REFERENCES

Peters, K. E., Moldowan, J. M., 1993. The Biomarker Guide: Interpreting Molecular Fossils
in Petroleum and Ancient Sediments. Prentice Hall, Englewood Cliffs, New Jersey, 363p.

Peters, K. E., Walters, C. M., Moldowan, J. M., 2005. The Biomarker Guide. 2™ Edition, Part
II: Biomarkers and Isotopes in the Environment and Human History. Cambridge
University Press, 474p.

Wenger, L. M., Davis, C. L., Isaksen, G. H., 2002. Multiple controls on petroleum
biodegradation and impact on oil quality. SPE Reservoir Evaluation and Engineering, 5,
375- 383.



P343-TH

25-NORHOPANESIN JURASSIC SOURCE ROCKS OF NORTHERN QAIDAM
BASIN (NW CHINA) AND ITSIMPLICATIONSON MICROBIAL DEGRADATION
ON BOTRYOCOCCUS

Jian CAO?, Yuntian LIU? Kai HU?, Lizeng BIAN?, Liqun WANG?, Shaoyong YANG?, Yan
CHEN? and Xiaoqun PENG?

1. Department of Earth Sciences, Nanng University, Nanjing 210093, Chin
2. Qinghai Qilfield Company, PetroChina, Dunhuang 736202,China.

In a recent study on biomarker signatures of Jurassic mudstone source rocks of
northern Qaidam Basin (NW China), 25-norhopanes were detected in some source rocks. We
interpret this as these source rocks deposited under special environment had been exposed to
microbia degradation in the period before diagenesis, and the bio-precursor for
biodegradation may be botryococcus.

Hydrocarbons in the northwestern Qaidam Basin are mostly derived from Jurassic
units, which can further be subdivided into Lower and Middle parts and the Upper Jurassic
have been eroded due to Himalayan orogeny. In this study, we selected 7 Lower and 5 Middle
Jurassic samples for GC and GC-M S analyses, respectively.

It is showed that 25-norhopanes were detected in three mudstones.

Firstly, the three samples are al characterized by low abundance of TOC (0.54%,
0.18%, and 0.17%). This is verified by organic petrologic microscopic examination, which
demonstrates that thereis relatively smaller amount of organic maceral-like matters than those
with higher TOC. However, a large number of mineral-bituminous matrix (MBM) has been
observed (Fig. 1a).

(a) (b)

Ci7

Figure 1. Organic maceral feature (a) and gas chromatogram (b) of sample SS25-2 (Well
Shishen 25, 1278.5 m, J;)
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Secondly, these three samples have special n-alkane distribution in GC chromatogram
different from others. Carbon numbers are mostly concentrated within nC,5 to nC,,, and peak
carbons are located in the fore-part (e.g., NCis or NC17). Fig. 1b gives one typical example.
Meanwhile, their Pr/Ph, Pr/nC,;, Ph/nC,g and OEP are al lower than 1.0, inferring arelatively
reduction deposition environment. Combined with the fact that we observed botryococcus in
other samples, it is tentatively suggested that the MBM may come from botryococcus.

Thirdly and most interestingly, we found 25-norhopanes in these three samples (Fig.
2). Evidence supporting the existence of 25-norhopanes in source rocks has been reported
international and national. Additionally, our analytical results show that there is relatively
high content of gammacerane in these three samples. Thus, the detection of 25-norhopanesin
these three samples indicates that in relatively saline environment, primary micro-algae can be
degraded by microbe, resulting in the microbial removal of the methyl group at C-10 in the
hopane nucleus and the formation of 25-norhopnes (Fig. 2). The products of this interaction
immersed into mineral matrix or adsorbed on grains, making MBM'’s advantageous

distribution in source rocks (Fig. 1a).

M/z 191 C30H
Ca29H
Ts Gammacerane
i i
M/z 177

C29-25-norhopane

Czs—ZS—nminopane

MW

Figure 2. Hopane series of sample SS25-2 (Well Shishen 25, 1278.5 m, J;) of the Jurassic
mudstones from the northern Qaidam Basin.

Therefore, we believe that in the northern Qaidam Basin, saline deposition environment,
microbe input, and the degradation of phytoplankton (e.g. Botryococcus branuii) in the period

of deposition or forepart diagenesis may have some close relation.
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Hydropyrolysis (pyrolysis assisted by high hydrogen gas pressures) is an emerging
technique that possesses the unique ability to produce high yields of biomarkers from coals,
petroleum source rocks and heavy oil fractions whilst minimising alteration to their isomeric
distributions (stereochemistries) (Love et al., 1995). The reliable bound biomarker profiles
generated offer powerful solutions to key exploration problem areas where the conventional
free biomarker approach fails such as for very heavily biodegraded oils (Russell et a., 2004).

In this study we show how hydropyrolysis can be used to generate reliable biomarker
profiles from a West African oil seep which had been subjected to such severe biodegradation
that it contained no recognisable biomarkers. Asphaltenes isolated from the seep oil were
pyrolysed under slow heating conditions (250°C to 520°C at 8°C min.'l), a hydrogen pressure
of 15 Mpa in the presence of a sulphided molybdenum catalyst. The m/z 191 mass
chromatogram of the product oil is presented in Fig. 1, and shows a full suite of hopanes
including excellent preservation of the longer chained homologues. The higher abundance of
C29 a3 norhopane relative to the C30 a3 hopane is typical of hydropyrolysis products, asis
the absence of Ts, which as arearrangement product should always be absent from the bound
phase. Hydropyrolysis enables a more complete characterisation of this oil seep in terms of
both its maturity and important source information, such as the occurrence of gammacerane,
than would be possible with traditional pyrolysis techniques.

In addition to the expected suite of hopanes the hydropyrolysates aso contained a
number of abundant hopenes. Peak X on Fig. 1 was identified as 22,29,30-trisnorhop-17(21)-
ene and is very common in hydropyrolysis oils. Peaks Y and Z are more unusual, and after
fractionation by HPLC the hopene rich fractions were subjected to mild hydrogenation (PtO2
and pentane at room temperature for 30 min.) and acid catalysed isomerisation (0.1M
perchloric acid in glacial acetic acid at room temperature for 30 min.). The hydrogenation
products and very rapid isomerisation to hop-17(21)-ene together with the spectra and relative

retention positions of these two compounds (Fig. 1) allowed them to be identified as: Y - C30
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17 a(H)-hop-20(21)-ene, and Z - C30 17B(H)-hop-20(21)-ene. Such compounds are very rare
in nature athough the 17o(H) compound has been previously reported by Bisseret and
Rohmer (1993), and was obtained from the heating of hop-17(21)-ene in molten sulphur.
Whether these compounds were original constituents of the bound asphaltene structure, and
were simply released by hydropyrolysis, or generated from other hopenes during the
hydropyrolysis procedure is not currently understood. However, they have been found in
very few other hydropyrolysates and their occurrence appears to be related to the presence of
sulphur, as demonstrated by the experiments of Bisseret and Rohmer (1993), and the high

sulphur content (2.6%) of this asphaltene.
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Figure 1. m/z 191 mass chromatogram of the aiphatic fraction of the oil generated from the
hydropyrolysis of asphaltenesisolated from aheavily biodegraded West African oil seep.
The inset shows the spectrafor peak Y, identified as C30 17a(H)-hop-20(21)-ene.
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In the present work, we report a comparative analysis of representative saline lacustrine
oils with distinct degrees of biodegradation (“A”, “B” and “C”) from the Campos Basin,
Brazil, in order to verify modifications of the relative composition of biomarkers in both
neutral and acidic fractions that could be related to biodegradation.

The studied oil samples were collected in reservoirs with different depths and
temperatures: “A” (Lower Cretaceous sandstones); “B” (Albian/Cenomanian carbonates) and
“C” (Tertiary sandstones) and GC/M S and GC/MS/M S analyses was carried out.

The biomarker data for the neutral fractions showed a high degree of similarity for
maturity and thermal evolution. The geochemical data from both neutral and acid fraction
reveled that oil “A” (2812-2821m), oil “B” (2600-2610m) and oil “C” (2088-2100m) are
light, moderate and heavily biodegraded, respectively, according to the Peters K.E. et al.,
2005 biodegradation scale. In a previous communication (Lima, S.G. et al., 2006) we reported
the identification of 3B(n-propyl)-5c(H)-24-norcholan-23-oic acid 5; 3B (n-propyl)-5c(H)-
26,26-dinorergostan-25-oic acid 9; 33 (n-propyl)-5a.(H)-ergostanoic acid 14 from these ails.

Analyses of acidic fraction revealed the presence of Cs, (m/z 263) due to hopanic
methyl esters which showed an increasing relative abundance of the less stable configuration
17(H), 21p(H) 22 R with the increasing biodegradation (see Figure 1). Since dl
geochemical parameters, including the ratio of the homohopane compounds 17a(H), 213 (H)
22 Rand Sand 17B(H), 21a(H) 22 R e S, in all three oils samples indicated similar sources
and thermal maturity levels, the direct correlation between the relative abundance of the
biologic isomer 178(H), 218(H) 22 R and biodegradation intensity strongly supports the
conclusion that these products were synthesized by bacteria during biodegradation.

Quantitative analyses of these the hydrocarbon derivatives of acidic fraction using
5B-cholane as internal standard allowed us to detect other 3-propyl -steranes compounds (1 to
4; 6 to 8 and 13) with MW range from 330 to 428 which corresponds to Cz4 to Cz1. One can
observe an interesting variation of their relative composition with modification of the
biodegradation level as shown in Figure 1.
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Since a careful re-analyses of neutral fraction confirms the presence of the already
reported stigmastane and 3-methyl-stigmastane and none higher homologue of 3 akyl-
steranes (Lima, S.G. et al., 2006), one can infer that 3-propyl-steranoic compounds are
biodegradation products of 3-propyl ergostanes.
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Figure 1. On the left RIC m/z 263 (Cs,) homologues of the hopanic methyl esters, showing
the progressive increase of Czo3 R biologicisomer in oils“A” to “C”. On theright, a
comparative injection of hydrocarbon derivatives of acid fractions, oils“A” to “C”, with
variation of the relative composition of the new biomarkers 3-propyl-steranoic acids
biomarkers.
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APPLICATION OF DISTILLATION DATA FOR THE ESTIMATION OF MASS
LOSSESIN BIODEGRADED OILS: A NEW APPROACH
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Petroleum biodegradation includes a series of biologic processes that cause a
preferential removal of some compounds by bacterial attack on a pristine oil under reservoir
conditions. The most remarkable effects of biodegradation involve loss of light ends and a
relative enrichment in resins and asphaltenes, and consequently an increase in petroleum
density and viscosity, with a decrease in commercial value. Hence, petroleum biodegradation
causes an important mass loss in the originaly accumulated volumes in reservoirs. When
assessing the petroleum potential of exploratory prospects by basin modelling techniques, the
risk of biodegradation and its related mass loss in the estimated volumes must be considered.

Several attempts have been made to estimate petroleum mass losses by biodegradation.
For example, Larter et al. (2005) estimated mass losses up to 50% in severely biodegraded
oils. Such estimates are relative, since the biodegraded oil and its compound concentrations
represent an unknown fraction of the original oil. Furthermore, losses of heavy compounds in
the chromatographic techniques are not taken into account in the mass balances.

Petroleum distillation has been widely used for the characterization of crude oils for
refining applications. It consists in submitting a crude oil to increasing temperatures with
controlled pressure to ensure that no cracking occurs during the assay. With increasing
temperatures, petroleum compounds are progressively vaporized according to their boiling
points, and fractions are condensed in the digtillation column and recovered for further
chemical and physical analyses. By weighing all the petroleum fractions (distillate cuts and
residue), a complete mass balance can be achieved, and cumulative mass yield curves
obtained for each crude ail.

In this work, cumulative mass yield curves and distillation data have been used to
estimate mass losses due to biodegradation. Distillation assays have been undertaken for
several pairs of biodegraded oil and its non-biodegraded counterpart from Brazilian marginal
basins. As expected, a comparison of their distillation curves clearly shows that non-
biodegraded oils are enriched in the lighter fractions, whereas the percentage of residue is
greater in the biodegraded oil (Fig. 1a).

Starting with the cumul ative mass yield curve of the non-biodegraded oil, percent |osses
can be assigned individualy to distillation cuts so that a curve simulating biodegradation
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effects matches that of the biodegraded oils. From the matched curve, the renormalized mass
percentages of each “degraded” cut and residue, and their respective densities, can be used to
calculate the density of the whole biodegraded oil by aweighted average. To achieve a proper
match of both simulated distillation curve and cal culated density as a result of biodegradation,
the following changes are deemed to occur in the non-biodegraded oil (Fig. 1b): 1)
preferential loss of lighter cuts; 2) increase in density of cuts (ca 3%); and 3) absolute
increase of the residual fraction, not just by relative enrichment. Whereas the first and the
second conditions are straightforward, our mass balances unexpectedly indicate that
incorporation of heavy compounds in the residue is necessary to account for a correct density
of the biodegraded oil. In our investigated cases, the 550°C+ residues in the biodegraded oils
increase from 20 up to 70% in absolute terms when compared to their non-biodegraded
precursors, whereas the light fractions (Ci4) might be lost in the 50-100% range. Overall,
mass losses of the biodegraded oil have been estimated to be from 8 to 30%, depending on the
composition and maturity of the original non-biodegraded oil.

In conclusion, a method for the estimation of mass losses in biodegraded oils has been
developed using petroleum distillation data. The fact that it allows a complete mass balance of
the ail, including its heaviest components, constitutes its main advantages compared to other
methods that provide only relative estimates. Results obtained with this new method indicate
that overall mass losses are lower than those previously estimated because an incorporation of

heavy compoundsin theoil residue is necessary for oil density calibration.
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Biodegradation of crude oil is a complex process with molecular effects being highly
dependent on the local microbial community. This is evident as the microorganisms capable
of anaerobic degradation of hydrocarbons isolated up to date are highly specific with regard
to the substrate they are able to utilize (Widdel et al., 2006). Hence, the differences in the
effects on crude oil on the molecular level seen in various field studies are not surprising.

In this study we have used Principal Component Analysis (PCA) to model the
biodegradation in four datasets. One of the sets is from model reservoirs which have been
actively biodegrading under anaerobic conditions for ten years. Two datasets are from
incubation experiments in which crude oil have been biodegraded by sulphate-reducing
bacteria for up to two years and the last dataset is based on seven oils from the reservoir
surrounding Troll C in the Norwegian North Sea. The datasets are individually modelled in
order to get information on specific local effects. A grand model featuring all data has also
been analysed indicating overall processes to be dependent on the individual degradation rates
of each compound in each dataset. The results indicate the current biodegradation model used
to assessinitia biodegradation of crude oil (Wenger et al., 2001), to be too ssimplified.

The study also shows the power of using multivariate techniques for assessment of
initial biodegradation as the molecular effects may vary to a large extent. The results from
multivariate analysis of dataset based on the peak area data are compared to datasets based on
ratios affected by biodegradation, indicating that the use of univariate raios are dependent on

auniversal biodegradation process in order to function properly.
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Figure 1. The PCA model based on all data available during this study. The different groups
of oils are separated and explained in loadings plot on the right. Four groups of oil
constituents explain most of the variance in the sample set.
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