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In CO2 geosequestration projects, tracers are added to demonstrate safety and

containment to stakeholders by verifying the presence of injected CO2, monitor the possible

leakage of CO2 and to constrain sub-surface flow models. Although it is desirable for the

tracers to have similar flow characteristics as the injected CO2, this has varying degrees of

success for the cocktail of commonly used tracers (e.g. perfluorinated hydrocarbons, noble

gases and SF6). Additional complications can arise when the gas being geosequested is not

pure CO2 . This is the case for the Otway Basin Pilot Program (OBPP) to be undertaken by the

Cooperative Research Centre for Greenhouse Gas Technologies (CO2CRC). The OBPP site

in southern Victoria is a depleted natural gas reservoir with a remnant methane-rich gas cap

above a zone of residual gas saturation. Injection is planned to commence in mid-2007 where

the CO2 (~100,000 tons) is to be supplied from the Buttress-1 well in a nearby fault block that

contains 79% CO2 and 20% CH4 . Therefore, it is imperative that the OBPP not only use

tracers for injected CO2 but also investigate specific tracers for methane.

Perdeutrated methane (12CD4) is the end-member isotopologue of 12CH4 and, as such,

offers the best gas chromatographic resolution from methane. CD4 is GC baseline resolved on

a molecular sieve GC capillary column when doped in CH4 with a GCMS detection limit of

0.05 ppb v/v (signal-to-noise ratio of 2 for m/z 20.06 at 1000 resolution), which is similar to

the sensitivity achieved by MS-MS (Mroz et al, 1989a). CD4 has been used sparingly in

airborne-based studies (Mroz et al., 1989b; NPS, 1989) where the extremely low natural level

of CD4 at 1.3*10-16 v/v (Mroz et al., 1989a) offers minimal ‘background’ in mass spectral

detection.

During the Frio II Brine Pilot Test at Liberty County, Texas USA in

September/October 2006, which involved injection of 300 tons of CO2 over a 5 day period,

CD4 was used for the first time as a tracer in the sub-surface. Sixteen hours after the

commencement of the CO2 injection, CD4 (27 g) was injected as a front to ~100-fold excess

of Kr and Xe. At the monitoring well, 30 m up-dip of the injection well, Xe unexpectedly
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arrived with CO2 breakthrough 48.3 hours after CO2 injection began, but only 31.9 hours after

the injection of the tracers (Figure 1). The first gas sample for CD4 analysis was taken after

another 9.4 hours while the last sample was taken at 207.2 hours after CO2 injection (Figure

1). Maximum CD4 concentrations (up to of 92 ppb v/v) were observed between 57.7 and 69

hours (Figure 1). The CD4 concentration ‘elution’ profile follows closely that of Kr (Figure 1)

and Xe (not shown), suggesting very similar migration pathways for CD4 and the noble gases

between the injection and the monitoring wells. In spite of such a narrow injection pulse for

CD4, it was still detected 1 week after injection at concentration levels of a few to sub-ppb v/v

(Figure 1).

The Frio II experience proved invaluable for testing analytical methods prior to OBPP

commencement and the results will be applied to refine dilution parameters for the total

amount of CD4 required for the OBPP (www.co2crc.com.au/pilot/OBPP.html).

Figure 1. CD4 concentration (ppb) from m/z 20.06 and Kr concentration (ppb/100) from m/z
83.91 normalised to [CO2]. Note: [Kr] in ‘air’ is 1140 ppb with nominal mass 84 isotope
abundance of 56.9%, therefore [84Kr/100] in ‘air’ is 6.49 on the tracer concentration axis.
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Contaminant sorption to soil organic matter (OM) is the main fate of nonionic,

hydrophobic organic contaminants in terrestrial environments and a number of studies have

suggested that both soil OM structure and physical conformation (as regulated by the clay

mineral phase) govern contaminant sorption processes. A great deal of this evidence has

come from macroscopic observations with contaminants and soil fractions as well as a recent

mass balance approach where the sum of the parts exceeded the whole suggesting that the

physical arrangement of OM in organo-mineral complexes may be more important than OM

structure in sorption processes (Bonin and Simpson, 2007). In addition, our recent studies

with constructed organo-mineral complexes have suggested that aliphatic OM is preferred

over aromatic moieties and suggests that clay minerals play an indirect role by governing the

sorption of organic contaminants by controlling the surface accessibility of OM at the soil-

water interface (Feng et al., 2006; Simpson et al., 2006). To investigate this hypothesis

further, a number of soil samples were characterized by both solid-state 13C Cross

Polarization Magic Angle Spinning (CPMAS) NMR and 1H High Resolution Magic Angle

Spinning (HR-MAS) NMR. HR-MAS NMR is an innovative NMR method that allows one

to examine samples that are semi-solid using liquid state NMR methods (ie: observe 1H

which is more sensitive than 13C). With HR-MAS NMR, only those structures that are in

contact with the solvent are NMR visible thus one can probe different components within a

mixture using different solvents.

Figure 1 shows the solid-state 13C NMR spectrum and the 1H HR-MAS spectra of a

grassland soil. The 1H HR-MAS NMR spectrum of the soil swollen in water (D2O) is

dominated by signals from alkyl and O-alkyl structures but signals from aromatic protons are

negligible (the peak at ~8.2ppm is attributed to formic acid). When the soil is swollen in

DMSO-d6, a solvent which is more penetrating and capable of breaking hydrogen bonds,

aromatic signals are visible suggesting that the aromatic structures are buried within the soil

matrix and do not exist at the soil-water interface. The 13C solid-state NMR data confirms

that aromatic carbon is present in substantial amounts (estimated at ~40% of the total 13C

signal) therefore, the lack of 1H aromatic signals in the HR-MAS NMR spectrum indicates
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that aromatic structures are buried and that the soil-water interface is dominated by aliphatic

chains, carbohydrates, and peptides. Analysis of two other soil samples and one humin

sample shows a similar trend. The NMR data indicates that the mineral component of soils

governs the physical conformation of OM at the soil-water interface. Consequently, when

assessing carbon chemistry for explanations of sorption processes, one must consider that

one-dimensional NMR methods provide an excellent overview of all the structures that are

present but they do not provide direct information regarding which structures are available or

accessible at the soil-water interface for contaminant interactions.

Figure 1. Solid-state 13C CPMAS NMR spectrum (acquired at a 1H frequency of 300MHz) of
a HF treated grassland soil (Black Chernozem) and 1H HR-MAS NMR spectra (acquired at a
1H frequency of 500MHz) of the same soil (untreated) swollen in two different solvents (D2O

and DMSO-d6). Aromatic regions are expanded in the HR-MAS spectra.

REFERENCES
Bonin J.L. and Simpson M.J. (2007) Variation in phenanthrene sorption coefficients with soil

organic matter fractionation: The result of structure or conformation? Environmental
Science & Technology 41, 153-159.

Feng X., Simpson A.J., and Simpson M.J. (2006) Investigating the role of mineral-bound
humic acid in phenanthrene sorption. Environmental Science & Technology 40, 3260-
3266.

Simpson A.J., Simpson M.J., Kingery W.L., Lefebvre B., Moser A., Williams A., Kvasha M,
and Kelleher B.P. (2006) The application of 1H HR-MAS NMR for the study of clay-
organic associations in natural and synthetic complexes. Langmuir 22, 4498-4503.

13C CP/MAS NMR

13C Chemical Shift 23456789 ppm

x 10

in D2O

x 10

in DMSO-d6

D
M

S
O

1H HR-MAS NMR Spectra



P299-WE

QUANTIFICATION OF UNRESOLVED COMPLEX MIXTURE (UCM)
HYDROCARBONS USING MULTI-DIMENSIONAL GAS CHROMATOGRAPHY

TIME-OF-FLIGHT MASS SPECTROMETRY (GCXGC-TOF-MS)

Andy M. BOOTH1*, Alan SCARLETT1, Steven J. ROWLAND1, Alastair C. LEWIS2 and
C. Anthony LEWIS1

1 Petroleum & Environmental Geochemistry Group, University of Plymouth, Plymouth,
PL4 8AA, Devon, U.K.

2 Department of Chemistry, University of York, Heslington, YO10 5DD Yorkshire, U.K.
* Author for correspondence: abooth@plymouth.ac.uk

Weathered petroleum hydrocarbon residues are characterised by ‘humps’ or

unresolved complex mixtures (UCMs) of hydrocarbons when analysed using traditional gas

chromatography. We have previously shown that comprehensive two-dimensional gas

chromatography - time of flight-mass spectrometry (GCxGC-ToF-MS) can be used to resolve

and identify hydrocarbons in UCMs accumulated by mussels (Booth et al., 2006). Tissue

extracts from mussels (Mytilus edulis) collected around the UK, which exhibited impaired

health, contained large amounts of aromatic hydrocarbon UCM (Widdows et al., 1995).

GCxGC-ToF-MS analysis of the bioaccumulated aromatic UCM extracts (up to 125 ug g dry

tissue-1) permitted unprecedented resolution and characterisation of thousands of previously

unidentified aromatic hydrocarbons with branched alkyl substituents. The major UCM

components were monoaromatic hydrocarbons comprising highly branched alkylbenzenes

(BABs), alkyltetralins (BATs) and alkylindans and indenes (BINs). A smaller, but still

significant contribution to the UCM came from alkylated diaromatics and PAHs. The

compounds are proposed to arise during petroleum generation by similar mechanisms to their

abundant and well-characterised un-branched homologues. However, branching leads to

extensive isomerism (chromatographic ‘humps’) and resistance to biodegradation

(environmental persistence).

Here we describe the use of GCxGC-ToF-MS as a tool for the quantitative and semi-

quantitative analysis of both individual hydrocarbons and entire compound classes (e.g.

alkylbenzenes) in UCMs. The aromatic UCM hydrocarbon fraction was isolated from both

crude oil (Tia Juana Pesado and Alaskan North Slope) and mussel tissue extracts (North Sea,

UK) using open column chromatography. The extracts were analysed at a known

concentration, together with a complex standard of known aromatic hydrocarbons using

GCxGC-ToF-MS. The hydrocarbon standard was used to produce a calibration curve which

was analysed at concentrations approximating those of individual compounds present in the
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UCM of the oil samples and mussel tissue extracts. These analyses permitted the direct

quantitation of a few UCM components and the semi-quantitation of the major compounds

classes (e.g. benzenes, indans, tetralins, indenes, naphthalenes etc). This approach also offers

the semi-quantitation of any UCM component provided they can be ascribed to a particular

compound class from their mass spectrum. If this is possible, then the individual compound

(e.g. alkylbenzene) can be semi-quantified using one or more alkylbenzenes present within

the hydrocarbon standard calibration mixture.

As a result we have been able to determine the compound class distribution within the

selected crude oils with more confidence and accuracy than has been previously possible.

Furthermore, the studies using the mussel tissue samples have permitted the compound class

contribution and the concentration of individual hydrocarbons bioaccumulated by mussels and

inducing toxic responses to be determined.
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Dissolved organic matter (DOM) in aquatic environments is a complex mixture

containing only 20% of simple molecules and 80% of macromolecules difficult to

characterize. Nevertheless, DOM is well known to play an important role in the fate of

inorganic and organic pollutants. Indeed, DOM should bind these compounds modifying their

distribution in aquatic environment, but also their bioavailability, biodegradation and

subsequently their toxicity towards aquatic organisms (Haitzer et al., 1998). Interactions

between DOM and organic compounds depend on many factors such as DOM and

contaminant characteristics (composition of DOM, size of molecules, polarity…) and

physico-chemical parameters of the solution (pH, ionic strength…) (Akkanen and Kukkonen,

2003). In order to calculate the partitioning coefficient (KDOC) of each pollutant to DOM,

quantified by the dissolved organic carbon (DOC) content, it is necessary to analyse the free

pollutant fraction separately from the DOM bound one. Few analytical techniques allow the

measurement of only free compounds concentration: fluorescence quenching, solid-phase

microextraction, equilibrium dialysis… Taking into account the variability of contaminants

and DOM which can occur in the environment and the fact that most of the available

techniques could modify the interactions during the analysis, the study of these interactions is

a real challenge.

The goal of this study was therefore to develop a reliable technique that permits to

quantify rapidly total and free organic pollutant concentrations: solid-phase microextraction

coupled to gas chromatography-mass spectrometry (SPME-GC-MS) (Pörschmann et al.,

1998). Indeed, SPME fibre is introduced into the sample and only free pollutants are extracted

according to their affinity with the fibre coating. After that, fibre is desorbed in the GC

injector. A group of four Polycyclic Aromatic Hydrocarbons (PAH) (phenanthrene,

fluoranthene, chrysene, benzo[a]pyrene) has been chosen for their different log KOW (from 4.6

to 6.0) in order to model the behaviour of hydrophobic pollutants. During the development,

Aldrich humic acid was used as DOM model. A series of tests was performed to optimize

SPME parameters for the analysis of PAH (fibre coating, extraction time, injection system,

desorption time…). After that, humic acid was added to calculate KDOC values.
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Preliminary results show that fibre coating such as polydimethylsiloxane (PDMS)

seems to provide the best efficiency with a time of analysis of only one hour, low limits of

detection (lower than 5 ng/L) and quite good reproducibilities (RSD lower than 25% but

improved with the use of internal standards to 5%). KDOC values calculated by SPME are in

the range of the ones found in the literature (Akkanen and Kukkonen, 2003). Furthermore, a

good linearity is observed between log KDOC calculated by SPME and log KOW of PAH,

indicating the dominance of hydrophobic interactions between Aldrich humic acid and PAH

(Pörschmann et al., 1998). Thus, SPME seems to be a good tool to study the interactions

between organic pollutants and DOM in complex aquatic environments.
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Polycyclic aromatic hydrocarbons (PAH) pose a serious thread to human health due to

their carcinogenic and mutagenic properties. A reduction in their emissions and dispersal is

mandatory and regulating bodies work on the implementation of such reduction strategies.

The ubiquitous nature of PAH due to their preferred origin from multiple combustion

processes and their long-range transportation as trans-boundary pollutants complicates the

enforcement of PAH-reduction regulations.

It is well established, that vegetation serves as a natural filter for airborne pollutants

(Simonich and Hites, 1994) removing a considerable part of PAH from the atmospheric

loading by adsorption onto plant surfaces and incorporation into biomass. Litterfall will

consecutively transfer the accumulated PAHs from living needle or leaf to soil, where the

compounds may be stabilized or degraded by micro-and macroorganisms. We investigated the

fate of PAH captured by pine needles via comparison of soils under pine trees with adjacent

grassland soils. The working hypothesis was that soils under pine trees will accumulate much

higher PAH loadings given the much larger surface area and filter capacity of pine trees

compared to grasses (Simonich and Hites, 1994). Four locations reflecting diverse PAH

emission scenarios were analysed, whereby at each location three samples were taken under

the canopy of a pine tree and three reference samples were collected from adjacent grassland

outside the canopy area at a distance of at least 8 m from the stem.

The 5-ring PAHs are considered the environmentally most dangerous compounds and

the toxicity of other PAHs is often normalized to the most toxic compound benzo[a]pyrene.

When comparing reference soil PAH patterns with those under the pine tree, it was observed

that the total concentration of all quantified PAHs in the humus layer under pine (0-3 cm) was

on average two to three times higher than in grassland topsoil (0-10 cm). However, the

concentration of PAHs in the mineral soil horizon (3-10) under pine was only half of that in

reference soil for two of the locations and comparable PAH loadings were observed in the

other two. This indicates a very effective and fast PAH degradation in soils under pine trees.

Moreover, the distribution pattern of the most environmentally problematic PAH, the 5-ring

membered benzopyrenes and benzofluoranthenes changed notably between soils under pine
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and reference soil. The ratio of benzo[a] pyrene vs. benzo[k]fluoranthene is reported to vary

between values of 1.0 and 2.3 (see figure) in topsoils according to literature data. The

reference soils studied comply with such values but the soils under pine were strongly

depleted in benzo[a]pyrene. This decline in the most toxic PAH can not be attributed to

photolytic processes known to affect PAH patterns (Wang et al., 2005) or water solubility and

bioavalability as this would be identical for pine and reference soil. The different pH values of

grassland soils commonly is higher than under pines and a range of pH-values between 7.0 to

7.8 has been determined to optimally promote microbial PAH degradation (Wilson and Jones,

1993). We could not observe a systematic relation between soil pH-values and the preferred

benzo[a]pyrene degradation. It is rather suggested that the strong lignolytic activity of funghi

proliferating in pine soil and humus layer degrades PAH by broad oxidative enzymatic attack

(Kästner et al., 2000). As these funghi are much less abundant in grassland soils, the prefe-

rential degradation of

benzo[a]pyrene is

hampered. Pine trees

and forests will

therefore contribute

notably to natural

attenuation of PAH

in atmospherically

highly polluted

environments.
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Compound-specific isotope analysis (CSIA) is a technique gaining popularity in the

studies of biodegradation of groundwater contaminants (such as BTEX, chlorinated ethenes

and MTBE). The benefit of CSIA for environmental studies lies in providing a tool for

monitoring in-situ biodegradation, eliminating the need to verify biodegradation potential of a

site by microcosm experiments. This presentation will discuss the application of CSIA to

MTBE attenuation studies. Results published to date1-6 indicate that: (i) it is practical to

distinguish between the effects of aerobic and anaerobic MTBE biodegradation by combined

carbon + hydrogen CSIA (Figure 1); (ii) the magnitude of carbon isotopic fractionation in the

anaerobic process is large and apparently consistent among different anaerobic microbial

cultures (carbon isotope enrichment factors reported in literature for three different anaerobic

cultures are between -9.2 ± 5.0 and -15.6 ± 4.1) and (iii) there is little evidence of

mineralization of the tert-butyl group of MTBE (tert-butyl alcohol accumulates upon MTBE

degradation).

This presentation will show new data from anaerobic, MTBE-degrading microcosms,

aiming at accurate determination of carbon and hydrogen isotope effects. The values of

carbon isotope enrichment factor were obtained from six different methanogenic and sulfate

reducing cultures grown in agitated soil to assure uniform medium distribution and accurate

calculation of enrichment factors. The resulting carbon isotope enrichment factors are similar

to each other and higher than the previously reported ones, clustering between –17 and –20. It

is proposed that calculation of anaerobic biodegradation progress based on Rayleigh model

should use the latter value (the maximum isotope effect necessary for conservative estimate of

biodegradation). Hydrogen isotope data are consistent with the previously published results

obtained from field samples3,6. Hydrogen enrichment factor interpolated from the 2D-CSIA

data is approximately –30 (i.e., the net hydrogen effect is similar to that of aerobic MTBE

biodegradation).

Abiotic in-situ degradation of MTBE is possible either at sites treated by chemical

oxidation remedies or due to spontaneous acid hydrolysis. Examples of isotope fractionation

will be shown for laboratory experiments on Fenton reagent degradation and acid hydrolysis
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of MTBE. In both cases, isotope effects are in agreement with the proposed reaction

mechanisms. 2D-CSIA trends resulting from both reaction types are identical to those

resulting from biological aerobic MTBE degradation.

Published data on isotope effects upon phase partitioning, volatilization etc. suggest

that these processes result with minor isotope fractionation and should not interfere with the

studies of biodegradation. It will be shown that under certain environmental conditions,

measurable changes of carbon and hydrogen isotope ratios are likely due to MTBE

volatilization from aqueous or hydrocarbon phase. While the magnitude of those changes is

low in comparison with those due to anaerobic biodegradation, volatilization and aerobic

biodegradation can be difficult to distinguish from each other.

Figure 1. Bimodal distribution of 2-D CSIA data for aerobic and anaerobic degradation of

MTBE.
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Faculté des Sciences, 40 avenue du Recteur Pineau, 86022 Poitiers Cedex, France.

Soils play a central role in the biogeochemical cycling of carbon (Amundson, 2001;

Wang and Hsieh, 2002), but only partly understood. Sudden change in the global carbon cycle

raises the question of carbon storage in soils (Houghton, 1995). The carbon sequestration

potential of any soil depends on its capacity to store resistant plant components in the medium

term and to protect and accumulate humic substances. Thus, the sequestration potential

depends on the chemical characteristics of the soil organic matter and its ability to resist to

microbial decomposition.

To prevent erosion and desertification, amendments of organic wastes are evaluated.

Different amendments such as compost, sewage sludge, ovine manure or humic acids

solutions have been studied (Albiach et al., 2001). The pathways of transformation of these

organic substances at the molecular level are however still far from being understood. Most of

the studies performed on soil organic matter concern humic and fulvic acids and, to a lesser

extent, humin. Whereas lipids have only been extensively studied in sediments.

The purpose of this work consists in studying the evolution, in an amended soil, of

bio-urban waste compost components and the modifications induced on endogen organic

matter. The final aim is to propose indicators to reliably estimate the Carbon sequestration of

a soil.

The reference soil of a carefully maintained long-term experiment is located on the

Deffend ORE field (University of Poitiers), Mignaloux-Beauvoir (Poitiers), France. It's a

loamy soil with a low structural stability. After an intensive cultivation period, the field has

been under pasture since ten years. The organic amendment is a bio urban waste compost

(composting plant of La villedieu du Clain, France). It has been characterized at the molecular

level (M. P. SOM, 2006, thesis).

Three different quantities of compost were added on the soil; 50, 100 and 150 t/ha.

The reference soil and the three amended soils were sampled after 3 days, 7 months, 1 and 2

years.
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Bulk characterization of soil and amended soil was achieved by Thermogravimetry

and Differential Scanning Calorimetry (ATD-ATG), X-ray Diffraction (XRD), Infra Red

spectroscopy (IRFT) and elemental analyses. Three subfractions (clay, silt and sand fractions)

were extracted from each sample. These granulometric fractions were characterized, as bulk

sample, by global analysis and by thermochemiolysis (TMAH/Py-GCMS).

Lipid, “fulvic acid”, “humic acid” and “humin” fractions were obtained following the

IHSS procedure for both reference and amended soils. Lipids were analysed by Gas

Chromatography coupled to Mass Spectrometry (GCMS) and Humic substances were

characterized by thermochemiolysis.

Major components obtained by thermochemiolysis of humic substances are of vegetal

and bacterial origin (lignin monomers and fatty acid methyl esters).

Principal components of lipids are of both bacterial and vegetal origin. Long-chained

hydrocarbons, with an odd-carbon number predominance, long-chained fatty acids, dominated

by even-carbon number and triterpenic compounds (- and -amyrine…) are identified. So do

ramified fatty acids (C15 and C17 iso, ante-iso) and hopanoid compounds wich are markers of

bacteria presence. During amendment experimentation, emphasize will be made on specific

polycyclic molecules (diterpenoïc compounds) found in the green compost.

First results confirm that incorporation of the labil pool (lipids) starts in the fine

fraction (< 2µm) and is followed by degradation process. Fractions dominated by clays show

lignin monomers. We can expect that these molecules are protected by clays.

Those results could bring a better understanding of the dynamics of organic matter, in

general, and the rate of incorporation and its location, in particular, in various pools.
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The use of microbes to clean up polluted soils is a rapidly changing and expanding

area of environmental biotechnology, although the mechanisms of bioremediation and the

benefits which can be directly attributed to it are generally ill-defined. Microbial degradation

of hydrocarbons has been measured to reduce petroleum concentrations at the soil surface by

as much as 92% over two years (Jorgenson and Carter, 1996), but is dependant on many

factors including environmental conditions, oil characteristics and the microbial biomass and

community structure present in the soil (Balba et al., 1998; Baptista et al., 2005). Preliminary

research at UWA has also shown the degradative potential of native soils previously exposed

to different crude oil concentrations.

Different soil microbes have a metabolic preference for different hydrocarbon sources,

hence, may selectively remove different parts of an oil pollutant. Furthermore, complex

microbial communities may also serve as ideal, ecologically relevant toxicity indicators.

Pollution Induced Community Tolerance (PICT; conceptualized by Blanck and Wangberg,

1988) concept states that the tolerance of a community to a toxicant is proportional to the

exposure of that community to the toxicant which can also induce changes in the structure and

activities of the soil microbial community.

Outcomes of a new study investigating the microbial adaptation and bioremediation

performance of an Australian soil at risk of contamination due to high onshore petroleum

activity, following its exposure to a representative oil sample will be reported. The

manipulation of indigenous microbial communities may help deal with contamination of

environmentally sensitive areas protected from the introduction non-native fauna. Two phase

microcosm experiments have been conducted, the first phase involving the addition of crude

oil and the control of soil moisture and nutrients with the aim of encouraging a hydrocarbon

responsive microbial consortium. Control experiments were also conducted on soil without

crude oil as well as on sterilised soil and oil, the latter allowing identification of abiotic

processes. Following the two month phase one incubation, phase two commenced with

addition of fresh oil. The extent to which the oil contaminant of both experimental phases is

degraded is being determined by periodical hydrocarbon and microbial analysis.
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Corresponding data from the phase one and two soils will be scrutinised for variation in the

hydrocarbon biodegradation of hydrocarbon primed and non-primed soils.

Biodegradation levels are being established by the extent to which progressively more

vulnerable hydrocarbon species are lost (Peters and Moldowan, 1993) as determined by

GCMS analysis of solvent extractable aliphatic and aromatic fractions. The total metabolic

activity of the soil is assessed by daily measurement of soil respiration. Microbial community

diversity and function is additionally assessed at the commencement (just prior to the addition

of the crude oil) and completion of the two phases by measurement of soil microbial

biomasses, community level physiological profiles and phospholipids fatty acid distributions.
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The experiment in petroleum pollution of typical for the Central Yakutiya soils by ta-

lakan crude oil from 0.07 to 1.95% has been made. Dandelion (Taraxacum ceralophorum (Le-

deb.)) was planted on polluted soil samples. After vegetation period (60 days) soil samples are

studied by analytical methods of organic geochemistry including chloroform extraction, FT-

IR spectrometry, liquid adsorbtion chromatography and chromatography mass-spectrometry

(GC-MS).

Separated chloroform extracts (bitumoids) are a complex mixture of organic compounds

from native organic matter of recent sediments and petroleum pollution. In the case of pol-

luted soil studying of bitumoids allows to know as level as character of petroleum pollution.

Data on bitumoid composition analyzed by liquid adsorbtion chromatography showed

in polluted soils hydrocarbon part of petroleum pollution had been transformed at first.

Results of GC-MS-studying of hydrocarbon fraction bitumoids for control soil sample

(A) and polluted samples – with growing dandelion (C) and without growing it (B) are given

on the Figure. Studying of individual hydrocarbon distribution in these soil samples allowed

to make next conclusions:

Without growing of dandelion (sample B) relatively low molecular alkaness n-C12 – n-

C18 had been destroyed by soil microflora. Composition and distribution of alkanes were

closed to added petroleum pollutant.

With growing of dandelion (sample C) another picture was observed - normal alkanes

n-C18 – n-C25 also light homologs of 12-13-methylalkanes had been mainly transformed.

Character of n-alkane distribution appeared bimodal with maximum on n-C15 and n-C31 . Ele-

ments of plant cover are believed to produce effect on bitumoid part of soil altering the com-

position towards regeneration of natural geochemical background.

As results of geochemical investigations as obtained data on germinating and surviving

of dandelion showed that petroleum pollution in soils had been actively transformed up to the

pertroleum contamination level didn’t exceed 0.098% or 1000mg pollutants per 1kg of soil.
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Figure 1. Mass fragmentograms of hydrocarbon fractions of bitumoids of soils:
A- control soil sample without petroleum pollutant addition;

B and C – soil samples with 0.20 vol.% addition of petroleum pollutant,
B- experiment without plant growing, C- experiment with plant growing.

i – isoprenoids, * - 12- and 13-methilalkanes



P306-WE

ABIOTIC OXIDATION OF RAW AND DEPOLLUTED SOILS FROM COKING
PLANT SITES: EVOLUTION OF ORGANIC COMPARTMENTS

Coralie BIACHE1,2, Laurence MANSUY-HUAULT1, Colette MUNIER-LAMY2

and Pierre FAURE1

1 UMR CNRS 7566 G2R, Université Nancy I, BP 239, 54506 Vandoeuvre Lès Nancy Cedex, France. (Tél. : 33 3
83 68 47 43 – Fax : 33 3 83 68 47 01) – Coralie.Biache@g2r.uhp-nancy.fr

2 UMR CNRS 7137 LIMOS, Université Nancy I, BP 239, 54506 Vandoeuvre Lès Nancy Cedex, France.

The evaluation of organic contamination in industrial wastelands and especially in

ancient coking plant sites is frequently carried out by TOC (total organic carbon)

determination and/or analyses of specific pollutants contents (such as polycyclic aromatic

hydrocarbons - PAH) included in the US-EPA (Environmental Protection Agency) list

priority pollutants (Keith and Telliard, 1979) because of their mutagenic and carcinogenic

properties (Lundstedt, 2003). However, studies on organic matter which occurs in polluted

soils can not be limited to some specific molecules. Organic matrixes in these types of

polluted soil can be considered as source of pollution or trap of contaminants depending of

bio-physico-chemical conditions. As a matter of fact, to understand evolution of such polluted

soils in the environment, it is essential to take into account the totality of the organic

compartment. Especially, the study of the organic matter must be furthered to improve our

understanding of its reactivity during industrial treatments or under natural evolution.

The aim of this work is, (i) to study modifications of the OM composition after

different remediation treatments applied on polluted soils coming from old coking sites, and,

(ii) to evaluate impacts of such treatments on their reactivity notably during abiotic

oxidations. As a matter of fact, low temperature oxidation, carried out at 100°C on untreated

and treated soils, allows to accelerate oxidation processes without implying high temperature

chemical reactions which are not supposed to occur during natural oxidation (Faure et al.,

1999; Elie et al., 2000). Five soils were investigated : a soil treated by bioremediation, which

consist to stimulate the indigenous micro flora on excavated soil under ideal conditions

(temperature, moisture, aeration, nutrients, …), two soils treated by thermal desorption carried

out at 500°C during an hour, and two raw soils.

The extractable organic matter (EOM) was isolated for each soil with dichloromethane

in an accelerated solvent extractor (ASE) and characterized at molecular scale using gas

chromatography – mass spectrometry (GC-MS). Polycyclic aromatic hydrocarbons (PAH)

have been quantified as also their oxygenated equivalents because they are known to be

potentially generated during oxidation of PAH and to be toxic ((Lundstedt, 2003).
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Results concerning treated soils showed a decrease in the EOM yield as well as in the

16 PAH content, whereas the TOC stays fairly stable thus suggesting a condensation of the

aromatic structures. After artificial oxidation, soils show lower contents of 16 PAH while

oxygenated PAH proportion increases. Different molecular indexes (such as

fluorene/fluorenone ratio) strongly changed during the oxidation experiment, suggesting that

they can be used as markers of the oxidation degree.

In parallel, single extractions, followed by Fe and Zn measurement contents in water

soluble, exchangeable, acid-soluble, alkaline-soluble, linked to amorphous ferrous oxides and

linked to crystallized ferrous oxides fractions were carried out with ICP-AES. The mobility of

Zn and Fe increases during oxidation, probably due to the alteration of organic matrixes.

ACKNOWLEDGMENTS

The authors would like to thank the French government, the “Conseil Régional de
Lorraine” and the CNRS for their financial support, as well as the GISFI (scientific group for
research about brown fields, www.gisfi.prd.fr).

REFERENCES
Elie, M., Faure, P., Michels, R., Landais, P. and Griffault, L. (2000). "Natural and Laboratory

Oxidation of Low-Organic-Carbon-Content Sediments: Comparison of Chemical Changes
in Hydrocarbons." Energy & Fuels 14(4): 854-861.

Faure P., Landais P. and Griffault L. (1999) Behavior of organic matter from Callovian shales
during low-temperature air oxidation. Fuel, 78, 1515-1525

Keith, L. H. and Telliard, W. A. (1979). "Priority pollutants I - a perspective view."
Environmental Science and Technology 13(4): 416-423.

Lundstedt, S. (2003). Analysis of PAHs and their transformation products in contaminated
soil and remedial processes. Department of Chemistry Environmental Chemistry. Umea
(Sweden), Umea University: 56.



P307-WE

BIOREMEDIATION OF SOIL CONTAMINATED BY PETROLEUM
BYPRODUCTS: EVOLUTION OF ORGANIC CONTAMINANTS AND EFFICIENCY

OF THE TREATMENT

Pierre FAURE 1, Aurélien RANDI1, Stéphanie OUVRARD2, Jean-Claude SETIER3, Sophie
GUIMONT4 and Jean-Louis PORNAIN3

1 G2R, Nancy-Université, CNRS, CREGU, BP 239, 54506, Vandoeuvre-les-Nancy, France. (Tel : 33 3 83 68 47
40 – Fax : 33 3 83 68 47 01) Pierre.Faure@g2r.uhp-nancy.fr

2ENSAIA-INPL/INRA, 2, avenue de la Forêt de Haye, BP 172,54505 Vandoeuvre-les-Nancy Cedex
3TOTAL, Avenue Larribau, 64018 Pau, France

4Groupe TVD, ZI des clairs chênes, 54230 Chavigny, France

Bioremediation of soils contaminated by petroleum byproducts was carried out in a

field experiment during one year. The experiment was carried out on an experimental set-up

consisting of three concrete basement plots (3.2x3 m) covered by a black tent to avoid

meteoric water infiltration. 30 m3 of the polluted soil (24 tons) were engineered on this

platform. In order to optimize bioremediation effects, water, oxygen, fertilizers and carbone

source were controlled during the treatment period. A 20-25% humidity was maintained by

regular watering. Oxygen was brought by periodic turnings of the pile. Fertilization was

carried out, consisting of supplying agricultural fertilizers (2.1 g N kg-1, 225 mg P kg-1, 291

mg P2O5 kg-1) to obtain a C/N/P ratio of 100/9/1. Fertilization was applied in three times

on day 0 and months 1 and 3. Moreover, soil was mixed with straw (15% v/v) in order

to increase air diffusion, stimulate micro-organisms growth and improve the soil

structure (Chaineau et al., 2002).

The organic extract was studied in the initial soil and after 1, 2, 3, 4.5, 6, 9 and 12

months of experiment. For each soil, organic extract and asphaltene yields were determined.

After maltene fractionation by liquid chromatography, saturated and aromatic hydrocarbons

as well as resins were analyzed by GC-MS and IRTF. Asphaltenes were characterized by

flash pyrolysis GC-MS. Moreover, each fraction was analyzed by HPLC-GPC in order to

follow the molecular weight evolution during the bioremediation.

The characterization of the initial soil reveals that the organic contamination is

inherited from petroleum byproducts with an organic extract concentration (OEC) equal to 14
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900 mg.kg-1 dry soil. Molecular and spectroscopic analyses show that this pollution

corresponds to mono-aromatic polymers close to polystyrene.

During the remediation experiment, OEC decrease progressively until 9 800 mg.kg-1

(Figure 1) and especially hydrocarbons content (~50% of hydrocarbons degraded after 1 years

of experiment). However, the efficiency of the degradation is less and less intense with the

duration of the experiment as already observed in previous experiment on soils polluted by

crude oil (Chaineau et al, 2002). These authors explain this decrease in efficiency by the

production of secondary products (metabolites) affecting the micro-organisms activities.

However, the molecular mass distribution deduced by HPLC-GPC and GC-MS reveals a

preferential disappearance of low molecular mass hydrocarbons. As a matter of fact, the

decrease in efficiency of remediation is rather due to a relative enrichment in macromolecules

more difficult to biodegrade.
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Figure 1. Evolution of organic extracts, asphaltenes, maltenes, resins, saturated and aromatic
hydrocarbons yields (in mg/kg of dry soil) during the bioremediation experiment (in month).
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Isotope and molecular organic geochemistry have played an important role in the
development of forensic methodologies for the identification of oil spills in the marine
environment (Kaplan et al., 1997). Here we explore a similar analytical approach for
fingerprinting motor oil spills from traffic accidents. In most car crushes, aliquots from motor
oil spills can be recovered from the road or highway surface, and compared with the
crankcase oil from the involved or suspected vehicles. Oil/oil correlations of these samples
provide a scientific framework for the identification of the involved vehicles, the
reconstruction of the traffic accident, and help the tracing of the occupants of the vehicles.

In this study, motor oil samples were obtained from the crankcase of 7 vehicles with
gasoline engine and 3 vehicles with diesel engine immediately after oil change (distance, d =
0 km) and after a known driven distance (d = x km) (Table 1). The first set of 10 samples at d
= 0 km, represent the recovered samples at the oil-spill site (hereafter refer to as r-oils) and
the samples at d = x km correspond to control samples of oil taken from the crankcase of the
involved or suspected vehicles (hereafter refer to as c-oils). A sample from motor oil
purchased in a local gas station was used to test for eventual analytical shifts. The oil samples
were passed through an activated copper column to remove elemental sulphur and separated
into three fractions (saturated, aromatic and NOS compounds) using liquid chromatography.
The bulk sulfur-free oils and the three oil fractions were analyzed for C by EA-IRMS, and
the saturated fraction by GC-MSD. All analyses were done in triplicate.

The variation of the 13C values of fraction within the r-oils follows generally the
conventional trend recognised in crude oil and bitumens, increasing in the following order:
13Csat < 13Caro < 13CNOS, with 13Csat up to 6.7‰ more negative than 13CNOS (Table 1).
This is not the case for all the c-oils, with the difference 13Csat – 13CNOS between –0.9 to
0.9‰. The bulk, aromatic and NOS fractions of the c-oils are depleted in 13C by up to 2.6‰
compared to the r-oils (Table 1). The saturated hydrocarbons of the c-oils are enriched in 13C
by up to 1.2‰ compared to the r-oils. This is the normal isotopic shift observed during
cracking of hydrocarbons, which involve the release of 13C-depleted moieties. The NOS
fractions display the most important isotopic shift (by up to 2.6‰), indicating preferential loss
of 12C-rich moieties, most probably from thermally more labile oil or additives fractions (e.g.,
preservatives, antioxidants).
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A multivariate statistical analysis of the isotopic data, based on the principle of
likelihood ratio (LR, Aitken and Taroni, 2004) was applied to compute the probability ratios
of the hypotheses Hp "the c-oil and r-oil come from the same crankcase" and Hd "the c-oil and
r-oil come from different crankcases". The LR values were calculated from a measurements
matrix composed from m = 11 cases (10 r and c oils and 1 test oil), p = 5 variables (13Cbulk,
13Csat, 13Caro, 13Csat/13Cbulkand 13Caro/13Cbulk), and n = 3 replicates (Pierrini, 2005). LR
values > 1 support hypothesis Hp and LR < 1 support hypothesis Hd. In all cases when c-oils
and r-oils come from the crankcase of the same vehicle (Hp is true), the LR values are >1. For
the other cases where c-oils and r-oils come from different bulk sources (Hd is true) the LR
values are generally < 1. However there are 15 wrong "positive" tests from 111 c-r pairs, with
LR > 1 for true Hd. This would represent 13.5% of misleading evidence for the court. The
distribution of the hopanes (m/z 191) and steranes (m/z 217), and the molecular parameters
give further constraints for c-oil/r-oil correlation. The molecular parameters (e.g.,
hydrocarbons concentration ratios) of the c-oils compared favourably with the r-oils,
suggesting that little thermal maturation took place after a relatively short use of the vehicle
engine. Further work is needed to validate the proposed approach, by using real forensic
scenes covering different cases of traffic accidents.

Vehicle
(engine)1

13Cbulk-r
(‰)

Distance, km
(days) 2

13Cbulk, c–r
(‰)

13Csat, c–r
(‰)

13Caro, c–r
(‰)

13CNOS, c– r
(‰)

1 (G) –27.12 2758 (58) –0.39 1.14 –1.07 –1.82
2 (G) –27.99 2800 (60) –0.41 1.24 –0.57 –2.59
3 (G) –26.81 286 (93) –0.47 0.78 –0.88 na
4 (G) –32.49 11139 (93) –0.56 0.74 –0.42 na
5 (G) –27.45 2669 (69) –0.33 0.55 –0.45 –0.7
6 (G) –28.09 3325 (65) –0.33 0.95 –0.74 –0.54
7 (D) –28.14 1703 (65) –0.51 1.06 –0.39 0.14
8 (D) –27.44 1308 (63) –0.08 0.53 0.21 –0.45
9 (D) –27.42 8859 (97) 0.02 0.9 –1.36 –0.79
10 (G) –28.62 1000 (1) –0.23 0.17 –0.49 –0.82

Table 1. Average 13Cbulk values of recovered car oil samples (r-oils) and 13C values for
hydrocarbon fractions of control (c) and recovered (r) samples.1 G = gasoline engine; D =

diesel engine; 2 distance driven and days between sampling of r and c-oils.
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The Campeche Sound in the Gulf of Mexico is the largest oil field in Mexico. The

bottom of the shallow shelf houses a network of pipelines to the nearby coastal area. In

addition to oil production activities and the heavy ship traffic in the Campeche Sound, the

refinery industry on land and other land run-off as well as natural petroleum seeps are

potential sources of pollution of water and sediment in the area (García-Cuéllar et al., 2004).

To assess the extent and regional distribution of pollution with heavy metals and

petroleum hydrocarbons the state oil company PEMEX and the University of Mexico City run

a long term environmental monitoring program (e.g., Vázquez and Virender, 2004). They

established a grid system of approximately 100 sampling points for collecting, among others,

surface sediments from the shelf area of the Campeche Sound and recently also from the

adjacent abyssal area of the Gulf of Mexico further west. Here we report on the GC-MS

analysis of nonaromatic hydrocarbon biomarkers in these surface sediments. As reference

materials, several crude oils and drill cuttings samples were investigated.

n-Alkanes in the surface sediments indicate the presence of refinery products oil as

well as of crude oil and recent higher plant material. Sources for the former may be

discharged drilling fluids, the heavy ship traffic (leakage or spills) or the land run-off. The n-

alkanes are biodegraded to different extents in the surface sediments and often obviously

represent overlapping hydrocarbon envelopes from multiple sources.

Steroid and terpenoid hydrocarbon biomarkers are complex in many of the sediments.

Samples taken in the vicinity of known asphalt seeps – both in the abyssal section and on the

shallow shelf – and pure asphalt samples, including one collected during cruise M67/2 of the

German Research vessel METEOR (courtesy of Prof. Dr. Elva Escobar Briones, University of

Mexico City), exhibit biomarker patterns virtually identical to those of the reference crude

oils studied (Fig. 1), and thus the asphalts have apparently escaped from petroleum reservoirs

with fractured cap rocks. As expected for crude oils from a Jurassic source rock, the m/z 191

triterpane mass fragmentogram in Fig. 1 lacks a signal corresponding to the angiosperm
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biomarker oleanane (cf. Moldowan et al., 1994). The steranes are characterized by a mature

isomer mixture and a low abundance of diasteranes.

Most of the other surface sediment samples yield a significantly different biomarker

pattern. Although in most cases the imprint of a mature hydrocarbon mixture is recognizable,

it is more or less strongly superimposed by other biomarkers. Among these components are

oleanane (as C-18 isomer mixture or virtually pure 18α-oleanane), 17β,21β-hopanes and hop-

17(21)-enes. The latter compounds are neither typical of mature fossil fuels nor of immature

organic matter in marine surface sediments. The most likely interpretation for their occurrence

is an origin from drill cuttings recovered from Tertiary to Cretaceous deposits and disposed of

into the sea until a few years ago.

The regional pattern of drill cuttings biomarker distributions is in accordance with an

anti-clockwise transport by the dominant current within the Campeche Sound. It appears that

components of less mature organic matter like 17β,21β-hopanes and hop-17(21)-enes were

transported further away from the center of exploration and production activities than

components representing slightly more mature organic matter (like oleanane). This can be

explained by the fact that the former components occur in sediments which are less

consolidated and, thus, are more easily dispersed than more consolidated rocks.

Figure 1. Terpane and sterane
mass fragmentograms from
GC-MS analysis of the
nonaromatic hydrocarbon
fraction of a surface sediment
sample from the Gulf of
Campeche, Mexico, collected
near an asphalt seep in the
coastal south-central part of
the study area.
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Industrial expansion has induced changes in the carbon cycle by remobilization of the

fossil organic carbon. An important consequence is the increase of the greenhouse effect due

to the carbon added in the atmospheric reservoir (5.4 1015 g/year). The use of the fossil

organic matter (FOM) induces also an additional input of fossil carbon that mixes with natural

organic matter in continental hydrosystem. On one hand, this input could have qualitative and

quantitative consequences on carbon cycle and on the other hand, it changes the quality of

continental water increasing risks for human health.

The impact of the fossil carbon released by urban and industrial activities has been

studied in nine sediments sampled along the Fensch River. The anthropogenic pressure has

been quantified by analysing the extractable organic matter (EOM) at molecular scale. The

EOM has been extracted from the mineral matter – insoluble organic matter matrix and then

fractionated by liquid chromatography into aliphatic hydrocarbons, aromatic hydrocarbons

and polar compounds. Each fraction has been analysed by gas chromatography – mass

spectrometry (GC-MS). The molecules analyzed by GC-MS (169 molecules) have been

quantified by the internal standard method and then classified into five categories (natural,

petrogenic, pyrogenic, waste water treatment plant and ubiquist). This approach is an

extension of the molecular marker approach developed by Takada and Eganhouse (Takada

and Eganhouse, 1998). Applied to the sediments of the Fensch River, this method allows the

comparison of the natural input and the anthropogenic input, which is useful to quantify the

anthropogenic pressure. Then it allows the identification of the different sources of organic

micropollutants. Those results could provide useful information in remediation policies.

In the Fensch River, the application of this classification gives several results. First the

ratio natural / anthropogenic decreases from the spring to the confluence; which underlines

the increase of the anthropogenic pressure. Moreover the source of anthropogenic markers

evolves along the river (Figure 1). Near the spring, the major anthropogenic marker is

coprostanol that is often used as waste water treatment plant marker (Hatcher and

McGillivary, 1979) while near the confluence the major anthropogenic markers are aromatic
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hydrocarbons inherited from pyrogenic processes. Along the river, the impact of waste water

treatment plant decreases while the impact of urban and industrial activities increases

characterized by the increase of both petrogenic and pyrogenic markers.

Figure 1. Quantification and source apportionment of the anthropogenic molecular markers
along the Fensch River. The numbers given below the graphics are the amounts of

anthropogenic markers in µg per gram of freeze dried sediment.
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In Japan, a so-called positive list system for regulating pesticide residues in food has

been active since May 29, 2006. Aim of the system is to prohibit the distribution of foods that

contain agricultural chemicals, veterinary drugs and food additives unless they have been

established under the Food Sanitation Law. A default level of positive list system is 0.01 ppm

and uniformly applied to chemicals. This means that after application of the system the

farmers have to take care unintentional exposure (e.g. through drift using a drone) of

neighboring crops for one's own crops. Since it is very difficult for farmers to completely

avoid the drift of sprayed pesticides by neighboring farmers as the country like Japan farming

many different crops in small areas, however, many farmers worry about positive list system.

We investigated pesticides in soil from paddy field and collected soil samples on 41

days between May 27 and October 28, 2005 at four sites in Yurihonjyo City, Akita prefecture,

rice farming as primarily industry, Japan. Diazinon, an organophosphate insecticide and used

extensively, was detected high concentrations from July 29 to August 15. Because of no

application records and no user information in sampling area, however, we cannot

comprehend source and reason etc.

Recently progresses of analytical technique enable us to measure δ13C each compound.

In the results, studies using δ13C each compound spread revolutionarily the various field, e.g.

bioremediation. Moreover, in source apportionment field, since the different sources do have

distinct characteristics for the δ13C values, source identification for polycyclic aromatic

hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and low molecular weight

compounds in contaminated areas have been successful using δ13C each compound (e.g.

O’Malley et al., 1996, Horii et al., 2005 and Dempster et al., 1997). Aim of this study is to

clarify source of high level diazinon from July 29 to August 15 by using δ13C of diazinon.

Analysis of δ13C of diazinon was carried out with a Thermo Electron Trace GC coupled via a

Thermo Electron GC-combustion-III-interface to a Thermo Electron MAT253 mass

spectrometer. The GC was equipped with a fused silica capillary column (30 m × 0.25 mm i.d)

coated with BPX5 phase (0.25 μm film thickness). Helium was used as the carrier gas. We
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selected 10 pesticide products (Granule 5% (3), Granule 3% (4), Wettable Powder (1) and

Emulsifiable Concentrate (2)) included diazinon used by farmers mainly in Akita prefecture,

Japan and analyzed δ13C of diazinon with soil samples of high levels diazinon.

Results were shown that δ13C of diazinon of products ranged from -29.52±3.66‰

(N.N. Co. Ltd.) to -19.54±2.98‰ (N.S Co. Ltd.) and diazinon of soil samples resulted -

24.11±1.21‰ (Fig. 1). Four products were suspected as a reason of high concentrations from

July 29 to August 15. δ13C of pesticide in use can be applied for source apportionment for the

first time.

Figure 1. δ13C of diazinon of 10 products (Granule 5% (3), Granule 3% (4), Wettable Powder
(1) and Emulsifiable Concentrate (2)) and paddy soil. Error bars show 1 standard deviation.
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This present research is based upon the development of a method for measuring 13C

of low-molecular-weight VOCs in airborne samples by TD-GC-ir-MS (Thermal Desorption –

Gas Chromatography – Isotopic Ratio – Mass Spectrometry)[Turner et al. 2006]. In the latter

study it was proven that thermal desorption causes no/negligible carbon isotopic fractionation

of selected VOCs (benzene, toluene, chlorobenzene, ethylbenzene, m-xylene and

propylbenzene).

Measurements of hydrogen isotopes of VOCs in air have never been studied in

sufficient detail, particularly by thermal desorption compound specific isotope analysis.

Because hydrogen has the biggest mass difference (2:1) between its two stable isotopes and

thus, the largest natural deviation in stable isotope ratios; this makes the measurement of D

of VOCs a more attractive technique than 13C alone for assessing their source(s). This

project will strengthen the work of Turner et al. (2006) and the method will be expanded to

include D measurements of VOCs in air samples. A variety of multilayered absorbent resins

are being tested to target a large range of VOCs [Kuntasal et al. 2005] than those previously

investigated [Turner et al. 2006] and will be used as a comparison. Other important factors

that are likely to influence D of VOCs (e.g. air humidity, combustion temperature and

photochemical oxidation) will be also under investigation during the course of this work.

The method developed will then be used to establish the sources of VOCs in real

airborne emissions, for example, from a local industry stack with different processing

temperatures and combustion materials and car exhaust emissions with different motor and

fuel types as well as VOCs emitted from a bush fire simulation experiment.

Measuring the D of VOCs in airborne samples remains a significant analytical

challenge particularly because of their low concentrations. Therefore a routine compound

specific isotope method with thermal desorption for determining the D of individual VOCs

in ambient air is under development as well.
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The Ptolemaida Basin in North Greece is affected by intense anthropogenic activities

comprising in particular lignite mining, lignite combustion based power production,

agriculture, traffic and industry. Especially, the two main cities, Ptolemaida and Kozani, are

situated in the region of extensive lignite mining and combustion. Additionally, the area

around the mining sites is used agriculturally. Unfortunately, the metereological conditions in

the basin favour a trapping of dust and emissions and, consequently, the contaminations are

expected to affect the human health standards in this populated area.

The target of this study was not only to point out the level of contamination but, more

important, to differentiate the numerous emission sources with organic-analytical and

microscopical methods. Based on screening analysis of cultivated and uncultivated soils, fly

ashes and lignite samples the organic-geochemical signature was revealed for different

contaminations. Polycyclic aromatic compounds and pesticides dominated the organic

pollution in soils as a result of agricultural and pyrolytic emissions representing intrinsic and

extrinsic contaminations. In detail, the main groups of substances investigated included

polycyclic aromatic hydrocarbons and its alkylated homologues, oxygen-, nitrogen- and

sulphur-containing polycyclic aromatics, biogenic compounds comprising e.g. terpenoics and

n-aldehydes as well as halogenated aromatics and pesticides. Specific marker compounds

were used successfully to distinguish major sources of anthropogenic pollution, even though a

more detailed identification of emission sources was not always effective. Especially, the

differentiation of lignite derived contamination from those of fly ash or char coal on the base

of PAH signature comparison was not successful. Also the spatial distribution of PAHs with

respect to both quantity and pattern did not correlate well with the locations of emission

sources or obviously affected areas. Extending this approach to S-, N- or O-containing PACs

solely for the sulphur species a slight correlation of their spatial distribution and quantitative

occurrence with fly ash derived pollution was observed. Hence, with respect to the major

extrinisic pollution sources (lignite dust and fly ash) a differentiation based on chemical
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parameters including typical pyrolytic indicators (e.g. pyrogenic PAH) was not achieved.

On the contrary, a significant contribution of fly ash and lignite derived material to the

soil samples was pointed out by white light microscopy in incident mode as well as by REM.

In addition, char coal residues (as a third fraction of pyrogenic organic material) were

differentiated microscopically. Interestingly, a correlation of quantitative PAH data with

microscopical information was not observed. Hence, the results obtained from both methods

were complementary with respect to the information revealed for the different emission

sources. Therefore, this combined application of microscopy and organic-geochemical

analysis revealed a more precious view on the pollution and its sources in the soil

environment.

Figure 1. Relative composition of PAHs according to their ring numbers in soils, fly ash and
lignite (A) and microscopical detection of lignite and fly ash particles in soil samples (B)

from Ptolemaida Basin
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Atmospheric PAH burdens derive from combustion of organic materials. Complete and

incomplete combustion of fossil fuels in traffic, power plants and industrial processes is the

main source for PAH emissions. High toxicity and carcinogenic potential of various PAH lead

to EU-regulation 1999/30/EC effective since January 2005, which enforces detailed

monitoring and control of air quality. In this study a biomonitoring approach is used to gain a

high resolution data set in time and space. Surfaces of evergreen needles of Pinus nigra were

analysed for PAH concentrations at six locations and for up to 5 needle age classes seperately

(n = 51). We here focus our discussion on the accumulation behaviour of phenanthrene (P)

and its alkylated methyl- (MP), ethyl- and dimethyl-analogues (DMP).

The study area is situated in the greater Cologne Conurbation, Germany and covers 3000

km². The six locations are chosen according to typical emission scenarios for the specific

region, as there are a huge petrochemical complex (S1), two rural sites (S2, S6), one location

(S3) in the lignite mining and combustion area, the highly urbanized and industrialised City of

Cologne (S4), and the more residential city Bonn (S5). Influence of point sources is kept to a

minimum, to reflect the overall air quality for each site. Needles were sampled at 3 trees per

location and a composite sample for every needle cohort was designed. The whole vegetation

period was covered by sampling in summer and winter to study accumulation as well as

seasonal climatic effects.

At all six locations a systematic increase in concentration (Fig. 1) of phenanthrene and its

alkylated analogues with needle age or exposure time was observed, similar to observations

made in an environmental magnetics study (Lehndorff et al., 2006). Highest loadings of

phenanthrenes occurred in the Cologne metropolitan site and near a petrochemical complex in

Dormagen. Rural forested and agricultural sites yielded the lowest phenanthrenes loadings in

pine needles. A seasonal pattern with higher concentrations of P as well as MP and DMP

during the winter period was observed at the refinery/chemical plant site (Dormagen, Fig. 1).

At the metropolitan site seasonality was more pronounced for the alkylated than for the parent

phenanthrene.
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Figure 1. Concentration of P, MP, and DMP in pine needles of increasing age and ratios of
alkylated phenanthrenes suitable for source discrimination.

Of particular interest is the distribution pattern of methylated phenanthrenes in pine

needles as it may allow for the differentiation of emission sources contributing to PAH loads.

Thermally unaffected phenanthrene distributions are dominated by 9- and 1-MP, whereas 3-

and 2-MP isomers dominate in petroleum. However, we observe a dominance of

thermodynamically stable MP isomers in the present year needles and a strong increase of the

less stable isomers in the older needle cohorts (Fig. 1). This trend is attributed to

photodegradation and biological release of 9-MP from pine resins in older needles. The ratio

of 9-/1-MP shows the highest values and increase with needle age for the Cologne site and the

lowest and most constant values for the Dormagen site. The latter is located directly adjacent

to a large petrochemical plant, where non-combusted petroleum and refinery products are

released. Amongst the C2-phenanthrenes the 1,7-DMP isomer preferentially derives from

biogenic sources via the abietic acid degradation pathway. The relative proportion of 1,7-

DMP is lowest in the samples from near the petrochemical plant but highest in the rural site at

Fuessenich.
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Atmospheric PAH affect human health, due to respiratory uptake or uptake through the

food chain. Therefore, airborne PAH loads and PAH deposition on crops surfaces have to be

investigated in detail. The overwhelming part of atmospheric pollutants in the Cologne

Conurbation (Germany) results from combustion processes related to traffic, lignite fueled

power plants and industrial emissions. A passive biomonitoring approach chosen in the

greater study involves analyses of PAH and other air pollutants (PM, trace metal loads and

13C-/15N isotopy) accumulated on vegetation, as these components due to low water

solubility are excluded from root uptake (Lehndorff and Schwark, 2004, Urbat et al., 2004,

Lehndorff et al., 2006). Passive sampling thus allows for the acquisition of a time-integrated

and spatially well resolved dataset. The study is conducted in a densely populated and highly

industrialised region of Germany based on airborne PAH accumulated in/on Pinus nigra

needles. These needles are used as passive samplers due to the ubiquitous occurrence of Pinus

nigra as ornamental tree in urbanized and rural areas. Needle ages of up to five years provide

a time-integrated record of atmospheric pollution.

This presentation concentrates on loadings and ratios of phenanthrene (P) and its alkylated

methyl- (MP), ethyl- and dimethyl-analogues (DMP) analysed on pine needles at 71 locations.

The area covering 3000 km² is characterised by highly variable land use including forests,

arable land, pastures, lignite open pit mining, industrial and residential areas. To adequately

represent local air quality needles were taken from 3 trees at each location and first to third

needle ages combined to a composite sample.

The regional distribution pattern of P shows a very pronounced maximum in the lignite

mining region (Fig. 1), due to emissions of parent P from combustion in power plants.

Intermediate phenanthrene concentrations are characteristic for the densely populated Rhine

Valley with a bull´s eye pattern in P increase for Cologne City. The rural areas to the west and

east of the study area show the lowest amounts of P in pine needles.

Phenanthrene (ng g-1)
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Figure 1. Distribution map of phenanthrene highlighting the lignite mining and combustion
area and ratio of methylated phenanthrenes indicating incomplete combustion in high traffic

regions.

The 9-/1-MP ratio depicts the Cities of Cologne, Bonn and Düren by elevated isomer ratios

(Fig. 1). This is interpreted as a product of incomplete combustion of diesel fuel. The fact that

the biological 9-MP isomer dominates in urban areas with highest traffic, industrial and

household emissions is unexpected and demonstrates that behaviour of alkylated

phenanthrenes in atmosphere and vegetation is far from being understood.

The study convincingly demonstrates that biomonitoring of PAH is a suitable and

affordable means of investigating regional air quality.
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Polycyclic aromatic hydrocarbons (PAH) comprise the most abundant and diverse group of

anthropogenically emitted and dispersed environmental pollutants. Their behaviour in the

environment as a function of biological, chemical and physical processes as well as their

source recognition and apportionment is often investigated using specific PAH–ratios (for

reviews see e.g. Howsam and Jones, 1998, Yunker et al., 2002 and references therein). Ratios

of individual PAH, if used for source recognition are strongly dependent on the

physicochemical properties of the components used for calculation. For PAH disseminated

preferentially by atmospheric pathways the boiling point and vapour pressure are most critical,

as they partition PAH in classes transported predominantly in the gas or particulate phase.

Therefore, it is recommended for source allocation to utilize PAH ratios where compounds

are of similar physicochemical characteristics, i.e. ratios should be calculated where PAH

with identical number of rings are used. It must also be considered that fractionation and

modification of PAH occurs during transportation and accumulation in and on various

matrices, e.g. sediment/soil/vegetation/man-made surfaces, which will affect PAH source

ratios. In several investigations, frequently employed PAH ratios are applied in uncritical

fashion and matrix differences are not accounted for. We here compare frequently used PAH

source ratios in different environmental matrices in a case study of the Cologne conurbation.

In this study 22 samples of pine needles (pinus nigra), 22 sediment samples taken

from 7 lakes and 8 soil samples were collected in summer and winter of the year 2002 and

2004 within an area spanning <350 km2. The region is affected by various urban and

industrial emission sources. The samples were analysed for the 16 EPA primary pollutant

PAHs plus triphenylene, benzo[a]fluoranthene, benzo[j]fluoranthene and benzo[e]pyrene.

Source-relevant PAH ratios were calculated whereby the ratios are based exclusively

on molecules with identical ring number and similar physicochemical properties.

Relationships between selected ratios were inspected by using binary plots of two key ratios

for 5-ring PAH, BF/BP (benzo[a+b+j+k]fluoranthene/benzo[a+e]pyrene) and BaP/BeP

(benzo[a]pyrene/benzo[e]pyrene) versus ratios of 4-, 5- or 6-ring-PAH, Fla/Py (fluoranthene/

pyrene), BaA/C+T (benz[a]anthracene/chrysene+triphenylene), DBA/BaP (dibenz[ah]ant-

hracene/benzo[a]pyrene], IP/BghiP (indeno[1,2,3-cd]pyrene/benzo[ghi]perylene).
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Results show that as expected ratios are

matrix-affected in a different manner.

Variability of PAH ratios in pine needles

is lowest, as one transport mechanism is

dominant and degradation effects on pine

needles occur in a similar fashion. Soils

show a higher variability as there are

variations in PAH degradation conditions

(pH, Eh, soil microbiota) and lake

sediments are affected by these effects as

well but also receive PAH by variable

transport mechanism (atmospheric and

fluvial input, the latter strongly depending

on Kow). For certain binary plots strongly

opposing trends in variation were noted.

The ratio of Fla/Py is highly variable for

needles but nearly constant for soils,

whereas the ratio BF/BP behaves opposite

with high variability for soils and low for

needles. On the contrary the relationship

between BaP/BeP and BaA/AC+T is

almost linear. The pine needle cluster according to the BaA/AC+T ratios is well separated

from the soil and sediment ratios. If compared to the BF/BP ratio it shows low variability for

the latter but if compared to the BaP/BeP it reveals a high variability. The differences in the

behaviour of the individual PAH ratios can be explained and will be discussed based on their

susceptibility towards photolytic degradation, water solubility and Kow, microbial degradation,

transport partitioning, and other environmental processes.
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In recent sediments the parent and alkyl-substituted PAHs may derive from

anthropogenic (fossil fuels and combustion) and natural sources (oil seeps, bitumens, coal,

plant debris, forest and prairie fires). Since the PAH compositions of the two sources overlap,

especially for parent PAHs, the significance of anthropogenic PAH in the environment must

be evaluated against a dynamic background of natural PAH. Despite this source dichotomy,

PAHs provide some of the most definitive and ubiquitous tracers of organic matter in aquatic

systems (Yunker et al., 2002, and references therein).

Sediment and suspended particulate samples used for this study have been obtained

from the Fraser River basin, B.C., Canada (Yunker et al., 2002), the Beaufort, Chukchi,

Barents and Laptev Seas, and from the central Arctic Ocean basins (Canadian, Eurasian and

Greenland Sea basins). PAH analyses were performed by Axys Analytical Services Ltd. of

Sidney, B.C. using selective ion monitoring GC/MS. The original laboratory chromatograms

from Axys were used to obtain concentration data for all of the mass 276 and 278 PAHs and

1,7- and 2,6-dimethylphenanthrene. Literature for the last 6 years has been reviewed to

update the characteristic PAH ratios for An/(Pn + An), Fl/(Fl + Py), BaA/(BaA + Ch) and

IP/(IP + Bghi) for petroleum, single-source combustion and environmental samples presented

in Yunker et al., (2002), and to add source PAH ratios for BF/(BF + BeP) (see PAH

abbreviations below).

PAHs in Arctic Ocean sediments demonstrate a continuum of inputs that range from

primarily petroleum (the Beaufort Sea) to primarily combustion (the Barents Sea) and also

exhibit negligible anthropogenic input. Such a data set is ideal for calibrating PAH ratios for

PAHs with little or no literature source data available.

In the Arctic Ocean data set there are significant (p < 0.001) linear relationships

between the BF/(BF + BeP) ratio and the Fl/(Fl + Py) and IP/(IP + Bghi) ratios suggesting

that the three ratios all have similar source interpretations. There also are strong linear

relationships between IP/(IP + Bghi) and IC/(IC + Bghi), and between the DjA/(DjA + DhA)

and Pi/(DhA + Pi) ratios and the IC/(IC + Bghi) and IP/(IP + Bghi) ratios (p < 0.001 for all

cases except Pi/(DhA + Pi) vs. IP/(IP + Bghi), which has p < 0.01). Because there is little
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literature information to guide the interpretation of BF/(BF + BeP), and none for the ratios

IC/(IC + Bghi), DjA/(DjA + DhA) and Pi/(DhA + Pi), these linear relationships can provide

guidelines for interpretation. The linear relationships indicate that these four PAH ratios can

distinguish petroleum from combustion and discriminate liquid fossil fuel from biomass

(wood/coal/grass) combustion sources. These ratios join Fl/(Fl + Py) and IP/(IP + Bghi) as

PAH ratios that can make this distinction. Nevertheless, the large variability in BF/(BF +

BeP) values for petroleum combustion and in urbanised areas of the Fraser River basin

suggests that BF/(BF + BeP) may not be useful for source reconciliation in all areas.

Compound Abbreviation

Phenanthrene Pn
Anthracene An
Fluoranthene Fl
Pyrene Py
Benz[a]anthracene BaA
Chrysene Ch
Benzo[b/j/k]fluoranthene BF
Benzo[e]pyrene BeP
Dibenz[a,j]anthracene DjA
Dibenz[a,c/a,h]anthracene DhA
Benzo[b]chrysene BbC
Picene Pi
Indeno[7,1,2,3-cdef]chrysene IC
Indeno[1,2,3-cd]pyrene IP
Benzo[ghi]perylene Bghi
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The Diadema field is located 40 km northwest of the city of Comodoro Rivadavia on

the northern flank of the San Jorge basin, Argentina.

A gas-bearing layer known as “Banco Verde” horizon, which pertains to the

Cretaceous-Tertiary Salamanca Formation, occurs among various hydrocarbon-producing

horizons, at an average depth of 500 meters below surface. Gas was produced from the Banco

Verde horizon approximately between 1950 and 2000. During that period of time, reservoir

pressure dropped from 25 bar (initial pressure) to about 5 bars. A portion of the depleted gas

reservoir was then converted for natural gas storage purposes.

Gas storage operations are carried out in the so-called Repsol-YPF licensed block.

Nine operation wells are used for gas injection and withdrawal. Gas is injected into the

reservoir during summer using the gas pipeline pressure. Then, it is withdrawn during winter

and sent back to the pipeline using compressors.

Due to the presence of hydrocarbons in the aquifers occurring above the Underground

Gas Storage Diadema (UGSD), geochemical and isotopic determinations were performed to

determine the source and monitor the proportions of the mixture of native gas and stored gas.

Original reservoir gas, gas injected into the storage facility, gas occurring in overlying

aquifers (Río Chico and Patagonia Formations), and gas from oil reservoirs occurring beneath

UGSD were sampled.

This paper shows the results of three works performed during 2003/06, which are as

follows:

 Combining isotope composition with molecular ratios, the different components involved

can be clearly differentiated (Figure 1).

 Gas occurring in the Patagonia Fm. is methane and its maximum concentration is 6.55%

molar.

 The molecular and isotopic fingerprint of gas samples is typical of thermogenic gases

associated with oil and gas accumulations.
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 CO2 isotope composition combined with molar ratios in sampled gas has played a key role

to determining potential leakage into aquifers or other gas-bearing horizons (Río Chico

Fm.).

 The results show no evidence of gas migration from UGSD into the Patagonia and Río

Chico Fms. aquifers.

 Isotope composition has been found to vary with time in the injection-area wells due to

the mixture of original and injection gas.

Figure 1. Location map, geological sketch and bivariant plots (C1 vs. C2+ vs. δ13CH4 –
N2/CO2 vs.δ13C CO2 (insert). Original, injected, and aquifer gas fields recognized.
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There are tens of thousands of sunken vessels in the oceans sea floor (Michel et al.,

2005). Many of them date from the World Wars, but some hundreds of them are from sunken

commercial ships including oil tankers. The amount of oil that is estimated to remain still

inside the wrecks is between 512.000 and 4.000.000 tonnes. The recent case of the World

War II tanker USS Mississinewa has warned the international scientific community about the

potential environmental and socio-economical impact oil laden sunken wreck. After six

decades an oil slick suddenly appeared in a tropical lagoon, and it was determined that the

source was the, corroded, sunken Mississinewa (Michel et al., 2005).

The biological, physical and chemical processes governing the final fate of the oil and

its residual compounds in the marine environment are still unclear. The Prestige incident

represents a unique opportunity to study a deep sea oil spill, since its exact location is known

and 44.000 tonnes of the cargo were released from the ship, after it broke in two and sank at

more than 3.500m depth. It is also relatively close to land. Furthermore several tens of

thousands of tonnes of the cargo remain in the wreck, and we have shown in two separate

cruises in 2006 that the wreckage is still leaking and spilling daily from the deep sea tens of

tonnes of oil (Figure 1).

To understand the fate of the oil from a deep sea spill we have carried out a laboratory

and field study to find out which are the dominant processes that contribute to the dispersion

and dissolution of oil in the pelagic marine environment.

Laboratory experiments were designed to appraise the extent of dissolution in

different water masses with a range of temperatures and salinities. The seawater soluble

fraction (SWSF) of the Prestige fuel oil was determined simulating the oceanographic

conditions of the water masses overlying the wreck. All the samples were organic extracted

and were analysed by GC-MS (gas chromatography-mass spectrometry) and GC-IRMS (gas

chromatography-isotope ratio mass spectrometry). Differences in hydrocarbon concentrations

of the SWSF were observed as consequence of density changes due to salinity, temperature
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and depth. These results show a potential fractionation pf the oil in the different water masses

of the NE Atlantic by means of dissolution and diffusion processes.

With regard to field study, we undertook two oceanographic cruises in the Prestige

sinking area and surrounding zones during spring and autumn of 2006. Suspended particulate

matter and dissolved phase of the seawater were sampled at different depths using small

(Niskin and Go Flo bottles) and large volume sampling (in situ filtration pumps) devices.

Individual biomarkers concentrations were determined in all the samples by microwave

assisted extraction followed by GC-MS and GC-IRMS analysis. Traces of the prestige fuel oil

were found in several samples and differences in concentrations of hydrocarbons were

observed related to depth and latitude. The final results of the field study, together with those

obtained in the laboratory experiments, provide valuable information on the vertical and

horizontal distribution of the fuel oil leaving the wreck of Prestige. It is also valuable data to

assess the consequence on the marine environment of deep sea spills.

Figure 1. Relative distributions of the abundances of n-alkanes in Prestige fuel oil (grey), and
from an oil lump in a slick on the sea surface in October 2006 (white).
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With the increasing demand for petroleum, more and more crude oils have been

exploited, at the same time the petroleum-associated environmental problems were becoming

more and more serious. Oil spills can take place during the processes of petroleum

exploration/exploitation, transportation, refinery, utilization and storage. The petroleum

contaminants have been detected from soils, sediments, water and air; from the coastal zones,

canals, and even from the cold regions such as Alaska, USA; and in fact almost from

everywhere.

This work was aimed to probe the interaction between oil spills and soils by

continuous Soxhlet extraction with increasing polarity solvents (n-Hexane, Acetone,

Chloroform and Methanol), to study the formation patterns of different fractions of petroleum

contaminants in soils. Then 3 studied soils (MM, GS and SD) and one crude oil (HY, from

Shengli oilfield, China) were used to simulate the interaction between petroleum

contaminants and soils, in addition that two other outdoor petroleum-contaminated soils were

studied for comparison. The background TOC data of the soils studied (822.5, 33.8 and

55.0ppm based on the dry soil weight for MM, GS and SD samples, respectively), associated

with their mineral compositions can divide them into different classes. Their saturates and

aromatics distributions were shown in Fig.1. Then 0.5346, 0.5441 and 0.5439 gram of crude

oil HY were added into MM, GS and SD soils (50 grams for each), respectively. The blended

samples were fully stirred to make the simulated oils completely dispersed into the soils, and

then put aside in the dark for 72 hrs, which were afterwards used for the continuous Soxhlet

extraction and subjected to different kinds of analysis procedures.

The experimental results indicated that the saturated hydrocarbons were mainly

randomly scattered in soils independent of the nature of different soils, while the aromatics

were found having different adsorption/desorption properties depending on different soils,

and the other polar compounds from petroleum contaminants showed different formation

patterns. These results indicated that stronger interaction forces have been formed between the

aromatics and the soils, which may be through π-π, π-M+ (metal ions from the minerals in

soils) or H-bonding interactions variable with the soil nature. And even stronger interaction,
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such as chemical adsorption or even chemical bonding, has taken place between the polar

compounds from the petroleum contaminants and soils, which can even make the polar

contaminants to be mineralised into the soils. This work indicated that different technologies

should be considered for the remediation of oil spills with respect to the different fractions of

petroleum contaminants, as well as that the soil nature should be taken into account.

Figure 1. Chromatograms of saturates and aromatics from the studied soils. (a) MM soil; (b)
GS soil; (c) SD soil.
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The Coorong is an elongate estuary that extends for some 115 km southeast from the

mouth of the River Murray in South Australia. This narrow neck of water, effectively

separated into two lagoons at Parnka Point, and its associated lakes together comprise a

wetland of international importance for migratory waterbirds. Much research suggests that

changes to the water quality of the Coorong (e.g. increasing salinity, turbidity) have led to a

decline in its fish stocks and its ability to support bird life, particularly in the southern lagoon

which is now hypersaline. As part of a wider investigation of the history and causes of the

deterioration of this coastal habitat, we report here the first results of an attempt to assess the

impact of European settlement on the ecological status of the estuary employing a consortium

of geochemical, isotopic and micropalaeontological techniques to analyse samples from

sediment cores. The key to our approach lies in the comparison of cored sequences from the

southern lagoon (estuarine) and nearby North Stromatolite Lake (NSL: lacustrine, but initially

an embayment of the Coorong lagoon). NSL is the site of a 1.4 m-thick sapropel that

accumulated in a shallow eutrophic setting between 6.0 and 4.7 Ka (Mee et al., 2004, 2007;

Edwards et al., 2006). Although much older than the sediments recovered from the nearby

Coorong lagoon (<0.5 Ka), the organic geochemical signatures and diatom assemblages of

this sapropel and the overlying, shoaling-upwards lacustrine succession provide a valuable

template against which those of the younger estuarine deposit can be evaluated. The diatom

records of both deposits include lacustrine and marine indicator species, and show that

estuarine conditions prevailed for somewhat longer at NSL than hitherto recognised.

In the southern lagoon of the Coorong, the upper 39 cm of cored sediment comprises

dark silty argillaceous and calcareous mudstone (TOC = 5–8%). Its estimated sedimentation

rate is 77 times greater than that of the immediately underlying pre-European calcarenite. The

first appearance of Pinus pollen at 46 cm provides a time marker of ~1950 yr AD. In terms of

its organic carbon content this estuarine mudstone is much richer than the age-equivalent

pelletal carbonate mudstone in NSL (TOC <0.5%). Rather, it is strikingly similar to the upper

half of this lake’s underlying mid-Holocene sapropel unit, both in terms of its organic
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richness and its C-isotopic profile in which 13Corg decreases upwards from –18 to –22‰ (cf.

–17 to –20‰ in the sapropel). These negative excursions may be attributed to an increased

input of 13C-depleted microbial biomass which overprints the trend to more positive 13Corg

values normally associated with eutrophication (Hollander and Smith, 2001).

The geochemical similarity between the two organic-rich units in question extends to

their respective free aliphatic hydrocarbon distributions which are dominated by the C20

highly branched isoprenoid (HBI), 2,6,10-trimethyl-7-(3-methylbutyl)-dodecane, and C15–C35

n-alkanes with a marked odd/even predominance in the C21+ range. Other biomarkers common

to both units include isomeric C25:1 HBI alkenes, C27–C31 hopanoid triterpenes, most notably

22,29,30-trisnorhop-17(21)-ene, and the 2-sterenes (C27 >> C28 ≈C29). This suite of

molecular fossils is consistent with organic matter derived from a mixed population of

eukaryotic algae (including diatoms and chlorophytes), cyanobacteria and other eubacteria.
13C-NMR spectra confirm that the organic matter in these sediments is predominantly algal-

derived, although the alkyl/aryl ratio is appreciably higher in the lagoonal organic matter (~10

in pre-European, climbing to ~15 in modern) than in the lacustrine sapropel (~5), suggesting

a small allochthonous (terrestrial) input prior to European settlement. Moreover, their C27-

dominant sterene signatures and 17,21-homohopane /cholest-2-ene ratios (in the range 0.4–

0.5) together indicate a moderate degree of grazing (faecal pelletisation) of surface sediment

rich in algal and microbial biomass by metazoans such as brine shrimp and gastropods.

Thus the Coorong contains evidence of both natural and cultural eutrophication of

shallow lacustrine and estuarine settings. The former occurred in a freshening-upward regime,

whereas the latter accompanied progressive salinisation.
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