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Sponsors

IGI Ltd. is pleased to
sponsor the
BOGS 2013 Meeting
IGI Ltd

is a geochemical consultancy company based in North Devon providing the
following services:
 Geochemical interpretation and basin modelling studies
 Geochemical databases
 Basic and advanced training courses - multi-client courses and bespoke single client
courses are available, please see our website for more details
 Petroleum geology/geochemistry field trips

IGI Ltd. has developed two unique software packages for the petroleum industry:
p:IGI-3

is the latest release of our p:IGI software, designed and engineered in house for
optimal data compilation and interpretation of all kinds of petroleum geochemical (and supporting)
information. This software is designed to help geoscience professionals (geologists, geochemists
etc) use screening, molecular and isotopic geochemistry for well, prospect and basinal
evaluations. It allows the user to work with data (numbers, ratios and text) in spreadsheet pages,
and to produce a wide range of graph types for ease of both routine and novel interpretations in a
geological context.

Ig.NET

This software allows petroleum geochemistry and basin modelling knowledge to be
explored in a whole new dimension. Launching in its own standalone browser, the user, either
new to geochemistry or the experienced geochemist wanting to expand their knowledge base is
exposed to:
Over 400 comprehensively interlinked information pages
Over 600 concise images
Over 750 fully embedded and linked references

Integrated Geochemical Interpretation Limited
The Granary, Hallsannery, Bideford, Devon,
EX39 5HE, UK
Tel: +44 (0) 1237 471749
Website: www.igiltd.com
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OEA Laboratories Ltd., based in Cornwall, manufacture and sell high quality products
for elemental analyser and elemental analyser – isotope ratio mass spectrometry users
worldwide. Our dedicated production facility is staffed by highly trained technical staff to
ensure you receive the best advanced materials available.
OEA Laboratories also run a specialist contract analytical laboratory and provide a
range of analytical services covering the spectrum of isotope ratio mass spectrometry
and elemental analysis. We offer a quick and reliable service to our customers and draw
on over 50 years of combined analytical experience in the field.
Please visit our website for more details www.oealabs.com.
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Programme

BOGS 2013 – Programme of Events
Wednesday 10th July 2013
08:45 Registration – Tea and Coffee will be Available

RL 210

Session 1 – Chair: Emma Pearson

RL LT1

09:15 Opening and Welcome
09:30 Differences in food web structure under two contrasting productivity regimes:
NE Atlantic vs. W Mediterranean
Jeffreys, R.M., Lavaleye, M.S.S., Bergman, M.J.N. and Duineveld, G.C.A.
09:50 Regional variation in marine mammal diet determined using IP25 and related
highly branched isoprenoid (HBI) diatom biomarkers
Alexander, C., Brown, T.A. and Belt, S.T.
10:10 18S rDNA analysis of alkenone-producing haptophyte(s) preserved in surface
sediments of Lake Toyoni, Japan
McColl, J., Couto, J., Bendle, J.A.P., Henderson, A.C.G., Seki, O.,
Phoenix, V.R. and Toney, J.L.
10:30 Break – Tea, Coffee and Posters

RL 210

Session 2 – Chair: Kyle Taylor

RL LT1

11:00 Sub-Arctic sea ice conditions during the Younger Dryas and Holocene
Cabedo-Sanz, P., Belt, S.T., Brown, T.A., Knies, J. and Husum, K.
11:20 Glycerol dialkyl glycerol tetraethers as a temperature proxy in Antarctic lakes
Taylor, L.C., Pearson, E.J., Roberts, S.J., Juggins, S. and Hodgson, D.A.
11:40 Testing the MBT/CBT palaeothermometer in peat and lignite deposits
Inglis, G.N., Naafs, B.D.A., McClymont, E., Bingham, L., Collinson, M.E.,
Evershed, R.P. and Pancost, R.D.
12:00 Analysis of sea ice and phytoplankton biomarkers in the Barents Sea –
Implications for palaeoclimatic reconstructions
Navarro-Rodriguez, A., Belt, S.T., Berben, S. and Brown, T.A.
12:20 Poster Talks Session 1 – Posters 1-11
12:40 Lunch and Posters

RL 210

Session 3 – Chair: Jon Watson

RL LT1

13:40 The power of ponds: Sequestering organic carbon in small natural ponds
Gilbert, P.J.
14:00 Tracing soil organic matter along the Kolyma palaeoriver transect using
microbial membrane lipids
Doğrul Selver, A., Sparkes, R.B., Bischoff, J., Talbot, H.M., Gustafsson, Ö.,
Semiletov, I.P., Dudarev, O.V., Boult, S. and van Dongen, B. E.
14:20 Sulfates, a problem for organic detection on Mars?
Lewis, J.M.T., Watson, J.S., Najorka, J., Luong, D. and Sephton, M.A.
14:40 Structural elucidation of bicyclic carboxylic acids in complex petroleum mixtures
Wilde, M.J., Lewis, C.A. and Rowland, S.J.
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BOGS 2013 – Programme of Events
Wednesday 10th July 2013
15:00 Poster Talks Session 2 – Posters 12-21
15:20 Break – Tea, Coffee and Posters

RL 210

Session 4 – Chair: Kath Ficken

RL LT1

15:50 Biomolecular analysis of organic residues in archaeological burial soils
Pickering M.D., Green K.A. and Keely B.J.
16:10 Biogeochemical characterisation of soil profiles developed on contrasting
igneous materials
Ashton, N.J., Pattrick, R.A.D., Lloyd, J.R., Tye, A.M. and van Dongen, B.E.
16:30 Degradation of organic materials within burial environments
Pinder, A.P., Pickering, M.D. and Keely, B.J.
Plenary Session – Chair: Geoff Abbott

RL LT1

16:50 Seeking fossil molecules – A pentadecadal perspective
Eglinton, G.
Poster Session

RL 210

17:40 Poster Session – Refreshments will be available
19:30 Conference Dinner

National Marine Aquarium
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BOGS 2013 – Programme of Events
Thursday 11th July 2013
09:00 Wake-up – Tea and Coffee will be Available

RL 210

Session 5 – Chair: Rachel Jeffreys

RL LT1

09:30 The relative importance of physical and biochemical mechanisms in explaining
interspecies variation in the δ2H values of leaf wax n-alkanes
Eley, Y. and Pedentchouk, N.
09:50 Marine sedimentary pigments: indicators of organic matter dynamics
White, C.M., Woulds, C., Cowie, G.L., Mowbray, S.R. and Hall, P.O.J.
10:10 Sewage contamination in a South Atlantic estuary (Babitonga Bay, Brazil),
indicated by the integrated evaluation of molecular marker indices and linear
alkylbenzenes (LABs)
Martins, C.C., Cabral, A.C., Cintra, S.C.T.B., Dauner, A.L.L. and Souza, F.M.
10:30 Geochemical analysis of the pigments and affinity of the Jurassic calcareous
alga Solenopora jurassica
Barden, H.E., Withers, P., Behnsen, J., Bergmann, U., Manning, P.L.,
Wogelius, R.A. and van Dongen, B.E.
10:50 Break – Tea, Coffee and Posters

RL 210

Session 6 – Chair: Charles West

RL LT1

11:20 Evidence for anthropogenic environmental change in biomarker records of Lake
Ohrid (Albania, Macedonia)
Holtvoeth, J., Scurupa Machado, K. and Wolff, G.A.
11:40 Palaeoproductivity and terrestrial organic matter biomarker signals in South
China Sea marine sediments – A story of East Asian monsoon evolution
O’Brien, C.L., Pancost, R.D. and Foster, G.L.
12:00 Biomarkers and compound-specific isotopes reveal climate mechanisms forcing
alpine vegetation change from Laguna de Río Seco, Spain
Toney, J.L., Jiménez-Moreno, G., Anderson, R.S., Bendle, J.A., Moosen, H.
and Seki, O.
12:20 Prizes and Closing Comments
13:00 Lunch

RL 208
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BOGS 2013 – Poster Presentations
Poster 1

Long wavelength-absorbing chlorophylls in cyanobacteria
Airs, R.L., Farnham, G., Skill, S. and Llewellyn, C.A.

Poster 2

A petroleum geochemical approach to understanding the Natih and
Tuwaiq petroleum systems of NW Oman
Al-Hadhrami, K.M., Al-Ghammari, M., van der Land, C., Aplin, A.C. and
Jones, D.M.

Poster 3

Organic geochemical assessment of gas shales
Allen, N., Campbell, S.J. and Tyson, R.V.

Poster 4

Sorption, desorption and bioavailability of sorbed persistent organic
pollutants from microplastics
Bakir, A., Wright, S., Rowland, S.J., Galloway, T.S. and Thompson, R.C.

Poster 5

Novel geohopanoids in the Eocene Cobham Lignite suggest an alternative
diagenetic pathway for 35-aminobacteriohopanepolyols
Bischoff, J., Pancost, R.D., Collinson, M. and Talbot, H.M.

Poster 6

Molecular distributions and δ13C values of n-alkanes as palaeovegetational
biomarkers
Bull, I.D., Cryer, D., Zhang, A. and Eglinton, G.

Poster 7

Tracing nitrate sources and pathways for reducing contamination of
groundwater drinking water sources
Charteris, A.F., Evershed, R.P. and Michaelides, K.

Poster 8

Climate regulators? An investigation of the cycling of methylated amines in
marine systems
Cree, C., Airs, R.L., Archer, S.D., Lewis, C.A. and Fitzsimons, M.F.

Poster 9

The power of ponds: Sequestering organic carbon in small natural ponds
Gilbert, P.J.

Poster 10

Degradation of macromolecular materials in fixed-dune soils
González González, I., van Dongen, B.E. and Robinson, C.H.

Poster 11

Analysis of preserved remains from a First World War mass grave
Hicks, S.A., Pinder, A.P., Brothwell, D.A. and Keely, B.J.

Poster 12

Glycerol dialkyl glycerol tetraether lipids as temperature changes proxy in
messinian pre-evaporite sediments, Sorbas Basin, Spain
Martins, C.C., Flecker, R., Sierro, F.J., Mayser, J.P. and Pancost, R.D.

Poster 13

Comprehensive two-dimensional gas chromatography combined with the
latest developments in time-of-flight mass spectrometric analysis for the
improved speciation of compound classes in petrochemical analyses
McGregor, L., Stevens, S., Bukowski, N. and Smith, S.

Poster 14

Removal of metaldehyde from water
Nabeerasool, M.A., van Dongen, B.E., Polya, D.A., Campen, A.K. and
Brown, N.

Poster 15

Anaerobic ammonium oxidising bacteria: A significant biological source of
the bacteriohopanetetrol stereoisomer?
Rush, D., Garside, A.L., Talbot, H.M., Thamdrup, B., Acuña González, J.,
Schouten, S., Sinninghe Damsté, J.S. and Poulton, S.W.
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Poster 16

Assessing the variability of highly complex mixtures of organic
contaminants from oil industry produced waters using GC×GC-ToF-MS
Scarlett, A.G., West, C.E., Lengger, S., Frank, R.A., Hewitt, L.M. and
Rowland, S.J.

Poster 17

Methanotroph community composition, aerobic methane oxidation and
BHP signatures in River Tyne sediment
Sherry, A., Osborne, K.A., Dunn, F., Gray, N.D. and Talbot, H.M.

Poster 18

Soil biomarker distribution across the East Siberian Shelf
Sparkes, R.B., Doğrul Selver, A., Bischoff, J., Talbot, H.M., Gustafsson, Ö.,
Semiletov, I.P., Dudarev, O.V. and van Dongen, B.E.

Poster 19

Sedimentary record of short term climate driven changes in methane
cycling
Spencer-Jones, C.L., Wagner, T. and Talbot, H.M.

Poster 20

How effective are small artificially constructed ponds at sequestering and
storing atmospheric carbon?
Taylor, S.E., Gilbert, P.J., Jeffries, M.J., Cooke, D.A. and Abbott, G.D.

Poster 21

Nitrogen isotopes of amino acids in peatlands: Nitrogen cycling and
potential palaeoclimate significance
Xue, Q., Pancost, R.D. and Evershed, R.P.
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Oral Presentations

Oral Session 1

Differences in Food Web Structure Under Two
Contrasting Productivity Regimes: NE Atlantic vs.
W Mediterranean
Jeffreys, R.M.1, Lavaleye, M.S.S.2, Bergman, M.J.N.2 and Duineveld, G.C.A.2
1

2

School of Environmental Sciences, University of Liverpool, Liverpool L69 3GP, U.K.
Department of Marine Ecology, Royal Netherlands Institute for Sea Research, Den Burg, Texel,
1790 AB, The Netherlands
rachel.jeffreys@liv.ac.uk

Understanding food web dynamics is central in comprehending ecosystem structure
and function. To determine how food web dynamics respond to differences in food
supply, an accurate assessment of consumer diets is required. Here we use fatty acid
(FA) trophic biomarkers to ascertain trophic relationships and the nutritional status of
deep-sea consumers. We compared the trophic dynamics of the megafauna and fish
under two contrasting productivity regimes: (1) the NE Atlantic, with primary production
of 800 mg C m-2 d-1 and the (2) W. Mediterranean, with primary production of
400 mg C m-2 d-1 across a depth gradient of 1200 to 3000 m.
Particulate organic carbon fluxes to the seafloor were higher in the Atlantic site
compared to the Mediterranean site, maximal fluxes being 17 mg C m-2 d-1 and
9 mg C m-2 d-1, respectively. Chlorophyll-a concentrations in surficial sediments were
higher in the Atlantic at 17 ng g-1 compared to 6 ng g-1 in Mediterranean. Megabenthic
biomass and abundance were an order of magnitude higher in the NE Atlantic at
1.1 g m-2 (wet weight) and 0.11 individuals m-2, probably a result of the higher
abundance of food at this site. The number of species observed in the Mediterranean
was low (S=7) and the food web consisted of decapod crustaceans and fish. In the
Atlantic a greater diversity of taxa were observed (S=49) with representatives from ten
Phyla. Stable carbon and nitrogen isotope values point to typical deep-sea food webs at
both sites, having 4 trophic levels with fish at the apex. Nitrogen isotope values were
lower in particulate organic matter and zooplankton (by ~2‰) in the Mediterranean
reflecting nitrogen fixation in the surface waters. Carbon isotope values were heavier in
consumers in the Mediterranean (by ~1-2‰) possibly reflecting a C4 plant influence.
The abyssal grenadier Coryphaenoides spp. in the Mediterranean had lower quantities
of C20:5(n-3) and C22:6(n-3), at ~500 and 13000 g g-1 compared to 2300 and 29500 g g-1 in
the Atlantic. This suggests that fish in the Mediterranean may endure a higher degree of
food limitation than their Atlantic counterparts. Differences were noted in FA profiles
between feeding types but there were no apparent differences in fatty acid
concentrations between depths. These results enable us to better understand how
communities function under different productivity regimes.
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Oral Session 1

Regional Variation in Marine Mammal Diet
Determined Using IP25 and Related Highly Branched
Isoprenoid (HBI) Diatom Biomarkers
Alexander, C., Brown, T.A. and Belt, S.T.
Biogeochemistry Research Centre, University of Plymouth, Plymouth, Devon PL4 8AA, U.K.
charlotte.alexander@postgrad.plymouth.ac.uk

Variations in Arctic sea ice thickness and extent can have a significant impact on the
biological communities that live in the Arctic.
Ice-associated algae provide an important contribution to marine Arctic ecosystems.
Through the production of lipids they provide the energy required for reproduction and
growth of many marine organisms, and the timing and quality of these lipids can be
responsible for defining the structure of biological communities here. Highly branched
isoprenoids (HBIs) are biosynthesised by some of these algae and contribute to the
supply of energy. Uniquely, the particular structure of these HBI lipids can vary as a
function of the environment in which they were produced.
Here we analysed for the presence of certain source specific HBIs within regional Arctic
food webs to investigate the ability of these lipids to provide information on the feeding
behaviour of important Arctic species.
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Oral Session 1

18S rDNA Analysis of Alkenone-Producing
Haptophyte(s) Preserved in Surface Sediments
of Lake Toyoni, Japan
McColl, J.1, Couto, J.2, Bendle, J.A.P.3, Henderson, A.C.G.4, Seki, O.5,
Phoenix, V.R.1 and Toney, J.L.1
1

School of Geographical and Earth Sciences, University of Glasgow, Glasgow G12 8QQ, U.K.
2
School of Engineering, University of Glasgow, Glasgow, G12 8QQ, U.K.
3
School of Geography, Earth and Environmental Sciences, University of Birmingham, Birmingham
B15 2TT, U.K.
4
School of Geography, Politics and Sociology, Newcastle University, Newcastle-upon-Tyne
NE1 7RU, U.K.
5
Institute of Low Temperature Science, University of Hokkaido, Hokkaido, 060-0808, Japan
j.mccoll.1@research.gla.ac.uk

Alkenones are long-chain ketones that are readily preserved in lake and marine
sedimentary archives and have the potential to provide quantitative reconstructions of
past water temperature. Alkenones are produced by a limited number of haptophyte
algae. Due to the heterogeneity of lakes, each lake will have a unique combination of
ecological conditions, haptophyte species and seasonal alkenone production that
contributes to the sedimentary record. In order to use alkenones for down-core
temperature reconstructions from these sedimentary records, it is critical to select the
most appropriate temperature calibration, which requires identifying the haptophyte
species. We present a study from Lake Toyoni, a freshwater lake in Hokkaido, Japan
that has alkenones preserved in the surface sediments. The aim of this study is to
identify the alkenone producer(s) within the lake using 18S rDNA analyses. Preserved
rDNA of planktonic, phototrophic algae was extracted from surface sediments of Lake
Toyoni and phylogenetic analyses of the rDNA sequences suggest alkenones are
produced by a single haptophyte within the class Prymnesiophyceae (order
Isochrysidales). The Lake Toyoni alkenone-producer shares a distinct phylotype with a
haptophyte reported from water filter samples collected in Lake BrayaSø, Greenland
(D’Andrea et al., 2006). Similarity between the 18S rDNA sequences from Lake Toyoni
and Lake BrayaSø provides a basis for applying and updating the Greenland lake
temperature calibration. Applying this temperature calibration (T°C = 40.8 [UK37] + 31.8,
R2=0.96; n=34) to the surface sediment alkenone unsaturation index from Lake Toyoni
gives an estimated lake surface temperature (LST) of 8 °C. This is in line with observed
LST at Lake Toyoni, which ranges between 7-22 °C (Apr 2011 to Nov 2011). The
occurrence of a single alkenone producer in Lake Toyoni means problems posed by a
mixture of haptophytes in the sedimentary record, where changes in the abundance of
different haptophytes can change the relationship between alkenone unsaturation and
LST, are greatly reduced. The identification of a single haptophyte phylotype in Lake
Toyoni highlights the high potential of this site to produce a sensitive record of past LST
from a region under-represented by quantitative records of Holocene climate change.
References
D'Andrea, W.J., Lage, M., Martiny, J.B.H., Laatsch, A.D.,Amaral-Zettler, L.A., Sogin, M.L. and Yongsong
Huang (2006) Alkenone producers inferred from well-preserved 18S rDNA in Greenland lake sediments.
Journal of Geophysical Research: Biogeosciences 111, G03013, doi: 10.1029/2005JG000121.
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Oral Session 2

Sub-Arctic Sea Ice Conditions During the
Younger Dryas and Holocene
Cabedo-Sanz, P.1, Belt, S.T.1, Brown, T.A.1, Knies, J.2 and Husum, K.3
1

Biogeochemistry Research Centre, Plymouth University, Plymouth, Devon PL4 8AA, U.K.
2
Geological Survey of Norway, Trondheim, 7491, Norway
3
Department of Geology, University of Tromsø, Tromsø, N-9037, Norway
patricia.cabedosanz@plymouth.ac.uk

The presence of the sea ice diatom biomarker IP25 in Arctic marine sediments has been
used in previous studies as a proxy for past spring sea ice occurrence and as an
indicator of wider palaeoenvironmental conditions for different regions of the Arctic over
various timescales (Belt et al., 2010; Müller et al., 2009). In addition, measurement of
IP25 has also been applied as a sea ice origin tracer for studying the transfer of organic
carbon through Arctic food-webs (Brown et al., 2012).
The current study focuses on high-resolution palaeo sea ice reconstructions for northern
Norway and western Barents Sea during the last ca 15 cal. kyr BP. Within this study,
particular emphasis has been placed on the identification of the sea ice conditions
during the Younger Dryas and the application of different biomarker-based proxies to
both identify and quantify seasonal sea ice conditions. IP25 concentrations were also
combined with those of the open water phytoplankton biomarker brassicasterol to
generate PBIP25 data from which more quantitative measurements of sea ice are
determined.
References
Belt, S.T., Vare, L.L., Massé, G., Manners, H.R., Price, J.C., MacLachlan, S.E., Andrews, J.T. and
Schmidt, S. (2010) Striking similarities in temporal changes to spring sea ice occurrence across the
central Canadian Arctic Archipelago over the last 7000 years. Quaternary Science Reviews 29, 34893504.
Brown, T.A. and Belt, S.T. (2012) Identification of the sea ice diatom biomarker IP 25 in Arctic benthic
macrofauna: direct evidence for a sea ice diatom diet in Arctic heterotrophs. Polar Biology 35, 131-137.
Müller, J., Massé, G., Stein, R. and Belt, S.T. (2009) Variability of sea-ice conditions in the Fram Strait
over the past 30,000 years. Nature Geoscience 2, 772-776.
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Oral Session 2

Glycerol Dialkyl Glycerol Tetraethers as a
Temperature Proxy in Antarctic Lakes
Taylor, L.C.1,2, Pearson, E.J.2, Roberts, S.J.1, Juggins, S.2 and Hodgson, D.A.1
1

2

British Antarctic Survey, High Cross, Madingley Road, Cambridge CB3 0ET, U.K.
School of Geography, Politics & Sociology, Newcastle University, Newcastle-upon-Tyne
NE1 7RU, U.K.
l.c.taylor@newcastle.ac.uk

Assessing the impact of past phases of natural warming on climatically sensitive areas,
such as Antarctic and sub-Antarctic regions, will help us better understand the impact
that climate warming may have in the future. In recent decades, the Antarctic Peninsula
has been one of the fastest warming regions on Earth, with temperatures increasing at
a rate of 3.4 °C per century, five times the global mean. Several phases of marked
environmental change are known to have occurred on the Antarctic Peninsula and in
the sub-Antarctic regions during the Holocene, with some studies suggesting that early
Holocene climates may have been warmer or at least as warm as those experienced in
Antarctica over the last century.
This research focuses on the use of sedimentary biomarkers such as glycerol dialkyl
glycerol tetraethers (GDGTs) and pigments in lake sediments to reconstruct Holocene
changes in temperature, nutrient flux and precipitation. Due to their size and wellconstrained input sources, lakes often react more rapidly to climatic variations and can
record seasonal-decadal scale changes. When combined with geochemical,
sedimentological and isotopic analysis of lake sediments, GDGT analysis can be
particularly useful, allowing past climatic and environmental change to be reconstructed
in increasingly fine detail.
GDGTs are one of few existing quantitative temperature proxies. They have previously
been successfully used to reconstruct temperature indices in ocean and soils, but their
application in lake sediments is relatively new. Recent studies have developed GDGTtemperature calibrations for lake sediments including a global calibration using
branched GDGTs (Pearson et al., 2011). This calibration potentially over estimates
temperatures for Antarctic and sub-Antarctic sites suggesting that a regional calibration
may be more appropriate. Preliminary results will be presented.
References
Pearson, E.J., Juggins, S., Talbot, H.M., Weckstrom, J., Rosen, P., Ryves, D.B., Roberts, S.J. and
Schmidt, R. (2011) A lacustrine GDGT-temperature calibration from the Scandinavian Arctic to Antarctic:
Renewed potential for the application of GDGT-paleothermometry in lakes. Geochimica et Cosmochimica
Acta 75, 6225-6238.
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Oral Session 2

Testing the MBT/CBT Palaeothermometer in Peat
and Lignite Deposits
Inglis, G.N.1, Naafs, B.D.A.1, McClymont, E.1,2, Bingham, L.1, Collinson, M.E.3,
Evershed, R.P.1 and Pancost, R.D.1
1

Organic Geochemistry Unit, School of Chemistry, University of Bristol, Bristol BS8 1TS, U.K.
2
Department of Geography, Durham University, Durham DH1 3LE, U.K.
3
Department of Earth Sciences, Royal Holloway University of London, Egham, Surrey
TW20 0EX, U.K.
gordon.inglis@bristol.ac.uk

The MBT’/CBT proxy, used to reconstruct soil palaeotemperature and pH, is based
upon the distribution of branched glycerol dialkyl glycerol tetraethers (GDGTs) in soil
bacteria. Recent work has shown that there may be potential for the application of the
MBT’/CBT proxy in peat cores and lignites (Weijers et al., 2011). Using high-resolution
down-core peat profiles from continental Europe, we investigate the effect of different
peat environments upon branched GDGT distribution. Based upon these observations,
we apply the MBT’/CBT proxy to a lithified peat sequence to generate a record of mean
annual air temperature (MAAT) for the early Eocene (~55 million years ago).
MBT’/CBT was determined in two high-resolution peat records from Europe spanning
the last ~4,000 years (Ballyduff Bog, Ireland and Bissendorfer Moor, Germany). Coretop GDGT-derived MAT estimates are similar to modern MAT. However, down core
reconstructions exhibit large-scale temperature variations up to ± 5 °C from modern
MAT. Although some trends might coincide with known events such as the Little Ice
Age, the amplitude is too large compared to other proxy estimates. CBT-derived pH
estimates are relatively stable with depth but higher than expected for an ombrotrophic
bog. In both peat records, the acrotelm-catotelm boundary is marked by a significant
decrease in pH (~1.1) and MAT (~7 °C), suggesting that other parameters aside from
MAT and pH can influence branched GDGT distribution. Taken together, these results
suggest that caution must be applied when interpreting MBT’/CBT in peat bogs.
A thermally immature, early Eocene lignite seam was recovered from Schoëningen,
northern Germany and can be used to test the efficacy of MBT’/CBT in lignite.
MBT’/CBT-derived MAT estimates are stable and warm throughout (22-24 °C) and
agree with both proximal floral MAT estimates (Geisetal, central Germany) and
modelled MAT. Analogous to modern peat records, CBT-derived pH estimates are
higher than expected. Further work is required before we can confidently apply
MBT’/CBT in peat and lignite deposits but may provide unique windows into terrestrial
‘greenhouse’ climates.
References
Weijers, J.W.H., Steinmann, P., Hopmans, E.C., Schouten, S., and Sinninghe Damsté, J.S. (2011)
Bacterial tetraether membrane lipids in peat and coal: Testing the MBT-CBT temperature proxy for
climate reconstruction. Organic Geochemistry 42, 477-486.
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Oral Session 2

Analysis of Sea Ice and Phytoplankton Biomarkers
in the Barents Sea – Implications for
Palaeoclimatic Reconstructions
Navarro-Rodriguez, A.1, Belt, S.T.1, Berben, S.2 and Brown, T.A.1
1

Biogeochemistry Research Centre, Plymouth University, Plymouth, Devon PL48AA, U.K.
2
Department of Geology, University of Tromsø, Tromsø, Norway
alba.navarrorodriguez@plymouth.ac.uk

Recent sea ice/open water conditions in Arctic marine systems are determined by
satellite data. Complimentary analysis of surface sediment biomarkers, recently
deposited by planktic microorganisms, facilitates the comparison and calibration of this
valuable proxy data to the satellite records, providing reliable interpretations of proxy
data with regard to environmental and climatic reconstructions. This calibrated approach
can then be applied to longer timescales, up to and including, the last interglacial for
example.
Specific lipid biomarkers, produced by marine diatoms (C25 highly branched isoprenoids
(HBI) alkenes), are influenced by temperature differences, resulting in the formation of
compounds with an increase on the number of unsaturations in response to an increase
on temperature (Rowland et al., 2001). In particular, where sea ice is present, is
routinely observed the presence of a mono-unsaturated HBI (the so called ‘ice proxy’;
IP25). HBIs and additional phytoplankton steroidal biomarkers were analysed in a
sediment core located to the east of Svalbard (78ºN 32ºE) in the Barents Sea. Results
show a clear identification of the Younger Dryas around 13.2 kyr, which caused a
severe cooling in the Northern Hemisphere, reducing concentrations of the biomarkers
found here. The Holocene Thermal Maximum could also be identified by maximum
concentrations of the HBI biomarkers related to warmer conditions. In conclusion, the
addition of a greater number of more specific biomarkers (e.g. HBIs) to the climatic
record provides an excellent source of information that increases confidence in the
interpretation of climatic reconstructions.
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The Power of Ponds: Sequestering Organic Carbon
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There is an urgent need for a comprehensive understanding of the factors controlling
climate change, specifically the intricate interactions between sub-compartments of the
global carbon cycle, where there remains a 10-15% gap in our ability to fully quantify
these processes (Mulholland & Elwood, 1982).
Small water bodies are disproportionately active locations for carbon cycling,
sequestering large amounts of organic carbon at rates second globally only to eutrophic
impoundments (Gilbert et al., unpublished results). Although individual ponds may be
small, estimations of the total extent of global terrestrial water bodies have doubled
since 1997, and this coverage is dominated by small lakes and ponds (Cole et al., 2007;
Lehner & Döll, 2004). These two factors together suggest that small water bodies have
the potential to be the dominant limnological processors of carbon. Regardless, small
ponds are currently omitted from nearly all carbon budgets.
My research aims to characterise the different levels of organic carbon sequestered
within the sediments of varying types of pond and wetland habitats from Druridge Bay,
Northumberland. Individual pond vegetation data coupled with NMR (nuclear magnetic
resonance) analysis of sediments will provide a detailed insight into the state and
degradation rates of organic matter in the sediments of varying pond habitats,
determining their effectiveness at sequestering carbon.
Many individual terrestrial water bodies are also part of a much larger regional network
of wetland habitats rich in biodiversity, and this research will only increase the value of
the ecosystem services provided by these bionetworks helping to conserve these
invaluable habitats.
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Arctic tundra/taiga soils contain approximately half of the global soil organic carbon
reservoir, mainly in the first few meters of the permafrost. Global climate warming is
expected to have a larger effect on this region causing a general reduction of the total
volume of permafrost, changing in the hydrological regime. Studies already suggested
that this can also affect the release and decomposition of the soil organic carbon (soil
OC), eventually causing an increase in the release of greenhouse gases. However,
information about the behaviour and fate of this soil OC on a molecular-level in the
Arctic region is currently limited.
In this project, microbial membrane lipids, i.e. Glycerol Dialkyl Glycerol Tetraethers
(GDGTs) and Bacteriohopanepolyols (BHPs), were used to trace soil OC along the
Kolyma Palaeoriver transect in the East Siberian Sea using sediments collected during
the International Siberian Shelf Study-2008 expedition.
Both terrestrial derived branched GDGTs and soil-marker BHPs showed decreasing
concentrations along the transect. All associated indices (BIT, R’soil ; Doğrul Selver
et al., 2012) and the 13Csoc (obtained from Vonk et al., 2010) strongly correlated,
suggesting a shift from soil OC dominated to more marine dominated system in an offriver direction.
These results are in line with other recent studies (Vonk et al., 2010, 2012; van Dongen
et al., 2008), indicating that a substantial amount of terrestrial derived OC transported to
the (sub)-Arctic shelf systems behaves non-conservatively and is degraded close to the
point of origin.
References
Doğrul Selver, A., Talbot, H.M., Gustafsson, Ö., Boult, S. and van Dongen, B.E. (2012) Soil organic
matter transport along an sub-Arctic river–sea transect. Organic Geochemistry 51, 63-72.
van Dongen, B.E., Zencak, Z. and Gustafsson, Ö. (2008) Differential transport and degradation of bulk
organic carbon and specific terrestrial biomarkers in the surface waters of a sub-arctic brackish bay
mixing zone. Marine Chemistry 112, 203–214.
Vonk, J.E., Sanchez-Garcia, L., Semiletov, I.P., Dudarev, O.V., Eglinton, T.I., Andersson, A. and
Gustafsson, O. (2010) Molecular and radiocarbon constraints on sources and degradation of terrestrial
organic carbon along the Kolyma paleoriver transect, East Siberian Sea. Biogeosciences 7, 3153-3166.
Vonk, J.E., Sánchez-García, L., van Dongen, B.E., Alling, V., Kosmach, D., Charkin, A., Semiletov, I.P.,

21

Oral Session 3
Dudarev, O.V., Shakhova, N., Roos, P., Eglinton, T.I., Andersson, A. and Gustafsson, Ö. (2012)
Activation of old carbon by erosion of coastal and subsea permafrost in Arctic Siberia. Nature 489,137140.

22

Oral Session 3

Sulfates, a Problem for Organic Detection on Mars?
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Lander and rover missions to Mars have so far offered no conclusive evidence of
organic molecules preserved on the planet’s surface. Comets, micrometeorites and
asteroids have been contributing carbon compounds to Mars throughout its history;
volcanism, serpentinisation and potentially life could also act as sources both in the past
and present. Organic compounds are therefore either being destroyed by natural
processes in the Martian regolith, reduced to levels below detection limits or destroyed
through sampling procedures.
In this work we investigate the potential for sulfate minerals to disrupt organic detection
experiments. Much interest has been focussed on perchlorates in regards to this issue.
Perchlorates (salts containing chlorine) can decompose to produce oxygen at pyrolysis
temperatures and therefore can produce simple combustion products. Perchlorates
were detected by Phoenix lander on the northern plains of Mars. Sulfates such as
jarosite and ferric sulfate hydrate can also decompose at pyrolysis temperatures to
release oxygen. Sulfates are widespread on Mars due to the acidic sulfate rich waters
that were common during the Hesperian period. However, they have not been
examined as closely as perchlorates in terms of their ability to disrupt pyrolysis
experiments.
A natural sample of clay containing hydronium-potassium jarosite was collected from
Brownsea Island, Dorset, UK and characterised by XRD. The thermal decomposition of
jarosite and the other minerals in the sample was investigated using pyrolysis-GC-MS.
Important Martian minerals such as ferric sulfate hydrate and gypsum were also
studied. Both jarosite and ferric sulfate showed breakdown of their sulfate structures
initiating at subpyrolysis temperatures with jarosite producing substantially more sulfur
dioxide at 600 °C relative to ferric sulfate. Ferric sulfate decomposition produced
detectable oxygen from 700 °C upwards. Oxygen was not detected in the natural
jarosite sample but the presence of significant carbon dioxide and also carbon
monoxide and nitrous oxide suggests oxidation of indigenous organic matter in the
sample. Gypsum merely dehydrated to anhydrite at pyrolysis temperatures.
To further explore the interaction of decomposing sulfates with organic molecules
gypsum and ferric sulfate hydrate were spiked with equal amounts of anthracene and
pyrolysed at 600 °C. The products were analysed by GC-MS. In the ferric sulfate
sample the anthracene peak area was reduced by ~90%, whereas there was no
evidence for any loss from the spiked gypsum experiment. A prominent peak for the
partially oxidised product of anthracene, anthraquinone, was also seen in the ferric
sulfate run but was completely absent in the gypsum experiment. These initial results
demonstrate that sulfates can disrupt organic detection experiments and that Martian
sulfates may represent a significant complication for organic detection experiments
upon the planet’s surface.
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Structural Elucidation of Bicyclic Carboxylic Acids
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Crude oil is the world’s most widely used energy resource and the ever-growing
demand for the finite supply has resulted in the exploitation of less accessible reserves
holding ‘lower quality’ crude oil. However the thirst for economically viable oil and the
advances in extraction are rivalled by the rising concerns over the toxicity of the
increasing extraction waste and refinery processing problems.
One class of compounds associated with causing some of the toxicity of process waters
and corrosion in refinery pipelines, is the carboxylic or so-called ‘naphthenic’ acids (NA).
Early research identified NA as acyclic and monocyclic structures, however the recent
interest in acid-rich crudes has led to the identification of bi- and tricyclic, aromatic,
steroidal monocarboxylic acids and long chain acids with multiple acid moieties (e.g.
C80-tetra acids), principally by improved gas chromatographic methods.
The current research attempts to identify NA from both oil sands and petroleum
mixtures, achieving characterisation by alteration; converting NA to their hydrocarbon
equivalents using a multi-stage conversion whilst maintaining the integrity of the skeletal
carbon structure. Alteration of the carboxylic acid to the hydrocarbon will allow for a
detailed comparison with previously identified petroleum hydrocarbons and will improve
the chromatography due to the reduced polarity of the analytes, enhancing structural
elucidation.
The multi-stage conversion is being developed using three known model bicyclic
carboxylic acids. They were selected as representative compounds because they
possess similar retention times with the unknown structures identified as bicyclic acids
within an oil sands process-water sample, supported by high resolution mass
spectrometry. A series of experiments has been carried out to investigate; the ease of
conversion, reducing the possibility of structural rearrangement and reducing the
formation of by-products, whilst maintaining an optimal recovery. Results from the
model compounds will act as preliminary indication of the success and repeatability of
the conversion so that it may be performed on unknown acid mixtures of varying
complexity.
Successful identification of the NA structures present in petroleum will help to focus
studies on the quality and processing of less favourable crude oils and aid development
of remediation procedures for toxic NA waste and improve pipeline maintenance. The
overall aim is to make the extraction of such crudes more efficient and cost-effective,
with less environmental impact.
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Biomolecular Analysis of Organic Residues
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The study of how people treated their dead throughout human history provides unique
insights into past social, cultural and spiritual attitudes. The approaches employed focus
mainly on the recording, examination and interpretation of the visible human remains,
grave goods, burial structures and soil features. While grave soil in direct contact with
the body is sometimes examined for physical traces such as seeds, pollen and parasite
eggs, it has rarely been examined in detail and is often discarded.
The InterArChive project has adopted a combination of approaches: organic
geochemistry and soil micromorphology; to characterise the organic matter in grave
soils in order to reveal signatures of body decay, mortuary practices, clothing, diet and
morbidity and to evaluate soil compositions and types that lead to enhanced
preservation of the organic signatures.
The work presented here focuses on results from the chemical analysis of two human
burials (one Roman and one Viking) from a site in Hungate, York. Soil samples were
collected from specific locations around the skeletal remains and from any associated
artefacts (e.g. coffin remains). Control samples taken from the grave fill and non-grave
sediment enabled the organic geochemical background to be established. Elemental
analysis (CHNS-O and total organic carbon content) provided a broad indication of the
nature and quantity of the organic matter present. Analysis of solvent extracts by gas
chromatography-mass spectrometry (GC-MS) and liquid chromatography-multistage
tandem mass spectrometry (LC-MSn) revealed spatial variations in the lipid profiles
across the skeletal remains with signatures attributable to specific sources being
identified within the complex distributions of organic constituents. These include
signatures related to the body tissues, the gut contents, the state of bone preservation
and soil microbiota.
The InterArChive project is building up an understanding of the nature and variability of
the organic matter in archaeological burial soils. Hence, the study is providing data and
sampling recommendations to inform future investigations of archaeological burials in
order to maximise the amount of information retrieved.
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Biogeochemical Characterisation of Soil Profiles
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The soil environment is a crucial resource comprising a range of natural and man-made
habitats that underpin all ecosystems and food production. It marks the interface
between the geosphere, biosphere, hydrosphere and atmosphere, all of which are
important contributors to the development of soil properties. Of particular interest is the
soil geochemistry and microbiology as they have a major influence on soil fertility,
stability and elemental cycling. The parent material upon which a soil forms is an
integral component of pedogenesis and is key in determining soil geochemistry that has
a major effect on the microbiology and soil fluid compositions, and, indirectly, the
organic matter present.
Soil organic matter (SOM) has the potential to transport and accumulate essential and
toxic ions through the soil profile, as well as to regulate the nutrient supply and store
carbon. By analysing the SOM at a molecular level it is possible to investigate the
potential role of SOM in element mobility; previous studies have demonstrated the
mobilisation of inorganic contaminants such as selenium is linked to the presence of
OM and specific microbial processes e.g. (Fellowes et al., (in press)).
The current research is part of a project to develop a holistic record of soil geochemistry
and microbial diversity through soil profiles on different lithological parent materials to
assess its control, using a number of investigative methods. This has included inorganic
and organic analyses (bulk and biomarkers) in combination with a biological (DNA
sequencing and microcosm experiments) assessment.
The work presented here focuses on the relationship of biomarkers with the major and
trace element chemistry of soil profiles which have formed above two different igneous
rock types; basalt and granodiorite from Northern Ireland. These soil profiles began their
biological development post-glacial (~25 ka) in the same climatic regime, in close
proximity and have comparable topography and ground cover. Characteristic
differences in inorganic chemistry were observed between these profiles and analysis of
the bulk and biomakers in the SOM was undertaken to determine the relationship
between the distribution of organic components and the geochemistry through the soil
profile.
References
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Physical examination of artefacts recovered from archaeological sites can provide unique
insights into the cultural, ritual and social practices of previous inhabitants. The physical
and chemical composition of such finds can often provide much complementary
information, regardless of how complete, well preserved or small the finds are. Many
organic polymeric materials – such as wood – can degrade relatively quickly on the
archaeological timescale, but the small amounts that can remain often yield useful data.
Wood is composed of a complex mixture of the polysaccharides cellulose and
hemicellulose together with lignin. The cellulose and hemicellulose components of wood
appear to decay very rapidly on the archaeological timescale, whereas lignin (albeit
modified) has a greater resistance and some is still present in old samples (PérezCeollo et al., 1997). Lignin is a large, cross-linked phenylpropanoid biopolymer
contained within the plant cell wall. The main lignin monomers are three
phenylpropanoid alcohols (or monolignols); para-coumaryl alcohol (4-[(E)-3hydroxyprop-1-enyl]phenol),
coniferyl
alcohol
(4-(3-hydroxy-1-propenyl)-2methoxyphenol) and sinapyl alcohol (4-(3-hydroxyprop-1-enyl)-2,6-dimethoxyphenol).
The composition of the lignin and ratio of the phenylpropanoid subunits incorporated is
dependent on the type of tree. Angiosperm lignin comprise both syringyl (2,6dimethoxyphenol) and guaiacyl (2-methoxyphenol) subunits, whereas gymnosperm
lignin comprises exclusively guaiacyl subunits (Ralph et al., 2001).
Several studies of fresh woods and of very specific sets of archaeological woods have
illustrated the suitability of sequential thermal desorption, pyrolysis and gas
chromatography (TD/Py-GC) to characterise the biopolymers of which lignins are
comprised (Shedrinsky et al., 1989).
The data presented here is a component of the work carried out as part of the
InterArChive project. The focus of this aspect of study is the analysis of archaeological
wood - primarily coffin woods - obtained from different geographical regions of Europe
and representing sites of different age – using TD/Py-GC. The objectives are to gain
specific information relating to the individual burials and to evaluate the extent of
preservation that is required for useful information to be gained from the remnants of
wooden objects. In addition, a library of data is being constructed with a view to drawing
more general conclusions about the decay of wood within different burial environments.
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Perspective
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I will show some historic old pictures and data, which illustrate the timeline of biomarker
research over more than half a century. The story is sprinkled with the acquisition of
exciting, “new-at that time”, instruments, such as infra-red, gas chromatographs,
pyrolyzers, mass spectrometers and bench top computers, all of which helped us find
and identify organic molecules interred in fossils, ancient sediments and petroleums.
I will tell the story mainly in the form of excerpts from projects chosen to illustrate the
vital role of new methodologies and improved analytical instruments – when employed
at the right time and on appropriate samples!
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Interpretation of sedimentary n-alkyl lipid δ2H data is complicated by a limited
understanding of factors controlling interspecies variation in biomarker 2H/1H
composition. Previous research has sought to explain any differences in 2H values
among plant species by reference to the physical processes that control the movement
of water molecules inside/outside and within the leaf. However, the relative importance
of biochemical differences on the 2H/1H ratio of leaf wax lipids extracted from
morphologically distinct plant species growing at the same location remains largely
unexplored. To distinguish between the effects of interrelated environmental, physical
and biochemical controls on the hydrogen isotope composition of n-alkyl lipids, we
conducted δ2H analysis of soil, xylem, and leaf waters and n-alkanes from a range of C3
and C4 plants growing at a UK saltmarsh (i) across multiple sampling sites, (ii)
throughout the 2012 growth season, and (iii) at different times of the day.
Our results show that soil water 2H/1H varied by up to 35‰ with marsh subenvironment, and exhibited site-specific seasonal shifts up to a maximum of 31‰.
Maximum interspecies variation in xylem water was 38‰, while leaf waters differed
seasonally by a maximum of 29‰. Leaf wax n-alkane 2H/1H, however, consistently
varied by over 100‰ throughout the 2012 growth season, resulting in an interspecies
range in the εwax/lw values of -79 to -227‰. From the discrepancy in the magnitude of
these isotopic differences, we conclude that mechanisms driving variation in the 2H/1H
composition of leaf water, including (i) spatial changes in soil water 2H/1H, (ii) temporal
changes in soil water 2H/1H, (iii) differences in xylem water 2H/1H (reflecting any
fractionation occurring during root uptake), and (iv) differences in leaf water evaporative
2
H-enrichment due to varied plant life forms, cannot explain the range of n-alkane δ2H
values we observed.
Our on-going work seeks to identify key biochemical processes that may account for
interspecies variation in leaf lipid 2H/1H. Analysis of chloroplast-bound phytol will allow
us to investigate whether the potential existence of different NADPH pools influences
the δ2H of compounds synthesized in different plant compartments. Examination of
starch 2H/1H will help us determine whether variation in carbohydrate recycling may
explain the range of lipid δ2H in key species at our site. Finally, we will examine whether
seasonal changes in leaf wax composition, including the nature and amount of
precursor compounds, affect the n-alkyl 2H/1H signal. This research will allow us to
further explore the role of 2H/1H fractionation during biosynthesis of leaf lipids and to
assess the importance of this fractionation when explaining the variation in n-alkane
2 1
H/ H composition among different plant species.
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Pigments are a reactive component of natural organic matter found in seafloor
sediments worldwide and are produced by marine organisms, including phytoplankton
and photosynthetic bacteria. Many pigments are specific to taxonomic groups and so
their presence in marine sediments can be used as biomarkers of individual organisms
and organic matter source. Preservation of pigments in seafloor sediments is influenced
by primary production, sedimentation rates, oxygen availability and faunal communities.
Thus, sedimentary pigments can be used to study both short- and long-term marine
environmental change such as organic matter cycling, sea-level change, eutrophication
and pollution events.
In August 2010 sediments were sampled across the Gotland Basin of the Baltic Sea
from sites with broad ranges in local environmental conditions (from fully oxygenated to
anoxic sediments), sediment geochemistry and biological community structures.
Samples were extracted with two different solvents, allowing method comparison, and
analysed by high-performance liquid chromatography.
We use concentrations of chlorophyll-a, pheopigments and carotenoids in the sediment
as proxies for labile organic matter, pigment degradation, algal senescence and faunal
grazing in the sediments. The distribution of and suite of pigments found across the
basin appear to be influenced by a combination of oxygen availability, organic matter
quantity/supply and seafloor faunal communities. Thus, these factors are important in
determining organic matter cycling in the region. Method comparison reveals that while
different extraction techniques resulted in similar total concentrations, pigment suites
were not comparable. Thus, method selection should be carefully considered when
extracting sedimentary pigments.
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Babitonga Bay is a South Atlantic estuary with significant ecological function; it is part of
the Atlantic Forest and contains one of the last remaining areas of mangrove
communities in the Southern Hemisphere. Organic markers such as coprostanol (5β(H)cholestan-3β-ol) and linear alkylbenzenes (LABs) have been successfully applied to the
study of sewage contamination in sediments of coastal areas worldwide. Coprostanol is
produced in the digestive tracts of higher vertebrates, including humans. High
concentrations of this molecule remain in the faeces and, consequently, are present in
sewage inputs. LABs are employed as raw materials in the production of anionic
surfactants, which are widely used in the manufacture of household detergents.
Approximately 1% to 3% of LABs do not react during the sulfonation process, remaining
as trace residues in cleaning products. The aim of this study was to determine the
spatial distribution of the faecal sterols and linear alkylbenzenes (LABs) in surface
sediments and to perform an integrated evaluation of several molecular markers to
assess the sewage contamination status in the study area. These data provide new
insights regarding faecal sterol indices and the mass inventory of sewage organic
markers. The highest observed concentrations of faecal sterols (coprostanol +
epicoprostanol) and LABs were 6.65 µg g-1 and 413.3 ng g-1, respectively. Several
faecal sterol indices were calculated and correlated with coprostanol levels; these
analyses showed that the index limits presented in the current literature could
underestimate the sewage contamination in this study area. These results showed that
the highest impacts occur at sites close to the sources of sewage input (Fig. 1). For the
overall estuarine system, a low sewage impact may be assumed based on the low total
mass inventories calculated for coprostanol (1.4% and 4.8%). A linear correlation
between coprostanol and LABs indicated that the same source is introducing both
detergents and faecal material to the study area, but coprostanol may be considered a
more reliable indicator of sewage input due to the low levels of LABs associated with a
high coprostanol concentration (> 0.5 µg g-1).

Fig. 1: Map of the study
area,
Babitonga
Bay,
Southern Brazil
and
evaluation
of
sewage
contamination levels in
selected 19 sampling sites.
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The enigmatic fossil calcareous alga Solenopora jurassica is known for its distinctive
pink and white banding. Though widely accepted as an alga, there has been some
debate over its taxonomic affinity, as well as the derivation of its visible banding pattern,
which is thought to be seasonal. Despite these hypotheses little geochemical work has
been carried out to test them. This study represents the first in depth geochemical
analysis of this fossil in order to study its affinity and the possible seasonal origin of its
banding pattern. Seasonal growth is shown by differences in calcite density, and
increased Mg/Ca molar ratios and chlorine levels indicate higher temperatures during
the time that white bands were deposited when compared to the pink bands. Pyrolysis
gas chromatography mass spectrometry and infrared spectroscopy show the presence
of tetramethyl pyrrole, protein moieties and carboxylic acid groups, indicative of the red
algal pigment phycoerythrin. This supports the identification of S. jurassica as an alga,
given that the pigment is only known to occur in cyanobacteria and algae. There is no
evidence that the fossil is bacterial and no other taxonomically indicative biomarkers
were identified.
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Combining biomarker and compound-specific stable isotope data (13Corg, D of plant
waxes), our study illustrates how organic matter fluxes in a lake basin are affected by
natural climate change as well as the response of human populations towards it.
Around 4,000 and 1,000 years ago, organic carbon and carbonate records of a
sediment core from Lake Ohrid in the Western Balkans show distinct shifts that appear
related to well-known Holocene climate fluctuations: the “4.2 ka event” and the transition
from the Dark Ages (DA) to the Medieval Warm Period (MWP). The patterns observed
in the proxy records may thus appear controlled by an entirely natural mechanism of
ecosystem change. However, both periods are also known in archaeological and
historical records for major social changes, decline and migration as well as advances
in technology. In order to investigate whether or not humans contributed to ecosystem
change in the Lake Ohrid Basin we analysed sedimentary lipid biomarkers and their
isotopic composition across the observed changes in the sedimentary system.
Biomarkers allow identifying changing contributions from the principal organic matter
pools, i.e. aquatic and terrestrial biomass as well as soils. Human interference such as
deforestation and farming has the potential to tip the ecosystem out of its natural
balance and, therefore, should be recognisable in biomarker profiles.
The 4.2 ka event is frequently observed in climate archives of the Northern Hemisphere.
In the eastern Mediterranean and the Middle East it manifests itself as a prolonged
period of severe drought that was responsible for the collapse of some of the great
empires of the Bronze Age (BA) such as the first Egyptian or the Akkadian Empire.
Closer to Lake Ohrid, it caused a significant decline in settlement density on the Greek
mainland and the abandonment of some Aegean islands. In the Ohrid Basin, however,
water never was a scarce resource. Inflow of goods and, potentially, people from
drought-stricken areas is evident in the archaeological record. Over the duration of the
4.2 ka event, our biomarker profiles show distinct fluctuations that we interpret as soil
erosion events, based on our findings on lipid composition and isotopic signature. It is
tempting to associate these events with population growth and deforestation due to the
inflow of climate refugees from adjacent Aegean areas.
The DA-MWP transition in Europe coincides with the rise of the medieval monastery as
an institution managing land and agricultural production on an unprecedented scale and
initiating the deforestation of extensive areas. Between the years 900 and 1010, the
monastery of St. Naum was founded at the southern shores of Lake Ohrid, the town of
Ohrid became the capital of the Bulgarian Empire and people moved from a defensive
hill-top settlement towards the lake to establish what is now the town of Pogradec.
Similar to the 4.2 ka event, our biomarker results suggest an increase in soil organic
matter supply that reflects the substantial changes in land use, triggered by a shift
towards more favourable climate.
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Terrigenous input and primary production in the South China Sea (SCS) are closely
related to the seasonality and strength of the East Asian monsoon system. Whereas
East Asian winter monsoon (EAWM) winds deliver terrestrial dusts to the northern SCS
and drive seasonal upwelling and productivity, East Asian summer monsoon (EASM)
precipitation enhances terrestrial fluvial inputs to the southern SCS. Pliocene-to-recent
studies of EAM strength indicate different evolutionary histories for the two seasonal
components with variations in both intensity and phase coupling complicating
interpretation of the evolving EAM system for the past 5 Myr. Using marine sediments
from Ocean Drilling Program Sites 1148 and 1143 located in the northern and southern
SCS, respectively, we use lipid biomarkers to reconstruct terrestrial inputs and marine
productivity in the SCS over the past 5 Myr in order to understand Pliocene-recent
changes in EAWM-EASM strength and SCS palaeoceanography.
Our lipid biomarker reconstructions of terrestrial inputs and marine productivity in the
SCS together reflect a shift in EAWM-EASM phase coupling. Prior to ~3 Ma, the EASM
and EAWM varied in phase, with seasonal heavy monsoonal runoff transporting higher
quantities of terrigenous organic matter (TOM) and nutrients to the southern SCS. At
the same time, conditions in the northern SCS were less favourable for accumulation of
higher plant and algal biomarkers in marine sediments, with monsoonal runoff
concentrated further south. From around the time of the intensification of Northern
Hemisphere glaciation, the EASM-EAWM switched to become out of phase, on glacialinterglacial timescales. This phase shift increased seasonality in the SCS from ~3 Ma to
the present through the coupling of strong EAWM winds with weak precipitation during
glacials and less intense winds with wetter conditions during interglacials (Youbin Sun
et al., 2010). These conditions resulted in a sharp reduction in productivity and TOM
input in the southern SCS whilst at the same time favoured increased accumulation of
TOM and algal biomarkers in the northern SCS, boosted by sea level lowering.
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The Sierra Nevada of southern Spain is located in a region sensitive to changes in
North Atlantic climate dynamics, namely the North Atlantic Oscillation (NAO) and the
Atlantic Meridional Overturning Circulation (AMOC). Here we compare recently
generated biomarker data with the well-dated, high-resolution pollen record (Anderson
et al., 2011) from Laguna de Río Seco that shows major changes in the vegetation
assemblage largely influenced by changes in moisture throughout the Holocene. We
analyzed a full suite of biomarkers and compound-specific hydrogen stable isotopes
(δD) from the same intervals that confirm the inferences from the pollen analysis. For
instance, the glacial transition occurred from ~13,000 to 10,700 calibrated years before
present (cal BP) and is characterised by higher plant leaf wax H-isotope values (δDWAX)
that are 30‰ higher than postglacial values (after 10,700 cal BP). Higher δD WAX is
consistent with colder and drier conditions documented by dry, steppe vegetation. The
δD of aquatic macrophyte biomarkers (δDAQ)(C25 alkanes) change consistently with
terrestrial δDWAX (C29 alkanes), although during arid times in the early Holocene and
post-3,000 cal BP, δDAQ are consistently 10‰ higher, which may indicate seasonal
controls on the aquatic system, such as, a more southerly source for winter
precipitation. In the post-glacial record, δDWAX increase linearly after 8,900 cal BP.
While this trend could reflect lower rainfall during the growing season, other aridity
proxies, such as the vegetation transition toward declining wetland taxa and expansion
of Artemisia and Juniperus, as well as, increasing average chain length values, do not
commence until ~5,700 cal BP. The offset in timing of these major changes suggests
that the hydrogen isotopes are driven by longer-term changes in source moisture, which
is under further investigation. Other biomarker relationships are explored throughout the
record, such as changes in the long-chain diol index, which are coherent with other
proxy data, but need further development as a quantitative proxy in lacustrine
environments.
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Chlorophyll f (1), the longest wavelength absorbing chlorophyll of oxygenic
photosynthesis, was first discovered in cyanobacteria samples taken from a stromatolite
and enriched under near-infra red (near-IR) light (Min Chen et al., 2010). In organic
solvent, the absorption spectrum of chlorophyll f shows a relatively large QY transition at
706 nm, and a Soret band at 406 nm. Stromatolite environments can be comparatively
enriched in near-IR compared to UV/vis wavelengths, analogous to habitats of the
chlorophyll d-producing cyanobacterium Acaryochloris marina. Like chlorophyll f,
chlorophyll d also has a red-shifted QY transition (696 nm) compared to chlorophyll a,
enabling light harvesting in the near-IR region of the spectrum.
Chlorogloeopsis fritschii is a subsection V cyanobacterium which has a diverse
morphology. With a tolerance to a variety of growth conditions and being amenable to
large-scale culture, Chlorogloeopsis fritschii has potential for biotechnological
applications. We report production of chlorophyll f and chlorophyll d in the
cyanobacterium Chlorogloeopsis fritschii cultured under near-IR and natural light
conditions. We discuss these findings in context of the organism’s natural habitat,
morphotype and genome sequence.
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Improvement of petroleum exploration success in geological basins can be achieved by
better understanding of their petroleum systems. This project focuses on oil-oil and oilsource correlations of the NW Oman petroleum systems, including the Lekhwair High,
Natih and Fahud fields. The aim is to develop biomarker and other geochemical
techniques to quantify the contribution of each source to the oil accumulations in NW
Oman.
Previous studies have indicated that pure Natih and Tuwaiq source rocks and oils have
distinguishable geochemical signatures. However, within mixed oil accumulations their
relative contributions are uncertain, especially when input from one is minor compared
to the other. This creates a need for detailed oil-source rock correlation in these
petroleum systems using both free biomarkers and biomarkers bound to kerogen. This
project will integrate existing geological knowledge with new quantitative geochemical
data obtained using gas chromatography/mass spectrometry (GCMS and GCMSMS)
and bulk and compound specific isotopes from selected crude oil and core samples
from representative source rocks. Furthermore, a detailed petrographical study,
including Cathode Luminescence microscopy and fluid inclusions, could provide better
insights into the timing of oil charge.
Preliminary results obtained from total organic carbon (TOC) and Rock-Eval analysis of
the Natih source rocks show that most samples contain highly oil-prone kerogen Type
Ι/ΙΙ organic matter.
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Shale gas is the methane-dominated natural gas that can be produced from an organic
rich thermally mature gas bearing shale. Over the last decade, interest in shale gas has
dramatically increased, especially in North America where it constitutes over 30% of
total domestic gas usage.
Shale gas is generated from well preserved hydrogen-rich kerogen and bitumen, and is
stored within the nanometre-scale pore structure of fine grained mudstones and fissile
shales. The gas is not expelled from the source rock, but is stored in-situ, partitioned
between three phases within the pore structure of kerogen: 1) free gas, 2) adsorbed
gas, and 3) dissolved gas. Understanding the pore structure of kerogen and its control
of gas storage is crucial for the assessment of Gas In Place. There must be a sufficient
GIP stored within a shale unit to be considered an economic shale-gas play.
The pore structure of kerogen is dominated by micropores, with lesser amounts of
meso- and macropores, with the average pore being typically less than 100 nm in
diameter. Two important geochemical factors influence the pore structure of organic rich
shales: 1) Organic matter type and amount, 2) Thermal maturity.
Organic richness of shale is a dominant factor in the gas storage capacity. As the
amount of organic matter (the TOC) increases, the gas storage capacity of shales
increases. The effect of organic matter richness has been explained by the high
abundance of microporosity in kerogen. A TOC of 2% is considered the minimum for a
successful gas play. The kerogen type also has significant influence on the pore
structure of gas shales. It has been shown that terrestrial derived Type III woody
kerogen (equivalent to vitrinite) has the highest microporosity of the kerogen groupings,
with Type II marine algal kerogen falling second.
Thermal maturity of shale is a dominant factor in the gas storage capacity, with a VR o of
1.4% is considered the minimum for a successful gas play. Thermal maturity can lead to
significant alteration of the overall pore structure and porosity of kerogen. The porosity
and pore size distribution of kerogen is greatly altered in highly mature shales, caused
by an increase in the abundance of microporosity. This thermal maturity driven porosity
change is due to the aromatization of the kerogen, with the rearrangement and loss of
alkyl side chains.
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Microplastics are small fragments of marine debris which now appear to be widespread
in the marine environment and have been reported at the sea surface, on shorelines
and on the sea bed. Microplastics have been identified as particles less than 5 mm in
diameter, but fragments much smaller (< 20 m) than this are widely reported. It has
been suggested that microplastics present potential mechanisms for the transport of
persistent organic pollutants (POPs) and the release of chemical additives from plastics,
to organisms (Teuten et al., 2007; 2009). However, studies on sorption/desorption
mechanisms of organic contaminants to and from plastics as well as their transfer to
marine organisms are limited (GESAMP, 2010). Unplasticised PVC (uPVC) and ultrahigh molecular weight polyethylene (UHMW PE), in the size range 200 to 250 m, were
investigated for their potential to sorb and desorb DDT, phenanthrene (Phe), PFOA and
DEHP in seawater. Sorption equilibrium times were determined over 15 days and most
contaminants reached equilibrium onto plastic in 24 hours. Equilibrium distribution
coefficients (Kd) were used to represent sorption capacity of plastic for the pollutants
under investigation. Desorption kinetics were also investigated using a gut surfactant at
different pH and temperature to represent gut conditions of cold and warm marine
organisms. Desorption of contaminants from plastic was faster in the surfactant than in
seawater. Desorption rates were further enhanced under gut conditions representative
of warm blooded organism with desorption rates up to 30 times greater than in seawater
alone. Bioavailability models were also proposed to predict contaminants concentration
in the tissues of a range of marine organisms. This study aims to provide some
information on the potential environmental consequences of microplastics in the marine
environment and in particular in relation to the sorption, desorption and bioavailability of
organic contaminants in seawater and in simulated physiological conditions.
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Bacteriohopanepolyol (BHP) distributions have been investigated in the Cobham Lignite
(SE England) sequence deposited during the earliest Eocene. AminoBHPs (diagnostic
biomarkers for methanotrophic bacteria; van Winden et al., 2012) were observed;
however, the diagenetic fate of these compounds is currently poorly constrained.
Several commonly occurring 35-amino
substituted BHPs, such as 35-aminotriol
(III) -tetrol (V) and -pentol (IV) were
identified. In addition, a novel N-containing
compound analogous to the commonly
reported
anhydroBHT
termed
“anhydroaminotriol” (I) and a series of novel
structures likely containing a ketone
functionality were observed throughout the
sequence. The tentative structures of 32oxo-35-amino-diol (II) and 31-oxo-35amino-triol (IV) are proposed based on
atmospheric pressure chemical ionizationmultistage mass spectrometry (HPLCAPCI-MSn).
These
novel
products
represent up to 15 % of all analysed BHPs
in the Cobham lignite samples.
The significant abundance of these
compounds in the samples suggest that 35amino BHPs have their own specific
diagenetic pathway, potentially allowing
methanotroph activity to be traced in older
samples even if the original biohopanoid
markers are no longer present.
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C3 plants typically have shorter chain n-alkanes in their leaf waxes than C4 plants. For
example, Vogts et al. (2009) presented n-alkane data for C3 plants where the most
abundant homologues were C29 and C31, with 13C values in the -30‰ region, whilst
Rommerskirchen et al. (2006) reported data for numerous C4 grasses, where the most
abundant homologues were C31 and C33, with 13C values in the -20‰ region. We have
extended these plant surveys to include more species, especially those abundant in the
major Southern African biomes and used the expanded data set to derive two new C3
and C4 end-members.
The new C3 end-member has been generated from two sub-sets: species abundant in
the savannah (herbs, bushes and trees; ~80 species) and species prominent in rain
forest vegetation (trees, lianas, and shrubs; ~30 spp.).
The C4 end-member is drawn mainly from species dominating savannah and desert
vegetation (C4 grasses and some sedges; ~40 species). For the C4 grasses, there are
marked differences in distribution between leaves and the corresponding flowers and
seeds, so we have utilized their combined input, resulting in a more even distribution of
C27-C35 odd carbon-number homologues carrying the C4 stable isotopic signal, as
compared with their leaf waxes alone.
A new modelling method (based on a binary mixing model) was developed to
deconvolute both the distributions and the compound specific 13C values of
sedimentary n-alkane signals in terms of relative contributions from two defined end
members. It was applied, using the newly modified C3 and C4 end-members, to the
n-alkane distributions and 13C values observed at the thirteen sediment sites of the
N-S Atlantic transect off southern Africa (Vogts, 2011; Vogts et al., 2012). Proceeding
from N to S, the results obtained from the sediment transect show: (i) an increase in the
average chain length of n-alkanes from 30.1 to 30.8, (ii) n-alkane 13C values becoming
progressively less depleted 13Cwma(29-33) values -33 to -26‰) and (iii) a consistently
heavy C27 n-alkane signal, particularly compared with the C29 signal, which is likely to
be due to n-alkanes contributed by the abundant flowers and seeds of C4 grasses.
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Many of the groundwater sources used to supply water to the 1.3 million people living in
the 2700 km2 Wessex Water region are affected by high and rising nitrate (NO 3-)
concentrations, which pose a threat to both the natural environment and to human
health (Cameron et al., 2013; Nosengo, 2003; Smith et al., 1999; Viousek et al., 1997;
Wessex Water, 2011). NO3- pollution of groundwater is a globally significant problem,
with increases in the use of manures and synthetic fertilisers being a major source
(Nosengo, 2003; Smith et al., 1999; Viousek et al., 1997). Since fertiliser use is
essential to modern food production and unlikely to decline (Erisman et al., 2008), water
companies must develop strategies to deal with the continued rise of groundwater NO 3concentrations into the future.
In order to avoid the costly and unecological construction of treatment works, whilst still
ensuring safe NO3- levels in drinking water, Wessex Water has been working to develop
an economical, pre-emptive ‘Catchment Management’ approach for reducing
pollution(Wessex Water, 2011). However, the scheme is limited by a lack of
understanding of the sources of NO3- pollution, the pathways and N transformations
between source and sink and the processes leading to rapid NO 3- seepage and its
longer-term accumulation in groundwater. In order address this lack of knowledge and
to support Wessex Water’s catchment management approach, the transformations of
inorganic N-containing compounds, NO3- and ammonium (NH4+) in soil have been
investigated using a small scale compound specific stable isotope labelling incubation
experiment. A treatment of either 15NH4+ or 15NO3- was applied to soil from North Wyke
Research Station in Devon and to soil and chalk from Winterbourne Abbas in the
Wessex Water region and incubated for periods between 1.5 h and 32 d. Results are
pending, but it is hoped that, amongst other things, time course figures showing the
gradual incorporation of the inorganic 15N into de novo synthesised amino acids will
help to unravel the complex processing of N-containing compounds in soils.
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Phytoplankton synthesise a variety of low molecular weight organic compounds as
compatible solutes including dimethylsulphoniopropionate (DMSP) and glycine betaine.
The fate of DMSP has received considerable attention as it is the main precursor of the
climate regulator, dimethyl sulphide (DMS). However, the fate of glycine betaine may be
equally important. Glycine betaine is among the most effective and widely-used
compatible solutes found in nature.
Levels of glycine betaine have been linked with light stress and initial work carried out
shows up to 3.2 fold higher levels of glycine betaine in phytoplankton cultured under
high light levels than those cultured under low light levels.
Glycine betaine degrades to produce methylamines which can diffuse across the sea-air
interface and may play a role in climate regulation. As a source of base in the
atmosphere methylamines form sulphate salts that may act as cloud condensation
nuclei and affect cloud albedo.
Methylamines in marine systems have been investigated but the link between the
quaternary amines and their atmospherically active degradation products the
methylamines has not been looked at. This study aims to address this lack of
understanding by developing a novel method of methylamine analysis and applying it to
a seasonal study of glycine betaine and methylamine concentrations.
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There is an urgent need for a comprehensive understanding of the factors controlling
climate change, specifically the intricate interactions between sub-compartments of the
global carbon cycle, where there remains a 10-15% gap in our ability to fully quantify
these processes (Mulholland & Elwood, 1982).
Small water bodies are disproportionately active locations for carbon cycling,
sequestering large amounts of organic carbon at rates second globally only to eutrophic
impoundments (Gilbert et al., unpublished results). Although individual ponds may be
small, estimations of the total extent of global terrestrial water bodies have doubled
since 1997, and this coverage is dominated by small lakes and ponds (Cole et al., 2007;
Lehner & Döll, 2004). These two factors together suggest that small water bodies have
the potential to be the dominant limnological processors of carbon. Regardless, small
ponds are currently omitted from nearly all carbon budgets.
My research aims to characterise the different levels of organic carbon sequestered
within the sediments of varying types of pond and wetland habitats from Druridge Bay,
Northumberland. Individual pond vegetation data coupled with NMR (nuclear magnetic
resonance) analysis of sediments will provide a detailed insight into the state and
degradation rates of organic matter in the sediments of varying pond habitats,
determining their effectiveness at sequestering carbon.
Many individual terrestrial water bodies are also part of a much larger regional network
of wetland habitats rich in biodiversity, and this research will only increase the value of
the ecosystem services provided by these bionetworks helping to conserve these
invaluable habitats.
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The largest amounts of terrestrial carbon (approximately 1580 Gt carbon) can currently
be found in soils. Macromolecular material such as lignin and cellulose forms a
substantial part of this soil carbon. Although lignin is known to be highly resistant to
degradation, certain fungi, particularly members of the phylum Basidiomycota, can
degrade lignin completely (Kirk and Farrell, 1987). However, the extent to which ligninrich organic matter, such as straw, can be degraded in non-agricultural soils remains
unclear, particularly in those soils which are very low in native organic matter, such as
sand-dune grasslands. A recent study showed that, even in these systems, lignin from
wheat straw can be degraded within a 46 month period (Kabuyah et al., 2012). As this
type of soils may have a simple fungal community, it is necessary to analyse the
degradation of macromolecular materials in different types of low nutrient soils where
fungal communities may be more diverse, such as fixed dunes.
The aims of this project are to characterise the degradation of lignin buried plant
materials, at three sand-dune ecosystems. Therefore, bait bags containing barley straw
(Hordeum vulgare) and hawthorn wood (Crataegus monogyna) were buried at defined
depths, at three different ecosystems of two UK sand dunes, in May/June 2012. These
bags were retrieved approximately three, six and twelve months later for analysed by
pyrolysis-GC-MS in the presence of tetramethylammonium hydroxide (TMAH) to
determine the extent of the lignin degradation. In this presentation, the initial results
from these analyses will be presented.
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Archaeological burials can provide information on the cultural, ritual and social practices
of past societies. Current archaeological practices typically focus on the physical
remains left within the burials. A great deal of information may also be present lost in
the degraded organic matter in the soil. The InterArChive project aims to use
geochemical techniques to study organic residues in the soil matrix of burials to
enhance the understanding of body decay, burial practices and preservation of organic
residues in different soil environments.
The work reported here focuses on the analysis of a relatively recent burial from a First
World War mass grave site situated in Northern France. Soil samples from adjacent to
specific body locations of three individuals in two of the mass grave pits at the site were
analysed alongside textile fragments found within the graves.
Analysis of lipid extracts of the soil samples by gas chromatography-mass spectrometry
(GC-MS) and liquid chromatography-mass spectrometry (LC-MS) from the burial soils
yielded evidence of degradation products from the body tissues, presence of faecal
material and microbial activity within the grave. The nature of the textile finds was
determined by pyrolysis-gas chromatography (Py-GC). Analysis of lipid extracts from
the textiles revealed treatments applied to the fibres.
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The Messinian salinity crisis (MSC) is one of the most dramatic episodes of oceanic
change of the past with the onset dated at ca 5.96 Ma. The gradual modification of
water exchange with the Atlantic caused important palaeoceanographic changes in the
Mediterranean that starts at ca 7.24 Ma with alternations of open marine marls and
sapropels, and ends, with the Upper Evaporites and fresh to brackish water deposits.
The Messinian pre-evaporite sedimentary cycles deposited in SE Spain (6.620-6.546
Ma), prior to MSC, consist of a succession of three lithologies: a sapropel at the base, a
homogeneous marl, a diatomite and a homogeneous marl on top. The sequence of
sapropelitic beds interbedded within homogeneous marls represents the most common
response to orbitally driven climatic variability and has been used to construct
astronomical time scales. The aim of this study was to analyze the changes in mean air
temperature (MAT) of three astronomically tuned, sedimentary cycles in the Abad
section, Sorbas, according to different lithologies, using glycerol dialkyl glycerol
tetraether lipids (GDGTs) as MAT proxy. The GDGTs were analysed by high
performance liquid chromatography-mass spectrometry after Soxhlet extraction. Results
indicates a large input of terrigenous organic matter in the study area, indicated by
higher BIT-index value (mean = 0.79 ± 0.17; n = 35) and, confirmed by odd long-chain
n-alkanes and even long chain n-alkanols derived from higher land plant leaf waxes.
The MAT was calculated by the MBT/CBT index throughout the three cycles and the
range was 9.1-22.3 °C (mean = 15.5 ± 3.2). High MAT values occurred in sapropels
layers (14.0-22.3 °C; mean = 17.7 ± 2.3, n = 15), following of homogenous marls (mean
= 14.0 ± 2.9; n = 12) and diatomites (mean = 13.6 ± 2.4; n = 8). High temperatures are
expected in sapropels because their deposition occurs during times of insolation
maxima, when higher precipitation and runoff over Mediterranean regions could
produce bottom water stagnation, which in turn could force organic-rich sediments
deposition. Our results are confirmed by previous studies that indicated the
predominance of warm-oligotrophic water foraminifera species in sapropels layers and
the cold-eutrophic ones in marls/diatomite layers. Due to the difficulty to find preserved
marine organic matter in the Abad section, the use of branched GDGTs as temperature
marker seem to be useful in order to verify environmental changes in pre-MSC sections
in Sorbas basin.

48

Poster 13

Comprehensive Two-Dimensional Gas
Chromatography Combined with the Latest
Developments in Time-of-Flight Mass Spectrometric
Analysis for the Improved Speciation of Compound
Classes in Petrochemical Analyses
McGregor, L., Stevens, S., Bukowski, N. and Smith, S.
Markes International, Gwaun Elai Medi Science Campus, Llantrisant, RCT CF72 8XL, U.K.
lmcgregor@markes.com

Precise characterisation of petrochemical samples is crucial for quality control, and also
to understand the reactions that take place during refining processes.
Comprehensive two-dimensional gas chromatography (GC×GC) offers significant
advantages over conventional chromatography for such analyses, with its vastly
expanded separation space and the added benefit of highly structured groupings of
compound classes.
However, classifying compounds solely according to their presence in simple graphical
regions may not always be reliable. For example, the well-structured alkylbenzene
classes show significant crossover with indanes and cycloalkanes, making construction
of ‘templates’ for automated compound identification challenging. Time-of-flight (TOF)
mass spectrometers, with their inherently high sensitvities and data-rates, have rapidly
become the accepted detector for robust compound identification.
This study shows how chemical qualifiers can ease the construction of the sophisticated
‘templates’ needed for reliable automated compound classification in GC×GC/TOF MS
analyses. In addition, automated retention time warping of such templates is shown to
aid the translation of methods from TOF MS to flame ionisation detection, the industry
standard for quantitation. This makes possible unsupervised data analysis, without any
requirement for the user to correct the inevitable retention-time drifts over periods of
weeks and months.
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Metaldehyde is a selective pesticide and, in particular, a molluscicide that is heavily
applied, typically in the form of pellets, to control snails and slugs in agricultural areas to
improve crop production. However, particularly during the autumn, when application
rates are high, or during periods of high rainfall, metaldehyde may find its way into water
courses, some of which may be used as drinking water supplies (Marshall, 2012), find
their way to water courses. Concentrations above this statutory limit for supplied
drinking water of 0.10 µg L-1 (HMSO, 2007), have been noted in UK raw drinking water
sources. Water companies in the UK have been required by the DWI to address the
issue of metaldehyde compliance by 2015 (DWI, 2013).
ArviaTM technology has developed a novel water treatment technology which destroys
organics in water (Mohammed et al., 2011). The principle involves an adsorption
process whereby the water containing organic compounds is mixed with the adsorbent
material followed by a settling stage and then regeneration of the adsorbent material
using electrolysis. In the current project, we are testing the Arvia TM technology to see if
can fully remove/degrade metaldehyde from water. The initial results indicate that under
controlled laboratory conditions, metaldehyde in water can be reduced by approximately
99% after 5 treatment cycles of 40 minutes each. Investigation of the different working
parameters suggests that the adsorption process takes place rapidly and that the
process works better at neutral pH and at an optimum current density which is required
to achieve maximum Metaldehyde destruction in the water sample. Further work is in
progress to investigate the effect of phosphates and other organics on the rate of
metaldehyde destruction/removal.
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Bacteriohopanetetrol (BHT) is a ubiquitously produced bacteriohopanepolyol (BHP).
The stereoisomer of this hopanoid (BHT isomer; Fig. 1, II), has been associated
previously with anoxic environments (Sáenz et al., 2011). However, the biological
source of the lesser occurring BHT isomer, so far, remains unknown. Here, we present
evidence that anaerobic ammonium oxidising (anammox) bacteria may be responsible
for BHT isomer production in marine environments.
We investigated BHP distribution, and anammox occurrence (using ladderane fatty acid
biomarkers; Fig. 1, I) within Golfo Dulce surface sediments. Golfo Dulce is a fjord-like
enclosure located in Costa Rica. It is physically cut off from mixing with the Pacific
Ocean, promoting anoxia within the basin. There are three distinct chemical zones in
the water column (Fig. 1).
Anammox,
an
important
process in the marine nitrogen
cycle, has been reported
previously in the anoxic Golfo
Dulce water column and
sediments. Ladderane fatty acid
profiles confirmed the presence
(and probable activity) of
anammox
bacteria,
which
appears to be most active in
zones 2 and 3 (Fig. 1a). BHP
analysis revealed the presence
of the BHT isomer in Zone 3
surface sediments. Although
anammox bacteria are known
hopanoid producers, it was not
until the co-occurrence of
ladderanes and the BHT isomer
was observed in Zone 3 (Fig. 1)
Figure 1. Ladderane and BHT concentrations in surface that a link between BHT isomer
sediments (0-1 cmbsf) deposited at different water depths in production and anammox was
Golfo Dulce. Ladderane fatty acid (I) and BHT (II).
considered.
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Subsequent analysis of a marine anammox culture (Candidatus Scalindua sorokinii)
revealed the lipid content of these bacteria. Remarkably, the BHT isomer was found to
be the most abundant BHP in this bacterium.
The results from Golfo Dulce are similar to water column data from the Cariaco Basin.
In this anoxic basin off the coast of Venezuela, the peak in ladderane fatty acid
concentration coincided with the peak in the BHT isomer, indicating that anammox
production of the BHT isomer may be a widespread marine process.
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Produced waters from oil industries represent a huge challenge in terms of complexity
and risk assessment. Some of the most complex mixtures are derived from the oil
sands process-affected waters (OSPW) of Alberta Canada which contain tens of
thousands of polar acidic organic compounds usually referred as ‘naphthenic acids’
(NAs).
Until recently, individual structures of these NAs were unknown but analyses by tandem
gas chromatography with time of the flight mass spectrometry (GC×GC-ToF-MS) have
now begun to reveal the structures of individual alicyclic, aromatic and sulphurcontaining acids within OSPWs contained within tailings ponds. Recently, some of the
acids have also been identified within ground water samples outside of the tailings
ponds. One obstacle to understanding whether such acids from environmental samples,
as ground waters, are associated with particular tailings ponds is the lack of knowledge
of the variability of OSPW within and between ponds. GC×GC-ToF-MS has now been
used in the present study to compare such acids in OSPWs, both temporally and
spatially, using specific, known compounds. These techniques can now be applied to
studies of organic acids in other oil industry produced waters. Knowledge of individual
chemical structures within these highly complex mixtures also facilitates toxicological
testing/modelling and aids risk assessment.
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Aerobic methane oxidising bacteria (methanotrophs) are important due to their role in
the removal of methane from terrestrial and aquatic environments thereby attenuating
methane emissions (Dunfield et al., 2007) and attendant global climate forcing.
Methanotrophs produce a highly characteristic group of lipids called
bacteriohopanepolyols (BHPs), ideal biomarkers with which to study aerobic methane
oxidation in past and present environments (e.g. van Winden et al., 2012). However,
demonstration of a direct link between methanotroph diversity and function and rates of
BHP production, abundance and composition under different environmental conditions,
currently remains tentative. This study aims to investigate relationships between
methanotrophs and their characteristic BHPs in a modern estuarine environment
subjected to environmental perturbations.
Aerobic microcosms inoculated with River Tyne estuarine sediment as a source of
methanotrophs, were amended with 5% methane in the headspace. Control
microcosms consisted of heat-killed, methane amended microcosms and unamended
microcosms to monitor background levels of methane in the sediment. Microcosms
were subjected to a range of additional environmental perturbations; temperature
(4-60 °C), pH (4-9), methane concentration (0.1-5%) and salinity (1-150 g L-1 NaCl).
Methane consumption was monitored over time in all microcosms using GC-FID.
Methanotroph diversity was assessed in microcosms using PCR-DGGE of particulate
methane monoxygenase genes (pmoA), with subsequent band excision and DNA
sequencing.
Methane oxidation in microcosms occurred over a broad range of temperatures (4, 8,
15, 21, 30, 40, 50 °C), pH conditions (pH 4, 5, 6, 7, 8, 9), methane concentrations (0.1,
0.5, 1, 5%) and salinities (1, 15, 35, 70 g L-1 NaCl). PCR-DGGE of the pmoA gene
revealed that in microcosms where conditions remained close to those of the in-situ
sediment (e.g. 4-30 °C, pH 6-8, 1-15 g L-1 NaCl and 0.1-5% methane) methanotroph
communities were dominated by Methylovulum and Methylomonas, however in
microcosms subjected to more extreme conditions (e.g. 40-50 °C, pH4, 5 and 9,
35-70 g L-1 NaCl) Methylobacter, Methylocalcum and Methylomicrobium became the
dominant genera. Preliminary evidence of BHP compositions associated with the
methanotrophs enriched in the Tyne sediment microcosms will also be presented.
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Arctic permafrost carbon represents approximately half of the global Soil Organic
Carbon (SOC) reservoir, with tundra, taiga and terrestrial ice complexes containing
approximately twice as much carbon as the atmospheric carbon pool. Recent Arctic
warming has overtaken predictions and will likely lead to large-scale thawing of
permafrost. However, study in this area has been restricted, and the fate of Soil OC
liberated by permafrost thawing is poorly understood. We present evidence from across
the East Siberian Shelf, investigating the delivery and degradation of specific terrestrial
soil organic carbon biomarkers.
Glycerol dialkyl glycerol tetraether (GDGT) lipids were extracted from a series of 90
sediment samples collected from the East Siberian Shelf during the International
Siberian Shelf Study 2008 (ISSS-08) cruise, concentrating on the outflows of the
easternmost Great Russian Arctic Rivers (Lena, Indigirka and Kolyma) and extending
across the shelf. Branched examples of these biomarkers can be used to identify SOC,
whilst marine micro-organisms produce only isoprenoidal GDGTs. Extracts were
analysed using liquid chromatography-mass spectrometry and the results calibrated
using a synthetic C46 GDGT internal standard and two mixtures containing known
amounts of GDGTs.
The GDGT analysis revealed two distinct regions on the shelf. Near to the coast,
especially beside the Lena river outflow and in Buor-Khaya Bay, the BIT index is high
with values ranging from 0.34 to 0.95 – revealing a high proportion of SOC. Offshore the
BIT index progressively decreases, denoting a diminishing terrestrial component and an
increasing marine carbon input. Nearshore, both the BIT and amounts of branched
GDGTs diminishes whilst the δ13COC remains in the terrestrial range. This suggests that
degradation of branched GDGTs is the controlling factor in the BIT in this area. Further
offshore, the declining BIT is accompanied by an increase in δ 13COC, showing an
addition of marine crenarchaeota. However, branched GDGT degradation continues
further offshore. Further isotopic comparison suggests that it is topsoil rather than ice
complex debris that is dominating the GDGT signal.
Overall, most branched GDGTs degrade quickly near the point of origin, indicating that
this type of SOC does not behave conservatively on the shelf. In addition, combining the
GDGT concentrations with δ13COC emphasises the importance of multi-proxy
investigations into organic carbon degradation.
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Methane is a climatically active gas with a global warming potential 72 time that of CO 2
over 20 years. Release of methane into the atmosphere has been suggested as a
potential source of warming in palaeoclimate studies. This has implications for future
climate as increased global temperatures could destabilise sources of sedimentary
methane releasing it to the atmosphere. It is therefore important to establish the
possible sinks of methane that could attenuate methane emissions. Anaerobic oxidation
of methane mediated by sulphate reducing bacteria and archaea, has long received
much attention as the most important sink for methane in the marine environment.
However, recent evidence suggests that aerobic methane oxidation (AMO), may be an
overlooked additional sink for methane in the oceans. Previous work in Newcastle has
identified horizons in a sediment core from the Congo deep-sea fan (Site ODP 1075)
with high concentrations of bacteriohopanepolyols (BHPs; highly functionalised
pentacyclic triterpenoids which are produced by a range of microbes) including
aminopentol, -tetrol and –triol (amino-BHPs) which are thought to be diagnostic
biomarkers for AMO.
Amino-BHP concentrations from marine isotope stages (MIS) 10 to 13 within ODP 1075
have been analysed and signatures vary on a glacial-interglacial time scale. Higher
concentrations of amino-BHPs are recoded during MIS 11 and 13 with lower
concentrations of amino-BHPs during MIS 10 and 12. This increase in AMO intensity
during MIS 11 and 13 could be due to aerobic methanotrophs oxidising methane
released from shallow gas hydrates hosted in the Congo fan. Alternatively, the increase
in AMO intensity observed in ODP 1075 could also be an imported signature from the
Congo hinterland. A key source of AMO biomarkers could result from variations in
‘wetland-type’ habitat extent (a known source of AMO and AMO biomarkers) and
therefore variations in AMO intensity during interglacial/glacial cycles within the
continental catchment of the Congo fan. These AMO biomarkers could be subsequently
transported into the Congo fan. A terrestrial source of the AMO biomarkers is further
supported by the analysis of 22 modern soils from the Congo hinterland which
tentatively show similar amino-BHP signatures to ODP 1075. However further evidence
is required to fully constrain the source/s of the AMO biomarker signature within ODP
1075.
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The global carbon cycle is critical to the objective of stabilizing atmospheric greenhouse
gas concentrations, as the processes and interactions among the various sub
compartments of the cycle determine overall atmospheric concentrations (Cole et al.,
2007).
Small aquatic systems display a disproportionately greater intensity of carbon
processing within them, sequestering carbon at rates orders of magnitude above that of
larger water bodies (Downing, 2010). Estimations of terrestrial water bodies have
doubled since 1997, with increasing evidence indicating a negative correlation between
water body size and global frequency (Lehner and Döll, 2004, Downing, 2010). Despite
the growing evidence that suggests they dominate inland aquatic carbon processing,
ponds and other small water bodies have been omitted in almost all audits of the carbon
cycle.
This study focuses on 30 constructed ponds characteristic of small temporary pools and
semi-permanent ponds that according to Downing (2010) likely dominate inland aquatic
systems. This research aims to assess how effective these ponds are at sequestering
carbon and elucidate the factors governing this by building on a comprehensive history
of construction age, vegetation and hydrological characteristics. Analysis of OC% and
bulk density will allow accurate carbon burial rates to be produced for all 30 ponds.
Further sediment analysis will include GC-MS and NMR, this will provide a detailed
insight into molecular level transformations, compositions, degradation and biomarkers
within the sediment.
The results from this research aim to contribute to our understanding of these
undervalued and understudied ecosystems by assessing the role of these small ponds
not only as biodiversity rich habitats but also as a significant sink in the global carbon
cycle.
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Nitrogen (N) isotopes have been widely utilized to investigate N cycling in terrestrial and
oceanic environments. Most studies focussed either on inorganic N forms or involve
bulk organic matter (OM), however, few target individual organic molecules, e.g. amino
acids (AAs), which are important organic N forms vital to life. However, N isotopes of
AAs, together with quantitative determinations, may offer more new insights into N
cycling, particularly the biosynthesis and recycling of AAs during the formation of
sedimentary deposits.
Peatlands are important molecular archives being characterized by high deposition
rates and high OM contents. Moreover, peatlands are strongly influenced by climatic
change, most notably their hydrological status. Water table-driven changes in
oxic/anoxic conditions will likely affect the microorganisms central to N cycling in the
peatlands. The aim of this research is to investigate how such changes in N cycling
related to hydrological status in the peatlands are recorded in the δ15N values of AAs.
Adjacent short cores retrieved from a peatland in Wales were artificially maintained low
and high watertables of 35 and 10 cm depth for 12 months. Total AAs were analysed by
gas chromatography (GC), GC-mass spectrometry (GC-MS) and GC-combustionisotope ratio-MS (GC-C-IRMS), following hydrolytic extraction with 6M HCl and
derivatisation to N-acetyl isopropyl esters. Preliminary results show high AA
concentrations (ca 10-28 μg mg peat dwt-1) with a trend of increasing concentration
towards the surface. No significant differences in AA distributions were observed
through either of the two peat cores. δ15N values of AAs show similar distribution
patterns within cores but with more positive values being recorded at deeper depths.
This trend is more obvious in the high watertable core with the greatest difference in
δ15N values seen at the watertable. The AAs concentrations are consistent with total
ON contents and clearly show decrease of organic N down the profiles, attributable to
losses via biologically mediated mineralisation. The positive shift of AA δ15N values
with depth may be induced by microbial reworking of OM under the anoxic conditions.
Although peatlands contain microorganisms and substrates of great diversity, this study
shows the promise of using N isotopes of AAs to study N cycling. Variations in N cycling
are closely coupled to variations in the climate system and the potential of bulk δ15N
records covering long time scales has already been demonstrated. Thus, our work will
focus on building AA δ15N records in peat cores as a proxy to study climate change.
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