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1. Project title: Characterising the molecular composition of damaged and restored peatlands 
by molecular tagging and NMR spectroscopy. 

2. Supervisors: Prof Dušan Uhrín, Prof Guy Lloyd-Jones, Dr Nicholle Bell, School of 
Chemistry, UoE and Dr Margaret Graham, School of Geosciences, UoE.  

3. This is not a CASE award  

4. Dusan.Uhrin@ed.ac.uk 

5. Project background. Peatlands are organic matter rich soils that provide countless benefits 
and ecological services. They act as a filter for drinking water (70% of UK water supply comes 
from upland peatland catchments) (1). Their water holding capacity makes them important in 
flood management. They represent a major carbon store, containing twice as much carbon as 
the entire forest biomass on this planet. When fully functioning, peatlands remove carbon from 
atmosphere, thus mitigating global warming. They offer a unique habitat for a range of flora 
and fauna. Furthermore, peatlands act as a historical record of our past and represent a part 
of our national identity. 

   Globally, peatlands have been damaged by human activities such as drainage to promote 
grazing lands, or forestation; around 80% of UK’s peatlands are classified as damaged (2). 
Damaged peatlands cannot provide vital ecosystem services. 

   Rewetting of peatlands, thus raising their water table, is a widespread method for restoration. 
This reintroduces conditions where peat is forming and vegetation grows, reducing the loss of 
carbon. However, recent studies suggest that rewetting does not always restore the peat back 
to full health in terms of biodiversity, water dynamics and carbon sequestration capacity (3-5). 
In order to understand these findings we need to ask fundamental questions: What is the peat 
made off at the molecular level? If peat is losing carbon, what are the molecules that are most 
affected? In short, a better understanding of peat degradation and restoration at the molecular 
level is required.  

   An ongoing project in the School of Chemistry is examining changes to peatlands on the 
molecular level by comparing molecular and bulk characteristics of intact, degraded and 
restored peat sites across Scotland using Nuclear Magnetic Resonance (NMR) and Mass 
Spectrometry (MS) (6). These two techniques are classed as the most important for the 
characterisation of the molecular composition of organic matter (7). The proposed PhD project 
builds on this research and aims to develop and apply molecular tagging methodologies to 
characterise the major compounds present in peat organic matter. These will include existing 
methods using 13C-methylation (8) as well as new methods not attempted before on organic 
matter. In order to analyse the tagged samples novel NMR experiments will be designed and 
used to determine the individual molecular structures contained within these complex mixtures. 

6. Key research question. Can molecular tagging unveil the major compounds present in 
peat organic matter? By following the relative abundance of major compounds in peat organic 
matter can the status of peatlands be characterised? 

7. Methodology. The project will begin with a comprehensive literature review of the current 
peat bog restoration methods, existing NMR experiments for characterisation of soil organic 
matter, as well as a review of the existing molecular tagging methodology and selection of new 
molecular tagging approaches. The practical work will initially involve testing the existing and 
new tagging approaches on model mixtures, before applying the developed protocols to peat 
organic matter. The tagged peat organic matter will then be characterised using existing and 
newly developed multidimensional NMR experiments.  

   During this studentship we are aiming to characterise the organic matter from peat samples 
taken from Flow Country, world’s biggest blanket bog site. This is a collaborative effort 
involving researchers from Edinburgh as well as seven other institutions across Scotland. This 
broad research program offers ample opportunities for professional development in the area 
of chemistry, NMR spectroscopy, and environmental analytical chemistry.  
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Year 
1 

Literature review, development of research skills, attendance of courses. Testing 
molecular tagging procedures on model mixtures. Application of existing 3D and 4D 
NMR methods to study of tagged mixtures. Sampling, processing peat cores and 
data collection. Attendance at UK meetings. Publication of a review article. 

Year 
2 

Development and application of tagging methods to peat organic matter. 
Development of new NMR methods to determine the major compounds in peat 
organic matter. Publication of tagging protocols for organic matter and new NMR 
experiments. Attendance at international conferences. 

Year 
3-3.5 

Application of tailored experiments to tagged peat organic matter samples from 
different sites. Assessment of the changes in peat organic matter composition upon 
restoration. Publication of these findings. Thesis write up. 

 
Training. A comprehensive training programme will be provided comprising both specialist 
scientific training and generic transferable and professional skills   
(http://e3dtp.geos.ed.ac.uk/training.html). The student will be registered in the School of 
Chemistry and will follow the curriculum of the Chemistry Postgraduate School, which includes 
attendance of internal NMR courses, participation in the annual conference, and scientific 
outings at the Firbush field centre. General research skills such as research/report writing, 
management and presentation skills will be enhanced. Courses dealing with environmental 
data will be available via the IIES (University of Eastern Finland).  

 
 

Requirements – This studentship suits a candidate with background and aptitude for organic 
chemistry, NMR spectroscopy and environmental chemistry. The project will contain a field 
work component. While training in 3D and 4D NMR will be provided, basic knowledge of NMR 
is essential. The project is only available to UK/EU citizens, who have worked and/or studied 
in the UK for the previous three years. A 2.1 undergraduate degree or equivalent, is required. 
The candidate must meet the English qualification requirements as described at: 
https://www.ed.ac.uk/studying/international/english/postgraduate. 

References: (1) Natural England, Mapping values: vital nature of our uplands-an atlas liking 
environment and people, Natural England Report, 2009; (2) R. Lindsay et al., Peatbogs and 
carbon: a critical synthesis to inform policy development in oceanic peat bog conservation and 
restoration in the context of climate change, RSPB Report, 2010; (3) S. Kareksela et al., Sci. 
Tot. Environ. 537, 268-276, 2015; (4) T. Haapalento et al., J. Hydrol., 519, 1493-1505, 2014; 
(5) J. Holden, et al., J. Hydrol., 402, 103-114, 2011; (6) N.G.A. Bell, Molecular metrics for 
assessing the status of peatlands, Soil Security Fellowship, 2016; (7) N. Hertkorn et al., Anal. 
Bioanal. Chem. 389, 1311–1327, 2007; (8) N.G.A. Bell et al., Chem. Commun. 50, 1694-1697, 
2014; N.G.A. Bell, et al., Angew. Chem. Int. Ed. 54, 8382 –8385, 2015.  

Project summary. This project will develop molecular tagging methodology for 3D and 4D 
NMR characterisation of peat organic matter and link molecular composition of peat with 
peatland status (functioning, damaged or restored).  

 

The application procedure is outlined at: http://e3dtp.geos.ed.ac.uk/apply.html 

The School of Chemistry holds a Silver Athena SWAN award in recognition of our commitment 
to advance gender equality in higher education. The University is a member of the Race 
Equality Charter and is a Stonewall Scotland Diversity Champion, actively promoting LGBT 
equality. The University has a range of initiatives to support a family friendly working 
environment. See the University Initiatives website for further information 
https://www.ed.ac.uk/equality. 

http://e3dtp.geos.ed.ac.uk/apply.html
https://www.ed.ac.uk/equality

