
Understanding groundwater controls on microbial metabolic activity, biogeochemical cycling and 
associated greenhouse gas production in streambed sediments 

 
Supervisors: Dr Stefan Krause (UoB), Dr Daren Gooddy (BGS), Dr Sarah Bennett (NIGL) 

 

Rates of microbial metabolic activity in streambed environments are significantly increased when 
groundwater mixes with surface water. This is a result of the elevated nitrate concentrations in the 
groundwater and results in increased rates of denitrification and carbon respiration. Increased chemical 
reactivity of streambed environments has, thus, not only the potential to affect catchment outputs of 
nutrients but also to enhance the production of greenhouse gases (GHG) such as CO2, CH4 and N2O as 
end-products of respiration and denitrification. The hydrological and biogeochemical drivers of streambed 
C, N and O cycling, including patterns and temporal dynamics of microbial metabolic activity are still 
insufficiently understood, in particular at landscape scales. This shortage results to a large degree from a 
critical lack of efficient tools and technologies to investigate multi-scale reactivity hotspots in streambed 
environments and evaluate their overall (catchment wide) impact on biogeochemical turnover and 
associated greenhouse gas contributions  

Background: 

 
Aims & Objectives:
This interdisciplinary project will pioneer the combination of novel distributed sensor networks and smart 
tracer technologies for quantification of microbial metabolic activity with state-of-the-art isotope tracer 
techniques and novel passive pore-water chemical sampling and gas analysis. The innovative combination 
of these cutting-edge technologies will allow investigating the role of streambed sediments for integrated C, 
N and O cycling in dependency of spatio-temporal variability in groundwater – surface water mixing and 
resulting patterns and dynamics of thermal and redox-chemical conditions. In addition to analysing spatial 
patterns of biogeochemical hotspots and C, N, O turnover rates and identifying their reliance on 
groundwater up-welling, residence time distributions and hyporheic mixing patterns, the project will aim to 
quantify bulk streambed respiration rates in order to assess their role for carbon sequestration and the 
production of climate active gases CO2, CH4 and N2O.  

  

Research will focus on the Rivers Lambourn (Berkshire) and Tern (Shropshire), representing characteristic 
Chalk and Sandstone rivers in the UK. Fibre-optic Distributed Temperature sensing (FO-DTS) technology 

will be applied in horizontal surveys and vertical thermal micro-profiling 
to identify spatial patterns of groundwater-surface water exchange. 
River and streambed tracer injections will be carried out to identify 
residence time distributions (RTD) for representative flow conditions. 
Application of the Resazurin smart tracer system as a microbial 
analogue will allow quantifying microbial metabolic activity in 
dependency of FO-DTS determined exchange flow paths. Identified 
RTD hotspots will be analysed for biogeochemical turnover rates 
including GHG production using passive sampling, stable isotopes and 
in-situ micro-profiling techniques. 
 

The project will be supported by key UK stakeholders including the Environment Agency and the Centre for 
Ecology and Hydrology. In addition to being integral part of the vital research environment at the 
Birmingham Water Sciences group and the BGS Groundwater Science Directorate, the doctoral researcher 
will benefit from wide ranging additional international training opportunities and infrastructural support by 
the EU-FP7 funded INTERFACES Initial Training Network lead by the UoB supervisor Dr Krause and the 
NIGL supervisor Sarah Bennett. 

Supervision: 

 

This is a CASE award and so 25% of the work will be split between the field work component based from 
BGS’ offices in Wallingford and at NIGL in BGS Keyworth. 

 

Applicants should apply via http://www.birmingham.ac.uk/postgraduate/courses/research/gees/geog-
environ-sciences.aspx where they should click on ‘Apply now’ and choose the option ‘PhD in Department of 
Geography and Environmental Science (Physical Geography)’ and give the PhD title in the ‘Funding details’ 
section of the online application. 
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