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Overview 
 

Point-source discharges from abandoned base metal 

mines are by far the single biggest source of toxic 

metals such as zinc and cadmium to the aquatic 

environment of England and Wales1. However, the 

freshwater burden of metals from abandoned mine 

sites is actually further increased, and substantially so, 

by diffuse sources of pollution.  These diffuse pollution 

sources are more sporadic in nature, typically 

becoming more important during higher flow 

conditions (Figure 1), and are much more difficult to 

quantify.  Groundwater inputs of metals, surface runoff 

from mine waste, and release of metals held in transient 

storage on stream bed sediments, have all been cited 

as possible sources of diffuse pollution2,3. However, 

quantitatively discriminating between these diffuse 

sources has not been thoroughly explored.  Setting 

aside other possible constraints (e.g. economic, 

logistical, environmental), point sources of mine water 

pollution are, technically, treatable using existing 

engineering interventions and technologies.  The same 

cannot be said for diffuse sources of mining pollution, 

because it is not possible to unequivocally identify the 

exact locations and importance of individual diffuse 

sources.  The limiting factor to future reductions to the 

metal burden of freshwaters impacted by mining 

pollution will therefore become these diffuse sources. 

 

 

This project will therefore investigate the nature and 

quantitative importance of individual sources of diffuse 

pollution in abandoned mine catchments.  In particular, 

research will be undertaken to differentiate between, 

and quantify, pollutant delivery from shallow 

groundwater flows and metal release from (and / or 

metal attenuation in) the hyporheic zone.  Associated 

aims of the research will be to: (1) determine the 

extent to which variations in the water table, in 

response to rainfall events, results in flushing of metal 

pollutants, (2) characterise vertical hydrogeochemical 

profiles in the hyporheic zone, via multilevel sampling4, 

to understand metal dynamics, (3) use tracer tests to 

determine surface water – groundwater connectivity 

and (4) monitor under varying environmental 

conditions to elucidate influences of changing 

hydrological conditions and seasonality on (1) – (3).  

The final of these objectives in particular will provide 

insights into the possible impact of hydrological 

extremes, resulting from climate change, on future 

trends in contaminant flux from upland river systems.   

http://www.ncl.ac.uk/engineering/staff/profile/adamjarvis
http://www.bgs.ac.uk/staff/profiles/3946
http://www.ncl.ac.uk/engineering/staff/profile/ankeneumann


  

 
Methodology 
 

The student will be based in the School of Engineering 

at Newcastle University, with visits to the BGS to learn 

specific techniques and discuss data.  The fieldwork 

elements of the project will focus on the Coledale 

Beck, Cumbria, since this mining-impacted catchment 

benefits from flow monitoring infrastructure and 

because NU holds a substantial body of historic water 

quality and hydrology data for the river. 

 

Under the guidance of the BGS, mini-piezometers will 

be manufactured and installed at key locations in the 

Coledale Beck, and along riparian zones, for multilevel 

sampling.  Routine monitoring of river water quality and 

hydrology will then be complemented with more 

intensive sampling and analysis of shallow groundwater 

and pore water, including vertical profiling.  

 

Field and laboratory techniques will include on-site 

water quality measurements, ICP-OES and ICP-MS 

analysis for metals concentrations, and sequential 

extraction procedures to investigate the mobility of 

metals in sediments.  

 
Timeline 
 

Year 1:  Detailed literature review work; training in field 

and laboratory techniques. 

Year 2: Commencement of field and laboratory based 

work, primarily focusing on the Coledale Beck. Possible 

conference attendance / presentation towards end of 

year. 

Year 3: Continuation of field and laboratory work, to 

conclude by end of second quarter at latest; thesis 

write up and preparation of journal article(s) as 

appropriate. 

Funding ceases after 3.5 years 

 
Training & Skills 
In addition to the IAPETUS doctoral training process, 

the student will receive training in all aspects of field 

and laboratory techniques by the very experienced 

technical staff at Newcastle University, with equivalent 

training at the BGS for specific elements of the 

research. The student will therefore gain key skills in 

both routine and advanced sampling and analysis 

techniques for inorganic constituents of water and 

solids. The student will be actively encouraged to 

attend relevant taught MSc modules on the wide range 

of programmes delivered both within the School of 

Engineering and elsewhere, thus widening their 

knowledge base.  Courses in relevant data analysis 

techniques will be followed by the student (e.g. 

statistical analysis), and the supervisory team will lead 

on guiding the student on how to go about preparation 

of international peer-reviewed journal papers and 

delivery of conference presentations; key skills for a 

successful researcher.  
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