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Importance of Sediment

● Sediment movement within river basins are natural 
processes and are part of global erosional, weathering and 
biogeochemical cycles 

● Sediment fluxes are also important for maintaining aquatic 
ecosystem health, resiliency and function

– Part of the carbon cycle
– Nutrient delivery (e.g.,N,P,K)
– Provides habitat (e.g., mudflats, marshes)



  

A Changing Landscape

● We are changing and altering the landscape at an 
unprecedented scale for the purposes of urbanization, 
agriculture, resource extraction, industry and recreation



  

Sediment Issues

● These changes are resulting in increased sediment 
mobilization and delivery to rivers, lakes and oceans 

● Is a major environmental issue in Canada and throughout 
the world



  

Sediment Issues

Sediment Quantity
● Too much

– Increases in turbidity (changes in ecology)
– Sedimentation of channels, reservoirs, harbours
– Loss of habitat (spawning gravels)

● Too little
– Channel incision and bank erosion
– Reduces turbidity (changes in ecology)
– Undermining bridges and other structures



  

Sediment Issues

Sediment Quality
● Physical and biogeochemical characteristics of the sediment 

– Sediments can act as vectors for a variety of materials
– Nutrients
– Pesticides
– Metals
– Pathogens
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Sediment Issues

● Most people fail to recognize that most pollutants that we 
think of are sediment-associated and not water-associated, 
and thus sediment is a key aspect of water pollution and its 
mitigation

● Even at small concentrations rivers with high sediment loads 
can transport significant amounts of pollutants

Water Sediment

Cu Zn CoPb
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Sediment Pollution in Watersheds

● Issues of excessive sediment pollution in watersheds often 
arises from diffuse, or non-point sources

● Non-point source pollution 
– Does not have clearly defined entry points
– Low dose
– Distributed over a large area
– High spatial and temporal variability

● In contrast, point source pollution, is characterized by a 
discrete discharge into the environment



  

Sediment Pollution in Watersheds

● Watersheds are a common-pool resource and encompass 
many different stakeholders

● One user's welfare can be diminished by other users
– Negative environmental impacts (e.g. eutrophication, 

reservoir sedimentation) are often felt downstream from 
the sources

Source 1

Source 2

Sediment
Issues



  

Challenges in Addressing Sediment 
Pollution in Watersheds

● Allocating non-point source pollution within a watershed is a 
difficult task

● Watersheds can have a large land area and encompass 
many different land uses

● The climate, vegetation, soils and land-use vary spatially 
throughout the watershed and over time



  

Challenges in Addressing Sediment 
Pollution in Watersheds

● Political boundaries in many cases do not follow watershed 
boundaries

– At many different scales
● International
● Provincial 
● Regional 
● Individual property owners

– Becomes difficult to manage the problem
● Cooperation among all parties is needed to achieve 

water quality goals



  

Challenges in Addressing Sediment 
Pollution in Watersheds

● We need good and reliable information on the dominant 
sources of sediment to target and evaluate management 
strategies

● This is where science has an opportunity to influence policy 
and management decisions

● But how can we get information in a large and complex 
landscape? 



  

Sediment Fingerprinting Technique

● The technique is based on the assumption that one or more 
of the properties of the suspended sediment will reflect its 
origins and can be used as a tracer to track the sediment 
back to its source(s)

– Geochemisty (Ni, Pb)
– Organic matter (C,N)
– Radiochemistry (137Cs, 210Pb) 
– Stable isotopes (δ13C, δ15N)
– Spectral reflectance (colour, NIR)
– Shape (fractal dimensions)



  

Sediment Fingerprinting Technique

● Traditional methods focus on identifying areas from which 
sediment is being mobilized and comparing erosion rates 
from different sources

– Using mapping, soil erosion plots, field observations 
– Poor spatial and temporal resolution

● Sediment fingerprinting approach can mitigate some of the 
problems of the traditional approaches to erosion and 
sediment transport

– Spatially and temporally integrated data
– Can be applied at larger and different scales 



  

Sediment Fingerprinting Technique

● The sediment tracing technique involves selecting and 
measuring a suite of physical and/or biogeochemical 
properties (fingerprints) that can be used to distinguish 
between two or more potential sediment sources

Walling et al. 2008



  

Sediment Fingerprinting Technique

● These unique properties, or fingerprints, are measured in the 
suspended sediment at the outlet of the watershed 

Walling et al. 2008



  

Sediment Fingerprinting Technique

● A statistical model is used to link the suspended sediment 
back to the sources and an estimate of the contribution of 
sediment from each source is calculated

Walling et al. 2008



  

Limitations of the Sediment Fingerprinting 
Technique
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Sediment 
collection

1 – sheet/rill erosion
2 – convergence/concentrated flow
3 – bank erosion
4 – floodplain/point bar deposits
5 – in-channel sediment
6 – hyporheic exchange
7 – subsurface flow

Sediment 
generation

● Only a small fraction of the sediment eroded within the 
landscape makes it to the watershed outlet              
(sediment delivery ratio)

● Collected suspended 
sediment samples are 
the end result of many 
different intermediary 
processes that occur 
during the sediment 
continuum from source 
to sink



  

Limitations of the Sediment Fingerprinting 
Technique

● There is the underlying 
assumption of a direct link 
between the sources and 
the collected sediment 
sample

● No understanding of how 
processes within the box 
may influence this 
relationship
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Current Research Goals

● Current goals:
– Better understanding of how landscape processes affect 

sediment properties (tracers)
● Improving the link between the sediment at the 

watershed outlet and its upland sources 
– Better accounting of the various sources of uncertainty

● Selecting appropriate properties for tracing
● Analytical sensitivity
● Sampling procedures



  

Outcomes

● Better understanding of how natural systems function
● Better understanding of how anthropogenic activities are 

impacting sediment fluxes
● Effectively targeting mitigation strategies to achieve the 

greatest reduction in sediment pollution
● Evaluate the effectiveness of different strategies in terms of 

environmental benefits



  

● Do you think that this type of research can help inform better 
management and develop better policy in your situation?

● What directions would you like to see this type of research 
take?

● What are the best ways of disseminating scientific 
information? 

Linking Scientific Research to Watershed 
Policy and Management



  

Questions?
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