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Fingerprinting — a tool to 
quantify the provenance of 

sediments/contaminants  

Suspended sediments in fluvial systems originate from a myriad of diffuse 
and point sources, with the relative contribution from each source varying 
over time and space. The process of sediment fingerprinting focuses on 
developing methods that enable discrete sediment sources to be 
identified from a composite sample of suspended material.



Fingerprinting concept
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What is the contribution of 
different sources to the sediment 

mixture (i.e. target)?

Fingerprinting assesses the relative 
contribution of the selected 

sediment sources for sediment 
mixture



What can be sediment source?



Source selection

Lizaga et al., 2020 Pulley and Collins, 2018

Landuse/Landcover
Geology



Source selection

Tsyplenkov et al., 2021

«Geomorphology»

5 sources were selected based on geomorphology 
map, sediment connectivity, landform classification



Source selection

Pulley and Collins, 2018

K-mean/C-mean clustering



What about tracers?
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How should I select tracers?

Lizaga et al., 2020

General approach:
1. Range test

it is determined if the concentrations of each 
tracer within the target sediment samples fall 
within the medians +/− one median absolute 
deviation (MAD) and the minimum – maximum 
range of the source groups

2. Kruskal-Wallis rank sum test
This step excludes from the original data frame 
the properties which do not show significant 
differences between sources.

3. Discriminant function analysis test
a stepwise forward variable selection using the 
Wilk's Lambda criterion.

Main aim of tracer selection is to further minimise the 
likelihood of non-conservative tracers being used in the 

un-mixing model



Why do we need tracer selection?

Lizaga et al., 2020

LDA plot of the data example of a small 
catchment for the different land covers: 
agricultural (AG), old pine forest (PI); 
recent pine forest (PI) and subsoil (SS). 
a) Before running the statistical 
test, the dataset shows 
collinearity. b & c) 2D and 3D LDA 
display of the dataset after running the 
statistical selection. d) LDA display 
after merging both pines sources PI and 
PI1

LDA — linear discriminant analysis, 
a way to reduce data dimensions. 
Here from 22 dimension to 2



Unmixing process



sediment mixture

Unmixing
Unmixing assesses the relative contribution of the selected sediment sources for each mixture in the dataset. 

Variability analysis is assessed following classical frequentist inference utilising a Monte-Carlo method (Helton 1994). A 
succession of deterministic calculations is executed, each with different input values sampled from their respective distributions, 
to obtain probability distributions of the targeted outcomes.

Repeat unmixing
1000 times,
or 10000 or 500



Does it work?

Estimated source contributions for the 12 artificial mixtures using 
tracer sets A, B and C. Solid line in orange represents the real 
proportion of each source.

Gaspar et al. (2019) performed a laboratory experiment to test the 
sensitivity of the FingerPRO model, using as experimental 
sediments 14 artificial mixtures composed of different proportions 
and numbers of sources selected from five soils as experimental 
sources. Twelve artificial mixtures were created by mixing a known 
proportion of source soils sieved to < 63 μm in different 
proportions obtaining experimental sediments with three or four 
sources. This research aims to test the sensitivity of the model by 
comparing the estimated source contributions for three sets of 
selected tracers.

Gaspar et al., 2019



What can we do?



Tracing sediment sources

• > 150 source samples
• 94 soil samples
• 104 road dust samples
• > 4 stream bank sediment samples

• 7 suspended sediment sampling points (mixture samples)
• Equipped with Phillips tube integral sampler
• 3-month sample rotation

• Unmixing sediments samples with 
SIFT: SedIment Fingerprinting Tool
(Pulley & Collins, 2018) 
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Additional sampling is needed



Possible sources



Thank you for attention

Contact
@atsyplenatsyplenkovatsyplenkov@gmail.com

https://twitter.com/atsyplen
https://github.com/atsyplenkov

