
Review

Sources of variability in fatty acid (FA) biomarkers in the application of
compound-specific stable isotopes (CSSIs) to soil and sediment
fingerprinting and tracing: A review

D.G. Reiffarth a,⁎, E.L. Petticrew b, P.N. Owens c, D.A. Lobb d

a Natural Resources and Environmental Studies Program, University of Northern British Columbia, 3333 University Way, Prince George, BC V2N 4Z9, Canada
b Geography Program and Quesnel River Research Centre, University of Northern British Columbia, 3333 University Way, Prince George, BC V2N 4Z9, Canada
c Environmental Science Program and Quesnel River Research Centre, University of Northern British Columbia, 3333 University Way, Prince George, BC, V2N 4Z9, Canada
d Watershed Systems Research Program, University of Manitoba, 13 Freedman Crescent, Winnipeg, MB R3T 2N2, Canada

H I G H L I G H T S

• Compound-specific stable isotopes
(CSSIs) of carbon may be used as soil
tracers.

• The variables affecting CSSI data are: bi-
ological, environmental and analytical.

• Understanding sources of variability
will lead to more robust methods and
data.

• Recommendations for applying CSSIs to
soil and sediment tracing are provided.
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Determining soil redistribution and sediment budgets inwatersheds is often challenging. One of themethods for
making such determinations employs soil and sediment fingerprinting techniques, using sediment properties
such as geochemistry, fallout radionuclides, andmineral magnetism. Thesemethods greatly improve the estima-
tion of erosion anddepositionwithin awatershed, but are limitedwhendetermining landuse-based soil and sed-
iment movement. Recently, compound-specific stable isotopes (CSSIs), which employ fatty acids naturally
occurring in the vegetative cover of soils, offer the possibility of refining fingerprinting techniques based on
land use, complementing other methods that are currently in use.
The CSSI method has been met with some success; however, challenges still remain with respect to scale and
resolution due to a potentially large degree of biological, environmental and analytical uncertainty. By better
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understanding the source of tracers used in CSSI work and the inherent biochemical variability in those tracers,
improvement in sample design and tracer selection is possible. Furthermore, an understanding of environmental
and analytical factors affecting the CSSI signal will lead to refinement of the approach and the ability to generate
more robust data. This review focuses on sources of biological, environmental and analytical variability in apply-
ing CSSI to soil and sediment fingerprinting, and presents recommendations based on past work and current
research in this area for improving the CSSI technique. A recommendation, based on current information avail-
able in the literature, is to use very-long chain saturated fatty acids and to avoid the use of the ubiquitous satu-
rated fatty acids, C16 and C18.

© 2016 Elsevier B.V. All rights reserved.
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1. Soil and sediment fingerprinting: an overview

1.1. Water security and ecosystem health

Rivers are the primary source of renewable fresh water supply
(Vörösmarty et al., 2010), and thus are fundamental for ensuring
water security. The activities of landholders have been identified as
one of thewatermanagement factors that contribute to the degradation
of water quality (Sarker et al., 2008). In the United States, agricultural
fields have been determined to be the greatest contributor to diffuse
source pollution (DSP) (Pimentel et al., 2004), resulting inwater quality
loss due to soil erosion and run-off of nutrients, sediments and pesti-
cides (Pimentel et al., 2004; Sarker et al., 2008); indeed, agricultural
land use has been found to be the predominant stressor on catchments
globally (Vörösmarty et al., 2010). A need therefore exists to address
andmanage the DSPs that lead to water quality degradation and threat-
en water security.

Although some aquatic organismsmay be tolerant and able to adapt
to a range and highly variable amount of fine sediment (Henley et al.,
2000), increased fine sediment1 loads entering a body of water may
have undesirable chemical and physical effects on the aquatic environ-
ment. Physical effects include a decrease in light penetration, accumula-
tion of sediment leading to decreased accessibility of waterways, and
increased purification costs if thewater body is being used as a drinking
source (Owens et al., 2005; Bilotta and Brazier, 2008; Horowitz, 2008).
An increase in sediment deposition is also an indication of terrestrial
erosion and soil loss (Horowitz, 2008). Human activities such as defor-
estation, agriculture, construction and mining have been shown to be
major contributors to increased deposition and transport of fine

1 Finer particle sizes aremore apt for suspension and transport in aquatic systems; par-
ticle sizes of b63 μm are important for the transport and storage of contaminants and
nutrients (Owens et al., 2005).
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