Alternative methods in tracking sources of microbial
contamination in waters
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Abstract
A key factor in the management and remediation of impaired ground- and surface water is the ability to distinguish the
sources of faecal contamination. Several approaches have been adopted as microbial source tracking methods (MST), which
are generally classified as culturing, phenotypic, genetic, and chemical MST. None of the techniques used thus far can be
considered a standard; important factors, such as the statistical correlation between the source and the faecal indicator and
the understanding of the environmental fate of the faecal pollutants, still need attention.
The most promising MST methods available today are based on the genetic fingerprinting of faecal micro-organisms.
However, research is very active also in the investigation of pharmaceuticals and personal care products discharged in the
environment together with faecal waste.
An updated overview of MST methods to distinguish human from animal sources of faecal pollution is presented here,
focusing particularly on the potentialities of new chemical tracers.
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Introduction
As a consequence of the serious health threats posed by waterborne pathogens, faecal contamination is one of the main quality factors in drinking water, in aquaculture and in recreational
water. Traditionally, the evaluation of the health risk for waters
contaminated by faeces is obtained through the quantification
of certain indicators, and only rarely by the direct measurement
of the real hazard, which is the actual concentration of the pathogens. The most commonly used faecal indicators are microorganisms that are always present in faeces, and are unable to
reproduce outside the intestinal tract. In fact, enteric microorganisms and pathogens should disappear from the water body
after a finite period from the contamination event. In order to
obtain a reliable estimate of the health risks, faecal indicators
must satisfy certain criteria defined by Gerba (Maier et al., 2000;
Table 1). These organisms are not necessarily source-specific,
they can be hosted indistinctively by humans, farm animals or
wildlife. Consequently, the typical indicators (e.g. faecal coliforms, E. coli and enterococci) give a good estimate of the health
risks only in the case of drinking water, for which there is zero
tolerance to faecal contamination (James and Evison, 1979;
Maier et al., 2000). On the other hand, the use of non-sourcespecific faecal indicators often results in a vague estimate of
health risks in aquaculture and recreational waters, where the
presence of these contaminants is tolerated within specific limits. In these circumstances, the detection of faecal contaminants
should be obtained simultaneously to the identification of the
sources of pollution.
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Table 1
Characteristics of the ideal faecal indicator, adapted
from Maier et al. (2000)
1
The indicator must be present whenever faecal contamination is present. In case of a micro-organism, it
should be a member of the microflora of warm-blooded
animals; in case of chemical substance it should be
associated solely to faecal discharges.
2
The indicator should not be present in the environment
other than when there is faecal contamination. In the
case of a micro-organism, it should not grow in the
environment.
3
The indicator should be good for all types of environment (surface, marine and ground waters).
4
The concentration of indicator should be greater or at
least equal to that of the pathogen.
5
The indicator must have a reasonably longer ‘survival
time’ (persistence) if compared to the most resilient
pathogen.
6
The quantification of the indicator (including sampling
and measurement) should be faster, easier to perform
and more sensitive than that of the pathogen.
7
The quantification of the indicator (including sampling
and measurement) should be less expensive than that
of the pathogen.
The techniques to identify the sources of faecal contamination in water have been defined as microbial source tracking
(MST) methods, or bacterial source tracking methods. MST
methods are based on the detection of a ‘tracer’ that can be used
as a fingerprint to obtain a complete characterisation of the contamination (i.e. type of pollution, source, timing, severity, etc.).
The tracer can be either a faecal micro-organism or a chemical
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