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BST methods can be subdivided into three basic groups: chemical, phenotypic, and genotypic. In the past, the 
only way to identify the host origin was to study observable characteristics of bacteria (phenotypic markers). In re-
cent years, it has become possible to differentiate subspecies based on their DNA. This process is called genotyping. 

BST Methods 

Chemical Methods 

Chemical methods detect compounds linked to human wastewater. It is assumed that if these compounds are de-
tected, there must be a human source associated with the contamination. 

 
Optical Brighteners are present in laundry detergents. When these compounds are ex-

posed to ultraviolet light, they fluoresce. They persist in the environment and are measured 
with a fluorometer. The problem with persistent chemicals as indicators is that they may 
not reflect recent pollution and they do not necessarily indicate that the water is contami-
nated with bacteria. Nevertheless, if optical brighteners are present, it is assumed that the 
stream has been affected by humans. This method may be a useful indicator of on-site sep-
tic system or gray water discharge. Although laboratory time and costs are minimal, field 
work is time intensive. 

Optical brighteners make textiles appear whiter and brighter. The tube on the left has water with optical 
brighteners, while the tube on the right does not. Photo: http://www.cleanfax.com 

What are fecal indicator bacteria ?  
Since it is almost impossible to test water for all bacteria that pose a risk to hu-

mans, the quality of water is determined by testing for the presence of indicator bac-
teria. The most common indicator bacteria are fecal coliforms, which are found in 
the intestines of warm-blooded animals and are excreted with human and animal 
waste. Escherichia coli, a member of the fecal coliforms, is often used as an indica-
tor. The presence of fecal coliforms in water bodies indicates that the water has been 
contaminated with the feces from of humans or other animals. Another group of fe-
cal indicator bacteria are fecal enterococci. Several marine and freshwater studies 
indicate they are the best bacterial water quality indicator for brackish and marine 
waters. 

The presence of fecal contamination is an indicator that potential health risks exist for individuals exposed to the 
water. The U.S. Environmental Protection Agency and other federal agencies have developed standards to determine 
when a water body has been contaminated. Unfortunately, these standards only quantify bacteria and do not identify 
their origin. Knowing the host origin of fecal coliforms is important because resources can then be directed to mini-
mize bacterial load whenever control is possible. 

Photo: www.sourcemolecular.com 

The figure on the right shows an exam-
ple of targeted sampling with fecal entero-
cocci counts. The top numbers are the sam-
pling locations on the Sapelo River.   The 
middle number represents sampling without 
local knowledge and the bottom number 
represents sampling with local knowledge 
(Kuntz et al., 2003)1. 
 
1Kuntz, Robin L., Peter G. Hartel, Dominique G. Godfrey, 
Jennifer L. McDonald, Keith W. Gates, and William I. Se-
gars.  2003. Targeted Sampling Protocol as a Prelude to Bac-
terial Source Tracking with Enterococcus faecalis. J. Envi-
ron. Qual. 32:2311-2318. 
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Phenotypic Methods 

Phenotypic methods measure the type and quantity of substances produced by fecal bacteria. Compared with mo-
lecular methods, these methods require less training for lab personnel, have a lower cost per bacterial isolate, and can 
process hundreds of isolates per week. Highly contaminated sites may need several hundred isolates for the results to 
be representative of the fecal population in the sample. Molecular and non-molecular methods can validate each 
other. For example, a phenotypic method can process large number of isolates, and a molecular method can confirm 
the results on a few isolates. 

Antibiotic Resistance Analysis (ARA) typically uses E. coli or Enterococcus 
species and determines their patterns of antibiotic resistance. This test relies on the 
premise that human fecal bacteria will have different resistance to antibiotics than 
bacteria in farm animals, pets, and wildlife (e.g., wildlife is expected to have little 
resistance to any antibiotic, since they are usually not exposed to them). 

Isolates are transferred to 96-well culture plates (one isolate per well) 
containing a selective liquid medium. The plates are incubated, then each isolate is 
scored for growth or no growth. Resistance patterns will emerge with the test and 
sources could be differentiated. 

ARA is inexpensive, fast, and can analyze large numbers of isolates. It is im-
portant to note that ARA is not able to determine where a specific source is lo-
cated, only the warm-blooded animal from which it may have come. 

 ARA 96 well-late after incubation. 
Photo: www.maptech-inc.com 

Genotypic Methods 

Genotypic methods are referred to as "DNA fingerprinting" and rely on the unique genetic makeup of different 
strains (subspecies) of fecal bacteria. Although fecal bacteria in any two animals are genetically the same, the key to 
genotypic tests is finding differences in the genetic makeup against a background of similarities. The distinctions be-
tween fecal bacteria from different animals (including humans) occur because the intestinal environments and diet are 
not the same; hence, bacteria have evolved differences that can be related to the source. Genotypic techniques require 
that DNA be carefully extracted, purified, and quantified. 

 
Ribotyping characterizes a small, specific portion of 

the bacterial DNA sequence. It analyzes the specific DNA 
sequence that codes for the production of ribosomal RNA 
(ribonucleic acid). Bacterial DNA is digested with a spe-
cial enzyme, put in a gel, and separated.  The DNA is 
transferred to a membrane and the membrane exposed to 
labeled DNA 

The DNA from E. coli will produce specific patterns 
that uniquely identify the bacterial strain. This method is 
effective in discriminating between human and non-
human sources.   

In contrast to ARA, ribotyping is expensive, slow, and 
can analyze only small numbers of isolates quickly, but its 
reproducibility and ability to discriminate among closely 
related bacteria is superior.   

 

Banding pattern produced by ribotyping. Each lane represents the 
banding pattern of a single isolate. 
Photo: www.deq.state.va.us/tmdl/apptmdls/shenrvr/usgsbst.pdf  
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