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Bacterial Source Tracking (BST)

Fecal contamination of water impacts many regions of the United States and may carry risks to human health.
When a water body fails to meet water quality standards for fecal bacteria, the Federal Clean Water Act requires a
Total Maximum Daily Load (TMDL) analysis to establish how many bacteria are in the water, the sources of bacte-
ria, and whether the contamination varies seasonally. The main goal is to reduce this contamination so that all waters
meet regulatory standards. Each state has its own bacterial standards for water bodies, which varies depending on
their use (see Extension Bulletin 1242-3. Georgia Water Quality Standards). Often the specific sources of fecal con-
tamination in a watershed cannot be pinpointed (e.g., wildlife). Furthermore, the bacterial contribution from sediment
that is re-suspended during storm events is unknown. In order to adequately assess human health risks and develop
watershed management plans, it is essential to identify the sources of fecal contamination.

If all the point sources of fecal contamination are acknowledged and there is still a bacterial problem, then it may
be time to try additional source identification tools, such as BST. The best way to conduct BST is:

1. Pinpoint the source of contamination with targeted sampling. Conduct rigorous water quality monitoring to
select the specific stream reaches or tributaries that contribute to the problem. Intensive sampling, coupled
with good field observations and land use information could identify the areas where fecal bacteria numbers
are high. For example, if fecal coliform levels are high in a particular stream reach where a residential subdi-
vision is located, it is possible to rule out livestock as the source.

2. If targeted sampling yields several possible sources of fecal contamination, then BST would be applied to
identify the host organism of bacteria. Most advanced techniques for identifying host organism are in the ex-
perimental stage and are often costly. Hence, it is important to pick the appropriate time and method for
source identification. It is important to keep in mind that not all BST methods estimate how much each source
contributes to bacterial contamination, only the different sources. In addition, there is the possibility that some
sources will never be identified or may be erroneously identified.

The goal of targeted sampling is to verify which sections along a stream are potential sources of fecal contami-
nation. The protocol, which is the same as the children’s game “hot and cold,” was developed to identify persistent
sources of fecal contamination and is useful as a prelude to BST. The objective is to narrow the area where contami-
nation is thought to originate and hopefully eliminate the need for BST. For example, if targeted sampling identifies a
“hotspot” of fecal contamination that is located near a dog park and a septic field, then only those two sites and the
water source must be sampled to determine the extent to which they are contributing to the fecal count. It is important
to separate baseflow from stormflow because fecal bacterial counts increase fold due to incoming runoff and sedi-
ment during storm events. This method greatly enhances the accuracy of BST. BST tests alone are typically 65-85%
accurate; however, when the same tests are combined with targeted sampling, BST is even more accurate. In addi-
tion, targeted sampling is less expensive and time-consuming than BST, particularly for large areas.

It is being adopted by several Georgia Regional Development Centers. Targeted sampling does have disadvan-
tages; it requires the agreement of property owners to cross property lines and it is labor intensive. Both drawbacks
can be addressed with adequate planning and support from the community.

What is BST?

Bacterial Source Tacking (BST) is a “toolbox” of microbiological and chemical techniques to determine sources
of fecal bacteria (e.g., livestock) in environmental water samples. By identifying specific sources of nonpoint pollu-
tion, BST can help enhance water quality. Also, BST data provides critical support and calibration points to improve
watershed modeling. BST is considered part of Microbial Source Tracking (MST), which includes not only bacteria,
but also protozoa and viruses.




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)*.

'Kuntz, Robin L., Peter G. Hartel, Dominique G. Godfrey,
Jennifer L. McDonald, Keith W. Gates, and William 1. Se-
gars. 2003. Targeted Sampling Protocol as a Prelude to Bac-
terial Source Tracking with Enterococcus faecalis. J. Envi-
ron. Qual. 32:2311-2318.

BST Methods

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.

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 bee
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 cherichia coli: (€. coli)
indicate they are the best bacterial water quality indicator for brackish and marine  Photo: www.sourcemolecular.com
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.

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




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-
ARA 96 well-late after incubation. | portant to note that ARA is not able to determine where a specific source is lo-

Photo: www.maptech-inc.com cated, only the warm-blooded animal from which it may have come.

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.

LANE Ribotyping characterizes a small, specific portion of
P2t s p 8 8 BN E R nE A the hacterial DNA sequence. It analyzes the specific DNA
i Se0bab.n sequence t_hat c_odes for th_e producf[ion_ of riboso_mal 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
u. m..“... 8& that upiqqely_ideptify the bacterial strain. This method is
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human sources.
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Photo: www.deq.state.va.us/tmdl/apptmdls/shenrvr/usgsbst.pdf




DOES BST WORK?

At this point, no single BST method is capable of identifying specific sources in all situations. Targeted sam-
pling as a prelude to BST is recommended. If BST is needed, then a “toolbox’ approach is best. Targeted sampling
often eliminates the need for BST or at least narrows the scope and number of samples that have to be taken. BST can
reliably determine if fecal bacteria came from human or animal sources. If the bacteria are from animal sources, BST
will differentiate between livestock and wildlife, but less reliably. It is unknown at this time if BST can eventually
achieve distinctions between different types of livestock (e.g., cattle and horse), wildlife (e.g., deer and waterfowl), or
pets (e.g., dogs and cats). Future research will likely improve the accuracy of BST methods and their cost. Until then,
targeted sampling provides the ability to limit the scope and the number of BST tests required.

BST AND REGULATORY AGENCIES

Because BST methods appear to provide the best available technology for determining the origin of fecal con-
tamination in water bodies, interest in applying these techniques has grown. EPA’s recent implementation of TMDLs
and projects involving TMDLSs to reduce fecal coliforms would likely benefit from the use of targeted sampling and
BST. For more information contact:

County Extension Agent
http://extension.caes.uga.edu/

ONLINE INFORMATION

FEDERAL UNIVERSITY
EPA TMDL Program BST, Charles Hagedorn, Virginia Tech
http://www.epa.gov/owow/tmdl/ http://soils1.cses.vt.edu/ch/biol_4684/bst/BST.html
STATE PRIVATE

North Carolina National Estuarine Research Reserve MapTech Environmental Diagnostic Laboratory
http://www.ncnerr.org/ccs/ http://www.maptech-inc.com/services/BST.PDF

Virginia Department of Environmental Quality National Small Flows Clearing house

http://www.deq.state.va.us/ http://www.nesc.wvu.edu/nsfc/

The Southern Region Water Quality Regional Coordination Project promotes regional collaboration, enhances
delivery of successful programs and encourages multi-state efforts to protect and restore water resources. Ef-
fective approaches for watershed management, pollution prevention, and youth education are identified and
shared among states. Ultimately, the project improves public access to the research, extension, and education
resources available through the Land Grant University System in the Southern Region and nationwide. The
project is funded by the USDA Cooperative State Research, Education, and Extension Service.
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