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V. SUMMARY AND CONCLUSIONS

The first objective of my study was to monitor the shellfish embayments, which

was accomplished by the help of Dr. Howard Kator at the Virginia Institute of Marine

Science, and DSS.  The second objective was to develop a known source library that was

accomplished by the collection of known source samples by Dr. Kator, Dr. Hagedorn,

DSS, and the author.  Enough known fecal samples were collected from many sources

around the Coan River Watershed and the Little Wicomico River Watershed to give a

broad spectrum of sources that contributed to the contamination of the shellfish

embayments. The third objective was to use a phenotypic bacterial source tracking

technique called ARA on water samples collected from the Coan River Watershed and

the Little Wicomico River Watershed, which was conducted by the author with help of

laboratory technicians.  The author excelled in each of the three objectives.

The results for the Little Wicomico River were similar to those for the Coan River

in that the human signature was predominant and was slightly higher in the wet season

than the dry season.  The bird signature was spread more evenly over all the wet and dry

seasons for the Little Wicomico samples and livestock was more abundant in the dry

season than the wet season, although the livestock, pets, and wildlife signatures were

essentially negligible. Averaging the percent classifications over all sources and samples

provided a clear ranking of the five sources: for the Coan River - human (59%), birds

(17%), livestock (9%), wildlife (8%), and pets (3%), and for the Little Wicomico - human

(52%), birds (21%), wildlife (13%), livestock (9%), and pets (5%).

These results demonstrated that humans and birds were the major sources of

pollution for both the Coan River and Little Wicomico River watersheds.  All the sites
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had samples that contained percentages of both human and bird sources that were at or

above the minimum detectable percentage (MDP). Combining the results of both rivers,

humans accounted for 55.6% of the samples that were above the MDP while birds

accounted for 19.0%.  The contributions of wildlife, livestock, and pets were lower, at

10.6%, 8.8%, and 4.0%, respectively.  This pattern of sources was consistent with the

land use of these watersheds, which contains numerous marinas, older homes adjacent to

waterfronts, areas of development, large but fluctuating bird populations, and substantial

undeveloped areas.  Comparing the Little Wicomico to the Coan River, the human

signature was smaller, and the bird and wildlife signatures were larger (in the Little

Wicomico), but the trend of a dominant human signature followed by birds in importance

was the same.

Numerous trips around both watersheds and inspections of the rivers on boat trips

with DSS personnel provided visual evidence that supported most of the results presented

in this study.  Such trips readily demonstrated the large populations of shorebirds and

seasonal migrations of waterfowl that impacted both watersheds.  There was little

evidence that pets or livestock would be a major contributor as dogs were rarely seen and

livestock areas were well away from the sampling stations.  The presence of a human

signature was not a surprise due to the numbers of older homes adjacent to waterfront

property in some parts of both watersheds, and the occurrence of occasional pit privies

located close to the water.  However, the pervasive and large human signature over all

sites was the major surprise of this study and indicated that substantial subsurface

pollution for human sources is occurring (and must be widely distributed by tidal

influences). Currents and movement of water in both rivers due to rising and falling tides
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are substantial and lend credence to the possibility that the human signature is being

distributed and mixed throughout the river embayments from wherever the sources of

human pollution might be.

Since the results may be affected by tidal influences a small amount of

uncertainty should be taken into account.  After running probabilities against the library

and tabulating those isolates that matched the library at 80% or greater, the percent

classifications over all sources and samples provided a clear ranking. Of the five sources:

for the Coan River - human (28.2%), birds (13.1%), livestock (3.3%), wildlife (2.3%),

and pets (0.39%) with an unknown (52.8), and for the Little Wicomico - human (22.9%),

birds (15.3%), wildlife (5.3%), livestock (3.3%), and pets (1.7%), with an unknown

(51.8).   Even though using an 80% or greater probability rejected half of the isolates, this

did not change the fact that birds and humans are the major dominating sources in the

Coan River Watershed and in the Little Wicomico River Watershed.

My results presented here are in agreement with the publications of Hagedorn

(1999) and Wiggins (1996) by showing antibiotic resistance pattern of Eschericia coli are

suitable means of determining sources of fecal contamination in water.  The knowledge

of the sources of pollution is an important factor in determining the degree of risk for

shellfish contamination and humans exposed to water polluted from fecal matter.  It is

very desirable to be able to determine the sources of fecal contamination, both to assess

the risk to the people and the environment, that are exposed to the waters and to assist the

development of new programs to help reopen the shellfish harvesting beds in Virginia.

We have the potential to provide agencies responsible for water quality and public

health with a resource, based on new and evolving methodology to determine sources of
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fecal contamination.  Until sources of pollution can be reliably identified, risk to

communities and natural habitat cannot be accurately assessed, and water quality

improvement will remain a hit - or – miss affair that is not effective or cost efficient.
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