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Over-application of herbicides on farm fields can result

in excess toxins and nutrients reaching the waterways.
Photograph by Jane Hawkey, IAN Image Library (www.ian.
umces.edu/imagelibrary/).

Figure 8.1. Pesticides detected in
surface water and ground water in

the Delmarva Peninsula, 1999-2001
(modified from Denver and others,
2004). Synthetic organic pesticides,
along with certain degradation
products, have been widely detected

in ground water and streams in the Bay
watershed. Pesticide occurrence is
closely tied with nutrient land practices
on agricultural and urban lands, so
there is potential to better integrate
management actions to reduce both
nutrients and contaminants to the Bay.
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therefore, in streams during base-flow periods, however. Diazinon concentrations decreased 39 percent between
1998 and 2004 in Accotink Creek, in an urban area near Washington, D.C., coincident with reductions in
diazinon use (fig. 8.2) (Phillips and others, 2007). No trends were apparent, however, between 1993 and 2002 in
concentrations of several commonly used herbicides (atrazine, metolachlor, prometon, and simazine) or desethy-
latrazine in ground water in agricultural areas of the Great Valley underlain by carbonate bedrock (Debrewer and
others, 2007), which indicates that usage of these compounds did not change significantly during the corre-
sponding ground-water recharge period. The implication of these findings is that there will be varying lag times
between management practices to reduce pesticides and improvements in water quality. For pesticides in the
dissolved phase that are transported in runoff directly from a field to a stream, a very short response time between
management actions and water-quality improvements may be expected. There will be a longer response time

if the compound has been transported through ground water. Pesticides associated with sediment will have the
longest lag time between management actions and improvements in water quality.

In addition to pesticides, pharmaceuticals, hormones, and other organic wastewater compounds, are also of
concern in the Bay watershed and the Nation. The USGS conducted a national study of emerging contaminants
that included sites in the Bay watershed (Kolpin and others, 2002). During the study, samples were analyzed
for 95 different emerging contaminants, including human and veterinary drugs, hormones, detergents, disinfec-
tants, insecticides, and fire retardants. At least one of these contaminants was found in 80 percent of the Nation’s
streams, with mixtures of the chemicals occurring at 75 percent of the sites. The most common groups detected
were steroids, nonprescription drugs, and insect repellent. Only 14 compounds have human or ecological health
criteria, and measured levels rarely exceeded any of the standards or criteria. However, little is known about the
majority of the compounds or their mixtures.

The USGS also published results of a study on pharmaceutical compounds having antibiotic resistance to
bacteria and their relation to nutrient cycling in sediments (Simon, 2005). The antibiotic oxytetracycline (OTC)
was found in bottom sediments in two streams that were studied on the Eastern Shore of the Chesapeake Bay.
OTC can produce changes in antibiotic resistance of indigenous bacteria and change the reaction rates of nitrate
oxidation by soil and sediment bacteria. These results indicate that OTC in sediments decreases the ability of
bacteria to alter nitrogen and phosphorous, which could result in increased loads of nutrients being delivered to
the estuary.

Studies have recently begun to document the potential relation between emerging contaminants and the
disruption of the endocrine system of fish in parts of the Bay watershed. Reconnaissance sampling for emerging
contaminants at several sites in the West Virginia part of the Potomac River Basin detected antibiotics in
municipal wastewater, aquaculture, and poultry-processing effluent (Chambers and Leiker, 2006). The highest
number and the greatest concentrations were found in municipal effluent. Previous results from USGS sampling
of the Potomac Basin by the NAWQA Program detected chlordane, DDT, and PCBs in streambed sediment and
aquatic tissues (Ator and others, 1998). Sediment from over one-half of the sites contained concentrations that
may pose adverse effects on aquatic life. There is a limited amount of information on these contaminants in the
Bay watershed and their impact on the stream ecosystems and fish populations, however. Therefore, the USGS
is beginning a more extensive study of the issue in the Bay watershed. More information can be found in the
chapter on fish health.
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Chapter 9: Contaminant Exposure and Impacts on Waterbirds

and Selected Wildlife

By Barnett A. Rattner

he impact of selected contaminants on waterbirds and wildlife in the Chesapeake Bay ecosystem has

been addressed with USGS studies and use of ecotoxicological information for wildlife that has been
extracted from the Contaminant Exposure and Effects—Terrestrial Vertebrates (CEE-TV) database (Rattner and
others, 2005). Currently, the CEE-TV database contains 839 data records (representing about 9,500 individuals)
for the Chesapeake Bay region, with sample-collection dates ranging from 1966 to 2005. Contaminant exposure
and effects data are available for 109 species of terrestrial vertebrates, with the majority of records from birds
(79 percent) and mammals (12 percent). Exposure and effects data are available on 92 unique contaminants, with
most information focused on legacy organochlorine contaminants (including DDT, chlordane, endrin, dieldrin,
and polychlorinated biphenyls, or PCBs) and heavy metals (including lead, mercury, cadmium, and chromium).

Concentrations of p,p’-DDE (a metabolite of DDT that caused eggshell thinning and decimated populations
of fish-eating birds) and other organochlorine pesticides and metabolites have declined since they were banned in
the 1970s, whereas PCB values in eggs seem to have remained unchanged (fig. 9.1). One recent USGS study of
ospreys documented their reproduction in the most highly polluted parts of the Bay (Rattner and others, 2004).
In 2000 and 2001, a “sample egg” was collected from many osprey nests in or near the CBP “toxic regions of
concern” (Baltimore Harbor, Anacostia River, Elizabeth River), and the fate of eggs remaining in each nest was
monitored. Concentrations of organochlorine pesticides, total PCBs, and arylhydrocarbon receptor-active PCB
congeners were often greater in sample eggs from regions of concern compared to the reference area (South,
West, and Rhode Rivers). Productivity of ospreys in or near Baltimore Harbor and the Anacostia River was
marginal (observed success less than 1 fledgling/active nest) for sustaining local populations. In addition, tumors
in bullhead catfish have been found in these very same regions (Pickney, Harshberger, May, and Reichert 2004;
Pickney, Harshberger, May, and Melancon, 2004). Overall, management actions in the 1970s and 1980s restrict-
ing the use of chlorinated compounds and some metals have had several results for wildlife. Decreased use of
chlorinated pesticides contributed to improved conditions and population recovery of many fish-eating birds.
Populations of many species, including the bald eagle, have rebounded to numbers observed before the advent
and use of organochlorine pesticides. However, concentrations of other contaminants such as PCBs in wildlife
appear unchanged and remain a concern.

Several emerging contaminants are being detected in Chesapeake Bay wildlife, but the associated threat
to wildlife is not known at this time. Environmental concentrations of polybrominated diphenyl ether (PBDE)
flame retardants (commonly used in polymers, textiles, and electronics) are increasing; on a global basis, some
of the highest levels in bird eggs have been found in ospreys nesting in the Chesapeake (Hale and others, 2004).
Since little is known about the toxicity thresholds of PBDEs in wildlife, it is difficult to predict the hazards they
pose to biota in the Bay. USGS studies have been initiated to determine potential embryo-toxicity of these flame
retardants using wild bird eggs. Other compounds of contemporary interest include alkylphenol, ethoxylate, and
perfluorinated surfactants, pharmaceuticals, and personal care products. Finally, rising mercury concentrations
in the environment and widespread fish consumption advisories are of national concern (U.S. Geological Survey,
2006). Although fish consumption advisories due to mercury contamination are widespread, adverse effects have
not been documented in wildlife associated with the estuary. Data from the CEE-TV database show that mercury
concentrations in bird eggs, and in livers and kidneys of terrestrial vertebrates collected in the Chesapeake estu-
ary, are generally well below known adverse effect levels.
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Osprey nest atop channel marker in the Tred Avon River in
Easton, Maryland. Photograph by Jane Hawkey, IAN Image
Library (www.ian.umces.edu/imagelibrary/).
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Collection of benthic samples which are used to help determine food sources for sea ducks in
Chesapeake Bay. (Photograph courtesy of Matthew Perry, U.S. Geological Survey.)
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Birds on the water at Blackwater National Wildlife Refuge. Photograph by Heather Lane, IAN Image Library
(www.ian.umces.edu/imagelibrary/).
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