
 

63

 

Potential Hazards of Environmental Contaminants
to Avifauna Residing in the Chesapeake Bay Estuary

 

B

 

ARNETT

 

 A. R

 

ATTNER

 

1

 

 

 

AND

 

 P

 

ETER

 

 C. M

 

C

 

G

 

OWAN

 

2

 

1

 

U.S. Geological Survey, Patuxent Wildlife Research Center, Beltsville, MD 20705
Internet: brattner@usgs.gov

 

2

 

U.S. Fish and Wildlife Service, Chesapeake Bay Field Office, Annapolis, MD 21401

 

Abstract.

 

—A search of the Contaminant Exposure and Effects-Terrestrial Vertebrates (CEE-TV) database re-
vealed that 70% of the 839 Chesapeake Bay records deal with avian species. Studies conducted on waterbirds in the
past 15 years indicate that organochlorine contaminants have declined in eggs and tissues, although 

 

p,p’

 

-DDE, total
polychlorinated biphenyls (PCBs) and coplanar PCB congeners may still exert sublethal and reproductive effects
in some locations. There have been numerous reports of avian die-off events related to organophosphorus and car-
bamate pesticides. More contemporary contaminants (e.g., alkylphenols, ethoxylates, perfluorinated compounds,
polybrominated diphenyl ethers) are detectable in bird eggs in the most industrialized portions of the Bay, but in-
terpretation of these data is difficult because adverse effect levels are incompletely known for birds. Two moderate-
sized oil spills resulted in the death of several hundred birds, and about 500 smaller spill events occur annually in
the watershed. With the exception of lead, concentrations of cadmium, mercury, and selenium in eggs and tissues
appear to be below toxic thresholds for waterbirds. Fishing tackle and discarded plastics, that can entangle and kill
young and adults, are prevalent in nests in some Bay tributaries. It is apparent that exposure and potential effects
of several classes of contaminants (e.g., dioxins, dibenzofurans, rodenticides, pharmaceuticals, personal care prod-
ucts, lead shot, and some metals) have not been systematically examined in the past 15 years, highlighting the need
for toxicological evaluation of birds found dead, and perhaps an avian ecotoxicological monitoring program. Al-
though oil spills, spent lead shot, some pesticides, and industrial pollutants occasionally harm Chesapeake avifauna,
contaminants no longer evoke the population level effects that were observed in Ospreys (

 

Pandion haliaetus

 

) and
Bald Eagles (

 

Haliaeetus leucocephalus

 

) through the 1970s.
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Agricultural, industrial and urban activi-
ties are known to have had major effects on
waterbird populations and habitats in the
Chesapeake Bay. During the 20

 

th

 

 century,
chemical inputs into the estuary from an-
thropogenic activities had devastating effects
on numerous species. Over 15 years have
elapsed since the publication of significant
reviews examining environmental contami-
nant exposure and effects on birds in the
Chesapeake. Ohlendorf and Fleming (1988)
concluded that 

 

p,p’

 

-DDE in Ospreys (

 

Pandi-
on haliaetus

 

) and Bald Eagles (

 

Haliaeetus leu-
cocephalus

 

), cadmium and lead in seaducks,
and lead in dabbling ducks were significant
contaminant issues, and the hazards posed
by many other chemicals (e.g., polycyclic ar-
omatic hydrocarbons, industrial chemicals,
organotin compounds, agrichemicals, and
mosquito control agents) warranted investi-
gation. Subsequently, Heinz and Wiemeyer
(1991) suggested that there was little evi-

dence indicating that organochlorine pesti-
cides and PCBs were a significant threat to
birds in the Chesapeake, but heavy metals
such as lead and cadmium may be affecting
Canvasbacks (

 

Aythya valisineria

 

) and other
waterfowl. Both reviews suggested that re-
search should focus on avian food chain or-
ganisms, and potential indirect effects of
contaminants on food abundance.

In this review, ecotoxicological observa-
tions and research findings for avifauna re-
siding in the Chesapeake estuary and nearby
coastal barrier islands are summarized, fo-
cusing principally on data published since
1988. In addition, significant issues and po-
tential threats warranting investigation are
identified. Although environmental contam-
ination can alter habitat quality and avian
food resources, such indirect effects of pollu-
tion on Chesapeake avifauna have yet to be
thoroughly investigated and thus will not be
discussed here.
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The Contaminant Exposure and Effects—Terrestrial
Vertebrates (CEE-TV) database (www.pwrc.usgs.gov/
contaminants-online) contains over 17,000 geo-refer-
enced data records for marine and estuarine habitats
for the Atlantic, Gulf and Pacific coasts, Alaska, Hawaii
and the Great Lakes (Rattner 

 

et al.

 

 2005). Information
in this database has been compiled using literature
search tools (e.g., Wildlife Review, BIOSIS®, TOX-
LINE®, AGRICOLA), by examining records in various
databases (e.g., U.S. Environmental Protection Agency
Incident Information System, U.S. Fish and Wildlife Ser-
vice Environmental Contaminant Data Management
System, U.S. Geological Survey National Wildlife Health
Center Mortality Database), and by contacting scientists
in government agencies, conservation organizations,
and academic institutions. All data are referenced with
geographic collection coordinates, and if absent from
the source document, coordinates were assigned based
on the location description using MapExpert® version
2.0 (DeLorme Mapping, Freeport, ME) or the U.S. Geo-
logic Survey Geographic Names Information System
(http://geonames.usgs.gov/gnishome.html). If sam-
ples were collected across an entire county or state, the
coordinates of the county seat or state capital were as-
signed to the record. Data were coded and compiled in
a 118-field database in Microsoft® Access 2000 version
9.0 (Microsoft Corp., Redmond, WA) with information
describing taxonomy, collection date, study location,
geographic coordinates, sample matrix, contaminant
concentration, biomarker or bioindicator response,
and source of information. Data records for the present
evaluation were identified based on the estuary or loca-
tion description, and included Chesapeake Bay and
nearby coastal sites.

The CEE-TV database contains 839 data records for
the Chesapeake region (Fig. 1), ranging in sample size
from a necropsy report of an individual bird (141 such
reports) to significant research studies involving hun-
dreds of individuals (e.g., a lead shot ingestion survey
that examined 767 gizzards from Sora Rail, 

 

Porzana caro-
lina

 

). This CEE-TV subset of Chesapeake data contains
information on 109 species representing an estimated
9,500 individuals. Sample collection dates ranged from
1966 to 2006, with most of the data from 1970 to 2000.
Approximately 79% of these Chesapeake records con-
tain avian ecotoxicological data, of which 292 records
are for the time period from 1988 to present.

Avian data collected since 1988 were found in 78
necropsy reports, 17 peer-reviewed published studies,
one dissertation, and six unpublished reports. Data are
available for 89 unique contaminants (Table 1), most of
which are legacy organochlorine contaminants (e.g.,
DDT, chlordane, dieldrin, PCBs) and heavy metals (e.g.,
cadmium, lead, and mercury). Very limited information
is available on exposure to avicides, rodenticides, petro-
leum hydrocarbons, pharmaceuticals, and personal
care and household cleaning products, and on biomar-
ker or bioindicator responses.

Clearly, there are some biases in the data examined
in this review. Although nearly all of the available terres-
trial vertebrate ecotoxicological data have been com-
piled, a few investigators are reticent to share
unpublished information and some data have been se-
questered for legal purposes. Furthermore, the collec-
tion location of some samples was poorly described or
is unknown. Finally, many studies focused on locations

that are known to be highly polluted in order to docu-
ment potential adverse effects. Ideally, overall condition
assessments related to pollution should include ran-
domly selected sampling locations.
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Initially recognized as a tremendous
achievement for agricultural and human
pest control, the hazardous effects of orga-
nochlorine pesticides to non-target wildlife
became apparent in the 1950s and vaulted to
the forefront of public concern with Rachel
Carson’s 1962 book 

 

Silent Spring

 

. Toxicologi-
cal effects of organochlorine pesticides and
metabolites upon Chesapeake waterbirds oc-
curred principally through impairment of
reproduction rather than through altered
survival of adults (Heinz and Wiemeyer
1991; Blus 1996). Recent findings on egg
and tissue residues, and reproduction will
first be presented, followed by exposure and
effects data in adults.

Exposure of Eggs and Young

As described in earlier reviews (Ohlen-
dorf and Fleming 1988; Heinz and Wiemeyer
1991), 

 

p,p’

 

-DDE concentrations in Osprey
and Bald Eagle eggs in the Chesapeake were
among the highest in the nation and appear
to have been the principal cause of the popu-
lation declines in these species from the 1950s
through 1970s (Wiemeyer 

 

et al.

 

 1984, 1988,
1993). Since the banning of the most toxic or-
ganochlorine pesticides in the early 1970s,
Chesapeake Bay Osprey and Bald Eagle pop-
ulations gradually began to rebound (Watts
and Paxton 2007; Watts 

 

et al.

 

 2004, 2007).
Osprey eggs collected from Glenn L.

Martin National Wildlife Refuge on Smith Is-
land, Maryland in 1986 contained 

 

p,p’

 

-DDE
concentrations ranging from 0.82-3.0 µg/g
wet weight (Audet 

 

et al.

 

 1992). The median
residue concentration exceeded the thresh-
old associated with 10% eggshell thinning
(i.e., 2 µg/g wet weight), but was below the
value (>2.6 µg/g) associated with population
instability (production of less than one
fledgling per active nest) (Wiemeyer 

 

et al.

 

1988; Audet 

 

et al.

 

 1992). Notably, concentra-
tions had not changed much compared to a
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1973 collection from this site. Lower concen-
trations of 

 

p,p’

 

-DDE (0.38-0.83 µg/g) were
detected in Osprey eggs from the York River
area, Mobjack Bay and the Rappahannock
River in Virginia collected in 1987 (Audet 

 

et
al.

 

 1992), and were well below levels believed
to cause adverse effects on eggshell thickness
and productivity.

Coincident with recovery of their popula-
tion in the Chesapeake (Watts 

 

et al.

 

 2004;
Watts and Paxton 2007), Ospreys began to
nest in substantial numbers in some of the
most polluted sites in the Bay (i.e., U.S. Envi-
ronmental Protection Agency designated
“Regions of Concern”), including Baltimore
Harbor, and the Anacostia and Elizabeth

Figure 1. Geographic distribution of CEE-TV database records (n = 839) and some sample collection locations (re-
gions of concern are bold) in the Chesapeake. Note that some records share common locations.
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Rivers. In 2000 and 2001, a large-scale study
was undertaken in which Osprey eggs were
collected from nests in these regions of con-
cern and nearby tributaries (e.g., Patapsco
River and middle Potomac River), and from
a reference area (South, West and Rhode

Rivers near Annapolis). Sample eggs were
analyzed for various contaminants, and the
fate of the eggs remaining in each nest was
monitored through fledging of young to ex-
amine potential adverse effects of pollutants
on reproduction (Rattner 

 

et al.

 

 2004). Of 27

 

Table 1. Environmental contaminants detected in Chesapeake Bay avifauna since 1988.

 

Organochorine pesticides and metabolites

 

p,p’-

 

DDD; 

 

p,p’-

 

DDE; 

 

p,p’-

 

DDT

 

o,p’-

 

DDD; 

 

o,p’-

 

DDE; 

 

o,p’-

 

DDT
Dieldrin
Heptachlor epoxide
Oxychlordane

 

cis

 

-Chlordane

 

trans

 

-Chlordane

 

cis

 

-Nonachlor

 

trans-

 

Nonachlor
Toxaphene
Hexachlorobenzene
Endrin
Mirex
alpha-hexachlorocyclohexane
beta-hexachlorocyclohexane
gamma-hexachlorocyclohexane
sigma-hexachlorocyclohexane

Other organochlorine contaminants Total PCBs (Aroclors 1254 and 1260)
PCB congeners (66, 77, 81, 105, 114, 118/106, 123, 126, 128, 138, 
156, 157, 158, 166, 167, 169, 170, 189)
Dioxins (6 congeners)
Dibenzofurans (2 congeners)

Brominated contaminants Total polybrominated diphenyl ethers (PBDE)
PBDE congeners (47, 49, 99, 100, 153, 154)

Surfactants Nonylphenol
Perfluorooctanesulfonate
Perfluorodecanesulfonate
Perfluorodecanoic acid
Perfluoroundecanoic acid

Anticholinesterase pesticides Organophosphorus insecticides (Fenthion, Chloropyrifos, Par-
athion, Phorate, Diazinon)
Carbamate insecticides (Carbofuran, Oxamyl)

Avicides Avitrol

Metals, metalloids and trace elements Aluminum
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Selenium
Strontium
Vanadium
Zinc
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organochlorine pesticides and metabolites
quantified, 17 or more were detected in half
of the sample eggs from each region of con-
cern, and concentrations of 

 

p,p’

 

-DDE, 

 

p,p’

 

-
DDD, heptachlor epoxide, 

 

α

 

-chlordane, 

 

cis

 

-
nonachlor, 

 

trans

 

-nonachlor and oxychlor-
dane were statistically greater in one or more
of the regions of concern compared to the
reference site. Concentrations of 

 

p,p’

 

-DDE
ranged from 0.26-1.92 µg/g wet weight in
the regions of concern compared to 0.24-
0.98 µg/g in the reference area. On a tempo-
ral basis, 

 

p,p’

 

-DDE, dieldrin and 

 

cis

 

-chlor-
dane levels in Osprey eggs collected from
the middle Potomac in 2000 (Rattner 

 

et al.

 

2004) were less than half of that observed in
Potomac Osprey eggs collected in the 1970s.
In 2000 and 2001, there were no significant
differences in eggshell thickness, egg hatch-
ability, reproductive success, or productivity
of successful nests among study sites. Howev-
er, shell thickness of eggs collected from the
Anacostia and middle Potomac River study
site averaged 8.7% less than in the pre-DDT
era, and fell in the range of mean values
(0.402-0.468 mm) for Osprey eggs from the
lower Potomac River between 1968 and 1977
(Wiemeyer 

 

et al.

 

 1975, 1988). Furthermore,
over half of the sampled eggs from the Ana-
costia and middle Potomac Rivers had 

 

p,p’-

 

DDE concentrations within the 95% confi-
dence interval (1.2 to 3.0 µg/g) associated
with 10% percent eggshell thinning in
Osprey eggs (Wiemeyer 

 

et al.

 

 1988). Eggshell
thinning of greater than 18% is believed to be
related to population declines in raptorial
birds (Blus 1996). Concentrations of dield-
rin, heptachlor epoxide, chlordane and oth-
er organochlorine pesticides or metabolites
in this study were well below known repro-
ductive effect levels for species that have been
studied in detail. Kepone, a pesticide manu-
factured in Hopewell, Virginia that polluted
the James River, had been found at concen-
trations of up to 5.0 µg/g wet weight in
Osprey eggs collected from Chesapeake trib-
utaries in Virginia in 1977 (Wiemeyer 

 

et al.

 

1988), but was not detected in a subset of
Osprey eggs from the Elizabeth River in 2001.

Three Peregrine Falcon (

 

Falco peregrinus

 

)
eggs that failed to hatch during the 1986 and

1987 breeding season were analyzed for a
number of organochlorine contaminants
(Jarman 

 

et al.

 

 1993). An egg collected from
Chincoteague, Virginia had the greatest con-
centrations of DDT and metabolites (25.2
µg/g wet weight), approaching the threshold
associated with 20% eggshell thinning and re-
duced productivity for this species (i.e., 15 to
30 µg/g wet weight; Blus 1996). Concentra-
tions of DDT and its metabolites were much
lower in the eggs from Smith Island, Mary-
land and the Key Bridge in Baltimore Harbor
(9.5 and 3.4 µg/g, respectively). The sum of
chlordane metabolites in these eggs ranged
from 0.92-2.4 µg/g. Avian reproductive ef-
fects thresholds are not known for chlordane.
Up to 15 parts per million in the diet of
Northern Bobwhite (

 

Colinus virginianus) 

 

ap-
parently has no effect on reproduction; un-
fortunately, egg residue values are not avail-
able from this study (J. W. Spann, unpubl. da-
ta cited in Wiemeyer 1996). In 1992, nonvia-
ble Peregrine Falcon eggs were collected
from seven nests in the Chesapeake (Morse
1994), and were analyzed for chlorinated hy-
drocarbon contaminants and metals. Values
of 

 

p,p’-

 

DDE ranged from 1.0-11.7 µg/g wet
weight. Dieldrin ranged from 0.05-0.90 µg/g,
and was interpreted to be below the adverse
effect threshold for reproduction in raptors
(Wiemeyer 

 

et al.

 

 1986). Other organochlo-
rine pesticides and metabolites were lower,
and suggested to be below reproductive ef-
fect levels (Morse 1994). Between 1993 and
1999, post-term and addled Peregrine Falcon
eggs were collected from the Chesapeake re-
gion (e.g., Chincoteague and Martin Nation-
al Wildlife Refuges, Clay, Cobb, Fisherman,
Metompkin, South Marsh, and Wallops Is-
lands, Baltimore, Wachapreague, and Fort
Eustis) as part of a mid-Atlantic states moni-
toring effort (U.S. Fish and Wildlife Service 

 

et
al.

 

 2004). Concentrations of 

 

p,p’-

 

DDE ranged
from 1.14 to 23.9 µg/g wet weight, with the
highest value being from Chincoteague Na-
tional Wildlife Refuge. Some of these values
might be artificially high as they were not ad-
justed for moisture loss. Notably, over a quar-
ter of the Peregrine Falcon eggs collected
from the Chesapeake region exhibited >15%
shell thinning compared to pre-1947 shell
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thickness values. Concentrations of chlor-
dane metabolites and other organochlorine
pesticides were low, rarely exceeding one µg/
g wet weight. Unfortunately, productivity and
nest success data for this study are incom-
plete, and thus it is not possible to fully evalu-
ate the effects of contaminants on reproduc-
tion of this species in the Chesapeake.

In the past 15 years, numerous studies
have reported organochlorine pesticide con-
centrations in Black-crowned Night-Herons
(

 

Nycticorax nycticorax

 

), but these compounds
have not been monitored in other wading
bird species in the Chesapeake. Of the major
Black-crowned Night-Heron colony sites in
Maryland, most are on Bay islands or along
the Atlantic shoreline, where human access
and disturbance are minimal (Brinker 

 

et al.

 

1996). As part of a biomarker development
study (Rattner 

 

et al.

 

 1993, 1996), pipping
Black-crowned Night-Heron embryos and
eleven-day-old nestlings were collected in
1989 from Chincoteague Bay, Virginia. In
pipping embryos, 

 

p,p’-

 

DDE concentrations
ranged from 0.06-5.2 µg/g wet weight, which
was below the eight µg/g threshold associat-
ed with impaired reproduction in this spe-
cies (Henny 

 

et al.

 

 1984). Concentrations of

 

p,p’-

 

DDE in carcasses of young were consid-
erably less than observed in embryos, rang-
ing from non-detectable to 1.3 µg/g. The
sum of other compounds (e.g., 

 

p,p’-

 

DDD, di-
eldrin, heptachlor epoxide, 

 

α

 

-chlordane, 

 

cis

 

-
nonachlor, 

 

trans

 

-nonachlor, and oxy-
chlordane) in pipping embryos averaged
0.74 µg/g, whereas residues of these pesti-
cides were rarely detected in nestlings.
These findings and others (Ohlendorf 

 

et al.

 

1978) verified the use of this colony as a ref-
erence site for subsequent studies.

In 1979, a small colony (25 pairs) of Black-
crowned Night-Herons was found in a wood-
ed area on the Baltimore Gas and Electric
Plant fronting the Patapsco River in the highly
industrialized Baltimore Harbor (Erwin 1990).
This colony flourished to 325 pairs by 1988,
making it the largest in Maryland’s portion
of Chesapeake Bay (Erwin 1990, 1991). This
single species heronry, and two others (Rock
Creek Park in Washington, D.C. and Chin-
coteague Bay, Virginia, a reference area),

were studied in 1991 in order to examine
contaminant residues and biomarkers of ex-
posure and potential harm (Rattner 

 

et al.

 

1997). Organochlorine pesticide and metab-
olite residues were consistently greater in
pipping embryos from Baltimore Harbor
and Rock Creek Park compared to the refer-
ence area. Concentrations of 

 

p,p’-

 

DDE in
pipping embryos averaged between 0.23-
1.59 µg/g, with only three of 45 embryos
containing more than eight µg/g, the
threshold associated with impaired repro-
duction in this species (Henny 

 

et al.

 

 1984).
Dieldrin, heptachlor epoxide, chlordane
and other organochlorine pesticides rarely
exceeded one µg/g. Concentrations of orga-
nochlorine pesticides on a µg/g wet weight
basis were lower in ten-day-old nestlings than
pipping embryos. However, on a body bur-
den basis (µg/carcass), several pesticides, in-
cluding heptachlor epoxide and several
components of chlordane, were actually two
to ten times greater in nestlings than in pip-
ping embryos, indicating direct accumula-
tion from food items of local origin.

Two ground censuses of the Baltimore
Harbor Black-crowned Night-Heron colony
in 1996 revealed a dramatic reduction to
only 111-113 nests. A study assessing repro-
duction and contaminant exposure of this
colony was undertaken in 1998 (Rattner 

 

et al.

 

2001), focusing on potential reproductive ef-
fects of PCBs, as this industrial contaminant
had been linked to cytochrome P450 induc-
tion in earlier work at this site (Rattner 

 

et al.

 

1997). However, it became apparent that the
Night-Heron colony had relocated to a
mixed wading bird colony about two kilome-
ters south at Fort Carroll, a 19

 

th

 

 century in-
stallation in the middle of the Patapsco Riv-
er. Based on analyses of a large number of
sample eggs, concentrations of p,p’-DDE
(0.023-1.29 µg/g wet weight) and dieldrin
(not detected to 0.26 µg/g) were clearly low-
er than observed in 1991, and levels of other
organochlorine pesticides were also quite
modest. Pesticides in Night-Heron eggs con-
currently collected from Holland Island, a
remote reference colony in the southern
Chesapeake, were but a fraction of those ob-
served in Baltimore Harbor. There was nei-
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ther eggshell thinning nor impaired repro-
duction in Night–Herons that could be asso-
ciated with DDT exposure in this 1998 study.

Two studies examined organochlorine
pesticides in Common Tern (Sterna hirundo)
eggs. In 1994, ten eggs were collected from
South Sand Point off of Barren Island, and
were found to contain very modest levels of
p,p’-DDE (0.04-0.21 µg/g wet weight) and
trans-chlordane (not detected to 0.06 µg/g)
(J. B. French, USGS Patuxent Wildlife Re-
search Center, unpubl. data). In 1997, ten
three-egg clutches were collected from Bod-
kin Island, and organochlorine pesticide
concentrations (e.g., DDT and metabolites,
chlordane and metabolites, dieldrin, endrin,
heptachlor epoxide and mirex) were below
the detection limit of 0.061 µg/g dry weight
(French et al. 2001).

Exposure and Effects in Adults

In the final phase of the National Con-
taminant Biomonitoring Program of the
U.S. Fish and Wildlife Service, wings of adult
Mallards (Anas platyrhynchos) and American
Black Ducks (Anas rubripes) collected from
the Chesapeake region (Maryland and Vir-
ginia) in 1981-1982 were found to contain
less p,p’-DDE than the overall average for the
Atlantic Flyway (Prouty and Bunck 1986;
Schmitt and Bunck 1995). With the excep-
tion of DDT and trans-nonachlor, other com-
pounds (DDD, DDMU, dieldrin, heptachlor
epoxide, cis-nonachlor and mirex) were not
detected in the 1981-82 collection (Prouty
and Bunck 1986). Starling (Sturnus vulgaris)
carcasses collected from Maryland and Vir-
ginia in 1982 and 1985 also indicated that
p,p’-DDE concentrations were moderate to
low compared to much of the United States
(Bunck et al. 1987; Schmitt and Bunck 1995).
These monitoring studies demonstrated the
overall decline in the concentration of per-
sistent organochlorine pesticides in the con-
tinental United States (Schmitt and Bunck
1995), and the subset of these CEE-TV data
for the Chesapeake supports this conclusion.

Eight Osprey carcasses were collected in
1993 from Tabbs Creek, a small tributary of
the northwest branch of Back River in York

County, Virginia (Hale et al. 1996). DDT me-
tabolites were quantified in mesenteric tis-
sue, and p,p’-DDE concentrations ranged
from 5.3 to 12.9 µg/g dry weight. These val-
ues are lower than most observed in adult
Ospreys collected between 1964 and 1982
(Wiemeyer et al. 1980, 1987) when rough ad-
justments are made for moisture and lipid
content to normalize reporting units.

The New York State Department of Envi-
ronmental Conservation performed necrop-
sies on numerous adult birds that were col-
lected from the Chesapeake Bay region, and
at least six appear to have succumbed to
organochlorine pesticide intoxication. For
example, in 1988 and 1989, brain tissue of
a number of dead individuals (American
Kestrel, Falco sparverius; Red-shouldered
Hawk, Buteo lineatus; Barred Owl, Strix varia;
American Robin, Turdus migratorius, Blue Jay,
Cyanocitta cristata, all from Prince Georges
and Montgomery Counties in Maryland) con-
tained substantial quantities of oxychlordane
(2.41-4.10 µg/g wet weight) and heptachlor
epoxide (2.63-6.35 µg/g wet weight), and the
cause of death was attributed to chlordane in-
toxication (NYDEC Cases 88-30-20, 88-39-23,
88-39-25, 89-07-34, and 89-62-29). In addi-
tion, the death of a Cattle Egret (Bubulcus
ibis) that succumbed during rehabilitation ef-
forts in 1990 was attributed to dieldrin intox-
ication following detection of 3.28 µg/g wet
weight in brain tissue (NYDEC 90-22-26).

ORGANOPHOSPHORUS AND

CARBAMATE PESTICIDES

Use of organophosphorus and carbam-
ate pesticide in the United States increased
greatly following the ban of many orga-
nochlorine pesticides in the 1970s. These
compounds or their activated metabolites in-
hibit the enzyme acetylcholinesterase, there-
by disrupting neurotransmitter processes in
the central nervous system and normal neu-
ral functioning of the sensory, integrative,
and neuromuscular systems (Ballantyne and
Marrs 1992). Generally, these pesticides have
a short environmental half-life, but some re-
main quite toxic for days or weeks after appli-
cation. Exposure of non-target wildlife to
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these compounds has been demonstrated to
cause alterations in behavior, endocrine
function, thermoregulation, and reproduc-
tion (Grue et al. 1997). Death can result from
respiratory failure due to constricted airways,
decreased ventilation associated with paraly-
sis of intercostal muscles and diaphragm,
and the direct depression of respiratory cen-
ters in the brain. Definitive evidence of poi-
soning in wildlife usually entails detection of
the parent compound in the digestive tract
and substantial inhibition of brain acetylcho-
linesterase activity (Hill 2003).

 For the period of 1988 to 2006, the CEE-
TV database contains 133 records docu-
menting at least 50 incidents of unintention-
al bird poisonings in the Chesapeake Bay re-
gion that involved anticholinesterase pesti-
cides, and most of these incidents occurred
in agricultural settings. These die-offs in-
volved six orders of birds, most frequently
passerines, birds of prey, and waterfowl.
These incidents were principally caused by
carbofuran exposure of prey (including one
Bald Eagle) (Stinson et al. 1994). Use of
granular formulations of this carbamate was
restricted by the U.S. Environmental Protec-
tion Agency in 1994 because of bird die-offs.
The remaining incidents involved chlorpyri-
fos, diazinon, fenthion, phorate, parathion
and the carbamate oxamyl.

OTHER ECONOMIC POISONS

Two avian die-offs involving the avidicide
Avitrol® (4-aminopyridine) occurred in Vir-
ginia in 1991 and 1993. One case was permit-
ted use near a granary, and resulted in the
death of Starlings (Virginia Department of
Game and Inland Fisheries Case Number 3-
91). The other instance entailed unap-
proved use of Avitrol® at a country club, and
resulted in the death or intoxication of at
least 39 Canada Geese (Branta canadensis)
(Virginia Department of Game and Inland
Fisheries Case Number 32-93). There were
no reports found that documented instances
of bird die-offs related to rodenticide poi-
soning, although this is certainly a problem
in Atlantic coast states (e.g., New York; Stone
et al. 2003).

POLYCHLORINATED BIPHENYLS, DIOXINS

AND DIBENZOFURANS

Use of PCBs dates back to the 1930s, and
commercial applications of these com-
pounds include heat transfer agents, flame
retardants and waterproofing agents. The
manufacture and distribution of these com-
pounds in the United States was prohibited
in 1979, but their massive production (1.3
billion pounds over a 50-year period) and
their environmental stability has resulted in
the distribution of the 209 congeners plus
metabolites in abiotic and biotic matrices on
a global scale (Rice et al. 2003). Polychlori-
nated dibenzo-p-dioxins and polychlorinat-
ed dibenzofurans are highly toxic contami-
nants with no commercial use that are re-
leased by chemical and combustion process-
es (Rice et al. 2003). In general, birds are
more tolerant of acute exposure to these
compounds than mammals, but a range of
effects (e.g., enzyme induction, altered
growth and reproduction, chick edema dis-
ease, immune dysfunction and endocrine
disruption) have been linked to exposure
(Rice et al. 2003).

Exposure and Effects in Eggs and Young

In studies of Chesapeake Bay raptors
from the late 1960s to the mid-1980s, total
PCB concentrations in Bald Eagle eggs aver-
aged about 25 µg/g wet weight (ranging
from 8.9-218 µg/g) (Wiemeyer et al. 1984,
1993), whereas concentrations in Osprey
eggs were somewhat lower, ranging up to 18
µg/g (Wiemeyer et al. 1988). Although a top-
ic of some controversy, PCBs were not associ-
ated with adverse reproductive effects in
these species in the Chesapeake. To the best
of our knowledge, there are no published
data on PCB concentrations in Chesapeake
Bay Bald Eagle eggs since 1984.

Total PCB concentrations in Osprey eggs
collected from Glenn L. Martin National
Wildlife Refuge in 1986 appeared to be lower
than found at this site in 1973 (1.0 µg/g wet
weight versus 2.8 µg/g), although values
from the York River area, Mobjack Bay and
the Rappahannock River in Virginia aver-
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aged 3.7 µg/g, and ranged up to 5.7 µg/g
(Audet et al. 1992). However, total PCB con-
centrations (principally Aroclors 1254 and
1260) in Osprey eggs collected from Balti-
more Harbor and the Patapsco River, and
the Anacostia and middle Potomac Rivers in
2000 were greater, averaging 7.25 µg/g and
9.28 µg/g, respectively. The upper extreme
value was 19.3 µg/g from an egg collected
near the Naval Research Laboratory on the
middle Potomac (Rattner et al. 2004), and
was actually similar in concentrations to the
greatest historical values reported in Osprey
eggs from the Chesapeake (Wiemeyer et al.
1988). Osprey eggs from the Elizabeth River,
the location of the largest military naval port
in the world, contained the lowest total PCB
values in this study. Surprisingly, total PCB
concentrations in eggs from the South, West
and Rhode rivers reference areas averaged
4.60 µg/g, and ranged up to 12.4 µg/g. Com-
pared to total PCB values reported in collec-
tions in the 1970s and 1980s by Wiemeyer
and coworkers (1988), it would appear that
concentrations in Osprey eggs have not de-
clined; this trend has also been noted for
Osprey eggs for much of the Atlantic coast
(Rattner et al. 2005). Levels of 15 arylhydro-
carbon (Ah) receptor-active PCB congeners
were quantified in these Osprey eggs. Con-
centrations of the toxicologically most po-
tent coplanar and semi-coplanar congeners
(i.e., numbers 77, 81, 105, 126 and 169) did
not differ much between study sites, al-
though values were consistently higher in
2000 compared to 2001 samples. Toxic equiv-
alents of 15 Ah receptor-active congeners did
not differ among sites in this Chesapeake Bay
study, and on a national scale, values were
greater than those observed in the Pacific
Northwest (Elliott et al. 2000; Henny et al.
2003), but not unlike toxic equivalents ob-
served in Delaware Bay (Toschik et al. 2005)
and the Great Lakes (Martin et al. 2003).

Cytochrome P4501A, one of the most
sensitive biomarkers of exposure to polyha-
logenated compounds, was quantified in liv-
er and other tissues of pipping Osprey em-
bryos collected from Back River, York Coun-
ty Virginia, a site in close proximity to Tabbs
Creek that is known to be polluted with poly-

chlorinated terphenyls (PCT) and PCBs
(Stegeman et al. 1995). Pipping embryos
were also collected from Mobjack Bay, in
Gloucester and Matthews Counties, Virginia,
which served as a presumed reference area.
Catalytic activity of ethoxyresorufin dealky-
lase in hepatic microsomes and immunohis-
tochemical measurements of cytochrome
P4501A content in hepatic parenchymal
cells did not differ among sites. Aroclor 1260
was detected in eggs from both sites, but
PCT was not. The investigators concluded
that Ospreys may not have been feeding on
fish from the PCT contaminated outfall.

Peregrine Falcon eggs that failed to hatch
in 1986 and 1987 contained total PCBs in con-
centrations ranging from 5.8-25.0 µg/g wet
weight; an egg from Chincoteague, Virginia
had the largest PCB levels and also had re-
markably high concentrations of DDT metab-
olites (Jarman et al. 1993). In this study, east
coast Peregrine Falcon eggs were noted to
have much greater PCB concentrations than
falcon eggs from the western United States.
Nonviable Peregrine Falcon eggs collected
from nests in the Chesapeake in 1992 con-
tained Aroclor 1254 values ranging from 2.0-
5.7 µg/g wet weight, and Aroclor 1260 values
ranging from 4.1-10.9 µg/g (Morse 1994).
Peregrine Falcon eggs collected between
1993 and 1999 exhibited total PCB concentra-
tions ranging from 3.62-44.3 µg/g wet weight
(U.S. Fish and Wildlife Service et al. 2004).
Apparently, these addled and post-term eggs
are the only avian samples in the Chesapeake
region that have been analyzed for dioxins
(not detected to 97 pg/g wet weight, not ad-
justed for moisture loss) and dibenzofurans
(not detected to 128 pg/g). Mathematically
predicted toxic equivalent of dioxins, diben-
zofurans and Ah receptor-active PCB conge-
ners were presented for the entire mid-Atlan-
tic study area, and appear to be slightly above
estimates of the no observed adverse effect
level for developmental impairment in rap-
tors, but well below the lowest observable ad-
verse effect level for embryo mortality (U.S.
Fish and Wildlife Service et al. 2004).

Total PCB and Ah receptor-active conge-
ner exposure was determined in Black-
crowned Night-Herons from Chincoteague
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Bay, Virginia. In pipping embryos and elev-
en-day-old nestlings, total PCB concentra-
tions averaged 1.13 µg/g wet weight and 0.36
µg/g, respectively; these values were consid-
erably lower than observed in concurrently
collected samples from the Great Lakes and
San Francisco Bay (Rattner et al. 1993, 1996).
Likewise, concentrations of twelve Ah recep-
tor-active congeners, mathematically predict-
ed toxic equivalents, and H4IIE bioassay-de-
rived dioxin equivalents in pipping embryos
from the Chincoteague Bay reference site
were but a small fraction of those observed in
samples from the Great Lakes and San Fran-
cisco Bay (Rattner et al. 1994). Mean activity
and variability of several cytochrome P450-
associated monooxygenases (arylhydrocar-
bon hydroxylase, benzyloxyrsorufin-O-deal-
kylase, ethoxyresorufin-O-dealkylases, and
ethoxycoumarin O-dealkylase) in hepatic mi-
crosomes of pipping embryos from Chin-
coteague were significantly lower than those
observed in the Great Lakes, in part validat-
ing the use of these biomarkers as indicators
of exposure to some PCB mixtures in Night-
Herons (Rattner et al. 1993). Activities of
arylhydrocarbon hydroxylase and benzyloxyr-
sorufin-O-dealkylase tended to be lowest in
eleven-day-old nestlings from Chincoteague
Bay compared to other more polluted sites in
this study, although cytochrome P450-associ-
ated monooxygenase activities seem to be a
less robust biomarker during this rapid-
growth life stage (Rattner et al. 1996).

Studies conducted with Black-crowned
Night-Heron pipping embryos in 1991 docu-
mented total PCB, Ah receptor-active PCB
congeners, and toxic equivalents to be up to
37-fold greater in Baltimore Harbor and
Rock Creek Park compared to levels in em-
bryos from Chincoteague Bay, Virginia (Ratt-
ner et al. 1997). Hepatic microsomal activi-
ties of benzyloxyrsorufin-O-dealkylase and
ethoxyresorufin-O-dealkylase of embryos
from the two most PCB polluted sites were
six- to nine-fold greater than those found in
embryos from Chincoteague Bay. Accumula-
tion of total PCBs in ten-day-old nestlings
from Baltimore Harbor was much greater
than that observed at Chincoteague Bay
(252 µg/carcass versus 33 µg/carcass). Find-

ings of high concentrations of PCB conge-
ners and toxic equivalents, as well as cyto-
chrome P450 induction in Baltimore Harbor
herons, was the impetus for testing the hy-
pothesis that PCBs might be leading to the
declining size of the Baltimore Harbor her-
on colony (Rattner et al. 2001). Although
twelve Ah receptor-active PCB congeners
and toxic equivalents were up to 37 times
larger in sample eggs from Baltimore Har-
bor compared to those from the reference
area in the southern Chesapeake, overall
nest success (0.74) and productivity (2.05
young/nest) were adequate to maintain a
stable population. Furthermore, no signifi-
cant relation was found between hatching,
fledging and overall reproductive success
and concentrations of PCBs and toxic equiv-
alents. It was concluded that contaminants
were not having a dramatic effect on repro-
duction in the Baltimore Harbor heronry.

Concerns over PCBs and other pollutants
near Mason Neck National Wildlife Refuge,
prompted an investigation of its Great Blue
Heron (Ardea herodias) colony, the largest in
Virginia. In 1997, eggs were collected from
Mason Neck and from Coaches Island (near
Tilghman Island on Maryland’s Eastern
Shore, the reference site in the Chesa-
peake), and were artificially incubated until
they hatched (Johnson et al. 2001). There
was no evidence of cytochrome P450 induc-
tion or oxidative stress that might be linked
to polyhalogenated pollutant exposure.

In a preliminary study examining poten-
tial endocrine disruptive effects of PCBs,
Common Tern eggs collected in 1994 from
South Sand Point, off of Barren Island, con-
tained relatively low concentrations of Aro-
clor 1260 ranging from 0.44-1.50 µg/g wet
weight (J. B. French, unpubl. data). In test-
ing this hypothesis, eggs were collected from
Bodkin Island, which served as a compara-
tive reference site for the more contaminat-
ed samples from Ram Island in Buzzards Bay,
Massachusetts. Total PCBs concentrations
(<ten µg/g lipid) were much lower at Bod-
kin Island compared to Ram Island, and no
evidence was obtained to suggest that PCBs
were evoking toxic effects in embryos
(French et al. 2001).
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Tree Swallow (Tachycineta bicolor) eggs and
nestlings from the USGS Patuxent Wildlife
Research Center on the Patuxent River, a trib-
utary of the middle Chesapeake Bay, general-
ly contained considerably lower concentra-
tions of total PCBs than samples collected
from PCB-polluted sites in Indiana, New York
and Pennsylvania (eggs: 0.69 µg/g versus 0.94
to 4.6 µg/g; nestling body burdens: 0.294 µg/
g versus 0.169 to 18.46) (Yorks 1999).

Exposure and Effects in Adults

Wings of adult Mallards and American
Black Ducks collected from the Chesapeake
region (Maryland and Virginia) in 1981-1982
as part of the National Contaminant Biomon-
itoring Program contained moderate
amounts of total PCBs that were less than the
overall average for the Atlantic Flyway
(Prouty and Bunck 1986). Starling carcasses
collected from Maryland and Virginia in 1982
contained total PCB concentrations that were
slightly higher than the national average
(Bunck et al. 1987). These monitoring studies
indicated that total PCB concentrations did
not decline as dramatically as levels of orga-
nochlorine pesticides and metabolites.

Concentration of total PCBs in mesen-
tery of dead adult Ospreys from Tabbs Creek
in York County, Virginia, ranged from 11.3-
45.3 µg/g dry weight (Hale et al. 1996),
which appears to be slightly lower than the
range of normalized values reported for
adult osprey carcasses and brain tissue col-
lected from 1964-1982 (Wiemeyer et al. 1980,
1987). In necropsy reports of the New York
State Department of Environmental Conser-
vation describing adult birds that apparently
succumbed to organochlorine pesticide in-
toxication from the Chesapeake Bay region,
Aroclors 1254 and 1260 were below the limit
of detection (NYDEC Cases 89-07-34, 89-62-
29, and 90-22-26).

NEWER ORGANIC CONTAMINANTS

Recent studies have detected with in-
creasing frequency the presence of chemicals
and pharmaceuticals in the environment
that have not been historically detected or ex-

amined, and thus never considered environ-
mental contaminants (Kolpin et al. 2002).
These “emerging contaminants” include
compounds such as steroids, caffeine, anti-
microbials, fire retardants and nonionic de-
tergent metabolites that may be released by
municipal, agricultural and industrial waste-
water sources. Often serving as focal points of
commerce and human populations, estuaries
such as the Chesapeake Bay may receive and
actually trap large quantities of such chemi-
cals (Hale and La Guardia 2002). Although
widely recognized as a potential concern to
biota, exposure to and the effects of many of
these compounds are only just now being in-
vestigated from an ecotoxicological perspec-
tive. Remarkably, exposure data in Chesa-
peake Bay avifauna is limited to one study in
Osprey eggs (Rattner et al. 2004).

Perhaps the most interesting group detect-
ed is the polybrominated diphenyl ether
flame retardants. Using archived Herring Gull
(Larus argentatus) eggs collected over the past
25 years from the Great Lakes, these flame re-
tardants appear to be doubling in concentra-
tion every three to five years over the past 25
years (Norstrom et al. 2000). Concentrations
in Chesapeake Osprey eggs of total polybromi-
nated diphenyl ethers (PBDEs) approach one
µg/g on a wet weight basis, and on a lipid
weight basis, concentrations in Chesapeake
Bay Osprey eggs are some of the highest values
reported in bird eggs to date (Hale et al.
2004). The toxicity of these compounds is cur-
rently under investigation in avian egg injec-
tion studies (McKernan et al. 2006).

Perfluorinated compounds are surface
protectors and surfactants that are distribut-
ed worldwide. Perfluorooctanoic acid, an ac-
tive ingredient of Scotch Guard®, was volun-
tarily removed form the market in 2000 be-
cause it was increasingly being detected in
the environment, wildlife and people. Sever-
al perfluorinated compounds have been de-
tected in Chesapeake Osprey eggs, with con-
centrations of perfluorooctanesulfonate
ranging up to 428 ng/g wet weight (Rattner
et al. 2004). Recent controlled exposure
studies and risk assessments in Northern
Bobwhite and Mallards concluded that cur-
rent environmental concentrations do not
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pose a significant risk to avian populations
(Newsted et al. 2005).

Alkylphenol and ethoxylate surfactant
and cleaning agents are produced in multi-
million ton quantities, and were occasionally
detected in low nanogram quantities in
Chesapeake Bay Osprey eggs (Rattner et al.
2004). Some members of this group of sur-
factants have been suggested to be endo-
crine disruptors, although such effects have
yet to be clearly documented in birds.

PETROLEUM SPILLS

Since 1988, two moderate-sized oil spills
have occurred in the Chesapeake Bay re-
gion. On 28 March 1993, a 90-cm (36 inch)
high-pressure pipeline, running from the
Gulf of Mexico to Maine, ruptured and re-
leased over 400,000 gallons of No. 2 heating
oil into Sugarland Run Creek and the Poto-
mac, affecting a 15-km stretch. Twenty-three
oiled birds were observed, including Wood
Ducks (Aix sponsa), Canada Geese, Mallards,
and a Kingfisher (Megaceryle alcyon), and 18
of these succumbed despite rehabilitation ef-
forts (Research Planning, Inc. 1993). Un-
doubtedly, more birds were affected by this
spill. Another oil spill occurred on 7 April
2000 involving a pipeline rupture releasing
126,000 gallons of No. 2 and No. 6 fuel oil at
the Potomac Electric Power Company Chalk
Point Facility near Aquasco, Maryland. The
spill spread to Swanson Creek, a tributary of
the Patuxent; 55 dead birds (principally
waterfowl, but also Ospreys, herons, gulls
and terns) were found, and 109 birds were
collected for rehabilitation (twelve of these
died) (Cardano et al. 2001). This spill oc-
curred near Osprey nests, and although ten
adult Ospreys were observed to be oiled,
there was no evidence of effects on repro-
ductive success (Michel et al. 2001). Records
of the U.S. Fish and Wildlife Service and U.S.
Coast Guard indicate about 500 smaller spill
events occur annually in the Chesapeake.

Although chronic low level oil pollution
has been a long-term concern, effects in
birds have been difficult to detect. One study
examined cellular DNA content of Black-
crowned Night-Heron embryos and nest-

lings, a sensitive genetic damage biomarker
of exposure to petroleum and some metals
(Custer et al. 1994). Although eggs and nest-
lings from petroleum polluted regions in
Texas and Louisiana exhibited effects, there
was no evidence of genetic damage in sam-
ples from Baltimore Harbor when compared
to the Chincoteague Bay reference site.

METALS, METALLOIDS AND OTHER ELEMENTS

Considerable historic data exist for the
concentrations of metals in tissue and eggs of
wild birds in the Chesapeake Bay region. Hei-
nz and Wiemeyer (1991) pointed out that
metals did not seem to be involved in the de-
cline of Bald Eagle and Osprey populations
in the Chesapeake, and with the exception of
lead exposure from spent shot, concentra-
tions of other metals were below adverse ef-
fect thresholds for several species of water-
fowl. Mercury and selenium have been mea-
sured in eggs, liver, and kidney, whereas oth-
er metals (e.g., lead, cadmium, nickel) have
generally been quantified in liver and kidney
because they are poorly transferred into eggs.

Lead

The CEE-TV database contains 48
records for Chesapeake waterbirds from
1988 to the present that describe lead con-
centration in liver. For 26 of these records
(representing 84 individuals including water-
fowl, geese, and Bald Eagles), lead concen-
tration in liver exceeded two µg/g wet
weight, a value associated with sub-clinical
poisoning in waterfowl (Pain 1996), and
ranged up to 183 µg/g dry weight in one of
the Bald Eagles (>five µg/g wet weight is
compatible with death; Franson 1996). One
striking feature of these observations is their
variability relative to the sub-clinical toxicity
threshold. For example, in an unpublished
study of dabbling and diving ducks collected
in Baltimore Harbor between 1987 and 1989
(M. W. Tome, USGS Patuxent Wildlife Re-
search Center, unpubl. data), liver lead con-
centrations in Canvasbacks and Lesser Scaup
(Aythya affinis) averaged <0.5 µg/g dry
weight (extreme value 1.2 µg/g), whereas for
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Black Ducks, Mallards and Scaup liver lead
averaged >two µg/g dry weight (extreme val-
ue for each species >15 µg/g). In a study of
Long-tailed Ducks (Clangula hyemalis) col-
lected throughout the Chesapeake during
an outbreak of avian cholera, only one of for-
ty individuals had detectable quantities of
lead (>0.5 µg/g dry weight) in liver (Mashi-
ma et al. 1998). Concentrations of lead in liv-
ers of Mute Swans (Cygnus olor) collected in
1995 from several presumably unpolluted lo-
cations (Bloodsworth Island, Horseheads
Wetland Center and Eastern Neck and Black-
water National Wildlife Refuges) averaged
<1.5 µg/g dry weight (within the range of
background; Pain 1996), yet one individual
had 7.6 µg/g dry weight (Beyer et al. 1998).
These concentration differences among spe-
cies of waterfowl and swans are due to a num-
ber of factors, the foremost being feeding
habits. Although lead may be incorporated
in food items, ingestion of contaminated sed-
iment or a single spent shot or fragment can
greatly elevate liver lead concentration. Re-
markably, exposure of waterfowl to spent
lead shot (e.g., examination of gizzards for
shot fragments, radiography or blood lead
and protophorphyrin determinations) has
not been systematically investigated in Ches-
apeake waterbirds since the ban of lead shot
for hunting waterfowl in 1991.

Lead can be incorporated into feathers
of growing birds (Golden et al. 2003a), and
has been proposed as a sensitive minimally
invasive indicator of exposure. Feathers of
Black-crowned Night-Heron nestlings from
Chincoteague Bay and Holland Island were
lower (≤0.13 µg/g dry weight) than feathers
of 14- to 16-day-old nestlings from Baltimore
Harbor (0.32 µg/g) (Golden et al. 2003b). A
similar tendency was noted in feathers of 40-
45-day-old Osprey nestlings collected from
Baltimore Harbor in 2000 (1.25 µg/g dry
weight) compared to nestlings from the
South River reference area near Annapolis
(0.66 µg/g) (Rattner et al. 2008).

Mercury

Rising mercury concentrations in the en-
vironment and widespread fish consumption

advisories have been a cause for national
concern. However, in Chesapeake Bay and
its tributaries, PCBs and pesticides, but not
methylmercury, are the risk drivers for fish
consumption advisories. The only current
methylmercury fish consumption advisory is
in Spring Gap in the Upper Potomac River
near Hagerstown, Maryland, and is well
above the fall line. Historically, mercury has
not posed a threat to waterbirds in the Ches-
apeake Bay and its tributaries (Ohlendorf
and Fleming 1988; Heinz and Wiemeyer
1991). Since 1988, five studies involving 119
eggs from Ospreys (Rattner et al. 2004), Per-
egrine Falcons (Morse 1994; U.S. Fish and
Wildlife Service et al. 2004) and Common
Terns (French et al. 2001) indicated that
mercury concentrations averaged well below
0.5-1.5 µg/g wet weight, the currently ac-
cepted reproductive effect toxicity threshold
in bird eggs (Wiener et al. 2003).

In an unpublished study of dabbling and
diving ducks collected in Baltimore Harbor
and the Rhode River between 1987 and 1989
(M. W. Tome, USGS, unpubl. observations),
mercury concentration in 174 liver samples
from Mallards, Black Ducks, Canvasbacks,
Ruddy Ducks (Oxyura jamaicensis) and scaup
ranged from 0.03-1.6 µg/g dry weight. In
Long-tailed Ducks collected in 1994, mercu-
ry concentrations in liver ranged from 0.11-
1.2 µg/g dry weight (Mashima et al. 1998).
Mercury concentration in the kidney of a
Bald Eagle found dead along the James River
in 2001 was determined to be 8.80 µg/g wet
weight (Southeastern Cooperative Wildlife
Disease Study Case Number CC63-02).
These values in adult birds are well below the
20 µg/g level in liver or kidney associated with
toxicity (Wiener et al. 2003).

Mercury is readily incorporated into
feathers of growing birds and adults follow-
ing molt. Mercury levels in feathers of 14- to
16-day-old nestling Black-crowned Night-
Herons from Baltimore Harbor and Holland
Island did not differ, and ranged only from
0.04-0.23 µg/g dry weight (Golden et al.
2003b). Mercury concentrations in feathers
of 40- to 45-day-old Osprey nestlings were
greater in the Elizabeth River (0.26-2.40 µg/
g dry weight) compared to Baltimore Har-
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bor and the Patapsco River, Anacostia and
the middle Potomac, and the South, West
and Rhode Rivers (values ranged from 0.01-
1.53 µg/g) (Rattner et al. 2008). However,
these values were quite low compared to con-
centrations found in feather at mercury pol-
luted sites. Based on the aforementioned
mercury data, this metal does not appear to
be a significant threat to birds in Chesapeake
Bay proper.

Cadmium

Cadmium concentrations in livers of dab-
bling and diving ducks from Baltimore Har-
bor and the Rhode River averaged <two µg/
g dry weight (M. W. Tome, USGS, unpubl.
data). The mean concentration in livers of
Long-tailed Ducks collected during the
Chesapeake avian cholera outbreak in 1994
was 2.65 µg/g dry weight, but was much
greater in kidney, averaging 22.7 µg/g and
ranging up to 81 µg/g (Mashima et al. 1998).
The mean cadmium concentration in livers
of Mute Swans collected at Blackwater and
Eastern Neck National Wildlife Refuges was
16 µg/g dry weight, and ranged up to 94 µg/
g (Beyer et al. 1998). Cadmium is rarely de-
tected in eggs, and poorly transferred into
feathers of nestlings. The toxicity threshold
for cadmium has not been adequately estab-
lished for birds (perhaps >100 µg/g wet
weight; Beyer 2000), and seemingly elevated
concentrations in individuals may merely re-
flect increasing cadmium values with age.

Selenium

Selenium concentrations in Common
Tern and Peregrine Falcon eggs averaged
<2.6 µg/g dry weight (Morse 1994; French
et al. 2001; U.S. Fish and Wildlife Service
et al. 2004; J. B. French, USGS Patuxent
Wildlife Research Center, unpubl. data), and
were clearly below levels causing embryotox-
icity, although this threshold is somewhat
contentious (Ohlendorf 2003). Concentra-
tions of selenium in the liver of waterfowl
(M. W. Tome, USGS, unpubl. observations)
and Mute Swans (Beyer et al. 1998) averaged
<20 µg/g dry weight, and when converted to

wet weight was below the ten µg/g wet
weight concentration associated with suble-
thal adverse effects in young and adult Mal-
lards (Heinz 1996). Notably, livers of male
Ruddy Ducks collected on the Rhode River
in 1987 to 1989 appeared to be higher, aver-
aging 29.8 µg/g dry weight with one value
ranging to 140 µg/g (M. W. Tome, USGS,
unpubl. data).

Other Elements

Concentrations of aluminum, boron,
chromium, copper, iron, manganese, stron-
tium and zinc were often detected in tissues
and eggs of Chesapeake waterbirds collected
since 1988, and were generally in the range
of values for healthy captive birds. Arsenic,
barium, beryllium, molybdenum, nickel and
vanadium were rarely detected in tissues and
eggs.

PLASTICS AND FISHING TACKLE

Plastic pollution in aquatic environments
is recognized as a worldwide problem (Der-
raik 2002), and ingestion of plastic, and en-
tanglement in fishing line, nets and other
polymer debris affects untold numbers of
birds annually. Birds may be coincidentally
exposed to lead and even PCBs during such
encounters. While undertaking Chesapeake
Bay Osprey studies in 2000 and 2001, the
presence of plastic material (e.g., bags, tapes,
fishing tackle) in nests was commonplace
(Rattner et al. 2004 and unpubl. data). Subse-
quently, surveys conducted along several
Maryland western shore tributaries of the
Chesapeake Bay documented that plastic ma-
terials were present in more than 60% of the
139 nests surveyed, and many of these nests
contained fishing line (P.C.M., unpubl. da-
ta). Discussions with Maryland Department
of Natural Resources personnel suggest that
>50% of the Osprey nests on the Patuxent
River visited by biologists during banding of
young have been noted to contain fishing
line. Such debris in nests can pose a repro-
ductive hazard by concealment of eggs (Ellis
and Lish 1999), and entanglement of nest-
lings (Watson 1989). It is also well recognized
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that fishing tackle and nets can be lethal to
foraging adult waterbirds (e.g., Schrey and
Vauk 1987; Kelly and Kelly 2004).

CONCLUSIONS AND RECOMMENDATIONS

Based on earlier reviews (Ohlendorf and
Fleming 1988; Heinz and Wiemeyer 1991)
and the present analysis, the widespread re-
productive effects of organochlorine pesti-
cides on waterbirds in the Chesapeake have
subsided, although eggshell thinning in a
few locations and even occasional lethality
have been observed in the past 15 years.
There have been numerous instances in
which organophosphorus and carbamate
pesticides have been linked to avian die-off
events in agricultural regions of the Chesa-
peake, although use of the most hazardous
anticholinesterases (e.g., parathion and
granular formulations of carbofuran and di-
azinon) has been curtailed. Unlike orga-
nochlorine pesticides, concentrations of
PCBs in bird eggs do not seem to have de-
clined, and despite substantial exposure and
biochemical biomarker responses, it is not
clear as to their overall effects on waterbird
populations. Despite nationwide interest
and concern about potential effects of or-
ganic chemicals released from wastewater
treatment plants and landfills, only limited
information exists on exposure and effects
of these chemicals on birds in the Chesa-
peake and elsewhere. At least two newswor-
thy petroleum spills occurred in the Chesa-
peake since 1988, and it is indeed fortunate
that their effects on bird populations were
apparently minimal. Although use of lead
shot for hunting waterfowl was phased out
from 1986 to 1991, it would seem that lead
exposure and effects are still commonplace
in the Chesapeake, particularly in industrial-
ized regions. The threat of other metals, in-
cluding cadmium and mercury, do not seem
to be a significant stressor on waterbirds in
most of Chesapeake Bay and its tributaries.
With expanding growth, development and
recreational use of the region, it is not sur-
prising to find plastic pollution throughout
the Bay. In comparison to contemporary avi-
an data in other estuaries in the United

States (Rattner et al. 2005), it appears that
environmental contaminant exposure of
Chesapeake avifauna for the past 15 years
has been moderate, occasionally harming in-
dividuals, but not evoking widespread ad-
verse effects at the population level.

Some research and monitoring recom-
mendations of previous reviews have been ad-
dressed (Ohlendorf and Fleming 1988; Hei-
nz and Wiemeyer 1991), while others have
not. Data collected over the past 15 years has
documented contaminant exposure, suble-
thal effects, and reproduction in some Ches-
apeake waterbird species, most notably Black-
crowned Night-Herons, Ospreys and water-
fowl. However, many wading bird species
have largely been overlooked. Some of the
controlled exposure and field investigations
recommended 15 years ago have been pur-
sued (e.g., heron productivity in industrial-
ized Baltimore Harbor, lead exposure from
sources other than shot), whereas others have
been addressed to a limited degree (e.g., con-
centrations of selenium in waterbird tissues
and eggs, toxicity of pesticides used in mos-
quito abatement programs, contaminant lev-
els in avian food chain items, and indirect ef-
fects of toxicants that limit food availability),
or not at all and still deserve some attention
(e.g., potential effects of cadmium on health
and reproduction of birds).

Several new ecotoxicological priorities
for Chesapeake waterbirds have arisen, and
will be briefly mentioned. Information in the
CEE-TV database for the Chesapeake Bay re-
gion indicates that we have exposure data on
a very small subset (N = 81 for Chesapeake
Bay avifauna since 1988) of the >75,000 dis-
crete chemicals that are in commerce in the
United States. Many new groups of pesti-
cides that have entered the market are not
bioaccumulative (e.g., chlorfenapyr, imida-
cloprid, ivermectins). However, because of
current registration processes, their effects
on birds and other wildlife are incompletely
known. Although some exposure monitor-
ing has been undertaken for a few emerging
contaminants (alkylphenols and ethoxylates,
perfluorinated compounds, and polybromi-
nated diphenyl ether flame retardants), it
has become apparent that a wide array of
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antibiotics, drugs, steroids, cleaning agents
and fragrances are making their way
through many wastewater treatment plants
into tributaries (Kolpin et al. 2002), albeit at
low concentrations. Although the toxicities
of many of these compounds are understood
from a human health perspective, neither
their potential toxicity to birds nor the eco-
logical consequences of chronic low level
exposure are adequately known. In addition
to potential concerns about new pesticides
and emerging contaminant issues, some rel-
atively well studied compounds deserve spe-
cial attention in the Chesapeake. Remark-
ably, dioxin and dibenzofuran exposure in
Chesapeake Bay wildlife has not been thor-
oughly examined, yet fish consumption advi-
sories are in effect in northern portions of
the Potomac and in the Chesapeake and Del-
aware Canal.

There has been increased interest on
biotoxin effects on wildlife, particularly
those associated with harmful algal blooms.
In the fall of 2001, harmful algal blooms co-
incident with reports of dead and dying
waterbirds at the Poplar Island Complex,
Kent Island, and Grasonville in the Chesa-
peake Bay were received by federal, state and
private conservation agencies. Most promi-
nent was the mortality event at the Poplar Is-
land Complex, involving about 100 individu-
als including Great Blue Herons. Necropsies
were consistent with steatitis (inflammation
of the adipose tissue). Microcystins, a cyano-
bacterial (Anabaena spp.) product that is a
potent hepatotoxin, were detected in both
water samples from constructed wetland
cells at Poplar Island and in tissue samples of
dead herons (P.C.M., unpubl. data). These
algal blooms and bird die-offs recurred in
2004 and 2005. Whether microcystin expo-
sure, steatitis and mortality are independent
findings or associated in some way is current-
ly under investigation. The expanding use of
created wetland and storm water impound-
ments in urbanized portions of the Chesa-
peake could possibility foster algal blooms,
and may be a looming issue for waterbirds.

From an ecotoxicological perspective,
some parts of the Chesapeake have been in-
tensively studied in the past 15 years, most

notably Baltimore Harbor, and the Anacostia
and Elizabeth Rivers, whereas other regions
have not. An examination of the geographic
density and collection dates of information
in the CEE-TV database suggests at least two
tributaries that may warrant special research
and monitoring attention in the future: the
Susquehanna River, the largest freshwater in-
flow to the Chesapeake, that provides a very
significant component of the total nutrient
pollution entering the Bay, and the Rappa-
hannock River, a region for which there are
limited waterbird contaminants data. Aside
from these two locations other sites probably
deserve study, particularly in view of the
downward trend in new CEE-TV records
since 2001 (only 45 records from 2001 to
present) compared to previous decades (343
records from 1991-2000 and 160 records
from 1981-1990).

In the past there have been serious con-
sequences of environmental contamination
on waterbird populations in the Chesa-
peake. In our opinion there is a need for an
ongoing monitoring program that examines
contaminant exposure and potential effects
in birds and other wildlife. Such a program
should include thorough necropsies and
toxicological analyses of individuals found
dead, and a rigorously designed collection
and analysis scheme of waterfowl tissue (per-
haps collected from recreational hunters)
and Osprey eggs to document spatial and
temporal trends. Ultimately, such informa-
tion will enhance the prediction, monitoring
and understanding of contaminants in the
Chesapeake Bay with the ultimate goal of a
Bay “free of toxic effects”.
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