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Abstract:

This study provides mercury (Hg) exposure information for a high-risk wildlife group in an area
of the continental U.S. that has been predicted by the U.S. EPA to receive high amounts of wet and dry
atmospheric Hg deposition. Local-scale deposition (e.g., Maine chlor-alkali plant and municipal waste
incinerators), long-range transport deposition (e.g., from the Midwest), and increasing global
atmospheric reservoirs all contribute to Hg availability on Maine’s landscape. Recent geographic
studies indicate that Maine’s Common Loon and Bald Eagle breeding population are exposed to some
of the highest levels of methylmercury (MeHg) in North America. We quantified the extent of Hg
availability for five piscivorous birds on 92 lakes across Maine. All species exhibited elevated levels of
Hg in their blood, feathers, and eggs. The Common Loon was the species most widely represented and
adults showed the highest levels of Hg exposure. Our non-random sampling of Maine lakes prevented
a statewide assessment of risk. However, Hg levels in Common Loons indicate that 31% of the adult
males, 30% of the juveniles, 24% of the eggs, and 10% of the adult females exceeded impact thresholds
determined by laboratory and in situ studies. Based upon data from previous studies, 48% of juvenile
Bald Eagles were at risk. Interior nesting pairs of eagles had Hg concentrations over 6 times higher
than coastal or riverine pairs. Osprey Hg concentrations were also higher on interior lakes but were
significantly lower than eagle Hg levels. The calculated uptake of dietary MeHg is considered to be 3-4
times higher in the Belted Kingfisher than the other target piscivorous birds and was apparent on
Flagstaff Lake when compared to young loons and mergansers. Common Mergansers sampled also
exhibited high exposure to Hg. There were few indications of statewide geographic patterns in MeHg
availability except that marine habitats tended to have significantly lower levels than interior Maine.
There was also an apparent effect from atmospheric Hg being deposited downwind of the Orrington
area as indicated by loon blood and egg samples. Lake morphometric and water chemistry Hg patterns
were not readily apparent dictating the need for a lake to lake sampling scheme. We developed an
index that included each species and matrix sampled. It indicated that a majority of Maine lakes
sampled generate enough MeHg to cause moderate to high risk to loons (50%) and the piscivorous bird
community (70%).

Background:

U.S. EPA models have predicted mercury (Hg) deposition in the northeastern United States to
be at the highest levels in the country (U.S. EPA 1996). Preliminary studies of northern Maine lakes by
BioDiversity Research Institute agree with these predictions through recent findings of elevated Hg
concentrations in Common Loon (Gavia immer) adults and juveniles. Northeastern blood levels are
significantly higher than the upper Great Lakes, Pacific Northwest, northern Rocky Mountains, central
Canada, and Alaska (Evers et al. 1998). Evidence from the Bald Eagle (Haliaeetus leucocephalus)
(Welch 1994) indicate an exposure to Hg that affects the freshwater fish-eating bird community, not just
loons. Results from the Regional Environmental Monitoring and Assessment Program (REMAP) study
also show fish Hg concentrations at or above levels considered safe for human and wildlife consumption
across Maine (Stafford and Haines 1996). Older piscivorous fish have the highest Hg concentrations,
although biogeochemical processes play a significant role in methylmercury (MeHg) bioavailability and
need to be considered during lake evaluation.

In response to elevated fish Hg body burdens the Maine Department of Human Services has
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issued the most stringent fish consumption advisory in the U.S. It recommends no warmwater fish to be
consumed by pregnant women and young children. Recently, representatives of New England and
eastern Canada air, water, waste, and public health divisions compiled a technical and policy information
document (NESCAUM 1998). This broad based workgroup recommended that “Additional research is
needed to assess the ecosystem impacts of mercury in the Northeast, particularly with respect to fish-
eating wildlife.” Similarly, Maine’s Land and Water Resources Council (1997) recommends “additional
research should be undertaken” in “determining whether adverse health effects are occurring in Maine
fish and wildlife”.

Although the REMAP fish results indicate widespread and elevated environmental Hg exposure,
they are limiting toward an understanding of the availability of Hg, particularly MeHg. In generali,
lower trophic level, short-lived biota are less sensitive to MeHg than birds that are higher on the food
chain and longer lived. The subtle neurological effects of MeHg may not impact an individual until
concentrations attain levels that are reached through bioaccumulation and biomagnification. For
example, the U.S. EPA (1996) predicts a five-fold increase in MeHg exposure between forage fish
(trophic level 3) and predatory fish (trophic level 4). Therefore, we recommend evaluating MeHg
exposure and potential impacts on Maine’s environment in piscivorous birds.

Aquatic ecosystems are primary repositories for atmospheric Hg deposition and the patterns of
biomagnification and bioaccumulation are best evaluated through obligate piscivorous species.
Although our sampling efforts emphasized the Common Loon, a multi-species approach accounted for
differences in ecological and physiological responses and distribution or availability limitations. We
evaluated spatial and physiogeochemical patterns of Hg exposure in 5 piscivorous birds and determined
interspecies relationships with prey MeHg uptake models. A national context developed by
BioDiversity Research Institute also provided the means to assess regional population exposure of
selected piscivorous birds relative to Hg toxicity. The selected species have a range of life-history
characteristics, such as micro-habitat associations, seasonal movements and in-state breeding
distribution, nesting requirements, and sensitivity to toxic substances. Target birds included the
Common Loon, Bald Eagle, Osprey (Pandion haliaetus), Common Merganser (Mergus merganser),
and Belted Kingfisher (Ceryle alcyon).

Study Areas:

The collection of field samples concentrated on seven areas of Maine (Figure 1). Two of these
areas, the Upper Androscoggin River Watershed (Rangeley Lakes Region) and the headwaters of the
Kennebec River Watershed (e.g., Indian and Flagstaff Lakes), were linked with a study (funded by
Central Maine Power Company and the U.S. Fish and Wildlife Service) investigating the potential
effects of reservoir water level fluctuations on MeHg availability. Loon and merganser blood, feather,
and egg samples collected from 1994-97 are included in the following analyses, unless otherwise noted.
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Figure 1. 1997 MOHF Mercury Study Areas, 1997.

Lakes from the other five areas were based on hydrological, physiogeochemical, and
geographical parameters that have been identified to influence MeHg availability as well as logistical
feasibility and historical information on water quality and productivity of the target species.
Southeastern Maine (Piscataqua, Saco, and Presumpscot River Watersheds) that is subject to higher
levels of regional atmospheric deposition (i.e., sources in southern New England) than the rest of the
state. Another area of concern was within a 25 km radius of the HoltraChem Manufacturing
Corporation in Orrington. Mount Desert Island was selected because of elevated levels of Hg being
measured in a newly installed atmospheric deposition station on the island and a study by the University
of Maine at Orono that indicated above average Hg levels in fish tissue. Both of these areas are within
the coastal river watershed. The Belgrade Lakes area (Kennebec River Watershed) rated highly because
of the long-term information on loon productivity (provided by the Maine Audubon Society) and its
proximity to major municipalities (Augusta and Lewiston-Auburn). Lastly, because some reservoirs and
low pH/alkalinity lakes are now known to accentuate MeHg production and therefore availability we
chose several northern Maine lakes outside of known emission plumes (i.e., the Millinocket area of the
Upper Penobscot River watershed).

Methods:

la. Experimental Design

The Maine Department of Environmental Protection (MDEP) initiated the “Regional
Environmental Monitoring and Assessment Program” (REMAP) in 1993 to measure levels of
contamination in fish populations and assess wildlife and human risk (DiFranco et al. 1995). A total of
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150 Maine lakes were randomly selected statewide using the U.S. EPA’s Environmental Monitoring and
Assessment Program (EMAP) sampling design. Fish, water, and sediment samples were collected from
125 of the target lakes for chemical analyses. Morphometric information was also collected and
included surface area, drainage area, maximum depth, mean depth, flushing rate, and shoreline length.

We concentrated part of our sampling efforts on these target lakes and collected matrices from 7
lakes. Since the bioaccumulation of Hg is enhanced in fish inhabiting water bodies with low acid-
neutralizing capacity and low pH (Cope et al. 1990, Spry and Wiener 1991, Wiener and Spry 1996),
high dissolved organic carbon (Nilsson and Hakanson 1992), high water temperatures (Bodaly et al.
1993), large watersheds (Joslin 1994), and reservoirs, especially those that are less than 30 years old
(Hecky et al. 1991, Verdon et al. 1991) and/or have widely fluctuating water levels (Evers and Reaman
1997) we have compared several of these parameters with the Hg levels of the various matrices.

1b. Field sampling, archiving, and analysis

We measured pH, alkalinity, and apparent color in a subset of the study lakes in 1997. Water
chemistry data from the MDEP and Maine Department of Inland Fisheries and Wildlife were used for
lakes that were not tested in 1997. The pH was measured with a pH meter model Orion SA 250™ and
Orion Sure Flow™ electrode. Alkalinity was determined by Gran Plot titration with 0.02 N H,SO,.

Apparent color was measured with a Hack™ color kit. Water samples were collected during bird
capture and analyzed within 24 hours.

Capture of breeding adult and juvenile loons and mergansers relied on nightlighting methods
developed by Evers (1993) for loons and Derr (1995) for mergansers. Adult kingfishers were captured
at their nest burrows with a mist net strung at the entrance. We used a modified noose carpet to capture
the adult osprey while 4-6 week old osprey were taken from their nest and lowered to the ground.
Young eagles were also briefly taken from their nests in 1991-92 by Welch (1994) and in 1993-96 by
Matz (pers. com.).

Collection of blood and feather samples used standardized methods outlined in Evers et al.
(1996). One secondary feather was symmetrically taken from loons, mergansers, and kingfishers.
Breast feathers were collected from eagles and osprey. Blood was drawn from the medialtarsal vein
from all adult and juvenile birds with a combination of 21-25 gauge needles and 1-10 cc syringes, with g
a Leur adapter. Blood drawing never approached the upper limits of safe levels (i.e., 1% of the body
weight). All birds were banded with USFWS bands (federal and state permit #22636) and colored
plastic leg bands were wrapped around loon legs for later field identification of individuals. The plastic
bands are time proven for color retention and leg wear (Evers et al. 1996). Morphological
measurements were taken to determine loon gender.

Blood was preserved by 10% formalin (Wiemeyer et al. 1984) for later analysis of mercury
levels. Feathers were clipped at the calamus and stored in polyethylene bags. Eggs from abandoned
nests were opportunistically collected for loons, osprey, and eagles. Eggs were frozen until contents
could be placed in sterile I-Chem jars. Length, width, volume, and weight of each egg was recorded.

Analysis of Hg concentrations for each matrix was through Cold Vapor Atomic Absorption
techniques (detection limit was 0.025 ug/g). Samples from 1993-95 were analyzed at Michigan State
University under the direction of Dr. Emmett Braselton, and from 1996-97 at the University of
Pennsylvania under the direction of Dr. Robert Poppenga. Because studies have shown blood
(Scheuhammer et al. 1998), feather (Burger 1993) and egg (Barr 1986) tissues are primarily laden with
MeHg (> 95%). we only tested total Hg concentrations. Therefore, all mercury concentrations in this
study represent total Hg.
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Results and Discussion:

The bioaccumulation and biomagnification of MeHg causes concern for high trophic level,
obligate piscivorous species. We identified five species of birds that have a relatively ubiquitous state
distribution and are some of the most at-risk wildlife to MeHg because of their dependence on fish
during the breeding season. Understanding the exposure levels of Hg in the various species of wildlife
is paramount to understanding patterns of MeHg availability and interspecies relationships. Because
target species were not uniformly sampled and species-specific pharmacokinetics differ we initially
discuss exposure to MeHg availability by species and then make inferences into geographic and
physiogeochemical patterns, interspecies relationships, and finally risk thresholds. Although the effects
of Hg are most likely based on a continuum, we have identified certain step thresholds that will provide
a reference for low, moderate, and high risk categories.

In 1997, survey efforts totaled over 500 person-hours and covered 92 lakes (Appendix I). We
located over 450 adult and 144 juvenile target birds of which 66 adults and 70 juveniles were captured
resulting in 120 blood and 110 feather samples collected in 1997 (Table 1). A total of 43 loon eggs
were also collected from 15 lakes (Table 1). A total of 63 Maine lakes were thereby represented with
eggs collected from 1994-97 and blood and feather samples collected in 1997. These lakes have
associated water quality (Appendix IT) and morphometric information (Appendix III). We have also
included 206 loon samples (115 blood and 91 feathers) gathered from lakes in 1994-96 and 103 eagle
samples (50 blood and 53 feathers) gathered from lakes in 1991-92 (Welch 1994) and 1995-96 (Matz
pers. com.). Therefore, the grand total number of Maine lakes represented with piscivorous bird Hg
levels is 92. The percentage of lakes with Hg samples by target area were: Southeast (16%), Upper
Androscoggin (12%), Upper Kennebec (15%), Belgrade Lakes (15%), Upper Penobscot (11%),
Orrington area (10%) and Mount Desert Island (8%). A total of 13% of the samples were
opportunistically collected outside of the target areas (primarily for the Bald Eagle).

Species-specific Exposure of MeHg and the relationship with their breeding ecology

Common Loon:

Loons typically arrive on southern Maine lakes in mid to late April and northern Maine lakes by
early May. Males may precede females by several days. Over 80% of the adults return to their previous
year’s territory and 10-15% switch territories to nearby lakes within 7 miles (Evers et al. 1996, Piper et
al. 1997). Adult loons frequently maintain multiple lake territories, usually if the nest lake is 16 ha (40
acres) or less (Piper et al. 1997) or prey availability is limited (Barr 1996). However, the majority of
breeding loons in this study were on lakes large enough to provide sufficient prey resources (i.e., 99%
of lakes > 40 acres and 90% of lakes > 60 acres). The average statewide first nesting attempt is in early
June. Second nesting attempts occur 1-3 weeks after the first nest failure and 21% of the renesting
attempts are with a new mate (the tendency is for intruding males to initiate switching) (Evers et al.
1996). Two eggs are laid and are typically incubated for 26-28 days. Juveniles experience three
different full body molts that change at 2 and 6 weeks of age. Juveniles are capable of flight at 10-11
weeks. Blood supply to developing flight feathers therefore ends around that time.

Loons are obligate fish-eaters. They are opportunistic predators, however they favor fish that
have an erratic swimming behavior or fusiform shape (Barr 1996). Yellow perch (Perca flavescens)
and white sucker (Catastomus commersoni) are favored for these reasons. Adult loons in Ontario have
a daily fish uptake of approximately 960g (Barr 1996). Loons are sexually dimorphic. In New England,



Table 1. Summary of regions surveyed, birds captured and eggs collected in Maine Loons, Common Mergansers, Kingfishers and Osprey, 1997

__ Survey Results # of piscivorous birds captured Loon Egg samples
Location # lakes Adults Juveniles # lakes Adults Juveniles # lakes eggs
Belgrade Lakes Region 12 35 5 10 6 5 0 2
Mount Desert Island 10 23 1 6 4 1 0 0
Orrington Area 12 12 0 7 6 2 1 3
Southeast 12 17 2 9 5 6 6 8
Upper Androscoggin 11 120 21 8 22 29 3 21
Upper Kennebec 17 104 2 9 19 21 3 6
Upper Penobscot 17 44 1 3 3 1 0 0
Other Sites 1 2 1 2 1 5 2 3
ALL SITES 92 466 144 54 66 70 15 43

Table 2. Summary of Common Loons, Common Mergansers, Belted Kingfishers and Osprey captured in 1997

Common Loon Mergansers* Belted Kingfisher Osprey
Location Adults Juveniles Adults Juveniles Adults Juveniles Adults  Juveniles
Belgrade Lakes Area 5 0 0 0 | 0 0 -]
Mount Desert Island 3 1 0 0 1 0 0 0
Orrington Area 6 2 0 0 0 0 0 0
Southeast 5 5 0 1 0 0 0 0
Upper Androscoggin 21 21 0 8 1 0 0 0
Upper Kennebec 13 11 2 10 4 0 0 0
Upper Penobscot 2 1 0 0 1 0 0 0
Other Sites 0 0 0 1 0 0 I 4
ALL SITES 55 41 2 20 8 0 1 9

*includes one Hooded Merganser from Moosehead Lake, the rest of the birds sampled were Common Mergansers,
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mean male weights (6,050g, n=78) average nearly 30% greater than females (4,700g, n=81), therefore
adult males tend to eat more and larger fish. The exposure of MeHg to adult male and female Common
Loons partly reflects this difference: 69 and 63 ug MeHg/kg of body weight per day, respectively (see
section - Interspecies Relationships).

During this study, we attained the largest sampling of blood, feathers, and eggs from the loon
(Table 2). Matrices that best represent MeHg availability on a target lake are, in priority: juvenile
blood and full-grown flight feathers, adult blood, eggs from a late nest or renest, eggs from the first
nest, and adult feathers. All but the adult flight feathers are acceptable for correlating with MeHg
availability on a breeding lake.

The half life of blood MeHg is approximately 2 months (Scheuhammer et al. 1998). Therefore,
eggs laid during the first nesting attempt represent blood Hg concentrations deposited from prey or the
breeding lake and wintering and migration areas. The longer the loon is on its breeding lake and the
higher the MeHg availability on this lake, the more likely blood and egg MeHg concentrations represent
breeding lake MeHg availability. Maine’s mean egg Hg level was 0.93 +/- 0.55 ppm (Table 3) and was
3 times higher than background levels found in Saskatchewan (Younge 1981) and was significantly
higher (p<0.001) than the mean egg level in Vermont (0.48 ppm) and New Hampshire (0.70 ppm).
Mean egg Hg level of the 15 Maine lakes sampled was 0.75 ppm and was similar to the mean level in 45
New Hampshire lakes (0.71 ppm).

Table 3. Total mercury concentrations measured in Common Loon egg contents from Maine, 1994-97

Mean Egg Hg (ug/g)
SD

Lake Hg n range
Wyman 2.49 - 1 -
Brewer 1.75 0.11 3 0.62-1.83
Aziscohos 1.27 0.48 11 0.56 - 2.42
Lake Umbagog 0.90 0.60 8 0.39-2.49
Seven Tree Pond 0.85 - 1 -
Mooselookmeguntic 0.85 0.03 2 0.83 - 0.87
Hancock Pond 0.77 0.24 2 0.61-0.94
Pierce Pond 0.63 0.41 4 0.38-1.25
Long Pond (Belgrades) 0.59 0.09 2 0.83 -0.87
North Pond 0.53 - 1 -
Howard Pond 0.47 0.07 2 0.42-0.52
Cold Stream Pond 0.46 0.11 2 0.38-0.53
Kennebunk 0.45 - 1 -
Moose Pond 0.37 0.22 2 0.22-0.52
Flagstaff 0.27 - 1 -
ALL SITES 0.93 0.55 43 0.22 - 2.49

The mean blood Hg level in adults was 2.1 +/- 1.1 ppm (Table 4) and was 3 times higher than
background levels found in Alaska (Evers et al. 1998) (Figure 2). Blood was generally taken from
adults with established breeding territories (> 95%). Adult blood Hg levels determined in this study
reflect the greatest MeHg availability from the nesting lake and are therefore important indicators for
maximum potential risk on a lake. All Maine lakes have elevated levels of MeHg, however several lakes

are inhabited by adult loons with Hg body burdens approaching effect levels (e.g., Aziscohos and
Flagstaff Reservoirs).
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Table 4. Total mercury concentrations in adult blood of piscivorous birds in Maine, 1994-97

Mean Blood Hg (ng/g)

Female Male Combined
Location Hg SD n range Hg SD n range Hg SD n
Common Loon 2.12 1.47 64 0.42 - 4.42 2.50 1.12 67 0.60 -6.02 2.13 1.13 131
Osprey 1.54 - 1 - - - - - 1.54 - -
Belted Kingfisher 1.50 1.65 2 0.33 - 2,66 1.72 1.00 4 0.705 - 2.73 1.48 1.07 6
Common Merganser 1.33 0.85 2 0.74 - 1.94 - - - - 1.33 0.85 2
Table 5. Total mercury concentrations in feathers of adult piscivorous birds in Maine, 1994-97

Mean Feather Hg (ng/g)*

Female Male Combined
Location Hg SD n range Hg SD n range Hg SD n
Common Merganser 17.4 0.42 2 17.1-17.7 - - - - 17.4 0.42 2
Common Loon ¥y 5.4 64 3.85-294 17.1 7.3 66 5.51-41.6 15.0 6.8 130
Belted Kingfisher 1.7 6.1 3 1.8-27.1 6.2 8.4 5 0.6 - 20.8 8.3 10.0 8
Ospreyt 0.05 - 1 - - - - - 0.05 - -

* Measured in 8 composite of 2 second secondaries from each individual except for osprey where 3 breast feathers were sampled
t Limited sample quantity may have affected detection limits



Determining Mercury Exposure in Maine's Fish Eating Birds Page 9

e raar Smiew = s T

Fgure 2. Mercury concentrations measured in Common Loon blood from
selected sites in New England and Alaska

blood Hg (ng/g)

* includes lakes with small check dams that flucutate minimally

The mean feather Hg level for adult Common Loons was 15.0 +/- 6.8 ppm (Table 5). The flight
feathers we sampled develop between January and March. They therefore reflect the blood Hg
concentrations during feather growth. However, synchronous flight feather molt is a stressful
physiological event for loons and individuals with elevated Hg body burdens are likely to remobilize
MeHg bound in muscle protein, especially in the highly vascularized dark muscle that is characteristic of
this species. Evers et al. (1998) found no correlation in blood-feather Hg concentrations for loons in
areas with relatively low environmental Hg levels (p>0.05) while in breeding loons with elevated Hg
body burdens their blood-feather Hg concentrations were significantly correlated (r2=0.24, p<0.001).
This indicates a contribution of the MeHg from the breeding season during feather formation.
Recaptured adult loons also exhibit up to a 10% annual increase of Hg in their feathers. Therefore,
feathers are good indicators of chronic exposure of Maine’s breeding loon population.

Mercury levels in loon blood and feathers were significantly different between sexes in a national
study (Evers et al. 1998) and this study (p<0.001) (Table 5). Mean blood and feather Hg levels in males
were, respectively, 43% and 36% higher than females. Males are more exposed because they tend to
eat larger fish (Barr 1986 and 1996, Evers and Reaman 1997) and females are able to depurate Hg
through eggs.

Juvenile blood and feather Hg concentrations represent MeHg availability on the natal lake. We
sampled juveniles of 3 to 11.5 weeks of age and found a mean blood Hg level of 0.22 +/- 0.29 ppm and
a mean feather Hg level of 6.4 +/- 5.8 ppm (Table 6). Juvenile Hg concentrations increased with age
due to increasing prey size and Hg levels (Evers and Reaman 1997).
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Table 6. Total mercury concentrations in juvenile piscivorous birds from selected sites in Maine, 1994-97

Mean Blood Hg Concentration (ug/g, ww) Mean Feath oncentrati fw)i
Location Hg SD n Range Hg SD n Range
Common Merganser 0.50 0.49 16 0.06 - 1.65 9.5 7.8 13 3.53-314
Common Loon 0.22 0.29 52 0.01 - 1.66 6.4 5.8 9 0.3-19.0
Osprey 0.16 0.10 8 0.01-0.31 0.5 0.8 7 0.05-1.9
Interior Lakes 0.21 0.06 6 0.02-03] 0.6 0.9 3 0.05-19
Marine 0.03 0.03 2 0.01 -0.05 0.: n 2 -
Bald Eaglef
Interior Lakes 0.580 0.325 25 0.094 - 1.530 20.7 7.8 29 8.0-36.7
Marine 0.094 25 0.027 - 0.459 4.1 24 1.8-123

¥ Data provided by L. Welch and A. Matz; Marine and interior lake feather concentrations are from 1992, interior lake blood is from 1991-96.
1 Feathers sampled: Common Loon - 2 second secondaries, Common Merganser - 3 tail feathers; Osprey - 3 breast feathers; Bald Eagle - 2-3 breast feathers

However, a significant increase in blood and feather Hg levels during the loon’s first 12 weeks was most
apparent on lakes with small fish (5-25 g) that have Hg levels greater than 0.40 ppm (r2=0.78, p<0.05)
(Figure 3). Therefore, juvenile loons from highly contaminated lakes are more likely to accumulate Hg
and need to have their blood Hg levels adjusted by their weight (which correlates with age) to provide a
standard index of Hg exposure. Young loons depurate their Hg body burdens in three distinct feather
molts and can depurate Hg through their initial 12 weeks of life as long as Hg input is less than feather
output. Juvenile loons from lakes with lower prey Hg levels (e.g., <0.30 ppm) had a significant
accumulation of Hg over time (p<0.001), but it was less related to weight (r>=0.37) and also exhibited
a slower accumulation rate (Figure 4). Three of the 15 lakes sampled for juvenile loons had elevated
MeHg levels that cause a significant accumulation over a 12 week period (i.e., Aziscohos, Flagstaff, and
Little Lobster lakes) (Figure 5).
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Figure 3. Blood Hg concentrations versus weightin
juvenile Common Loons from

Aziscohos and Flagstaff, 1994-97
1.8 1
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Common Merganser:

This species overwinters in rivers, estuaries, and the ocean. Adults return to their breeding areas soon
after ice-off on major rivers and are present on their breeding lakes during partial ice-off. Male adult
mergansers only occupy the breeding lake during mating. No brood care is provided by the males and
they are not present on breeding lakes with merganser broods. Nests are initiated between late April
and late May. Usually 9-12 eggs are in a clutch and sometimes two or more females will lay eggs in the
same tree hollow (Bellrose 1976). Nest trees are usually close to water but may be as distant as 70
meters (White 1957). Merganser broods may be brought to a lake via streams and rivers. Young may
form cresches, where one female cares for several broods. We found this evident on Lake Umbagog in
1994 (around 60 unfledged young) and in 1997 (around 40 unfledged young each on Lake Umbagog
and Indian Lake). Merganser young are full grown (over 1,000 grams) and are able to fly at 9-10
weeks of age.

Adult mergansers target 6-12 cm fish and consume around 250g per day (Bellrose 1976). Their
calculated daily ingestion of MeHg ranged from 57 ug per kg of body weight on Indian Lake (small fish
Hg was 0.25 ppm) to 102 ug per kg of body weight on Flagstaff Lake (small perch Hg was 0.45 ppm).
Mean Common Merganser exposure to MeHg in Maine is estimated at 68 ug MeHg per kg of body
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Figure 4. Blood Hg concentration versus weight in
juvenile Common Loons from natural lakes and
reservoirs in New England, 1994-97

06
05+ 5

o

2

o

x

o

o

S

=]

1000 150 2000 2500 3000 350 400 4500 5000

weight (g)
weight per day (Table 7).

Adult female blood, juvenile blood, and juvenile feathers are the best measures for MeHg
availability in a lake. Adult female blood Hg concentrations were higher than those of young
mergansers (Table 4 and 6). For example, the Indian Lake female had a blood Hg level of 0.74 ppm and
young from her brood and nearby broods of similar age had a mean blood Hg level 0of 0.12 +/- 0.03
(n=7). The adult female and her offspring from Flagstaff Lake were respectively 2 and 6.5 times higher
than their counterparts on Indian Lake. Relatively full grown young (>1,000 grams) had Hg levels
ranging from 0.254 to 1.08 ppm: the highest concentrations were from Flagstaff and Parmachenee
Lakes.

Juvenile blood and feather (tail and flight) Hg concentrations were marginally significantly
correlated (r2=0.26, p<0.08). Like loons, juvenile mergansers regularly depurated a large portion of
their MeHg body burden into their flight feathers. Juvenile mergansers had feather Hg concentrations
between 3.5 to 31.4 ppm (Table 6). Parmachenee and Flagstaff full-grown juveniles had similar blood
Hg levels, but their flight feather Hg levels were 18.4 ppm and 31.4 ppm, respectively. This indicates
that the young merganser on Flagstaff heavily depended on its feather molt to depurate high levels of
MeHg input. The two adult females had 17 ppm in their flight feathers. These feathers are grown in
during late summer and could either represent the breeding lake or a communal feeding lake depending
on the merganser’s reproductive status during the previous summer.
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Belted Kingfisher:

Male kingfishers remain on their territory year-round when open water is present. On most interior
Maine lakes, adult kingfishers return soon after ice-off. Kingfisher breeding territories are typically
around 1 km in radius (D. Albano, pers. com.) although the juxtaposition of high quality feeding areas
determines ultimate territory size (Davis 1982). Even though prey items are generally 14 cm or less and
average 6-12 cm in an adult diet (Davis 1982), ingestion of MeHg is extremely high. U.S. EPA (1996)
estimated this species had a MeHg ingestion rate 2-3 times higher than other target piscivores (i.e.,
eagles, osprey, otter, and mink). The known amount of MeHg exposure from fish ingested in Maine
lakes varied from 19 ug (or 125 ug per kg of body weight) in Parlin Pond (small fish Hg was 0.25 ppm)
to 34 ug (or 225 ug per kg of body weight) in Flagstaff Lake (small fish Hg was 0.45 ppm). Belted
Kingfisher mean daily exposure to MeHg in Maine is estimated at 160 ug MeHg per kg of body weignt
(Table 7).

Adult and juvenile kingfisher blood and feather Hg levels indicate potential MeHg availability
from more than one waterbody unless samples are collected from individuals occupying large lakes
(e.g., Flagstaff). We captured kingfishers from burrows in gravel pits or other areas excavated by
humans (n=4) and along eroded shorelines of Flagstaff (n=3) and Chesuncook (n=1) lakes. We
designated foraging lakes for each kingfisher captured at a gravel pit burrow. The kingfisher from Mt.
Desert Island is an indication of collective MeHg availability on Jordan and Bubble Pond, while the one
captured in the Upper Androscoggin represented prey Hg levels from East Richardson, West
Richardson and Pepperpot Ponds. Blood Hg levels were equal or less than 1.0 ppm in all kingfishers
(n=4) except those captured on Flagstaff Lake. The blood Hg levels in 3 Flagstaff kingfishers ranged
from 2.41 to 2.73 ppm (mean=2.6 ppm) and was significantly higher than kingfisher blood Hg
concentrations representing 9 lakes (mean=0.65 ppm) (p<0.05).

Flight feathers are molted asynchronously in spring but may represent MeHg availability in the
breeding lakes (r2=0.69, p=0.02). Flagstaff Lake individuals had higher feather Hg levels than
kingfishers from other lakes. Two of the Flagstaff Lake kingfishers had feather Hg concentrations over
20 ppm (our risk threshold level) and were 6.5 times higher than a breeding male from the Connecticut
River, Massachusetts and were higher than adult kingfishers from Tennessee (Baron et al. 1997).

Osprey:

This species overwinters in warm marine environs from Florida south into South America and returns in
early April on the Maine coast and by late April to northern interior territories. Adults are site-faithful
to their breeding areas and while there maintain habitual foraging areas (Poole 1989). Usually 3-5 eggs
are laid 1-2 days apart. Late eggs are smaller than first laid eggs. Incubation is by both sexes although
the female generally incubates longer. Males frequently feed the female during the incubation and brood
rearing period. MeHg input for the larger female may be less than expected during the breeding season
since the smaller male is catching her prey. In Massachusetts a mean of 2.35 young hatched and 1.92
young fledged per nest (Poole 1984). Young fledge at 7-8 weeks and continue to be fed by their
parents for another 1-3 weeks (Poole 1989).

The osprey diet is primarily fish. Fish weighing 150-300 grams with a length of 25-35 c¢m are
preferred (Poole 1989). During the breeding season, male osprey spend one-third of their day hunting
for the 6-8 fish needed to meet the energy requirements of his mate and young. A breeding male
requires approximately 400g of fish per day. Most hunting forays are in shallow habitats and tend to
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focus on slow moving benthic feeding fish such as longnose sucker (Catostomus catostomus) versus
quicker, piscivorous species such as northern pike (Esox lucius) and salmonid species (Swenson 1979).
Although U.S. EPA models indicate osprey MeHg uptake is around 16 ug MeHg per kg of body weight
per day, Maine osprey appear to have a greater uptake.

One adult osprey was captured in 1997. Her blood Hg level was a relatively low 1.54 ppm
(Table 4) and may reflect a potentially low Hg diet due to a tendency to concentrate on suckers and
other slow-moving nonpiscivorous fish. Evers and Reaman (1997) found large sized suckers (75-200g)
with Hg levels significantly lower than associated piscivorous species. Mean juvenile blood Hg levels
were 7 times higher on inland lakes (mean=0.21, n=6) versus a marine nest on Casco Bay (mean=0.03,
n=3) (Table 6). Sibling blood Hg levels varied but correlated with size. Flight feathers were not
gathered from adults. Flight feathers molt gradually in winter (asynchronous) indicating a required
flight efficiency during migration and the breeding season. Breast feathers were sampled from the adult
and juvenile osprey and their Hg levels were generally less than the back feathers (similar feather mass)
of same-age, juvenile loons. The two eggs, one from Bog Brook Flowage (0.14 ppm) and one from
Casco Bay (<0.02) were well below the 0.5 ppm risk threshold and again indicate that interior osprey
are exposed to higher Hg levels than osprey foraging in marine habitats.

Bald Eagle:

Eagles exhibit high fidelity to their nesting area. Territories generally encompasses several waterbodies
except for some of Maine’s largest lakes and reservoirs. Therefore, eagle egg, adult blood, and juvenile
blood and feathers do not necessarily represent a specific waterbody. Eagle diets are the least
piscivorous of the five target species. In Maine, fish comprised only 66% of the diet for eagles foraging
on rivers and lakes, 18% in marine, and 28% in estuary environs (Welch 1994). Birds and mammals
comprised the remainder of prey items. Eagles prefer to feed on bottom-dwelling fish such as suckers
and bullhead (/ctalurus spp.). Although, eagles were more likely to catch higher trophic level species
such as birds, particularly gulls, in marine areas, their Hg levels were lower than eagles foraging on
interior lake and river territories that depended on fish prey items.

Maine’s bald eagle breeding population dynamics and their body burden of contaminants are
well documented. Welch (1994) collected egg, feather, and blood samples in 1991 and 1992 while
Matz (pers. comm.) collected samples from 1993-96. Mercury levels in Maine’s bald eagles are the
highest recorded in North America (Land and Water Resources Council 1998). Mean juvenile blood
Hg levels for the period 1991-96 were 0.58 +/- 0.33 ppm in lake habitats and 0.09 +/- 0.03 ppm in
marine habitats (Table 6). Juvenile blood Hg levels are over 6 times higher from nests where adults
foraged on lakes than those on marine environs. Juvenile breast feather Hg levels are significantly
correlated with blood Hg levels (r2=0.67, p<0.001) (Welch 1994) and are therefore good indicators for
assessing breeding lake risk. Mean breast feather Hg concentrations for eagle nests on Maine’s interior
lakes is 20.7 +/- 7.8 ppm and is 5 times higher than coastal nests (Table 6). Nearly half (48%) of the
eagle feathers exceeded our designated threshold level of 20 ppm indicating a large component of
Maine’s interior eagle breeding population is at risk.
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Interspecies Relationships

The Hg concentrations and sample size of blood, feathers, and eggs greatly varied by species.
Adult blood Hg levels were higher than juvenile levels (Table 4 & 6, Figure 6). The mean blood Hg
levels in adults were highest in loons and were significantly higher than osprey, kingfishers (p=0.03),
and mergansers (p=0.02) (Table 4, Figure 6). The mean blood Hg levels for juvenile eagles and
mergansers was similar (p>0.05) but significantly higher than loons and osprey (p=0.02) (Table 6).
Feathers were collected from the wing and body depending on species, although the relationship of
MeHg deposition between the two feather tracts was unknown. Juvenile eagle breast feathers were
significantly higher than osprey (p<0.05) (Table 6, Figure 7) and were higher than adult loon and
merganser flight feathers. Flight feather mean Hg concentrar.ons did not differ between adult loons and
mergansers but loons were significantly higher than adult kingfishers and juvenile loons and mergansers
with full-grown flight feathers (p<0.01) (Table 5, Figure 7).

Figure 6. Mean blood Hg concentrations measured in selected
piscivores from Maine in 1997"
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Figure 7. Mean feather Hg concentrations measured in selected piscivores
from Maine*, 1994-97 (F=Flight feather - second secondary, B=Breast Feathers)
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The U.S. EPA determined exposure of 5 piscivores to MeHg by using certain documented
national standards and average energy needs (USEPA 1996). Ingestion rates were calculated by
multiplying consumption rates (grams/day) of prey and their mean MeHg levels by trophic level and
then dividing the average weight of the species. Mean small fish Hg concentrations for lakes in Maine
typically exceed the 0.08 ppm fish Hg levels used by the U.S. EPA model by 5-15 fold (Evers and
Reaman 1997). For example, in Maine the kingfisher consumes 75 g of fish per day. By multiplying
this rate with trophic level 3 fish that have mean Hg concentrations of 0.30 ppm (determined for several
Maine lakes by Evers and Reaman 1997) and then dividing the average weight of an adult kingfisher
yields an average daily exposure of approximately 150 ug MeHg per kg of body weight per day.
According to these calculations, kingfishers tend to be the most exposed piscivorous bird in Maine and
nationally. We found this model to indeed reflect MeHg exposure for kingfishers on Flagstaff Lake.
Adult kingfishers, 4-6 week old common loon juveniles, and 4-8 week old common merganser juveniles
all feed on similar sized fish (6-12 cm or 5-25g), however mean blood Hg levels in adult kingfishers
were significantly higher in loons and mergansers (p<0.001) feeding from the same areas of the lake.
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Table 7. Calculated rate of MeHg exposure for five piscivorous birds.

Species Body Ingestion Trophic % fish diet ME MeHg U.S. MeHg

Weight(g) Rate (g/day) Level by trophic Exposure®? Exposure®
Level

Loon 5,400 1100 3.4 78,22% 65d 31

Merganser 1,100 250 3 100% 68 18

Kingfisher 150 75 3 100% 150 40

Osprey 1,500 300 3 100% 60 16

Eagle 4,600 500 34 74,18% 32 14

& Units are ug MeHg per kg of body weight per day.

b Based on fish Hg levels in Maine lakes (Evers and Reaman 1997). See text for specific differences between national and Maine calculations,
© Based on national fish Hg levels (USEPA 1996). Trophic level 3 fish are 0.08 ppm and level 4 fish are 0.40 ppm.

4 Based on national mean body weights with adjusted ingestion rates. For the common loon, males are 4,700g and females are 3,800g.

Our most comprehensive database is for the Common Loon. This provides us with a more
detailed analysis of MeHg uptake. Loons require a food consumption rate of 20% of their body weight
per day (Barr 1973). The mean weight of Maine males is 6,050g (n=78) and of females is 4,700g.

Since males average 30% larger than females, we separated exposure rates by sex. This dimorphism
also created differences in prey choice. Evers and Reaman (1997) showed the strongest correlations are
between loons and yellow perch which agreed with Barr’s (1996) findings during hand-feeding
experiments. We found the strongest correlation between loon blood Hg levels and medium-sized (20-
35g) yellow perch (r2=0.84 for males and r2=0.79 for females). There was also a tendency for females
to select smaller perch than males. The average adult-sized loon from Barr’s study ate 45 fish or 960g
which were divided into the following size categories: 432g (45%) of small, 365g (38%) of medium,
and 163g (17%) of large. As adults, these loons would weigh an average of 4,800g. Because Maine
male loons average a larger body mass, the size class distribution was adjusted to reflect this difference.
Therefore the calculated distribution of prey size classes for males is: 33% small, 40% medium, and
27% large. Evers and Reaman (1997) reported mean Hg concentrations for yellow perch representing 5
northern Maine lakes as 0.30 ppm for small- and medium-sized perch and 0.39 ppm for large perch.

Our calculated daily exposure rate for the Common Loon in Maine is 69 and 63 ug MeHg per
kg of body weight for males and females, respectively (Table 8). Maine loons are 4.3 (male) and 3.5
(female) times more exposed than the national average and are generally more exposed than other
species. This agrees with Evers et al. (1998) study that shows significantly higher adult and juvenile
blood Hg levels in the Northeast compared to the Upper Great Lakes, Pacific Northwest, and Alaska.
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Table 8. Calculated MeHg exposure rate for the Common Loon (pg/kg).

Sex Body Ingestion Size % fish diet Maine National
Weight(g)  Rate (g/day) Class® by size class MeHg MeHg
Exposure® Exposure™®
Male 6,050 1300 1:2.3 33,40,27% 69 16
Female 4,700 950 12,3 45,38, 17% 63 18

& Size classes for yellow perch are; | is small (5-20g), 2 is medium (20-35g), and 3 is large (35-60g)
b Units are ng MeHg per kg of body weight per day.
© Based on national fish Hg levels (USEPA 1996). Trophic level 3 fish are 0.08 pg/g and level 4 fish are 0.40 ug/g .

Geographic Comparisons

Because there was a limited number of lakes sampled we were only able to perform species-
specific geographic comparisons of MeHg exposure in loons (Table 2). Regional differences in mean
Hg concentrations are best interpreted from blood and egg Hg concentrations. Feather and blood Hg

levels indicated similar distributions among regions (Figure 8 & 9).

Figure 8. Mean blood Hg concentrations in adult Common
Loons from selected regions in Maine
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Figure 9. Mean feather Hg concentrations in adult Common Loons from
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Adult blood Hg levels in loons attained moderate (i.e., 2.00-3.00 ppm) and high levels (i.e.,
>3.00 ppm) in 5 of the 7 study areas (Figure 10 & 11). Blood Hg levels remained below 2.00 ppm in all
6 lakes from Southeast Maine and Mt. Desert Island. Juvenile blood Hg levels in loons and mergansers
slightly confound adult Hg distribution. Their levels were moderate (i.e., > 0.30) to high (i.e., > 0.50) in
4 of the 7 study areas and were < 0.30 in the Belgrade Lakes, Orrington, and Mt. Desert Island areas
(Figure 12). Mercury levels in loon eggs were elevated (> 0.50 ppm) in the 6 study areas sampled but
did not exhibit geographic patterns (Figure 13). Young, 6-8 week old eagles indicated high
environmental Hg levels across much of northern Maine (Figure 14 & 15). Coastal areas generally had
lower levels, however some eagles with high Hg levels were found in these areas and conversely some
low blood and breast feather Hg levels were found in eagles at interior sites.

We placed adult blood, juvenile blood and feather, and egg Hg levels for loons in three
categories. These categories represent low, medium, and high Hg levels for each matrix. The highest
score measured in any one of the matrices is used as the index of the lake’s maximum capacity for
MeHg availability. Medium to high levels were recorded in all study areas. The proportion of lakes in
each region that are medium or high risk is: Upper Androscoggin (50%), Upper Kennebec (55%),
upper Penobscot (100%), Orrington area (50%), Mt. Desert Island (0%), Belgrade Lakes Region
(75%), and Southeast Maine (43%). Of the 50 lakes sampled for loon tissues, 50% had exposure to
Hg at levels that potentially place individuals or eggs at risk (Figure 16). We also mapped blood,
feather, and egg Hg levels from all target species and found 70% of the 92 lakes sampled indicated
environmental Hg levels that place individuals at risk (Figure 17).




Figure 13
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Figure 14

Mercury Levels Measured
in Juvenile Bald Eagle
Blood 1991-96
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Figure 15

Mercury Levels Measured
in Juvenile Bald Eagle
Feathers 1991-92
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A > 20.0 ppm

Data provided by L. Welch.
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Morphometric and Water Quality Patterns related to MeHg availability

We selected pH, alkalinity, and color as predictors of Hg in the lake based on numerous studies
that have demonstrated that fish from low pH, low alkalinity lakes have elevated Hg levels in their
tissues (Wiener 1987, Cope, et al. 1990, Winfrey and Rudd 1990, Wiener and Spry 1996 ). Meyer et al.
(1995) found that mean blood Hg concentrations in juvenile loons sampled from low (< 6.3) pH lakes
were significantly higher than those from neutral or alkaline (pH>7.0) lakes. Haines et al. (1992) found
that fish from low pH and high color lakes had higher Hg levels than fish from low pH, low color lakes.
Stafford and Haines (197) considered lakes with a pH < 6.7 acidic for fish. In this study, the pH
values ranged between 5.6 in East Richardson Pond and 7.7 in Sebasticook Lake (Appendix IT). From
the 63 study lakes tested 14% had a pH < 6.3 and 52% had a pH < 6.7.

Lakes with alkalinity less than 10 mg/L have little or no buffering capacity and are considered to
be potentially sensitive to acid precipitation (Heiskary and Wilson 1990). More than half of our study
lakes have alkalinity values less than 10 mg/L and therefore make inorganic Hg more available to
sulphur-reducing monobacteria that produce MeHg. Alkalinity values ranged from 2 mg/L in Third
Machias lake to 45.5 mg/L in Pierce Pond. Because of the difficulty in obtaining a stable pH reading in
samples from many lakes, alkalinity is a more reliable measure of acid neutralizing capacity (E. Swain.
pers. com.). Our pH and alkalinity measurements were highly correlated (r>=0.69, p<0.001).

Color gives an indication of the relative amount of dissolved organic matter in the water. In
general, lakes with color values between 0-20 PCU are considered clear, 21-50 indicate moderate
coloration, and 51-100 are considered highly colored (Heiskary and Wilson 1990). Of the lakes we
sampled only Bog Brook Flowage and 3 lakes sampled by MDEP had a color value above 50 PCU
(Appendix 2).

Color ranged between 1 PCU in several lakes and 110 PCU in Hadley lake. We found no
statistically significant relationships between piscivore blood or feather Hg concentrations and water
quality parameters (p>0.10). We detected a marginally significant correlation between water color and
juvenile loon blood Hg index (p=0.08) (Figure 18). Adult blood Hg levels were not significantly
correlated with water color, pH, or alkalinity but their offspring, showed tendencies for higher Hg levels
in higher color lakes.

Figure 18. Blood Hg index versus lake water color in
juvenile Commaon Loons from Maine, 1994-87
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We did not find significant relationships between avain matrix Hg levels and water quality
parameters. This is most likely because the pH, alkalinity, and color measurements are within a
relatively small range and a variety of other factors also contribute to MeHg availability. Therefore,
single water quality parameters are insufficient to predict MeHg risk to piscivorous birds. Similarly,
single lake morphometric parameters appear to be poor predictors of MeHg availability. There were no
significant relationships between lake surface area, watershed acreage, and flushing rates and juvenile
loon blood Hg levels (p>0.10). Further investigation into the association of lake morphometeric and
water quality parameters with MeHg availability require multivariate analysis that incorporates a host of
factors. In the interim, Hg exposure to fish-eating wildlife needs to be assessed on a lake by lake basis.

Risk thresholds

Few studies have been conducted on the five target species to determine when Hg affects their
survival, reproductive success and overall well-being, Several studies have provided some avian
references for no (NOAEL) and lowest observed adverse effects (LOAEL) and LD50 levels.
Laboratory or captive experiments with wild birds provide ample information on NOAEL, LOAEL, and
LD50 levels (e.g., Fimreite 1971, Heinz 1974, Finley and Stendall 1978, Finley et al. 1979, Heinz 1979,
Scheuhammer 1988). While care is essential when applying these effect levels to free-ranging wildlife
and for making interspecies comparisons, laboratory experiments provide toxicosis benchmarks and
insights for measurable endpoints. Elevated MeHg levels are related to neurological, immunological,
and genetic toxicosis (Wolfe et al. 1998) and disrupt the biochemical functions with cortisol (Friedmann
et al. 1996) in fish, cholinesterase in quail (Dieter 1974), and glutathione in mallards (Hoffman and
Heinz 1998). In-situ wildlife studies complement many of these laboratory experiments.

Scheuhammer (1991) considered that the dietary concentrations of MeHg needed for adult
birds to exhibit overt toxicity were 5 times those needed to produce significant reproductive
impairments. One of the most important reference studies for piscivorous birds is a study on Hg effects
for loons in a lake system highly contaminated from an upstream chlor-alkali plant in Ontario (Barr
1986). He found reproductive impairment in loons feeding on fish with 0.30 ppm (e.g., reduced egg
laying and territorial fidelity) and no reproduction from loons feeding on fish with 0.40 ppm or more.
Highly exposed adults (i.e., mean brain MeHg levels of 0.76 +/- 0.50 ppm) did not show overt signs of
Hg toxicosis. Mercury levels without overt signs can cause a 35-50% decrease in reproductive success
(Heinz 1974, Scheuhammer 1987). In Maine, Evers and Reaman (1997) found yellow perch Hg
concentrations to exceed 0.30 ppm on 7 of 8 lakes studied in northern Maine. They also documented
elevated Hg levels in 18 species of fish preferred by loons (for the three size classes identified by Barr
1996). Over 2/3 of the fish in the small size class (5-20g) had Hg levels that were reported to cause
reproductive impairment in loons and were the size class most frequently used by the Common
Merganser and Belted Kingfisher.

Maine’s fish Hg levels are elevated across the state (Stafford and Haines 1996), and according
to comparable studies are affecting wildlife. How these levels relate to exposure in piscivorous birds
varies. Although prey Hg levels are effective indicators of MeHg availability to piscivorous birds, diet
composition, species toxicokinetics, and biotransformation rates are needed to effectively model MeHg
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loads. We chose to nonlethally collect blood, feathers, and eggs as best indicators of MeHg availability.

Wolfe (1998) describes mercury as “an extremely potent embryo toxicant.” Egg hatchability is
potentially related to parental investment or high Hg loads. The LOAEL of Hg in eggs is generally
accepted at 0.50 ppm (Scheuhammer 1991, Thompson 1996, Wolfe et al. 1998) and is partly based on
Fimreite’s (1971) pheasant study but has also been shown in the wild with Bald Eagles (Wiemeyer et al.
1993). Significant effect threshold levels vary considerably but are thought to range from 1-3.6 ppm
(Fimreite 1974). Barr (1986) documented egg Hg levels on a series of lakes with differentiating
exposures. The highest exposed series of lakes had a mean Hg level of 1.39 ppm. The lowest exposed
series of lakes had a mean Hg level of 0.59 ppm and was similar to a control group of natural lakes
independent of the contaminated system. The lowest reproductive success for this loon population was
recorded for pairs that laid eggs with > 1.00 ppm.

In our study, 43 loon eggs had a mean of 0.915 ppm with a range from 0.215 to 2.49 ppm. A
breakdown by threshold category showed 23% of these eggs below 0.50 ppm, 45% between 0.5 and
1.00 ppm, and 32% greater than 1.00 ppm. Two eggs (one from Aziscohos Lake and the other from
Wyman Lake) were above 2.00 ppm. The collection of loon eggs in 1997 represents 15 lakes, in 56%
of which the mean egg Hg level was above 0.50 ppm and 33% of which were above 1.00 ppm. Lakes
with loon egg Hg concentrations greater than 1.00 ppm are some of the most at-risk lakes in the state
and include Aziscohos, Brewer, Pierce, Umbagog and Wyman. Water level fluctuations greater than 2
meters are a common denominator with each lake except for Brewer, which is 4 miles southeast of the
Holtra-Chem Manufacturing Plant in Orrington. Eggs were gathered from 10 eagle nests with a mean
level of 0.39 +/- 0.35 ppm (Welch 1994, Matz pers. com.). There were differences in egg Hg levels
between marine and lake nests. The highest Hg level was 1.29 ppm from Brandy Pond. Two Osprey
eggs were collected in 1997 and were both below threshold levels. An egg from Bog Brook Flowage
had 0.142 ppm and an egg collected from a nest on Casco Bay had a Hg concentration below our
detection limit of 0.025 ppm.

Designated thresholds for blood Hg levels are the least known for the three matrices that were
sampled during this study. Blood provides an indication of recent dietary Hg uptake. Nearly all Hg in
the blood is MeHg bound to erythrocytes and because the half-life of MeHg in avian blood is 2-3
months (Scheuhammer 1987) it is one of the better matrices for determining exposure at a breeding
lake. Wolfe and Norman (1998) showed a significant correlation between blood and brain Hg.

Several recent studies have used blood to document exposure to Hg. Derr (1995) collected
blood from a suite of piscivorous birds in Minnesota, including the common merganser. Welch (1994)
and Matz (pers. com.) collected blood from juvenile Bald Eagles in Maine. And, several studies have
documented exposure levels in loons, including Meyer et al. (1995) and Meyer et al. (1998) in
Wisconsin, Scheuhammer et al. (1998) in Ontario, Evers and Reaman (1997) in Maine and New
Hampshire, and Evers et al. (1998) across North America. Of these, the only study providing
information on threshold impacts is Meyer et al. (1998). Four to eight week old loons found with blood
Hg levels of 0.30 ppm or more were associated with territories where fewer chicks hatched or survived
to 8 weeks of age. Over 30% of the juvenile loons sampled had blood Hg levels that exceeded 0.30
ppm. This threshold level is not necessarily useful for other species. Welch (1994) considered 0.50 ppm
as a relevant threshold blood level in Maine juvenile eagles.

Threshold Hg blood levels in adults are relatively unknown. We have categorized adult loon
blood Hg levels based on qualitative observations of effects in the wild and associations with highly
contaminated lakes (based on other matrices criteria). For example, on Flagstaff Lake, where forage
fish mean Hg levels exceed 0.40 ppm (levels that are related to effects in Ontario, Barr 1986), 83% of
the adult loon blood Hg levels exceed 3.0 ppm (n=12). Adult loons with blood Hg levels of 2-3 ppm
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are considered to have a moderate risk and those over 3 ppm have a high risk to effects from Hg
contamination. Risk evaluation includes potential effects on the adult’s well-being,

Feathers are chronic indicators of Hg body burdens. Evers et al. (1998) found recaptured
loons showed significant Hg accumulation in their feathers over time, particularly for individuals with
elevated blood Hg levels during the breeding season. Mercury ingested in prey during the loon’s 6-7
months on Maine’s breeding lakes is deposited in organs (e.g., liver and kidney) and muscle tissue.
Although bile excretion contains some MeHg, most of the MeHg available for remobilization is found in
muscle tissue. This Hg probably reenters the blood stream during stressful times such as full remigial
molts. The correlation between flight feathers and breeding season blood Hg levels is strongest for
individuals that are more exposed during the summer (e.g., Alaska r2=0.03, New England r2=0.24).
Therefore, the uptake of Hg in Maine lakes b breeding adult loons is related to their feather Hg levels.

Table 9. Adult flight feather Hg levels for three target piscivorous birds in Maine, 1994-97.

Species/Sex <5 ppm 5-9 ppm 9-20 ppm ____20-30ppm >30ppm  Total
Common Loon
Male 0 7 39 16 5 67
Female 2 18 40 6 0 66
Belted Kingfisher 4 1 0 2 0 7
Common Merganser 0 0 2 0 0 2
Total 6 26 81 24 5 142

Feather Hg threshold levels vary according to feather type and bird species. Eisler (1987)
considered 5 ppm as a LOAEL while 9 ppm was suggested by Heinz (1979). Scheuhammer (1991) and
Thompson (1997) consider a higher risk threshold of 20 ppm and the coauthors have observed
abnormal behavior in loons above 30 ppm. Adult feather Hg levels for loons, kingfishers, and
mergansers were normally distributed using these various threshold levels (Table 9). Over 20% of the
birds sampled exceeded 20 ppm. Adult male loons appear to be most at risk. Over 31% of them had
feather Hg levels that are potentially associated with effects.

Conclusions:

The results of this study follow a pattern established by the Maine DEP’s REMAP project. The
availability of MeHg to Maine'’s piscivorous bird community is elevated statewide but exposure to the
biota varies by lake. Geographic or physiogeochemical patterns are difficult to discern although there is
a tendency for lower Hg exposure in marine environs and higher levels on freshwater lakes, especially
on reservoirs that are flooded river valleys with low flushing rates and exhibit wide water level
fluctuations (> 2 meters during the summer). We demonstrate the ability of birds to bioaccumulate
MeHg that has biomagnified through the aquatic food web. Trophic status, ingestion rates, and
pharmacokinetics all contribute to varying individual and species response to MeHg availability.
Shorter-lived and slightly lower trophic level avian piscivores like the Common Merganser and Belted
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Kingfisher can accumulate MeHg at levels that endanger their well-being. Larger, longer-lived
piscivores like the Common Loon, Bald Eagle, and Osprey are also highly exposed, but determining
species greatest at risk remains difficult.

The largest databases for Hg exposure in Maine’s piscivores are for the loon and eagle. Over
350 samples of loon matrices have been collected from 50 Maine lakes since 1994 and around 250
blood, feather, and egg samples from the Bald Eagle. The Hg exposure levels measured from these
various matrices exceed threshold levels designated by laboratory and in situ studies for 10-31% of the
breeding loon population and nearly half of the breeding eagle population. By overlaying our
designated threshold levels across the 93 Maine lakes with samples from the five target piscivorous
birds, we believe that approximately 70% of Maine’s lakes have the capacity to biomagnify MeHg to
levels that pose a risk.

We conclude that MeHg exposure for these piscivorous birds is a potential risk to the viability of
local breeding populations. Refining the risk and determining potential effects is now needed.

Publicity:

Doug MacPherson of NH Public Radio ran a story in New Hampshire and Maine’s Public
Radio. Bill Maroldo of Maine Watch interviewed our staff and included us as part of a half-hour special
feature on mercury in Maine’s environment. Marnie McLean of TV 13 covered a night of loon capture
for a story associated with Deiter Bradbury’s five part series on mercury in Maine. One part of this
series featured BioDiversity Research Institute and the piscivorous bird study. Deiter and other
journalists covered our field collection efforts in 1997 and stories were printed in the following
newspapers (Appendix IV):

“Biologists study toxins in local loons™ in The Enterprise of Bucksport, ME,

“Mercury rising in NE loons” in Sunday Rutland Herald, VT and New Hampshire Sunday News of
Manchester, NH,

“Northeast faulted for mercury pollution” in Boston Globe, MA,

“Experts confer on mercury, acid rain” in Portland Herald Press, ME,

“Biologists issues warning over mercury, acid rain” in Toronto Globe and Mail, Ontario,

“Belgrade Lakes’ loons touched more by mercury” in Kennebec Journal, Maine,

“Protecting loons....projects monitor mercury, lead exposure in our stately bird” in Kennebec Journal,

“Tiny mercury levels pack huge wallop” in Toronto Globe and Mail, Ontario,

“Loons’ future is threatened by mercury” in Toronto Globe and Mail, Ontario,

“Pollution threatens a beloved symbol of Canada” in Christian Science Monitor, Boston

The following are presentations incorporating information from this study:

“Maine’s fish-eating birds and mercury: what is the risk?” Maine Audubon Society special evening
program for the public, scheduled May 14, 1998.

“Methylmercury in Maine’s piscivorous birds: an assessment of risk” Maine Bird Conference 1998,
scheduled May 2, 1998.

“Mercury exposure in New England’s fish-eating birds” Bryant College Seminar, Bryant College, RI,
scheduled April 9, 1998.

e e o R e L M U R W SR Azt T N T R A S T B T S T G R A I P B A
- L — h ﬁ S

3




Determining Mercury Exposure in Maine's Fish Eating Birds Page 25

“Mercury in loons from the Northeast” New England Association of Environmental Biologists
(NEAEB), 22™ annual meeting, Kennebunkport, Maine. March 13, 1998.

“Mercury in Maine’s Birds” Patagonia presentation series, Freeport, Maine. February 24, 1998.

“Effects of Mercury on Wildlife” The Conference of New England Governors and eastern Canadian
Premiers - Public Advocate Caucus, Portland, Maine. Feb 12, 1997.

“Mercury in Maine’s environment” Maine Audubon Society conference, Falmouth, Maine.
December 2, 1997.

“Summary of Maine Outdoor Heritage Fund project ‘Determining mercury in Maine’s fish-eating
birds™” Northeast Loon Study Workgroup, Falmouth, Maine. December 1, 1997.
“Mercury in Common Loons in North America” University of Maine, Department of Biological

Science Seminar, Orono, Maine. October 3, 1997.

Other recent presentations by BRI about mercury in Maine:

“The importance of working together: a case study of the Northeast Loon Study Workgroup”
Northeast Fish and Wildlife Conference, Framingham, MA. April 30, 1997.

“Loon Biomonitoring Program™ Annual meeting of the Maine chapter of the wildlife society, Brewer,
Maine. April 24, 1997.

“A comparison of mercury exposure in Common Loons and Fish between artificial impoundments and
nearby natural lakes” Maine Water Conference, Augusta, Maine. April 19, 1997.

“A geographic trend in mercury measured in Common Loon feathers and blood” Society of
Environmental Toxicology and Chemistry, 18" annual meeting, San Francisco, CA. November
16-20, 1997.

“Mercury in loons: geographic trends and potential impacts in Maine™ University of New England,
Biddeford, Maine. April 1997.
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Appendix 1. 1997 Maine Outdoor Heritage Fund Piscivore Survey summary

Lake Name Gen. local Date coLo* COME BEKI 0SPY BAEA Boat Access
ad juv ad juv ad juv ad juv ad juv

1 Adams Pd. Southeast 77197 1 Trailer

2 Attean Pond Upper Kennebec 716197 12 2
Attean Pond Upper Kennebec 716/97 9 Aerial Survey

3 Aziscohos Upper Androscoggin ~ 6/30/97 36 5 5 16 2 0

4 Beech Hill Orrington Area 6/18/97 Trailer

5 Big Beaver Upper Androscoggin ~ 6/30/97 3

6 Black Brook Pond Upper Kennebec men7 2 Aerial survey

7 Bog Brook Flowage Graham 77197 2 1 2 20 2 Trailer (poor/shallow) GBHE rookery

8 Branch Lk. Orrington Area 6/17/97 2 Portage

9 Brassua Lake Upper Kennebec 7116197 3

10 Brewer Lk. Orrington Area 6/17/97 4 Trailer

11 Burnham Upper Kennebec 8/3/97 2 1

12 Burnt Meadow Southeast 77197 Trailer
Burnt Meadow Southeast 6/23/97 Trailer

13 Caribou Upper Penobscot 8/4/97 1

14 Carleton Pd. Gravel pit Belgrade Lakes Area  8/6/97 ! 1 No Access fo pond

15 Cariton Pd. Belgrade Lakes Area  7/6/97 No Access

16 Chain of Ponds Upper Kennebec 716197 4 Aerial Survey

17 Chesuncook Upper Penobscot 6/28/97 10 Trailer
Chesuncook Upper Penobscot 6/29/97 1 3 2 Trailer -COTE colony
Chesuncook-S Upper Penobscot 8/4/97 5

18 Cobbosseecontee Belgrade Lakes Area  7/9/97 4 1 1 4 1 Trailer

19 Cochnawagon Belgrade Lakes Area  7/6/97 1 1 Trailer
Cochnawagon Belgrade Lakes Area  7/6/97 1 1 Trailer

20 Deer Pond Upper Penobscot 8/4/97

21 Dexter Pd. Belgrade Lakes Area  7/6/97 Canoe Portage
Dexter Pd. area Belgrade Lakes Area  7/8/97 2 Not Applicable
Dexter Pond Belgrade Lakes Area  -7/6/97 Portage

22 Eagle Lake Mount Desert Island ~ 6/16/97 3 2 10 Trailer

23 EastPd. Belgrade Lakes Area  7/7/97 2 Trailer
East Pond Belgrade Lakes Area  7/10/97 7 2 1 2 Trailer

24 Echo Lake Mount Desert Island ~ 6/16/97 1 Trailer
Echo Lake Mount Desert Island ~ 7/18/97 1 1

25 Fields Orrington Area 6/17/97 Trailer

26 First Roach Upper Penobscot 8/4/97 3

27 Flagstaff Upper Kennebec 6/24/97 7 1 6 Trailer 1 MALL, 4 chicks
Flagstaff Upper Kennebec 6/25/97 2 3 1 Trailer 1 MALL, 7 chicks
Flagstaff Upper Kennebec 6/26/97 2 1 Trailer
Flagstaff - N Branch ~ Upper Kennebec 6/24/97 2 1 Canoe Portage

28 Flying Pd. Belgrade Lakes Area  7/7/97 2 1 Trailer
Flying Pond Belgrade Lakes Area  7/7/97 2 1 Trailer

29 Frost Pond Upper Penobscot 8/5/197 1

* COLO=Common Loon, COME=Common Merganser, BEKI=Belted Kingfisher, OSPY=0sprey, BAEA=Bald Eagle



Appendix 1. 1997 Maine Outdoor Heritage Fund Piscivore Survey summary

Lake Name Gen. local Date coLo* COME BEKI 0SPY BAEA Boat Access
ad Jjuv ad juv ad juv ad juv ad juv
30 Goose Pd. Orrington Area 6/17/97 No Public Access
31 Graham Orrington Area 6/18/97 1 1 2 Trailer (on Rt. 180)
32 Granger Pd. Southeast 6/23/97 No Access
33 Green Lk. Orrington Area 6/17/97 2 Paid Boat Access
34 Hancock Pd. Southeast 716197 4 2 4 Trailer
35 Harrington Lake Upper Penobscot 8/5/97 2 8
36 Hoddgon Mount Desert Island ~ 7/18/97 1
37 Holeb Pond Upper Kennebec 716/97 4 Aerial survey
38 Indian Upper Kennebec 8/3/97 9
Indian Pond Upper Kennebec 6/16/97 10
Indian Pond Upper Kennebec 6/27/97 7 2 Trailer
Indian Pond Upper Kennebec 716/97 7 1 Aerial Su.vay
39 Jacob Buck Orrington Area 6/17/97 2 No Public Access
40 Jim Upper Kennebec 6/30/97 2
41 Jordan Pd. Mount Desert Island ~ 6/16/97 1 %
Jordan/Stancey Brook Mount Desert Island ~ 6/16/97 1
42 Kennebago (Little) Upper Androscoggin ~ 6/30/97 2 1 3 1
43 Knights Pond Upper Kennebec 7116/97 1 Aerial Survey
44 Lincoln Pond Upper Androscoggin ~ 6/30/97 1
45 Little Beaver Upper Androscoggin ~ 6/30/97 2
46 Little Indian Upper Kennebec 6/16/97 2
Little Indian Upper Kennebec 77em/7 2 Aerial Survey
47 Little Lobster Upper Penobscot 8/5/97 2 1
48 Lobster Lake Upper Penobscot 8/5/97 5
49 Long Mount Desert Island ~ 7/18/97 5
50 Long Pd. area (gr.pit)y Upper Kennebec 6/27/197 2 Not Applicable
51 Long Pond Orrington Area 617197 No Access
Long Pond Upper Kennebec 716/97 2
Long Pond Upper Kennebec TMeml7T 4 Aerial survey
52 Loon Pd. Belgrade Lakes Area  7/6/97 Private Access Only
Loon Pond Belgrade Lakes Area  7/6/97 Private access only
53 Lovewell Pd. Southeast 6/23/97 1 Trailer
54 Lower Hadlock Mount Desert Island ~ 6/18/97 Trailer
55 Lower Togue Upper Penobscot 8/6/97
56 Maranacook Belgrade Lakes Area  7/10/97 15 2 Trailer
57 Moosehead-S Upper Kennebec 8/3/197 8
58 Mountain View Upper Kennebec 8/3/97
59 Nequasset Southeast 716197 1 1 1 Trailer
60 North Pd. Belgrade Lakes Area  7/7/97 2 2 Portage
North Pond Belgrade Lakes Area  7/7/97 1 Trailer
61 North Pond Southeast 718197 Trailer
62 North Twin Upper Penobscot 816/97 1

* COLO=Common Loon, COME=Common Merganser, BEKI=Belted Kingfisher, OSPY=0sprey, BAEA=Bald Eagle
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Lake Name Gen. local Date coLo* COME BEKI 0SPY BAEA Boat Access
ad ju ad juv ad juv ad juv ad juv
63 Parker Pond Belgrade Lakes Area  7/7/97 Trailer (steep & poor)
64 Parlin Pd. Upper Kennebec 6/27/97 1 2 Trailer
65 Parmacheenee Upper Androscoggin ~ 7/16/97 6 1 1 3 Aerial Survey
66 Pattee Pd. Belgrade Lakes Area  7/7/97 Trailer
Pattee Pond Belgrade Lakes Area  7/7/97 Private access only

67 Penesseewassee Southeast 718197 5 Trailer (off 117)
68 Phillips Orrington Area 6/17/97 Trailer
69 Pleasant Pd. Southeast 6/23/97 Poor Access
70 Quakish Lake Upper Penobscot 8/6/97 2
71 Ragged Lake Upper Penobscot 8/4/97 5
72 Range Pd. Southeast 714197 2 2 Trailer
73 Rangeley Upper Androscoggin ~ 6/30/97 12 3 3
74 Richardson (East) Upper Androscoggin ~ 6/30/97 1 1
75 Richardson (West) Upper Androscoggin ~ 5/24/97 3 2
76 Ripogenous Upper Penobscot 8/4/197 6
77 Round Upper Androscoggin ~ 6/30/97 2
78 Round Pond Upper Penobscot 8/5/97 1
79 Seal Cove Mount Desert Island ~ 7/18/97 2 1
80 Shack Pond Upper Penobscot 8/5/97
81 Somes Mount Desert Island ~ 6/16/97 2 Canoe portage
82 South Twin Upper Penobscot 8/6/97 1
83 Swetts Pd. Orrington Area 6/17/97 1 Ramp by box 328A
84 Thomas Pd. Southeast 719197 1 Trailer
85 Tim Upper Kennebec 6/30/97 2
86 Umbagog Upper Androscoggin ~ 6/30/97 52 11 2 60 2
87 Upper Hadlock Mount Desert Island ~ 6/18/97 2 Portage (short)
88 Upper Togue Upper Penobscot 8/6197 1
89 Walden Pd. Southeast 706197 2 No public Access
90 Williams Pd. Orrington Area 6/17/97 No Public Access
91 Witch Hole Pd. Mount Desert Island ~ 6/16/97 ? No Access
92 Woods Pd. Southeast 77197

Total 352 33 23 95 30

* COLO=Common Loon, COME=Common Merganser, BEK|=Belted Kingfisher, OSPY=0sprey, BAEA=Bald Eagle



Lake

ALAMOOSOOK L
ANDROSCOGGIN L
ATTEAN

AZISCOHOS L

BEAVER P (LITTLE)
BERRY P

BOG BROOK FLOWAGE
BRANCH L

BRANDY P

BRASSUA L

BREWER L

CARRY POND (WEST)
CHAIN OF PONDS
CHESUNCOOK L
CLEAR L

CLIFFORD L
COBBOSSEECONTEE L
COLD STREAM P
CRAIG P
DAMARISCOTTA L
DEXTER P

EAGLE L

EAST P

ECHO L

FLAGSTAFF L

GRAND FALLS FLOWAGE
GREAT P

GREEN L

HADLEY L

(Source=MDEP-Maine Dept. of Environ. Protec., MDIFW-Maine Dept. of Inland Fish and Wildlife, BRI-BioDiversity Research Instit. Col=true (filtered color);
app color=apparent color; pH=air equilibrated pH; alk=alkalinity; Cond=conductivity; Sec=mean secchi disk)

Midas

4336
3836
2682
3290
3312
3828
7449
4328
9651
4120
4284
48
5064
662
1938
1304
5236
2146
4332
5400
3830
4606
5349
4624
38
7437
5274
4294
1352

Appendix Il. Water chemistry parameters for selected lakes

Source

various
MDEP
MDIFW
various
MDEP
MDEP
various
various
MDIFW
MDEP
MDEP
MDIFW
various
various
MDEP
MDEP
MDEP
MDEP
various
MDEP
MDEP
MDEP
MDEP
various
BRI
MDEP
MDEP
various
MDEP

Basin

1
2

2

— -_ =

s anN

1
6
1
1
1
2

1
1
2
1

Col
PCU
23

2
24

25

21
11
17

13
15
110

BRI app color
PCU
22

26

25
35

14
26
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pH
6.89

6.48
6.64

6.81

6.05

6.66
6.34
7.04
6.73
6.80

7.02
6.65
7.11

6.74
6.95
6.66
6.40

BRI pH
722
6.26
7.21
5.89

6.5
6.75

5.88
7.37
7.3

6.88

6.4
7.36

6.68

Alk

mg/L
9.80

11.00

17.60

4
27.00
6.00
6.00
11.00
15.50
6.00
17.45
6.80
4.40

17.80
3.75
7.45

9.30
4.40
9.00

BRI alk
mg/L

12.766

8.404

2.047

9.913

3.852

4.418
16.238

3.679

Cond

ms/cm
39

28

52

27
30
15
40

32
25
59
30
29

59
35
31

36
25
25

Sec

4.6
4.4

4.8
3.0
4.4

7.5

3.8
4.6

3.6
2.0
8.5
3.5
3.7
8.6
11.3
4.9
5.0
11.0
4.8
7.5

3.5
6.6
6.9
2.8



Lake

HANCOCK P
INDIAN P

INDIAN P (LITTLE)
JORDAN P
KENNEBUNK P
LOBSTER L

LONG P

LONG P

MACHIAS (THIRD)
MATTAWAMKEAG L
MOLASSES P

MOOSE P
MOOSEHEAD L
MOOSELOOKMEGUNTIC L
MOULTON P

NORTH P
NORTHEAST P
OSSIPEE L (LITTLE)
PARLIN P
PARMACHENEE L
PEMAQUID P
PENNESSEEWASSEE L
PEPPERPOT

PHILLIPS (LUCERNE) L
PIERCE P

PLEASANT RIVER L
POCASSET L

RANGE P (LOWER)
RANGE P (MIDDLE)
RANGELEY L
RICHARDSON LAKES
RICHARDSON P (LO E)

Midas

4318
4090
4070
4608
3998
2948
5272
9701
1124
1686
4448
3134
390
3302
4308
3460
3876
5024
2544
3966
5704
3434
3298
4300
86
1210
3824
3760
3762
3300
3308
3296

Appendix |l. Water chemistry parameters for selected lakes

Source

various
various
MDIFW
MDEP
MDEP
various
various
MDEP
MDIFW
MDEP
various
MDEP
MDEP
MDEP
MDEP
MDEP
MDEP
various
MDEP
various
MDEP
MDEP
MDIFW
various
MDEP
MDEP
MDEP
MDEP
MDEP
various
MDEP
MDIFW

Basin

1
1

- ) =i ek

M—L_L_ar\)_;_;..s_ha_a_a_;

e e e

Col

PCU
22
25
1
9
9
25
16
8
20.24
65
12
16
20
20
6
12
44

25
55
27
15
1
10
18
16
11
13
11
17
1

BRI app color

PCU
14

13

14

29

10

1
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PH

7.32
6.98
6.18
6.89
6.10
6.50
7.02
7.29
6.33
6.65
6.47
6.79
7.10
6.75
7.25
6.71
6.84

6.60

6.79
7.59
6.30
7.00

7.03
6.56
6.83
T2f
6.96
6.22

BRI pH
7.5

6.57
6.53

6.91

6.55

6.16

7.18
6.51
7.24

6.97
6.54

7.24
6.62
5.59

Alk

mg/L
16.20

9.00
17.00
4.90
6.00
13.50
9.40
14.00
2

16.35
4.30
6.30
8.50
7.60
9.30
6.00
11.50

7.00
10.10
7.65
5
5.50
45.50

12.90
11.80
11.50
7.50
9.00
2

BRI alk

mg/L
15.261

6.995

2.862

9.209

11.754

5.976

6.146

Cond
ms/cm
78
27

36
37
37
29
29

59
30
29
30
30
36
27
59
30
31
41

38.5
45
30
43
45
32
32
29

Sec

3.4
6.0

12.7
6.4
4.4
6.5
6.7

34
6.8
6.8
7.80
54
9.0
5.3
3.7
5.1
4.5
4.2
4.7
5.1

8.4
8.8
5.1
5.6
6.3
5.6
6.0
6.1



Lake

RICHARSONS P (UP E)
ROWE

SAND P (TACOMA LKS)
SCRAGGLEY L

SEAL COVE P
SEBAGO L (LITTLE)
SEBASTICOOK L
SEBOOMOOK L
SQUARE P

TODDY P

UMBAGOG L

WALKER P

WILSON P
WOODBURY P
WYMAN L

Midas

3294
4002
5238
9649
4630
3714
2264
4048
3916
4340
3102
4640
3832
5240
7122

Appendix Il. Water chemistry parameters for selected lakes

Source

MDIFW
MDIFW
MDEP
MDEP
various
MDEP
MDEP
MDIFW
BRI
various
various
MDEP
MDEP
MDEP
MDEP

Basin

— ok e ek ek

B e T S Y

Col

PCU
1

15
26
12
32
40
4

22
19

17
15

BRI app color
PcU

19
27
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PH

6.39
6.30
6.86

6.36
6.59
7.66
6.67

6.29
6.85
6.62
6.87
6.94

BRI pH

6.57

6.98
6.93
6.86

Alk

mg/L
2

15.00
6.00
4.80
10.40
33.50

3.70
6.80
5.80
13.90
15.40

BRI alk
mg/L ms/cm

3.091

7.343
3.534
6.254

Cond

58
27
39
35
110

27
24
40

55

Sec

6.5
4.6
6.8
5.3
1.8

6.0
4.4
T
5.3
6.0
4.7



Appendix lIl. Lake Morphometric Information

Lake Type = determined by the Department of Inland Fisheries and Wildlife (1 = Oligotrophic, 2 = Eutrophic, 3 = Mesotrophic, 4 = Dystrophic)
Dam Class=Department of Inland Fisheries and Wildlife (1 = no functional dam present, all natural flowage; 2 = > 50% arera man-made flowage 3 = < 50% area man-made flowage)

Stratification Indicator = (1=yes, 2=no) Boldface Lakes = Lakes sampled for REMAP (Regional Environmental Monitoring and Assessment Program)
LAKE Midas Elevation  Surface area Drainage Area Depth (ft) Shoreline Lake Type Stratification Volume Runoff Flush rate Dam
feot acres hectares  mi’ km®  mean max Length(m) indicator m’ factor  (#year) class
ALAMOOSOOK L 4336 20 1133 399.0 21057 16 28 2 2 18869554.0 0.5580 6.227 3
ANDROSCOGGIN L 3836 269 3980 1616.0 83.00 21497 15 38 2 2 69982395.0 0.5080 1.560 3
ATTEAN P 2682 1157 2745 1089.0 689.72 15 54 3 1 45684548.6 0.4100 6.190 1
AZISCOHOS L 3290 1514 6700 2506.0 21400 554.26 3N 60 3 1 194820752.0 0.7620 2.168 2
BEAVER P 3588 1976 20 8.0 0.00 0.75 5 19 5577 2 1 94371.8 0.6096 4.852 3
BEAVER P (LITTLE) 3312 1490 50 20.0 4.00 9.30 16 51 6552 3 1 876615.1 0.6731 7.139 1
BERRY P 3828 242 174 68.0 8.00 20.02 14 25 3 1 1842080.0 0.5080 5.521 1
BOG BROOK FLOWAGE 7449 250 565 9.9 0.99 99 2 2
BREWER L 4284 115 881 371.0 12.00 31.08 26 48 3 1 28405104.0 0.5080 0.556 3
CARRY P (WEST) 48 1317 675 288.0 5.00 12.77 37 96 28497 1 1 31766491.3 05080 0.204 1
CHAIN OF PONDS 5084 1273 700 2820 65.00 16695 24 106 86338 1 1 24093787.0 0.6167 4.273 3
COBBOSSEECONTEE L 5236 165 5543 2120.0 131.00 339.29 37 100 2 1 167109008.0 0.5080 1.097 3
CRAIG P 4332 215 218 90.0 1.00 3.16 36 69 18500 1 1 9095924.1 05710 0.198 3
DEXTER P 3830 242 111 42.0 9.00 22,90 13 25 3 1 1227051.0 0.5080 9.479 1
EAGLE L 4606 274 436 177.0 4.00 9.7 44 110 26000 1 1 223992420 06350 0.275 3
EAST P 5349 263 1823  698.0 17.40 18 27 2 2 33682695.0 0.4700 0.243 3
ECHO L 4624 84 237 92.0 2.00 593 28 66 19008 1 1 62481444 0.6350 0.603 3
FLAGSTAFF L 38 1146 20300 7588.0 516.00 1336.43 18 50 2 2 322385990.3 0.5080 2.106 2
GREATP 5274 248 8239 3313.0 8300 21471 21 69 3 1 2406494450 04830 0.431 3
GREEN L 4294 159 2989 1210.0 59.00 148.92 44 170 1 1 131000000.0 0.5715 0.650 3
HANCOCK P 4318 99 59 240 1.00 3.73 17 25 6864 3 2 10703711 0.5460  1.902 1
HANCOCK P 3132 502 858 308.0 9.00 24.55 17 59 80844 2 1 17353184.0 0.5588 0.791 3
HOWARD P 3520 1084 128 52.0 4.00 9.89 34 118 12140 1 1 5112279.3 0.6096 1.180 3
INDIAN P 4090 955 3746 1335.0 1384.00 3584.54 21 118 1 1 79057440.0 05080 23.033 * 2
INDIAN P (LITTLE) 4070 25 0.00 '
JORDAN P 4608 274 187 72.0 2,00 4.97 84 150 14256 1 1 173881429 0.6350 0.182 3
KENNEBUNK P 3998 273 224 80.0 1.00 2.95 21 43 19536 2 1 5035084.3 05588 0.328 3
LOBSTER L (LITTLE) 2948 982 230 90.0 5.00 11.99 14 36 15644 3 1 4135016.0 0.5080 1.473 3
LONG P 5272 238 2714 1079.0 121.00 25330 35 97 3 1 90281183.9 0.4950 1.389 3
MOLASSES P 4448 210 1252 507.0 24,68 19 47 49000 3 1 25900000.0 0.6096 0.581 3
MOOSE POND 3134 418 1694 665.0 26.00 66.30 22 70 2 1 37996000.0 0.6096 1.064 3
MOOSEHEAD L 390 1029 74890 30876.0 1268.00 3284.10 55 246 1 1 5193000000.0 0.5080 0.321 3
MOOSELOOKMEGUNTIC L 3302 1467 16300 6724.0 389.00 1007.51 60 132 i 1 693360070.0 06096 0.886 3
MOULTON P 4308 470 45 18.0 1.00 1.42 23 35 6864 1 1 1171204.4 0.5410 0.658 3
NORTH P 3460 721 284 124.0 4.00 10.26 12 37 20275 2 1 4858359.1 0.5588 1.180 3
NORTHEAST P 3876 415 778 317.0 102.00 264.18 10 49 67760 2 1 8557333.3 05080 15.683 1
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Appendix lll. Lake Morphometric Information

Lake Type = determined by the Department of Inland Fisheries and Wildlife (1 = Oligotrophic, 2 = Eutrophic, 3 = Mesotrophic, 4 = Dystrophic)
Dam Class=Department of Inland Fisheries and Wildlife (1 = no functional dam present, all natural flowage; 2 = > 50% arera man-made flowage 3 = < 50% area man-made flowage)

Stratification Indicator = (1=yes, 2=no) Boldface Lakes = Lakes sampled for REMAP (Regional Environmental Monitoring and Assessment Program)
LAKE Midas Elevation Surface area Drainage Area Depth (ft) Shoreline Lake Type Stratification Volume Runoff Flush rate Dam
feet acres hectares  mi’ km?® mean max Length (f) Indicator m’ factor (Wyear) class
OSSIPEE L (LITTLE) 5024 31 564 182.0 6.00 16.68 21 74 31680 2 1 123681356.3 0.6096 0.822 3
PARLIN P 2544 1605 543 2240 18.00 45,32 14 32 33456 3 2 99818159 0.6100 2.770 1
PARMACHENEE L 3966 1622 912 362.0 104.00 269.36 36 93 56717 1 1 35930961.0 0.7112 5.332 3
PEMAQUID P 5704 77 1515 583.0 23.00 58.53 20 61 93200 3 1 31659000.0 05969 1.104 1
PENNESSEEWASSEE L 3434 397 922 384.0 22.00 57.50 18 48 68640 2 1 21974186.8 0.5588 1.462 3
PEPPERPOT P 3298 1499 50 17.00
PHILLIPS (LUCERNE) L 4300 228 828 335.0 12.00 29.78 40 98 73000 32000000.0 0.5588 0.520
PIERCE P 86 1142 1650 470.0 8.00 49.21 39 120 49622892.0 0.5330 0.529
PLEASANT RIVER L 1210 317 949 360.0 15.00 38.33 13 52 47504 16000000.0 0.6300 1.509
POCASSET L 3824 284 601 229.0 59.00 152.81 16 20 8911998.0 0.5080 8.710
RANGE P (LOWER) 3760 306 290 118.0 14.00 34.96 16 41 35811 4832600.7 0.5080 3.675
RANGE P (MIDDLE) 3762 306 366 156.0 9.00 23.02 29 66 24288 14105577.3 0.5080 0.829
RANGELEY L 3300 1518 6000 2430.0 100.00 259.00 60 149 359000000.0 0.4851 0.350
RICHARDSON LAKES 3308 1448 7100 1824.0 479.00 1186.21 44 108 181438154.0 0.6096 3.985
RICHARDSON P (LO E) 3296 1761 54 22.0 1.00 3.60 9 15 6822 513403.2 0.6223 4.364

RICHARDSON P (UP E) 3294 1764 85 31.0 1.00 220 11 20 7322
RICHARDSON P (WEST) 3292 1505 423 178.0 14.00 35.74 17 41 29446
SAND P (TACOMA LKS) 5238 176 177 106.0 12.00 29.78 31 82

858649.9 06223 1.596
6547597.9 0.7112 3.882
8385286.0 0.5080 1.804

= WWN -2 NWNWWNWW =2 2NN = 2
B e e O R N i S e o e T R e % I A e
NWWLWW=WWwa2Ww=a2=2WWwWwwwwww

SEAL COVE P 4630 38 283 96.0 4.00 11.50 18 44 3890736.8 0.6260 1.850
SEBAGO L (LITTLE) 3714 285 1898 7540 19.00 48.95 16 52 40245000.0 0.5334 0.649
SEVEN TREE P 5686 34 523 2120 153.00 396.27 24 45 13640900.0 06096 17.709
SQUARE P 3916 522 910  340.0 4.00 10.39 20 44 50160 22169176.6 0.5842 0.274
TODDY P 4340 163 1987 949.0 25.00 65.27 27 122 79000 61660000.0 0.5842 0.618
UMBAGOG L 3102 1245 7850 2938.0 600.00 1553.99 14 48 93080659.9 0.5688 9.240
WILSON P 3832 242 582 223.0 16.00 42.48 23 42 41184 11730479.0 0.5080 1.839
WOODBURY P 5240 176 436 176.0  16.00 40.14 21 62 9000000.0 0.5080 2.266
WYMAN L 7122 485 3146 1160.0 2619.00 6783.18 68 140 239313065.0 0.5760 16.326
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Appendix IV

Copies of newspaper articles about the MOHF project
“Determining mercury exposure in
Maine’s Fish-eating Birds”
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ubility w fight o diseass, I"i:lrl. Eribs
predutors and tolerate contact  atlention

1 humians who invide thelr nest- Frankly.” K
and leeding areas. Thats the  mure senous In the United States ecach year
aeleslon reached by biolog thian dboxin consume cpoh . b ik
o bave beven stutyng the bads Bui the Kin2 adnumatrations darmnaang thedn’ o orn cliddren

In a recent report on tnereury, the
L.5, En
AHETICH v

whiat to do sbout it Its controls ing 10 preserve what they can of that!
report was cumpleled m The EPA now sav nesd, have worked hard over
it ml h.[, not been findings should be o provide a place for the
) - un impor-  vear's end, Meanwh

@ wonld signal  from mereur) pollution grows

lart of the process of Coul 'raur‘.mn,. a major sowre of Please soe MERCLURY. Fage 124
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MERCURY

Thevive built nesting, platforms 1
nerease hatching rtes, and they've
taught mary boolers fo sleer clonr
of loon breeding grounds Others
participate m an anntal loon oount
sponsored by Maine Audubon
Socty

These efforts have paid off by
ruising Maine's loon populstion o
roughly 5,000 and strengthening the
public’s emotional bond in the bird

When the state issued a special
Beense plate in 1903 o ratse money
for conservation programs, the
Wwon's tmage was stamped onto it
untcther with the phirase, “A Natural

Treasam,”
Bt merey peollution hrvatans
thinl Lreussiine

Wiledtite Diobogzists have found dis
b swns of woubde i loons in
<o of the most remote, dndeve
logred Jukes antd o in Miitne

One such pliseet (s Arseohits T T
o narrow, 16 e Joag oy o watit
that twists and lums through the
rugged mountning ol northern
Franklin County, not far helow
Mauine's horder with Quuebec.

On o night in late July, o handful
of resenrchers boarded a boal on
Ariscobos. With the temperature
dipping below 40 degrees they
erisscrossed the loke in the moon
ht. stalking loons through o swirl

mna

They caplured two Iirdds In six
hetors, took blood and frather sam
pies o he losted for mercury then
gd the loons mio the DKy
walers

The principal nesearcher, Davd
Fyvers, a wildlifc biologst from Free
port, has been catehing and testing
loons from Novs Scotia o Alaska
since 1991

The loons [ Aziscohos wrwl
or lakes in western Maine, such
as Flagstafl and Umbagog, bave
<ome of the highest mercury levels
recorded anywhere

Seventy percent of the male loaing
caught in Maine and New Harmp-
shire have mercury concentrations
Ul biologists regard as critical -
capable of damaging their hesadth o
ability to reproduce

To make mallers worse, Evers
has seen mercury levels in loon
feathiers rise al w rte of 4 percent lo
10 pervent a year sinee his work
Leszan

“Maine s i hot spol for mercury,”
Evers says. “When we do our loon
work geross the couptry, that’s
clearly what we find.”

In the United Slales, mercury
levels in loons moresse from Wes
et Fastern  slabes, reflecting
prevaifing wind currents and the
cemevntrubion of industnal sources
n the Midwest and Nostheast

The levels found in wildiife are
measured in parts per million, a
coneeniration so small it's difficult
to comprehend. To make a concen-
tration of 1 part e muillion, &
Lablespoon of mercury would have
wr b dissobved 0 3008 el
of woler

The higthest evncrntruthon: fouml
i adult loods bz boen 35 parnts per
milon, whike the lowesl hive boen
fhess than | part per mullion

Bt small amounts of meroury
von have un imjpsact

® last summer, ol o lake in
Ottawn National Park in Michigan,
Fvers wittehed o nest fail when o
miade loan with high mercury levels
wouldn't sit on the 1o incubile
thhiom, oven aftor the female lefl W
feandd

® [lesearchers ol Tults Univer
iy, studving Jonn CACAsSes reco

Ihe Maine Sunday Telegram
) Portland Press Herald beg

s the merciry

1 THIT m fast May
During his imvestigation, 21l

Maore than 3000 pages 4

the rescarch phase of v
I-r ot

Bradhury and photographer
Dsid A Rondecrs tmvel d u

by, where coal-hamr

pred werkend Dost Mami

|

1

o P |
WOME Chaanel 13 repona \
|

wly Sspiembee

vered in Mot and Now Hampshue
sinee 1108, Tound high mercury
tewols 11 Biets Ul had suffered fatal
prsicture wounds in fights with
other lnons That suggests that
mercury may reduce the loon's
abllity (o maneover and defend
self

® (n the same peripd, Tufls
rescetrdiors dlso foumnd bgh e

cury levels in birds that divad of
aspergellosis, 8 bacterial respiraton
mfeetion Ut Kills an unus tth
mnnber of loons in the Northeosd

® When other hirds In captinity
are exposed to mercury at thu I wieln
fornd in some Maine loons - which
ilie In vaplvity = the reprodintive
rates of (he vther birds drop
iramatically

r

YTl
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Pl
(ATES R R TR T BT Ao, ddhen
memace 1t may aot il 4 loon by
is=ell, oyl mercury can cripple lhe
lird's resistance to disease, preda-
tion and condicts with hiumans,

In the face of a sudden, sevensrer
profouged stress o one or more
uf these other threats, the Joon
population could collapse, experts
NIV i

“My gut feeling in lalking with
people across the country is that
we'ra seemg an impact,” Evers
says. 'Is the loun population able to
withstand that impact? That's the
coin toss right now. "

Affecting the food chain

There's litte doubt about where
the mercury s commng from. The
toxie metal settles out of the air and
evenlually washes into Likes and
podz In the waler hacleria con-
verd Hhy mereney Tooan sven mone
1ok form

The bacterial action gels stronger
when waler level: tunale, so the
bigshest e of 1 vy are being
tound in likes formed by dams. In
some Maine lakes, water levels
rhange by 30 feet over Lhe seasons
us dams open and close to release
waler fur electric power production.

Highly acidic lakes also seem o
have higher mercury levels,

Moveury is a threat not just to the
loon but Lo other species in Maine,
Sinee loons are a sentinel, standing
atap the food chain, biologists who
stuely them learn something about
ther health of the entire community
ol plants and animals in which the
bird lives

“I they're suffermg rom some
problems, there's o pretty good
chaner the entire arca is suffering
from the same problems,” says
Major, the wildlite biologist at the
U8 Fish and Wildlife Service.

People eat fish, and face some
risk from mercury as well

Thirty-five states, including Maine,
have wamed peopie W limit their
consumption of freshwater fish
because of mercury contamination,
In three stales — Maine, Michigan
and New Jersey - the warnings
applv to all inland waters. Other
states have advisories in selected
e,

Maine issued its warning in the
spring of 1904, aiter an EPA pro-
@ram found pervasive mercury-con-
tamination in a stalewide sample of
1240 lakes

Ironically, the highest mercury
concentrutions were found at Hodg:
ilon Pond in Acadia National Park, a
site that attracts millions of visitors
2 year who want Lo gel in touch with
nature at one of Maine's most
heautiful spots.

Seienbists and environmental
Fegulinors have known for years
that mercury levels in the nation’s
aie and water might be rising.

When the Clenn  Alr Act was
tpdated in U, Congress ordered

1w EPA 1o wrile # mercury study to
el public officials decide whether
regilations wers needed to protect
the environment and public health:
e mercury

FPA’s seven-volume report,
covering 1,700 pupes, estimates that
118 industrial activity releases 245
toms of mercary inlo the air each
yeur

Thal's about two-thirds of lotal
mercury emissions, with the rest

- R e -
faim nelalal Soupss IR
coleanors ur olher soil
thsturbances.

Ninety eight percent of the indus
trial emissions are produced by
household or medical waste incin-
praturs. coalfired power planis or
commervial boders and manufac-
turing priwesses.

M:‘lg of the mercury released
into the ar settles oul close to ils
source. Some drifts for ur_nat
dhistances. 4

In Muine, stule regulators whiy
have reviewcd the EPA'S work
pelieve thit much of the meroury

fund here 00s m from Midwest-
emn or Asuntc states, But Maine
bep a8 locil sources, including the
Llale's four trash incinerators and
an aging chemical plant in
Onrrizyaton.

The Orviaggon plant uses mer-
cury o make chloripe pas and a
eorrosive chemical known 15
Lic soda, two substanes ised wideiy
by the Maine paaper mdustry.

The ounpany says it saves Lhe
paper industry $10 million a vear in
freight costs hecause of its proxi
mity to Maine paper mills. It says it
can't afford to switch to modem
lechnologies that'use no mercury.

And the King administration,
which hus courted the paper
industry becaus¢ of il impact on
tne Maine economy, allows the plant
Lo continue releasing mercury into
the air and the Penobsent River.

Criticism delays report

The FPA finished its work on
mereury in 19495, and its findings
lhave been bicked by three indepen-
dent groups of seientists outside the
agency.

Yet the findings still have nol
been given o Congress. The EPA
had planned to submil the report m
April 1996, bt the agency baek
tracked just days before the dead-
line. und held off for vet another
svientific review,

The report has been heavily eriti-
cized by the National Fisheries
Institute, a lrade association for
commercial fishermen. As a group,
these fishermen provided $386 bil-
lion worth of seafvod products to
U S, consumers in 14695,

In September 1995, the institute
complained 1o the EPA and the
Department of Health and Human
Services that the report reached
flawed conclusions on the health
risks of mercury exposure by eating
fish.

The institute said forthcoming
studies of fish-eating populations
will show that the EPA was overesti
mating the mercury risk

It said the report “will create a
problem where none exists, with the
fallout being consurner confidence

in our industry’s products.”
s complaints were

The institute
echoed by the Food and Druy
Administration, which cegutates
commercial scatopd. Several U5
senators, including Majority Leader
Trent Lotl of Mississippi and
Muine’s Olympia Snowe — hoth
Respublicims — called on the EPA G
withhiold sections ol the report dealk
ing with seafood safety.

The senators suid the E'A should
wail for morne seientific studies W be
compleled on mercury  exposures
from fish consumption.

The Edison Electric Institule, part
of a ulility lohbying group thal
spent $5.5 million fAighting and lobiy-
ing ngpinst the KPA's new stan-
dards for smog and sool, also

Kenneth Munney, left, a contaminants hiologist fi
Wildlife Service. helps wildlife bio
sample from the bottom of Rangel
into waterways, whepe haciernia con

oppaised  redesse of the inerousy
finding

Tt contended that the EPA overes
timated the amougt of mercury
released by power plants. The insti-
tute also saild the EPA report
tailed to incorporate new informa-
tion downplaying the health efects
ol low doses of mercury.

Mercury emissions into the
environment actually have declined
in recent years, the clectiie institute
says, as the twae metad has bisen
phased oul of use in paints. many

Please see MERCURY, Page 134 T

wr the U.S. Fish and

logist Drew Major bag a sediment
ey Lake. Airborne niercary washes
vert it to an even more toxic form.
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Sabteries and olher eoisumer
priliics,

(i feeling ahour the mercwy
reon n Hhie deaft version = that
1 not Gsing the most appro-
i rein ant science w date,”

tohibys conce ns have
¢l up by menbers of

ourt Hyrd, a Cemocrat
o At siahe of West inia
= momajor coal producern, wged the
B i Apdl 1906 to delay the
sl s repoert
v Niwhols. the FPAs top air
ffedal. said it was prident to
Part tor une me e
ow because of the mucv-m
hers disauree i
ey include Howard Fak a law-
yer for the Eavthjustiok Legal
fenze Fund, an envir@mental
that has sued thelPA to
subimit the repart to O a s, He
aectses the EPA of cavifg in to

' unprecedentd for the
apenev tn say that new scicee must
be created before it canfssue a
“ Vs said. =1 think flere are
that believe it's veg- much
advantage not to Hve any
) ry is

ral panel Attafied to
4 that reviews all paeney
] ¢, has already backyd the
LTV TepUIT.

the Science A E 1OV

Ovrineton. 3

Regional Wasie Svstcns,
Poprhond, 300 e

Mid-Madne Wasoe yehon
Coalition. 200 ’

ool

Maine Energy. 1/

Penobscot Energs Revovery
Co.. Crengran, & potnds

Uility woaul haoilers
TR

wrt 14 5 pounds

Commercial and industnal
wood bo;ler':

toaether), 17

Holtra Chem Mannfaceoiag.

The clock is ticking

The EPA now savs it plan

submit the repont t
year. When that
will buid for reg
ermissions

But those regulai

may Lake years to go inlo effect.

In the meantime. the clock is
rcking, The amount ol merawy that
ilrtfts wnto Maine and settles on ils
lakes and ponds will almost cer-
rainly incrense,

The federal governnient projects
2 steadv rise m coal consu;
through ar ‘31 'u n«:

stand on the verge of

a Thevil e competing
against eack other across hroad
geagraphic areas, hrving to gun
cusiomers by offering lhe least
mxpensive power available,

Fur biologists concerned about
looms and other wildlife — and the
ramifications  their problems hold
o people — the situation creates a
compeliing demand [y mare under-
standing. more knowledge of how
mercury aflects the environment.

Because of the problems found
with the loon, researchers over the
summer broadened their investiga-
tion by capiuring five osprey in
Casco Bay and testing them for
mercury. Bald eagles, mergansers
and kingfishers also will be
watched,

Al Acadia National Parke work has
begun on tree swallows, which feed
on insects from ponds in the park
with high mercury levels.

Evers, the wildiife bivlogist who
Ieads the research into mercury and
Maine loons. has little doubt biolo-
gists will find that the mpact of
mercury pollution extends well
bevond the syanbolic bird

“It may nol be a crisis,” he said
“But mavhe we ought to regulate it
now — before it beeomes a erisis”

As the sun nises. a loon suuggles to get airborne on Hancoch Pend in
Denmark. Mercury levels in loons increase in New England states,
reflecting prevailing winds and sources in the Midwest and Northeast.

WGME-TV
to air reports
on mercury

& \Mamic Maclean's seris
heams Monda

angd
"han-
il
pollution

Murme MacLean, a reporte
wieekend bost tor WGME-TV
nel 14, will have three
Fegaorts on the mercun
proiiem

Her reports Wil air on the 8 pm
news shows starting Mondin. The
reoarts continue 4t 6 pnl Tussday
and Wednesday

MacLean joined statf writer Dipter
Brudbury of The Portland Newsps-
pers on the project early Lhis month
Bradbury and photographer David
A, Rodgers will be guests of
MucLean's teday at 8 am. on Chun-
nel 13's Sunday morning news
program

Fress Herald Online also will
meke the series avatlable via the
Internet.

The anline effort will provide ks
to other Web sites as well For
example, there will be a lake-by-lake
evaluation of mervury levels I
vou want to read about the issue in
more depth, the address s
www portsnd ool merciry

he newspapers. WGME and
Press Hersid Onjine are nwned
by Guy Gannett Communications. a1
Portland-based mediz company
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W HicdogISs CRgage i
nivhrame forays ro captine
fooms, which are tested for
mices ol the roxic metal.,

By DIETER BRADBURY
Stafl Wiiter

RANGELEY - David Evers
crouches in the bow of his boat. a net
clenched in his fists, as a searchlight
punctures the darkness on Rangeley
Litke:

Confused by the blinding shaft of
light, a loon bobs nervously on the
waler as the boal inches closer. At
the last moment the bird lowers its
head, utters a loud wail and dives -
tony Jate

Evers fMicks s wnsts, and {he
trapped loon thrashes wildly in the
nxlon el “This s a bt bird!™ Bvers

s pearly  tumibling inle the

A

His method gives reseacchers an
wivalugble tool for measunng mer-
cury bevels in the birds, studying how
they re aflecled by the growing
threat from the toxe metal and
lecrning more about bow mercury
moves through the environment.

Until Evers came along,
resedirchers could only speculale on
how loons were affected by merceury,
1s¢ no one has been abic W

o the hirds alive in the laboratory
ar any other coptive setling,

Nenrhy 1,200 birds have been cap-
tired since the lite 10808 using
Evors” technigue, Teats of their
blosd and feathers have provided
mation on mervury levels in
froshwater lokes and ponds from
Mame to Aaska.

some of the loons have been
recapiured four or five limes over
the vears, vielding some of the most
Lanming pollution information avail

v Moreury levels e hired (haut
in Maing

h“l'.'

eadily rising,

Each captured loon fills in another
piece of the mercury pollutivn pugz-
zle. Evers’ nighitime expeditions
also offer a rare glimpse into the
loon's furtive existence on the dark
lakes of Maine's northern forest.

Rangeley Lake, encircled by
mountains in western Franklin
Counly, provides a horae for ul least
six paus of lvons. By day, the bird:
share the lake with people who are
paiddling canoes, trolling for fish and
strewdling jet-skis

Dut al night, Rangeley belongs to

it wildlife.
Vi Evers and three helpers molor
aiross the lake in mid-June, their
searchlights reveal only hats, ducks,
mserts and the gittery eyes of deer
wiandering Lo the shore for a mid
oot drinik

The crew cnls the engine and lets
the boal drit. The stars admice
Wiwimselves in the lake as Eyers
switeiles on a tape recorder with
lesin calls.

Ihe wails drift into the mght,
wrhuing on the famks of Bald Moun
L and fnally drawing sn answer-
i ery from the east

“Civer there," Evers whispers.

Bebind wie-ammed ghisses and
a boyish countenance, REvers,
possesses o deep knowledie of I ns
arted their environment. His consull-
it firm, BioDiversity Inc,, conducts
culling-edge research for the
govertunent and for private corporn
lums on loons, other wildlife and
luxie pollution,

In 1988, when he was a graduale
student, Evers reasoned that Toons
might be caught by invading their
territory during nesting season.

His technigue relics on the hyp
notic power nl'hlmtlln;., Iu_,:’l and thu

,;.g:: or [:im']w

i xannn. tnl.n\amg, I‘]g
archlight with h

SWeeping s
binoculars.

The lght picks out a loon's downy
white breast, and the outboard gur-
des closer, Evers grubs his net,
ly to pounes. But the bird pivots
and dives, leaving a swirling eddy on
Hhee s 4

Cne of Fvers' helpers guns the
engine, and the boal cuts a tight
le. Evers picks up o second
rehlight, and the two beams Oash
wildly over the waler, wying to find
whire the loon ' will surface,

ABOVE: A large male loon reacts
as Kate Taylor, u biologist with
the New Hampshire Loon
Preservation Commitsee, removes
@ towel that had been wrapped
around its head (o quiet it during
its briefl capture on Rangeley
Lake. Wildlife hiologist David
Evers restrains the bind. LEFT:
Taylor takes notes as vers and
Rose Miconi of the Tulis
University wildlile clinic take «
blood sample from a loon.
BOTTOM:. Fvers releases a loon
after captaring and pnw.mmg it
on Lake Aziscohos.

Fifieen . seconids pasis, then 20,
then 30, The hird breaks the water 50
vards away, blowing a cloud of vapor
into the air. |

Apain the boat cluses. Again the
bird dives. Azain the crew circles.

After four or five tries, Evers
decides the loon 15 two spovked. He
directs the bout to another nesting
territory, neir South Bog Island,

“Ab this peoinl Us just a crap
shoot.” he savs

Impatie nee creels inlo h:- Vi,
but the
early in the summer vet. and the
Inon chicks haven'l hatehed. So the
adulls lack thal puwerful instinet o

l
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i HEETE
ffst e June,
Hedle i will =it on the nest

g the ineubation pedod — 29
divs Seon afler they're born, the
chivks learn to dive and eatch prey.

Yor several weeks, theyll be fed
liry fish by their parents. Often the
chicks will rest and avoid predators
Iike snapping turtles or large fish by
riding on their parents' hacks,

During the chick-rearing period,
Evers will catch 98 percent of the
lwns he pursues. Drew Major, a
hinlogist at the U.S. Fish and Wildlife
Service, has seen Evers spend hours
patiently stalking a i, refusing to
give up even though 1L repeatedly
dives to elude his net,

‘s just through sheer lenacity
that hie's gotlen 1o where he s
Mo says,

il i B

igeley, tendrils of log
o1 as the
12 visghil
will preba-
v b endeh g foon
1
i e shores of the istandg he
anetier bird, and the boat
stipes loward it Three times the loon
tives belore Evers can reach it
Three tnes the crew eircles for
aninther try,

Finally, the boat makes a fourth
approgett, and the loon lngers on the
surface a split-second too long.
Evers wrestles the flapping hird into
the o, straddles it on the deck and
wraps o hand around its powerful
ETH |

The boat's too crowded to exa-
rne the bird on bourd, $o the erew
p o a dock wnd clambers
utweetpied camp,
re Rose Miconi. from

Hool of Velerinary Medicine,
Kate Taylor, a blologist with the
New Hampshive Loon Preservation
Lo

Ta & eirele of light from one of the
search lamps, the tno goes to work
They cover the loon's head with 4
hath Lowel to keep it calm and clip a
teatier fromi the back edge of each of
s wings,

Miconi plunges a needle into one
of Hs legs and draws 12 cubie
vcenbumeters of blood. Evers fastens
bands on both legs for his
record-keeping,

Tavlor scribbles information on a
dala sheel, including the time and
place ol eaphre, general  health
olwservalions and what wus done to
thee bird,

Tests of e hird's blood will show
how onich mereury il was exposed
saver the past two menths, mostly
irom the fish it ate in Rangeley and
the surrounding lakes where it
raighit have fed.

Tests of the leathers will reveal
long term mereury levels. Loons get
ritd of tneretry by moving it into their
reathers, so regular lests of feathers
i shed light on how much mer-
Ay the bird bas been exposed o
the yeors
Ivers puts the loon hack into the
miesh net and hangs it fron a Spring
seake I weighs inoat 6 pounds,
prompting Bvers {o crack a grin,

“That’s the largest loon ever cap-
tiired fn North America,” he savs.

Twenly minutes alter stepping
ashore, the crew galhiers ils gear
and heads hack 1o the boat, Evers
ceadles the loon o his armos, wades
nte the Bike and penlly releases the
hitl i knee-desp water,

It paddies sbenlessly for & minute
ar wo, giving erte eries and calls
Finally, it dives beliw the sudface
anil disappenrs

i QUOTABLE

66lt won't be one of
those things 'that
becomes apparent
overnight. By the time
you figure it out, it
may be too late.9%

Neil Burgess, a biologist
at the Canadian
wildlife Service,

on the mercury threat

&6 Frankly, I think it’s
a more serious
problem for Maine
thua dioxin.9?

Gov. Angns King

66 We're seeing
mercury in loons.
We're seeing it in fish.
And we've seen it in
eagles. How many
more nails do we need
in the coffin?9

Drew Major, a biologist
with the U.S. Fish
and Wildlile Service

66 Maine is a hot spot
for mercury. When we
do our loon work
across the country,
that’s clearly what we
find. %%
David Fvers,
wildlife biologist
from Freeport
61 think mercury is
something to be
concerned about.
What we have not
been able to do is
tie the levels we've
Jound to a specific
(problem). 99

Dr. Mark Pokras,
veterinarian and director
of the wildlife clinic
at Tults University
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66 Our feeling about
the (EPA) mercury
report in the draft
version is that they
were not using the
most appropriate and
relevant scicnee to
derte.

Linda Schowmacher,
Edison Elecirie Instinue

&I think there are
interests that believe
it’s very much to their
advantage not to have
any suggestion made
that mercury is a
problem. 9%

Howard Fox, a lawyer
for the Earthjustice
Legal Delense Fund



