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Decison Support System for Managing Common Loonsin New Hampshire
Mark W. Brennan, Space Imaging, 80 Nashua Rd., Londonderry, NH 03053

By the early 1970's the Common Loon population in New Hampshire had experienced a
dramétic decline in historic numbers and is currently listed as a gpecies of management concern
by U. S. Fish & Wildlife. The Loon Preservation Committee (located in Moultonborough, New
Hampshire) has collected information for 25 years concerning Common Loon nest stes and
nesting pairs found in New Hampshire. The following will be discussed during this presentation:
1) data collection methods, 2) database development, 3) spatid analyss, and 4) initid habitat
prioritization results. Decison Support System components developed for the Loon
Preservation will be demonstrated usng: ArcView, Tracking Andyst and ArclMS. Thiswork is
sponsored by the University of New Hampshire and Loon Preservation Committee.

Mercury Data Collected by the Canadian Wildlife Service and our Research Partners
in New Brunswick and Nova Scotia

Nell Burgess, Canadian Wildlife Service, Environment Canada, 6 Bruce St., Mt. Pear,
Newfoundland, Canada A1N 4T3, Nell.Burgess@ec.gc.ca

Since 1995, the Canadian Wildlife Service has been actively studying mercury in common
loons, their fish prey and the lakes where they breed in Nova Scotia (NS) and New Brunswick
(NB) with the help of many research collaborators. Collection of field data has concentrated on
the lakes of Kglimkujik Nationa Park in southwest NS and the Lepreau area of southwest NB.
With the help of BioDiversty Research Indtitute in the mid-1990s, we collected loon blood and
feather samples from these areas for tota mercury analysis (n=63 blood & 42 fegther). At
Kgimkujik NS, Parks Canada caught 677 yellow perch from 24 lakes and from these fish,
Environment Canada measured total mercury concentrations in 242 composite samples of
whole perch. Total mercury was dso analysed in fillets from 81 brook trout and 31 white perch
from Kgimkujik. Environment Canada has monitored water chemigtry in the Kgimkujik lakes
for decades, and a complete dataset is available on watershed characteristics, hydrology and
lake morphometry. Since 1999, alarge team of researchersled by the Geologica Survey of
Canada has intengvely studied the biogeochemistry of mercury and methylmercury in
Keimkujik lakes and watersheds. At Lepreau NB, the University of New Brunswick collected
865 fish of 23 gpecies from 18 lakes. From these fish, Environment Canada analysed total
mercury in 191 composite samples of whole fish. Lake chemisiry datais aso available for these
Lepreau lakes. In other parts of NS and NB, Environment Canada has data for total mercury
in 100 composite samples of whole yellow perch (n=284 perch) from 34 lakes, aswdl aslake
chemigtry data. Findly, Environment Canada has monitored wet deposition of total mercury in



precipitation since 1996 and total gaseous mercury in air since 1995 at Kgimkujik NS and S.
Andrews NB (near Lepreau).

Mercury Digtribution Along an Urban Gradient in New England Streams
Ann Chamers and David P. Krabbenhoft, U.S. Geologica Survey

The New England Coastal Basins study unit, as part of the U.S. Geologica Survey’s Nationa
Water Quality Assessment program, has evaluated relations between concentrations of tota
mercury (Hgr) and MeHg in stream water and bed sediment, and Hgy in fish tissue a Sites over
arange of urban land use. Water and bed sediment were sampled during 1998 — 2000 from 55
five stream stes from Rhode Idand to Maine. Fish tissue was sampled at a subset of 27 Sites.
Sediment, water, and fish tissue samples were collected during summer low flow conditions
within aweek of each other to show patterns of MeHg accumulation and partitioning relive to
gte and watershed conditions. Concentrations of Hgr in water and bed sediment ranged from 1
to 13 nanograms per liter (ng/L) and from 7 to 3,100 nanograms per gram (ng/g) dry weight,
respectively. Concentrations of MeHg in water and sediment ranged from 0.04 to 1.8 ng/L and
from 1 to 38 ng/g dry weight, respectively, and were positively correlaed with concentrations of
organic carbon. Methylation efficiency, as esimated by MeHg/Hgr, ranged from 0.003 to
0.282 for sediment and water samples, with amedian vaue of 0.071. Methylation efficiency
was highest & sampling sites with low urbanization and high organic carbon concentrations. Hgr
concentrations in fish tissue (mixed sunfish species) ranged from 42 to 349 ng/g wet weight and
were pogitively correlated with concentrations of MeHg in water.

Mercury contamination in piscivorous wildlife in Quebec
L ouise Champoux, Canadian Wildlife Service, Québec region, Td: 418-648-4657, Fax: 418-
649-6475 ,E-Mail: louise.champoux@ ec.gc.ca

Collaborators : Wildlife Toxicology Program, Canadian Wildlife Service, Environment
Canada; Biodiversty Research Inditute, Fmouth, Maine ; D. Masse, Parc Nationd de la
Mauricie, Patrimoine Canada, Québec.

Results from recent dtudies indicate an increase of mercury in the environment and its
accumulation in aguatic food webs. An inventory of loons in the Mauricie and the Laurentides
regions (Québec) have been conducted. Four sampling seasons were conducted in La Mauricie
Nationa Park and the Laurentides in 1997, 1998, 1999 and 2001. Reproductive success was
assessed and loon families were captured at night and banded for atotal of 23 lakes. Collection
of feathers and blood was done before releasing the birds, to measure mercury contamination
and various biologica parameters as biomarkers. Smadl fish of various species were dso
sampled on mog lakes for mercury andyss in loon prey. The mean levels of Hg in loons
sampled during the three first years are within norma range of samples from north-east of North
America but some individuds have levels consdered at risk. Data are ill partid and the study



must continue to determine more precisdy the risk level and potentid effects on the population
of Québec loons. Smilar sudies are conducted in many other areas in North America. The
combination of the results of dl these linked studies will give a wide picture of the effects of
mercury on this piscivorous pecies and help in decision making on pollution abatemen.

L ong-term objective:
1- To document the mercury contamination in loons in the Mauricie and the Laurentides regions

2- To determine wether loons are exposed to mercury concentrations in fish sufficient to have
negetive impacts on their reproduction and surviva.

Data: Partid datafor 23 lakes on: lake position, morphometry, physicochemistry, mercury in
amall fish, loon reproductive success ; mercury levelsin blood and feathers and biomarkers for
82 loons (36 males, 23 females, 23 juveniles).

Products:

- Two conferences, in 1998, Fredericton ; in 2000, Quebec.
- BRI annud reports.

- Other reports and scientific papers to come.

Mercury bioaccumulation, biomagnification, and biodilution in aquatic food webs.
CdiaY. Chen and Caral L. Folt, Department of Biologica Sciences, Dartmouth College,
Hanover, NH 03755

Recent studies have emphasized the need for understanding the accumulation and fate of Hg at
different trophic levels and across a broad spectrum of lake types. To address both issues,
metal concentrations total Hg concentrations were measured in the water, two size fractions of
zooplankton and in fish from twenty lakes in contaminated to pristine watersheds in the
Northeastern USA. Our goals were to examine links between watershed characteristics and
aqueous metd levelsin lakes, and relationships between aqueous concentrations, meta burdens
in different plankton groups and in fish. Aqueous concentrations of Hg were highest in cool
water lakes and Hg in plankton biomagnified from small plankton (45 - 202 um) to
macrozooplankton (> 202 pum) and from macrozooplankton to fish. Metd levels in zooplankton
were predictive of Hg fish suggesting that food is an important source of bioaccumulation for
Hg. Moreover, Acrossthe range of lakes, we found that Hg concentrations (ug metd /g
organisms) in the particulate fraction (0.4-47 um) and the smdl (47-202 um) and large (>202
um) zooplankton fractions decreased with increased abundance in each fraction. These results
suggest biodilution of meta contaminantsin phytoplankton and zooplankton. We dso found a
ggnificant decrease in the Hg burdens of consumers (zooplankton and fish) with an increasein
biomass of their prey (algae and zooplankton, respectively) suggesting trophic dilution. Our
findings demondtrate the importance of investigating upper and lower trophic levels separatdy to
fully understand meta transfer pathways in aquatic food webs.



Surface water mercury concentrationsin Canada’s Atlantic Provinces
Thomas A. Clair, Guy Brun, and Gordon Norton
Environment Canada - Atlantic Region, Sackville and Moncton, New Brunswick, Canada

Environment Canada has collected surface water mercury concentration data under two
programs over the last five years. As part of our acid precipitation monitoring program, we have
collected over one hundred samples in lakes throughout an area stretching over 1000 km (Fig.
1) which encompasses three Provinces. New Brunswick, Nova Scotia, and Newfoundland.
The stes were sdlected to represent acidification-sengtive areas, as we as representing areas
containing high abundances of lakes.

Samples were collected using clean bottle, clean hands procedures, in 500 ml Teflon bottles.
Concurrently, samples were collected for mgor ion analyses, tota organic carbon (TOC) and
Fe Al, anf Mn. Totad mercury (Hg,) in water samples was andyzed using a Brooks-Rand
Modd 111, Cold Vapour Atomic fluorescence spectrophotometer. At the time the survey was
taken, we did not have access to methyl mercury (MeHg) andytica methods, and thus none are
available from these Sites.

Figure 1 Location of sampling sitesin Atlantic Canada. NB isfor New Brunswick, NS
for Nova Scotia, and NF is Newfoundland



A rudimentary andyds of the survey data (Fig. 2) shows that surface water Hg, concentrations
range from 1 to 16 ng L™, with amedian value of 2.3 ng L™. Further anaysis shows that there
isagood, positive correlation between TOC and Hg; in the sample population (Fig. 3).
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Figure 2 Concentration distribution of samples collected in the monitoring network.
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Figure 3 Reationship between TOC and Hgt in the sample population.

Another mercury study where agreat ded of data has been collected islocated in Kegjimkujik
National Park in southwestern Nova Scotia (Fig. 1). Approximately 40 stream and lake Stes
have been sampled in a400 knt area a least twice, some as often as 50 times. We have two



main gudiesinthisarea. Thefird’s purposeisto construct aguatic input-output budgets for
two lakes, abrown and a clear-water lake. Eight streams at two lakes have been sampled
monthly for the past three yearsin order to produce enough information to construct accurate
Hg and MeHg budgets.

The second study is designed to determine quantitative rel ationships between wetland
abundances, topography, TOC generation and seasondity in producing Hg: and MeHg in the
region’ swaters. We ve sampled gpproximately 30 stes and anayzed their catchments using
GIS approaches to see if we could construct amodel predicting Hg concentrations, knowing
what the catchment basinslook like. A GIS modd has been constructed which we are now
testing with data collected elsewhere.

Resear ch activities on the transport, bioavailability and fate of mercury in
lake/water sheds of the northeastern U.S.

Charles T. Driscoll, 220 Hinds Hall, Department of Civil and Environmental Engineering,
Syracuse University, Syracuse, NY 13244

The research activities of Charles Driscoll on the transport, bioavailability and fate of mercury
(Hg) in lake/watershed ecosystems of the northeastern U.S. include: 1) surveys of the
concentrations of total and methyl Hg in water, sediments and fish (yellow perch) in the
Adirondack region of New York (Driscoll et d. 1994, 1995) and Vermont and New
Hampshire (with Nell Kamman and others), 2) analysis of patterns of Hg deposition in
sedimentsin lakes in the Adirondacks (Lorey and Driscoll 1999), and 3) adetailed
lake/watershed mass balance study of total and methyl Hg at Sunday Pond in the Adirondacks.

Surveys of Adirondack lakes show strong rel ationships between concentrations of total and
methyl Hg and concentrations of dissolved organic carbon (DOC). Concentrations of DOC are
related to the percentage of the watershed occurring as wetlands. Concentrations of methyl Hg
were devated in lakes in anoxic hypolimnia. Concentrations of Hg increased in ydlow perch
with increasing age dlass, reflecting different food sources with fish age. Concentrations of Hg in
age 3+ to 5+ ydlow perch increased with decreases in lake pH and concentrations of
auminum. The bioconcentration factor of methyl Hg in yellow perch decreases with increasing
concentrations of DOC. This andysis suggests that DOC isimportant in the supply of total and
methyl Hg, but DOC limits the bicavailability of Hg probably through complexation reactions
(Driscoll et . 1994, 1995).

Lakesin Vermont and New Hampshire show similar patterns to those in the Adirondacks.
However, differences in lake/watershed characteridtics (i.e., forest, agricultura, urban) increase
the variability in the mercury concentrationsin lake water, sediments and fish. Concentrations of
Hg inydlow perch are smilar to vaues reported for other lake didtricts in eastern North
America, but lower than valuesin the Adirondacks.



Sediment cores have been collected for eight Iakes in the Adirondacks (Lorey and Driscoll
1999). These sediment cores have been sectioned and analyzed for Hg and dated with #°Pb.
These data suggest that Hg deposition to Adirondack |ake sediments has increased markedly
over the last 100 to 150 years (gpproximately 3.5x). Our results aso suggest that sediment Hg
deposition have decreased (~30%) over the last 15 to 20 years. Sediment Hg depositionisa
strong function of the watershed to lake surface area. Analysi's suggests that watershed
retention of atmospheric Hg has decreased over the last 150 years. We have developed a
smple mode to describe the historica deposition, watershed accumulation and loss and
sediment deposition of Hg in the Adirondacks.

A detailed Hg mass balance study in being conducted for alake/watershed in the Adirondacks,
Sunday Pond watershed. This study has been underway for two years and includes
investigation of wet deposition, throughfdl, litterfal, soil, soil water, groundwater, stream water
and lake water. We observed that fluxes of Hg are elevated in forest floor leachate in
comparison to wet deposition. This pattern suggests that either dry deposition of Hgisa
ggnificant input and/or the forest floor is exhibiting net release of Hg. Elevated fluxes of Hg
from the forest floor are retained in the lower minerd soil, coinciding with retention of DOC in
the soil profile. The watershed and lake are net sinks for atmaospheric deposition of Hg (80%).
The watershed and lake are a so net sources of methyl Hg. Rates of methyl Hg production are
high within riparian wetlands.

References:
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New Hampshire Department of Environmental Services
Robert Estabrook, New Hampshire Department of Environmenta Services

The New Hampshire Department of Environmental Services maintains a database (in Foxpro)
of mercury concentrations in freshwater fish from New Hampshire surface waters. The
database includes both data collected by state officials and data collected by others from New
Hampshire waters. The database was developed (1) to provide datato Public Hedth officials
for the purposes of fish consumption advisories and (2) to provide information to decison
makers on future mercury reduction strategies. Data from targeted specia studies, long-term
trend studies and random fish collections are dl included in the database.



The database currently contains 1314 records for total mercury, wet weight. A totd of 25
different fish species are represented, with the mgjor species being ydlow perch (510),
largemouth bass (166), smallmouth bass (165), and eastern chain pickerd (123). Most of the
andyses (1108) are for individud fish fillets with skin off. Mogt of the andyses (1015) were
conducted by the NH Public Hedth laboratories. Fish length and weight data are available for
nearly al andyses with age data currently available for 220 andyses. Totd mercury, dry weight
(128) and methyl mercury, wet and dry weight (15) are available for alimited number of
anayses.

Fish were collected from avariety of surface waters, including 155 different lakesand 7
different rivers. A totd of 987 fish anayses were from lakes and reservoirs and 287 from rivers
and impoundments. A wide range of water quaity characterigtics was encountered in the
dataset. For example, the lakes and reservoirsranged in pH from 4.9 to 8.0, ANC from —0.3
to 32.8 mg/L and apparent color from less than 5 to 150 chloroplatinate units.

Collaborative Mercury Resear ch Network (Canada): Case study examining Hg in
eastern Canada’ s mink and otter population
Doug Evans, Trent University

Fish in many lakes and rivers of Eastern North America contain elevated levels of Hg. For fish
egting mammals such as mink and otter, this presents a potentia hedth risk. Moreover, fish-
egting mammas could act as sentingl organisms, or early-warning systems for potentiad human
hedlth problems in populations that consume large quantities of fish. For these reasons, the
sudy of Hg dynamicsin mink and otter populationsis vauable.

There is some limited evidence to suggest that mink and otter populationsin some areas are
being impacted by Hg exposure. Recent analysis of Hg concentrations in captured animalsin
Ontario indicates that there are very few older individuas that contain high concentrations of Hg.
Moreover, it gppears that population demographics are different in regions of high Hg exposure
than in regions of low exposure. While these observations are preliminary and require
corroboration, there is experimenta evidence to suggest that such impacts are to be expected.
Dosing experiments with captive animas indicates that chronic exposure (such as might be
obtained from eating fish) to food containing between 1 and 2 mg Hg/kg wet weight can induce
Hg toxicoss. Concentrations of Hg in fish in many lakesin eastern Canada are in this range.
Thus, it is perhaps not unexpected if Hg isimpacting populations of mink and otter.

The Canadian Collaborative Mercury Research Network (COMERN) is supporting research
designed to test the hypothesis that changesin population statistics for mink and otter occur asa
function of Hg exposure. Thiswill be done by examining the population structure in areas with
differing Hg concentrationsin prey fish in Nova Scotia, Quebec and Ontario. The overdl hedth
of captured (by trappers) animaswill be assessed, aswill concentrations of total and methyl Hg
in target tissuesincluding brain, liver and fur.



In an effort to determine the causes of Hg toxicos's, genotoxicity measurements will be made,
including the measurement of DNA strand breekage as afunction of Hg exposure. AT later
gtages of the project, the variation in the ability of individuasto demethylate Hg in their brains
will be explored, and possible mitigation of Hg exposure by uptake of sdlenium will be
determined.

Assessment of Hg risk to New England wildlife
David C. Evers, BioDiversty Research Indtitute, 411 U.S. Rte. One N., Suite 1, Famouth,
Maine 04105

Anthropogenic inputs of mercury (Hg) into the environment have significantly increased in the
past century. In conjunction, the current avallability of methylmercury (MeHg) in aquatic
systems has increased to levels posing risks to human and ecologica hedth. Risk levelsvary
consderably in response to MeHg availability, which is affected by lake hydrology,
biogeochemistry, habitat, topography, and proximity to airborne sources. The Common Loon
(Gavia immer) was selected as the most suitable bioindicator of aguatic Hg toxicity, based on
ecologicd, logigtica, and other criteria, including public valuation of natura resources.
Opportunistic and probability-based sampling efforts from 1994-2001 indicate the Northeast's
breeding loon population is at unacceptable levels of risk to Hg contamination, particularly in
Maine and New Hampshire. Based on risk categories developed from the literature and in situ
sudies by BioDiversty Research Indtitute and their collaborators, 30% of the breeding loon
population in Maineis estimated to be at risk, while 46% of the eggs laid are potentidly

impacted.

Because resullts from nationa sampling indicate loons are a most risk from Hg in New England
severd individua- and population-level parameters were identified to better understand the
extent of mercury toxicity. Between 1994 and 2001, we collected 571 abandoned eggs as well
as blood and festher samples from 487 adult and 284 juvenile loons. The Hg concentrationsin
these samples were used to characterize subletha impacts of Hg on egg development, behavior,
developmentd gtability, immunosuppression, individud survivd, and overdl reproductive
success. Inthe Rangeley Lakes Study Areaof northern Maine and New Hampshire, atotal of
185 loon territories were monitored on 43 lakes between 1998 and 2001. Current monitoring
efforts and historical data comprise 515 territory-years measured in thisfoca area. Behaviord
observations were conducted for over 1,500 hours on 16 lakes with 38 loon territories from
1998 to 2000.

Severd reproductive measures significantly declined for loon pairs a high risk to prey MeHg
avallahility, thereby corroborating studies in high-risk stesin Nova Scotia and Wisconsin theat
show Hg impacts reproductive success. Based on 223 loon territories representing 748



territory-years surveyed extra-high risk pairs fledged 37% fewer young than pairs at low risk to
Hg. Apparent were smilar Sgnificant patterns of lower productivity on high and extra-high risk
territories compared to low and moderate risk territories for other reproductive measures. The
implication of long-term declinesin these reproductive measures are serious and would not be
detected by traditional survey techniques.

Insght into why loons are facing Hg-based population declines can be seen through a hazard
assessment process that is based on aweight of evidence approach. Physiologica impacts of
Hg are measured through two key biomarkers: corticosterone stress hormone levels and flight
feather asymmetry. Circulating corticosterone hormone levels are strongly linked with increasing
blood Hg levels and are not related to capture and handling stress. Corticosterone hormone
levelsincrease on an average of 14.6% for every one ppm of increase in blood Hg levels
(n=239). Thisindicates that loons with high blood Hg levels have higher rates of chronic stress
and may therefore have compromised immune systems. Asymmetry measurements provide
indghts into developmenta stability and potentidly reproductive fitness. Three years of flight
feather measurements have shown annua agreement that loon breeding populations with grester
exposure to Hg have sgnificantly greater asymmetry than populations at low risk (n=227).
Greater asymmetry may indicate disruptions from stressors on their embryonic development and
current physiologica status as well as a potentid decline in reproductive fitness.

Many behaviord impacts that appear to be related to the neurotoxic effects of MeHg can rarely
be observed in the field. Adult loonsin high risk situations left eggs uncovered 14% of the time;
this was high compared to 1% in controls. Several cases of direct field observations indicate
that adult loons with high Hg body burdens avoid incubating their eggs and display atypica
behaviors such as patralling or Stting next to the nest. A sgnificant negative relationship was
documented between adult blood Hg and foraging behavior, and a sgnificant positive
relationship between adult blood Hg and brooding behavior. Recategorizing these data
according to energy demands revedled a significant inverse relationship between blood Hg and
time spent in high energy behaviors. These findings are consstent with other sudieslinking Hg
and lethargy, reduced moativation to hunt prey, and compromised foraging abilities.

Current levels of Hg in some New England aquatic ecosystems aso appear to be impacting
individud surviva of adult and juvenile loons. Recaptured adult loons exhibit a sgnificant annud
increase of Hg (9% in maes, 5.6% in femaes) that may sgnificantly reduce lifetime individua
performance. A model of thisimpact indicates a decline of 13 to 8 young produced over a
loon'slifetime. Further, juveniles from high-risk territories have sgnificantly increasing blood Hg
levels of 3% per day during the summer, potentialy reaching dangerous levels after the find
feather molt at 11 weeks of age.

Characterization of the risk imposed by MeHg bicavailahility in aguatic sysems to high trophic
level obligate piscivores, such as the Common Loon, indicates negative population level impacts
in Maine and New Hampshire. Although the impacts of Hg on loons are varied, complex, and
not yet fully understood, the combination of high exposure to asignificant part of the breeding



population and the “bottom-ling” impact of reducing overal reproductive success to 37%, has
crested an aguatic landscape that is not sustainable for the Common Loon in parts of the
Northeast.

Because of the loon’slife history drategy (i.e., long lived, dow maturing, and low fecundity)
continua impacts of this stressor can cause an eroson of the non-breeding or buffer population
(which serves as a naturd cushion to catastrophic events). Once this buffer population is
exhausted, the occupancy of established territories will shrink and it will be more obvious that
loon populations are declining. However, the redization of shrinking loon populations & that
stage will require drastic and potentially expensgive efforts to reverse the decline. Models based
on a 25-year, Satewide comprehensive monitoring effort in New Hampshire show
approximately haf of its buffer population has been exhausted. Certain areasin Maine, such as
the Allagash areg, dready goparently exhibit exhaustion of the buffer population and a shrinking
number of territorid pairs.

Therefore, ng and fully understanding the hazards of MeHg availability at the population
levd for the Common Loon is crucid toward its conservation, but even more notably for
congructing a Wildlife Criterion Vdue (WCV). A WCV for Hg will provide a basis for
regulations that are gppropriate for dl wildlife. By viewing the loon as one of the more sengtive
indicators of Hg risk thisWCV isrdaively encompassng. Current collections of Hg exposure
data for other species of piscivorous wildlife plus further investigations into impacts on
insectivorous birds dso contribute to thismodel. Consolidating Hg data across the Northeest,
continued refinement of modd parameters, and generating spatialy-explicit andyses (with
assisance through genetic differentiation of populations usng microsadlite techniques) will
provide higher confidence in our risk estimates, which will therefore assst in regionally-based
policy efforts aswell as nationd regulations that reflect the ecologica injury Hg is currently
having on aguatic ecosystems.

Use of Spatial Analyst for assessing Hg risk
Wing Goodale and David Evers, BioDiversity Research Indtitute, 411 U.S. Rte. One N., Suite
1, Famouth, Maine 04105

Spatid Andyd’s*Interpolate a Raster” function isa GIS toal that can be used to interpolate
between points to create a gradient map. Thistool may be appropriate to use in developing a
mercury risk map for northeastern North America. Spatid Analyst createsagrid layer from
point data, where every cdl in the grid has a specific vaue. There are three common model
types Inverse Disance Weighed (IDW), Spline, and Kriging. IDW, which averages the values
of data pointsin a specified vicinity of each cdll, ismost gppropriate to use with data that
decreases with influence as distance increases. The points are weighed based on their distance
from the center of the cell being estimated; a closer point has more influence. The Spline method
issmilar to IDW, but uses a mathematica function to smooth the grid surface. This method is
most gppropriate for data that changes smoothly such as eevation, pollution concentrations, and
water table heights. Kriging, the most complex modd type, is most gppropriate for directiond



data. Unlike IDW and Spline, which use the point value, Kriging uses the Satistica relaionship
between points with mathematica function to build a surface (ESRI’s ArcView 8.1 Help). Each
of these modd types has a number of parameters that can be changed to create different results.
Consequently, a specific objective needs to be determined before the mode is run.
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Assessing Hg and MethylHg Burdensin VT and NH L ake Sediments, Waters, and
Biota. A Regional Environmental Monitoring and Assessment Program Initiative

Nell Kamman, VT Department of Environmental Conservation, 103 S. Main St. 10N,
Waterbury, VT 05671-0408 tel: 802 241-3795 Email: nel.kamman@dtate vt.us

Celia Chen, Biology Department, Dartmouth College. Hanover, NH 03755

Dr. Charles T. Driscall, Department of Civil and Environmental Engineering, Syracuse
Univergty. 233 Hinds Hall Syracuse, NY 13244

Dr. Danid Engstrom, St. Croix Watershed Research Station, Science Museum of Minnesota
Marine on St. Croix, MN 55047

David Evers, Biodiversity Research Ingtitute. 195 Main St Fregport ME. 04032

Robert Estabrook, NH Department of Environmental Services, 6 Hazen Dr. Concord, NH.
03301
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In recent years, the biogeochemistry of mercury in north-temperate lakes has become
increasngly well understood. In Vermont and New Hampshire such research has been
undertaken on alimited scae only in the Lake Champlain Basin, and not a dl in the remainder
of the region. Thus, in 1998, USEPA funded an effort to assess totd and methylmercury
concentrations in the sediments, waters, and biota of a large spatiadly-randomized sample of
VT and NH lakes. This project is part of the EPA Regiond Environmenta Monitoring and
Assessment Program. This comparative observationd study of datisticaly and geographicaly
randomized lakes will produce data which can describe existing mercury contamination patterns
across the population of VT and NH lakes greater than 20 acresin size.

The project carries four distinct components: 1) Measurement of Hg, methylHg, and relevant
physico-chemicd parameters in epilimnetic and hypolimnetic waters, and profunda sediments,



of 90 lakes, 2) Measurement of Hg in macrozooplankton and two size classes of ydlow perch
of 45 lakes, 3) Measurement of Hg and relevant biomarkers related to Hg contamination in
loons and other piscivores, in 45 lakes, and 4) paleolimnologicd investigations of recent (<200
yBP) Hg deposition to 13 lakes across the study region.

Project data are dlowing investigators to link Hg and methylHg concentrations in the sediments,
waters, and biota, with physico-chemica condtituents known to mediate Hg methylation and
bioaccumulation, usng multivariate datistical techniques. Landscgpe-levd GIS andyses are
being used in conjunction with modding of amospheric Hg depostion, to understand
geographic variation in Hg loading, and to subsequently modd Hg bioaccumulation. The mgor
god for the study is to ascertain, for VT and NH, the physico-chemica identity(ies) of those
lakes which display devated Hg concentrations in upper trophic level biota. A pressng need
for these sudy reaults is the refinement of fish tissue consumption advisories for Hg such that
they become class or even lake specific. The dataset is aso intended to provide necessary
information to support development of VT and NH-specific mercury criteria, and to generate
basdine indicators for use in assessing the impact of anticipated reductions in Hg emissons.
Severd publications are anticipated from this project, with one (Pdeolimnology of Hg in VT and
NH lakes) dready in press with the journal Atmospheric Environment.

Mercury Studies conducted by USFWS, New England Field Office
Andrew “Drew” Mgor, U.S. Fish and Wildlife Service

1) ME Eagle Study (1991-1993): Blood and feathers from nestling bald eagles was collected
and andyzed for total mercury and organochlorines as part of aMagter’s Thess. A totd of 132
blood samples and 124 feather samples, representing 107 different nesting territories were
submitted for andyss. Results indicated elevated levels of mercury, especidly ininterior eegle
territories.

Cooperative Studies

1) Reservoir Study (1996-1998): Sediment, fish, and loon samples were collected from
reservoirs and naturd lakes (n=12) in the Androscoggin and Kennebec River drainages to
determine the impact of water leve fluctuations on bicavailability of mercury. 1996 fish samples
included wholebody composites of yelow perch, white sucker, and a species of opportunity for
each waterbody at three different length classes. 1n 1997, 20 individua yellow perch
wholebody samples were taken from the same waterbodies. All samples were andyzed for
totad mercury and a subset was anayzed for methyl mercury.

2) REMAP (1999-2000): The Service portion of the study includes perch samples from a
subset of the REMAP lakes. From 46 of the REMAP lakes, 5 yelow perch > 6" were
collected. Both fillets and offd were analyzed for total mercury. In addition, 5 individua and
one composite (n=5) samples of yellow perch < 6" were andyzed for totd and methyl mercury.



3) Southeast NH Study (2000-2001): EPA modelers have predicted that the southeastern
corner of NH receives the highest levels of atmospherically transported mercury due to
prevailing wind patterns. To investigate this, yellow perch samples in 2000 were collected on
10 lakes from SE NH usng REMAP protocols and size classes. Mercury data from common
loons had previoudy been collected (either blood or eggs) on these same lakes. 1n 2001, the
sampling expanded to 15 additiond lakes, and only ydlow perch (n=5) >6" were collected.
Anayss of the 2001 samplesis pending.



The Ontario Sport Fish Contaminant Survey
Greg Mierle, Dorset Environmnet Science Centre, Ontario Minigtry of the Environment, P.O.
Box 39, Dorset, ON, POA 1EO0 Canada

Al Hayton, Biomonitoring Section, Ontario Ministry of the Environment, 125 Resources Rd,
Rexdae, ON, M9P 3V6 Canada

The Ontario Ministry of the Environment and the Ontario Ministry of Natural Resources collect
and andyze fish across Ontario for mercury and a variety of other contaminants. The survey
has been underway since the early 1970's, and the data are used primarily to advise anglers
about safe consumption rates of fish on alake, species and size specific basis.

To date over 150,000 samples have been andlyzed for mercury from about 2300 sitesin over
1600 waterbodies. A significant fraction of the fish are from the Great Lakes, and a number are
from areas contaminated by chlor-akdi plantsin the late 1960's and early 1970's. The
mgority of samples, however, come from inland lakes and rivers across the Precambrian Shield
of Ontario. Many rivers and large lakes have been sampled at multiple Sites. The vast mgjority
of the analyses were performed on skinless, bondess, fillets, but some data are available for
other organs as wdl aswholefish.

The data are maintained in afully normalized, Oracle relationa database consisting of about 20
tables. Although considerable effort has been expended on vaidating the integrity of the data,
there is evidence that asmal, but non-trivia portion (1-5%) of the data have been
compromised in various ways, probably by data entry and data transcription errors.

The data are georeferenced to the nearest minute (very roughly 1 km). Although large lakes can
easly be crosslinked to digital map data using lake coordinates, difficulties arise with small

lakes in areas of high lake dengity (the mgority of the data). Nonetheless, by using coordinates
and waterbody name at least 85% of the Sites can be associated with adigital waterbody entity
with reasonable confidence in the link.

A number of journa and government reports have been published on the data, but thereis
renewed interest in andysis of the sportfish contaminant data. Research over the past decade
indicates that watersheds and their landscape features (e.g., wetlands) play an important rolein
formation and supply of methylmercury to lakes. Current work is focused on development of
models that reduce data complexity but maintain or even enhance the information of interest, the
level of Hg contamination in awaterbody. It ishoped that a consolidated index of
contamination will provide rlatively clear, robust means of uncovering links between geographic
attributes.



High Spatial Resolution Estimates of Hg Wet and Dry Deposition Fluxesto the
Northeastern US L andscape

Eric K. Miller, Ecosystems Research Group, Ltd., PO Box 1227, Norwich, VT 05005
Environmental Studies Program, Dartmouth College, Hanover, NH 03755

Currently, there isaneed to better predict the spatial extent and severity of Hg contamination in
higher trophic level organisms such as fish and fish-eating birds and mammas. While many
ecosystemn characteristics and processes are known to influence the accumulation of Hgin
higher trophic-level organisms, the amount of Hg transferred from the atimosphere to alake and
itswatershed are likdly significant factorsin the potentid risk to biota. Long-term spatid-
patterns of atmospheric deposition dso influence the extent of Hg accumulation in ecosystem
reservoirs such as organic soils and lake sediments. Thus, knowledge of current and previous
amaospheric depogition rates, and spatid patterns in those rates, may provide important
information for ng the persstence of risk in ecosystems exhibiting excessve upper
trophic-level Hg contamination.

We are preparing to generate the first high spatid resolution regiond estimates of totd (wet +
vapor + particle) mercury depostion to the Northeastern US landscape. Estimates will be
derived a 30-meter ground resolution, alowing the representation and assessment of the effects
at this scae of land cover, forest type, topography, and climate on Hg deposition. The complex
topography of the Northeastern US resultsin significant regiond and locd variation in wet
deposition rates of pollutants (Miller et d. 1993, Miller 2000). It iswell understood that
subgtantia variation in dry deposition velocities exists due to variations in receptor surface
characterigtics that correspond to land cover and vegetation type such as leaf areaindex, leaf
morphology, somatal response to environmenta conditions, and due to variationin loca
microclimate (Miller et d. 1993). While substantia uncertainties remain in our understanding of
Hg vapor exchange with forest and crop canopies (Schroeder and Munthe 1998), there
appears to be sufficient information on the key biologica and physical processes involved to
warrant an initial estimate dry depogtion fluxes a thistime (e.g. Lindberg et d. 1998, Reaet d.
2001).

Edtimates of the effects of gpatid variation in Hg air and precipitation concentrations will be
orders of magnitude coarser than the estimates of effects due to precipitation rate and dry
deposition velocity, due to the sparse observation network for Hg. Existing dataon totd Hg in
precipitation, suspended aerosol particles, and Hg-vapor from two monitoring networks
operating in the region (MDN and NESCAUM-REMAP) will be assmilated and gppropriately
combined for use in developing interpolated regiona concentration fields for seasona average
Hg concentrations in precipitation, suspended particles, and vapor-phase Hg in air. The spatia
resolution of Hg concentrations estimated in this way will be much coarser (10s of kilometers)
than the information used determine precipitation rates or dry deposition velocities, but
represents the best resolution given currently available sources of data. The concentration fields
will be gpplied to high-resolution estimates of deposition velocities and precipitation rates
caculated by Ecosystems Research Group, Ltd.’s High Resolution Deposition Modd (HRDM)



to yied high resolution estimates of Hg trandfer to the landscape. The HRDM will be modified
to incorporate Lindberg et d.’s (1992,1998) parameterizations of the canopy exchange of Hg
particles and vapor. The Lindberg (1992) gpproach has been successfully applied to estimation
of Hg dry-deposition to the forest a Underhill, VT. Use of the HRDM for this effort is
fecilitated by other current research projects that have contributed substantial resourcesto the
development of the required spatia data layers for atmospheric deposition modeling.

Depending on the availability of pending funding, high spatid-resolution Hg deposition estimates
for MA, VT and NH could be available by spring of 2002.
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Linking Bioaccummulated Mercury and Wildlife Population Effects
Diane Nacci and Peg Pdlletier, US EPA Atlantic Ecology Division, Narragansett, RI

This specific project was identified because it could take advantage of arich collection of data,
addressed a problem of immediate concern to the Agency, and provided afocus for the
development of approaches and tools for ng the risks of multiple stressors to populations
of wildlife, leading to the development of risk-based criteria The three mgor objectives
associated with research include: development of mechani stically-based approaches for
extrgpolating toxicologica data across wildlife species, media, and individud-level response
endpoints, development of approaches for predicting population-level responses to stressors,
and identifying the responses a the individua level that have the grestest influence on
population-level responses; development of approaches for evauating the relative risks from
chemicd and non-chemica stressors on spatialy structured wildlife populations across large
areas or regions. This demondration project focuses on issues starting with the exposure of
birds to mercury in the fish (and other dietary components) they consume, rather than focusing
on fate and bioaccumulation within the whally aguatic portion of the food web. Therefore, it will
be critica that these effortsto predict effects of mercury in piscivorous wildlife are integrated
with those to predict mercury bioaccumulation. To support research to assess effects of
mercury on wildlife populations, AED is developing a geographicaly-referenced, querigble data
base containing information on abictic, biotic mercury and associated environmenta data for the
northeast region of the US and Canada. These data have been collected by a multitude of
public and private sources, for avariety of purposes. The approaches for assembling,
accessing, and andyzing these data are based upon those used by the EPA’s Environmenta
Monitoring and Assessment Program for which data management is aso housed at AED (For
an example of this data management system, and associated data and meta-data, please see
www.epa.gov/emap/html/datal /estuary/datalcp9497/index.html). A demonstration database for
mercury in media and biota of the northeastern US and Canada has been devel oped using these
principlesis currently under evauation by AED and potentia data contributors and users.

Hg deposition in lake and peat sedimentsthrough timein eastern North America
Stephen A. Norton, Department of Geological Sciences, University of Maine, Orono, Maine
04469-5790

Approximately 30 lakes and 3 ombrogenic bogs have been cored in Maine, USA. All cores
have been dated with ?°Pb and analyzed for total Hg, water, ash concentration, and selected
other metas (differing on a case by case basis). Accumulation rates have been deconvoluted
into three components. background (pre-1880), a variable input influenced by changing
sediment accumulation rates, and anthropogenic. Ingpection indicates that the onset of the
anthropogenic component occurs (according to °Pb ages) at approximately the same time
across wide regions. Hg deposition from the atmosphere has declined over the last severa
decades, based on lake sediment and peat cores.



The gods of combining data over awide region include:
1. isolation of the influence of point-sources of Hg pollution
2. identification of watershed factors that contribute to the strength of the atmospheric
anthropogenic Sgnd (“focusing” effects)
3. identification of watershed factorsthat delay recovery of the anthropogenic sgnd to
pre-industria conditions (catchment-related lag effects)
4. deveopment of maps of inferred atmaospheric deposition of Hg through time

Data requirements for interpretation of lake sediment include dated cores, concentration of
H,0, organic matter, and total Hg (or dry density and Hg concentration). | sotopic anayses of
Hg would be wonderful but generdly are not avallable.

Data requirements for pest cores include dated cores, density of peat, and concentration of total
Hg. Isotopic andlyses of Hg would be wonderful but generally are not available.

Using crayfish asrelatively non-mobile indicator s of M eHg bioavailability

Chris Pennuto, Environmenta Sciences Department, Univerdty of Southern Maine, Gorham,
Maine and David Evers, BioDiversity Research Indtitute, 411 U.S. Rt. 1, North, Suite 1,
Falmouth, Maine 04105

The Northern crayfish (Orconectes virilis) is one of the most common crayfish in New England
and is an important food item for many organismsincluding large piscivorous fishes and birds
and ahogt of aguatic-foraging mammals. Thus, it represents an important trophic link between
benthic and water-column food webs in lakes and streams.  In addition, crayfish are rdatively
long-lived (2-3 years for most species), they exhibit high ste fiddity with small home ranges
(thus do not disperse as widdly asfish), they are intimately associated with the subdtrate, they
function at multiple trophic levels smultaneoudy, and are known to accumulate Hg. Based on
these characterigtics, crayfish have been suggested as excellent indicator species for mercury
bioavailability sudies.

We surveyed Hg content in the northern crayfish from 15 stes in New Hampshire and Vermont
in summer 2000. Our database includes gpproximately 150 animals from multiple habitat types
(i.e., rivers, reservoirs, ponds, and brooks). We have another 150 animals collected from
Maine stesthat have yet to be andyzed. In this study, we were interested in comparing the Hg
content of crayfish from different habitat typesin alocalized region to reduce geologic and
atmospheric differences. We dso wanted to determine whether weight/length relationships
were condstent enough among different habitat typesto dlow prediction of Hg content.

There was a sgnificant relationship between crayfish Sze (as measured either by wet weight or
totd length) and abdomina muscle Hg content. Larger crayfish had higher

Hg content than smdl crayfish. There was dso asgnificant difference in the Sze of crayfish
captured from the different sampling sites (ANOVA results: Length, Fi210; = 5.83, P << 0.001;
Weight, Fi» 101 = 5.68, P << 0.001). Regression andyses suggest that weight explained most of



the variation in Hg content across dl sites and that site contributed dmost no explanatory
information for Hg content when al sites were combined. However, habitat type provided
ggnificant information when siteswere grouped. Crayfish from big river and brook sites had the
highest Hg content while pond crayfish had the lowest. Animas from reservoirs were
intermediate.

Because of the 9ze differences among sSites, and the sze/Hg rationship, we standardized dl Hg
datato tall length. There were significant differences among the sampling Stesin mercury
content per cm of tall length (ppm/cm or ug/g/lcm: ANOVA: Fiz 101 = 9.84, P << 0.001), but
the ranking of stes changed. A re-examination of the length/weight data revedled that crayfish
from al Stes but one grew a the same rate, diminating growth patterns as the factor causng Hg
differences. We suspect that trophic position within sites might help explain Hg content in
crayfish. We expect reservoir and pond populations to function lower on the trophic scde(i.e.,
primarily herbivorous) as macrophytes are more abundant in these habitats and potentidly,
predation is higher. We expect brook and river populations to forage trophically higher as
predation risk may be lower and macrophytes are less abundant.

Common Loons. along-term mortality dataset

Mark Pokras, Flo Tseng, Victoria Chow, and Deborah Brady Tufts University School of
Veterinary Medicine, 200 Westboro Rd. N. Grafton, MA 01536 —1895, tel: 508-839 7918,
fax: 508-839-7930, email: mark.pokras@.tufts.edu

From 1988-2001, 600 common loons found dead or moribund have been examined as part of
aNew England-wide mortaity study. Results confirm that much summer loon mortdity is due
directly or indirectly to human activities on breeding lakes. Mgor findings included numerous
desths from trauma, fishing gear, and fungd respiratory disease (aspergilloss). Entanglement in
monofilament plagtics and heavy metd toxicos from ingested Snkers and jigs accounted for
over 50% of observed adult mortdlity.

As part of this sudy, tissue mercury (primarily liver) has been measured in the mgority of birds.
A subsample (~ 100) has dso had kidney, brain and other tissues analyzed for mercury. In
generd, our studies have measured total mercury, but one group of samples (~60) was andyzed
for the presence of multiple forms of organic and inorganic mercury. Methyl mercury was found
to be by far the dominant form of organic mercury present. There was no sgnificant correlation
found between the levels of totd mercury and methyl mercury found in liver tissues. Although
datistica anayses are not complete, we can say with some assurance that thereisaso no
correlation between the presence of eevated liver mercury and fungal respiratory disease.



Compilation of data for a Gl S-Based Regresson Model to Predict Risk of Mercury
Contamination in Fish Tissuein New England

Keith Robinson, US Geologica Survey, 361 Commerce Way, Pembroke NH 03275, 603-
226-7809, kwrobins@usgs.gov and Dr. Alison Simcox, US Environmenta Protection Agency,
1 Congress St. CWQ, Boston MA 02114-2023, 617-918-1684, simcox.alison@epa.gov

Elevated mercury (Hg) burden in freshwater fish tissue has resulted in fish consumption
advisories and concerns about the hedlth of aquatic fish communities throughout New England.
The US Environmenta Protection Agency (USEPA), US Geologica Survey (USGS) and the
New England Interstate Water Pollution Control Commission (NEIWPCC) areinitiating a New
England-wide study to develop aregiond GIS-based regresson modd for mercury (Hg) in fish
tissue. The proposed modd will utilize experience and information currently being gained in the
development of ajoint USGS'USEPA/NEIWPCC New England regiona nutrient SPARROW
(Spatially Referenced Regressions on Watershed Attributes) moded. The proposed Hg model
would be usad to identify factors contributing to high levels of Hg in fish throughout New
England and to predict the risk of mercury contamination. The underlying assumption for
development of the Hg modd isthat some degree of variability in the fish tissue detafor a
particular species and tissue type can be explained with a combination of data describing
physica watershed features and anthropogenic Hg sources. USEPA and NEIWPCC hope that
the modd will: (1) Assst in understanding factors that contribute to environmenta risks from Hg
(e.g., @amospheric depogition patterns, basic water chemistry, stream dendity, watershed Size,
specific land uses, presence/absence of wetlands, etc. that may result in evated mercury levels
infish tissue); (2) Aid in prioritizing USEPA efforts to reduce hedth risks associated with Hg in
New England; (3) Help target collection of fish tissue to water bodies more likely to have
contaminated fish; and (4) Provides information for the development of aregiond Hg Totd
Maximum Daily Load (TMDL), including information about sources of Hg, the rdative
magnitude of loading from sources, and potentid actions for attaining water-quality sandards.

Work to be conducted in 2002 includes compilation of dependent variable (Hg in fish tissue)
and independent variable (watershed features, Hg inputs and sources, and water-quaity data
for water bodies where fish tissue has been analyzed) data needed for the model. Existing New
England Hg fish tissue concentration data includes USEPA's Nationa Survey of Mercury
Concentrations in Fish (1990-1995) data base, state data bases and files, US Fish and Wildlife
Service data, USGS National Water-Quality Assessment Program (NAWQA) data, and other
gpecid sudiesin theregion. In addition, ancillary data associated with the tissue datawill be
gathered where available. Thisincludes data on sampling locations and dates, fish species, tissue
type, fish Sze and age, and water body type (i.e., lakes and streams).

Datafor the independent or predictor mode variables will include: (1) Point source releases of
Hg (such aslocation and Hg release amounts) from USEPA and other data sources; (2) Hg
atmospheric-deposgition patterns for New England from the National Atmospheric Deposition
Monitoring Network program; (3) Water-quality features (water pH, color, and akalinity) of
water bodies with Hg tissue data; and (4) Watershed features generated from the New England



nutrient SPARROW model, such as land use, population, presence of municipa and industria
wastewater point sources, wetlands, soils, stream networks, streamflow and watershed
boundaries.

All data compiled and generated viarthis project will be maintained in data management systems
that will dlow linkage to GIS. The dependent varidble datawill be sored initidly in ACCESS
or SAS. The explanatory datawill be maintained in ARC/INFO format.

Biotic mercury information in New York
Nina Schoch, Adirondack Cooperative Loon Program

The Adirondack Cooperative Loon Program (ACLP) is a cooperative research and education
project studying the natura history of the Common Loon (Gavia immer) and the effects of
contaminants and human interactions on loon populations in the Adirondack Park of New Y ork
State. The ACLP wasinitiated in the spring of 2001 to further expand the contaminant research
project conducted by BioDiversity Research Ingtitute and the Northeast Loon Study
Workgroup in the Adirondack Park from 1998-2000. The ACLP is a partnership of the
Wildlife Conservation Society, the Natural History Museum of the Adirondacks, the NY S
Dept. of Environmenta Conservation, BioDiversity Research Ingtitute, and the Audubon
Society of New York, Inc.

The Adirondack Cooperative Loon Program monitors the return rate and reproductive success
of loons color-banded as part of the contaminant research. Contaminant sampling and banding
of loons has continued in coordination with BioDiveraty Research Inditute. An index of

the summer loon population in the Adirondack Park is obtained through an annua loon

census. Education programs have been developed, including a citizen science website, school
"Loon Scientist” programs, and presentations about loon natura history, contaminants, and
human interactions with loons. The work of the ACLP is coordinated with other research
projects studying loons and water quaity throughout New Y ork State and North America



Environmental mercury studiesin northern Vermont
Jamie Shanley, U.S. Geologicd Survey

Since the early 1990s the USGS in Montpelier has collaborated with the University of Vermont
and Univergty of Michigan on various Hg sudiesin the Lake Champlain basin. Most studies
have focused on total Hg dynamics in an 11-ha forested watershed, though we have data from
~20 different streams. Sampling has focused on high-flow periods — snowmelt, summer
thunderstorms, fal hurricanes. Totd Hg in this catchment ranges from <2 ng/L at baseflow to 80
ng/L a peak. More limited sampling in larger streams (mixed land use) and agriculturd streams
has shown smilar dynamics, from ~2 up to 50 ng/L. Dissolved Hg tends to range only from 2 to
about 5 ng/L. Other collaborations with this group include Hg in dry deposition and Hg in soil
water.

InaUSGS- funded effort, we sampled for Hg during the 6-week snowmelt period in both
2000 and 2001 at Sleepers River Watershed in northeastern Vermont. In 2000 we collected 60
samples from 10 streamsin watersheds of different size and land use. Hg ranged from <1 to
~15 ng/L (total) and <1 to ~4 ng/L (dissolved). We had strong correl ations between HgD and
DOC, and between HgT and TOC, even when samples were pooled across sites. In 2001 we
took 70 samplesin 3 of the 10 streams for closer study of the tempora dynamics. For about
20% of the samples we also andyzed for MeHg.

We recently started anew study on Hg and MeHg movement in the Lake Champlain. Basin.
We spent the firgt year collecting samplesin the mgor inlets and the outlet during high-flow and
low-flow, as well as some in-lake samples and some stream sediments. We will use these data
in conjunction with land use data to chose 3 sites for intensve sampling (30-50 samples per

year per site).

To summarize our findings from the various sudies: (1) Dry deposition accounts for as much as
80% of Hg depostion; (2) Less than 10% of Hg deposited to upland environments is exported
in sreamwater; (3) Dissolved Hg, in association with DOC, contributes arather steady flux but
asmdl part of the annua load; (4) Particulate Hg, in association with POC, contributes most of
the annud Hg load, primarily in alimited number of episodes.

Mercury Analysis—Overview and L aboratory Per spectives

Robert J. Taylor, Trace Element Research Laboratory, VAPH, College of Veterinary
Medicine, Texas A&M University, College Station, TX 77843; phone 979-845-1568; e-mall
rtayl or@cvm.tamu.edu

Laboratory folks sometimes fed that people submitting samples for andys's consder “the lab”
to be a black box into which samples flow and from which data trickles. This presentation will
attempt to make the box tranducent, if not trangparent. Current methods for determining Hg
and MeHg in water, sediments, tissues, and ar will be outlined and laboratory “chalenges’ will
be discussed (i.e., speciation, homogenization, andyss of smdl samples). We have recently



examined the digribution of Hg within individud loon feethers and across the body of a sngle
loon. These results and their implications for monitoring and research studies will be discussed.

New England Ambient Mercury Monitoring Network
Alan VanArsdade, U.S. Environmenta Protection Agency

The New England ambient mercury monitoring network is a hybrid/nested network composed
of routine weekly and event based mercury monitoring Stes. The oldest Site, Underhill (VT),
has the longest uninterupted preci pitation event monitoring history in theworld. This Site, which
began making mercury measurementsin 1992, has dso collected dementd gas phase and
particlulate mercury to support efforts to understand total mercury deposition studiesin the
Lake Champlain watershed. 1n 1995 the first New England Mercury Deposition Network
(MDN) site was established by the Nationa Park Service within the Acadia Nationa Park
(ME). Subsequently, five additiond MDN sites have been deployed as part of a gtate and
federa collaborative effort to characterize spacid and tempora patterns of mercury in
precipitation. These sites have been established and supported by the Nationa Etuary Program
(NEP), the Regiona Applied Research Effort (RARE), and New Hampshire and Maine date
agency inititigtives. Six MDN sites continue to collect precipitation samplesin Maine and New
Hampshire. 1n 1997, Regiond Environmenta Monitoring and Assessment Program (REMAP)
funds were used to support existing sites and to deploy two additiond precipitation event and
gaseous/particulate monitoring sites (East Providence (RI) and Quabbin Reservoir (MA)).
These two sites and the Underhill (VT) Site were designed to measure gassous mercury aong
with trace e ements (including mercury) in event-precipitation and on particles. Measurements
at the Massachusetts and Rhode Idand sites ceased in 1999. The speciation data collected at
these three Sites (1997-1999) are undergiong analyses by the University of Michigan to
determine the relative strengths of locd, regional, and multi-regiona mercury sources/source
regions. In 2001, nine precipitation event monitoring Sites were deployed to determine the
influence of local emisson sources (municipa waste combustors, medicd waste combusters, ail
and cod fired power plants, and area sources) aong the centra New England coast and the
Lower Merrimack River Vdley. Three Stes are funded by Massachusetts, with the remaining
sx Stes supported by additional REMAP funds. A total of 20 event samples were collected at
each dte within this nested dense coastal network during the summer and fall of 2001.
Chemica andyss of these samples will be complested by the University of Michigan by the end
of 2001. Data anaysiswill proceed the chemical andyss.



Measurements of Elemental Mercury Flux From a Tidal Estuary During Spring and
Summer Conditions.
Alan VanArsdae, USEPA, Byard Moshur, Lakeshore Consulting, and Steve Jones, UNH-JEL

One of the most important questions concerning mercury pollution and long-term depuration of
contaminated ecosystemsis. What is the role and magnitude of mercury evasion from
anthropogenic or natural sources? Recent measurements of mercury flux from avariety of
terrestrid and aguatic environments indicate that re-emission of mercury and natural emissons
of mercury may be significant contributors to loca, continenta and globa mercury cycles.
Measurements of mercury flux, in avariety of environments have shown that seasona emissons
of mercury rivaed those of totd mercury deposition and that mercury emissions from both
freshwater aquatic systems and terrestrial landscapes vary considerably, with dependence on
meteorologica conditions.

This research measured air-water and air-mud exchanges of mercury during severd tida cycles
within aNew England tiddl estuary. Flux measurements were made during spring and summer
months The measurements were made using flux chamber methods in a small cove located next
to the UNH Jackson Estuary Laboratory (JEL). A floatable dynamic flux chamber, capable of
risng and faling with the tidal cyde, was congtructed to sample mercury flux off tidd mud and
estuary water. Ambient and within chamber measurements of demental mercury were made by
pulling air samplesinto adua channel Tekran mercury andyzer. Solar and tidal conditions,
ambient air and water temperature dl contributed to changes in mercury flux during the
experiments. The highest demental mercury flux measurements were recorded during the day
when the tide was highest and solar radiation was greatest. Elementa flux measurements during
the two measurement periods were not significantly different.



