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 TC"ABSTRACT"/l1 ABSTRACT

The objective of this study was to determine the feasibility of using isotope geochronological techniques to establish the recent history of mercury additions to a lake in a region of the Commonwealth of Massachusetts predicted to have regionally high mercury deposition and documented to have high fish tissue mercury concentrations.  A sediment core was obtained by box corer from Lake Cochichewick in North Andover, MA.  This glacial lake of approximately 600 acres was known to have relatively high concentrations of mercury in the edible tissues of the fish and is also located in relatively close proximity to several commercial waste combustion facilities.  

Historical mercury deposition was determined using mass accumulation rates determined by isotope geochronology and mercury concentrations down the length of the core. Cores were sectioned and analyzed at 1 cm intervals.  Radioactivity counts for 210Pb and 137Cs were performed for each core section.  Total mercury, lead, cadmium, zinc, copper, arsenic, tin, aluminum and iron concentrations were determined in each core section.  Mercury deposition rates versus depth and date were determined.  

Mercury inputs to the lake started to increase in comparison to the rates from another rural lake without obvious local mercury sources in Massachusetts towards the end of World War I (1918).  Rates continued to accelerate through the twentieth century with most recent rates approaching 90 ug/m2/yr: consistent with model predicted atmospheric deposition rate for mercury in the study area.  The pre-Industrial Revolution mercury deposition rate to the lake was around 13 ug/m2/yr.  The highest increase in mercury deposition rate between core sections was for the period between 1990 and 1996, shortly after the construction of the incinerators in the 1980s near Lake Cochichewick.  Whether this jump in Hg flux was wholly in response to the emissions from these incinerators cannot be conclusively defined by the limited data here but does argue for closer scrutiny of the importance of these and possibly other local and regional sources.  Ancillary metals deposition chronologies generally supported the picture for mercury along with providing expected temporal markers in the core of known events specific to some metals (e.g., deleading gasoline).  

1.0  Introduction TC"1.0 Introduction"/l1 
Anthropogenic mobilization of mercury on a global basis has dramatically altered the natural cycling of this metal and greatly enhanced fluxes and concentrations of this metal in the ecosystem.  Because of the well-known impact of mercury on human health and the enhanced exposure to this metal resulting from anthropogenic mobilization, there is a need to better understand the physical, chemical, and biological processes affecting the speciation, concentration, transport and fate of mercury in the environment.  Mercury contamination in the state of Massachusetts has resulted in unacceptable levels of mercury (as methylmercury) in some species of edible freshwater and coastal fish and shellfish resulting in public warnings to sensitive segments of the public regarding the ingestion of these foods (Rose et al., 1999, Wallace et al., 1988).

Factors leading to the production and accumulation of mercury in edible fish, primarily as methylmercury, are not well understood.  Currently there is an inability to explain the significant variability in concentration of total mercury, mostly of which is present as methylmercury, in fish of the same species collected from different waterbodies, even within a regional context in the state. One of the impediments inhibiting our ability to explain mercury body burdens is the less than complete knowledge of the processes that control the production and bioavailability of methylmercury in the environment.  Until these processes are better understood, explanation and prediction of body burdens in edible fish will remain an elusive target.

The production of methyl mercury in the environment has and continues to be extensively studied.  Both abiotic and biological mechanisms have been identified as potential sources of organomercury although most agree that microbiological processes are most prevalent.  Formation of methylmercury is a detoxification mechanism used by bacteria to ameliorate the effects of mercury (ultimately dependent on its free metal ion activity) to which the organisms are exposed.  Direct effects of inorganic mercury are rare as the mediating affect of dissolved and colloidal organic matter and sulfide and other inorganic ligands in most systems act as strong metal-ion buffering systems to keep the free metal ion activity of mercury at extremely low levels.  However, in ecosystems experiencing increased mobilization of this element, concurrent production rates of methylmercury can be anticipated.  Because of the increased production and exposure to this readily bioaccumulated organometal, elevated concentrations in organisms are a probable outcome.  The exact mechanisms leading to these elevated levels in specific organisms are expected to be quite complex.  They are the product of increased exposure, intense biogeochemical cycling controlled by numerous variables on time scales varying from seconds to decades, and biochemical and physiological variables associated with individual species as well as complex ecosystem interactions within the ecosystem in which the species exists.  For example, recent research has indicated that the concentration of HgS0 may be the controlling bioavailable form that determines bacterial methylmecury production rates in aquatic systems (Benoit et al., 1999).  Thus the production and exposure of aquatic organisms in an ecosystem can be expected to be a complex function of the biogeochemistry of mercury, dissolved organic matter and sulfur and controlling speciation variables such as pH and the total concentration of mercury in the system.  The introduction of mercury (total as well as organomercury) from a system’s watershed is also a potentially important variable (Babiarz et al., 1998) as are the dynamic conditions in sedimentary compartments of the system (Krabbenhoft et al., 1998).

It is logical to ask to what extent differences in mercury fluxes to an ecosystem (in this case surface water bodies in Massachusetts) can help explain differences in mercury (methylmercury) concentrations in the fish residing in these systems.  Assessments of fluxes to such systems are difficult as there are numerous sources controlling the overall flux.  Atmospheric fluxes are known to be important, as the anthropogenic mobilization of mercury via atmospheric emissions has been well documented as a major source.  However emission and deposition rates of mercury can be quite variable with depositional rates of mercury in a local region dependent on both distant and local emission sources and regional and local atmospheric transport (Smith and Rowan-West, 1996; EPA, 1997).  Most of the supply of mercury to freshwater systems is thought to be derived from atmospheric input because the retention of mercury in most watersheds surrounding such systems is extremely efficient (>90% retention).

Once introduced into surface waters, mercury is rapidly scavenged to the sediments where it is either retained or remobilized, in part as methylmercury, by biogeochemical processes as discussed above.  Ultimately the majority of the mercury entering the system is buried within the sediments of the system and remains essentially immobilized within the sediment column.  Thus the accumulating sediments preserve a record of the flux of mercury over time provided the sediments remain undisturbed by either natural or anthropogenic forces.  The application of isotope geochronology techniques to determine sediment accumulation rates and concurrent measurement of core profiles of contaminants have provided a powerful tool to determine contaminant fluxes to both freshwater and marine systems.   Such techniques are particularly attractive compared to the alternative of assessing inputs by extensive and costly monitoring approaches.  By comparing mass flux rates of mercury to different lakes and ponds it may be possible to better understand both local and regional heterogeneity of primarily atmospheric mercury fluxes to such systems and determine the linkage, if any, to local and regional heterogeneity in fish body burdens of mercury.  The information provided by this approach can be used to both validate atmospheric models predicting mercury transport and deposition as well as contributing to the primary goal of understanding the environmental variables influencing methylmercury concentrations in tissues of fish and other organisms using these ecosystems.

The specific goal of this study is to determine the feasibility of using the above isotope geochronological techniques to establish the recent (100 year) history of anthropogenic mercury additions of mercury to fresh water lakes in the Commonwealth.  Specifically we have used both 210Pb and 137Cs geochronology to date a selected core taken from Lake Cochichewick in North Andover, Massachusetts, known to have relatively high mercury concentration in fish resident in the lake.  Historical changes in mercury contamination of the lake were determined using the mass accumulation rates determined by isotope geochronology and measurement of mercury concentrations downcore.  

The Massachusetts Department of Environmental Protection identified Lake Cochichewick, a lake of about 600 acres in the watershed of the Merrimack River, to be the focus of this study.  The lake is in North Andover, an urbanized region of northeastern Massachusetts and is immediately surrounded by a mixture of wooded and residential housing areas. It is adjacent to several nearby high-temperature sources of mercury emission to the atmosphere (Smith and Rowan-West, 1996) and is currently on the Massachusetts Department of Public Health’s Freshwater Fish Consumption Advisory List for mercury contamination of Largemouth Bass in the lake.   Parts of the lake’s shoreline have roads along its perimeter with the probability of road surface runoff entering the lake directly.  It is in a region of the northeast that has been identified to have model-predicted elevated atmospheric deposition rates of mercury in excess of 100 ug/m2/y (Northeast States/Eastern Canadian Provinces, 1998).   

Lake Cochichewick
Lake Cochichewick is a glacial lake formed between kames (glacial deposits of unstratified drift), one of which partially blocks the natural outlet of the lake.  The maximum depth of the lake is 15m (45 feet), and the present surface area of the lake is 2.21 km2 (564 acres).  The watershed of Lake Cochichewick is about 14 km2 (5.5 square miles) of forested or residential land.  Also known as “The Great Pond”, the Indian name Cochichewick means “Place of the Great Cascades” and was an area utilized by the Penacook Indians and other tribes as they moved up and down the Merrimack River with the seasons.
As early as 1671 the lake provided essential waterpower to the local manufacturing mills located along Cochichewick Brook.  In the early 1800’s the lake was dammed and then enlarged to almost twice its original surface area in order to increase storage to supply more water and power for the once prominent textile industry. The first major dam was built in 1830 across the narrows near where the Water Treatment Plant now stands.  Figure 1 is a map of Lake Cochichewick drawn prior to 1880 by the glacial geologist George Frederick Wright. The present dam located at the outflow of the lake, called the Hatch, was built in 1865. 

Since the late 1800’s North Andover’s main supply of drinking water has come from Lake Cochichewick. The lake was expanded once again in 1898 to meet the water needs of North Andover, raising the lake to its present mean high water level of 34.6 m (113.67 feet) above sea level.   Figure 2 is a turn-of-the-century photograph showing the expanded area of the reservoir after the removal of plants and soil, but before the area was flooded.

A significant period in the history of the airshed of Lake Cochichewick is the time of construction of the mills in Lowell and the damming of the Merrimack, which began in the 1820’s.  In 1853 the city of Lawrence was incorporated.  The founding fathers of Lawrence envisioned the new city as the archetypal city of the industrial revolution, which sustained hundreds of smokestacks.  

More recently three municipal waste incinerators and one medical waste incinerator were erected in the airshed of Lake Cochichewick in the 1980’s.  The Ogden Mills, Lawrence incinerator was constructed in 1980, the NESWC, North Andover incinerator in 1985, and the Ogden Mills, Haverhill incinerator in 1989.  An aerial photograph (Figure 3) shows the proximity of one of the incinerators to the Lake.
In August 1992, the North Andover water utility observed high turbidity, color, taste and odor problems in Lake Cochichewick. Analysis of the lake water indicated the presence of the blue green algae species Aphanizomenon. Algae counts in excess of 500,000 per milliliter of water were measured. Aphanizomenon species are capable of producing toxins that attack the liver and nervous system. In the spring of 1993, the utility tried to treat the problem with copper sulfate, but exacerbated the problem by releasing intracellular nutrients that fed the algae bloom. 

In August 1993 the water utility initiated a monitoring program of the lake and its tributaries to identify the sources of nutrients causing and sustaining the algal bloom. The monitoring data pointed to an external source of phosphorous.  A Watershed Council was formed, whose role is to identify sources contributing to nutrient levels in the watershed and to recommend actions to control the sources. One of the main successes of the Council in controlling sources of nutrients in the watershed has been the development of a Watershed Protection District. This overlay district establishes land use restrictions in the critical watershed area of Lake Cochichewick and its tributaries. 

The overlay district is broken down into four separate zones. Each zone protects a different area of the watershed and has different land use restrictions. Within Zone 1, uses are prohibited and performance standards are identified for all construction. In Zone 2, or the no-discharge zone, all discharges require permitting and the use of fertilizers, pesticides and herbicides is prohibited. Within Zone 3, or the no-disturbance buffer zone, permitting is required for new construction, grading, vegetation removal and surface or subsurface discharges. Also prohibited in this zone are expansions of existing buildings and the use of pesticides, herbicides or any fertilizers. Zone 4, or the conservation Zone, is totally protected and is accessed for water supply-related matters and fire-fighting purposes only.

 TC "2.0  METHODS"/l1 2.0  METHODS

2.1  Sample Collection TC:2.1  Sample Collection"/l2   TC"2.1  Sample Collection"/l2 
Two cores were taken on May 2, 2001 from Lake Cochichewick, with assistance of Normandeau Associates, using coring techniques known to preserve the surface structure of the core.  They were taken from the deeper regions of the lake at a location shown in Figure 4.  Locations and core observations are given in Table 1.   Coring was accomplished from a small boat using a hand-deployed 15x15 cm box corer patterned after a Soutar corer.  After penetration, a lid capping the top of the corer is activated and the corer brought to the surface with minimal disturbance of the surface layers of the core.  Once on board, any surface water remaining on top of the cores was carefully removed using a siphon, the core placed in a cooler with ice and then returned to the lab for sectioning.  All cores were kept vertical during collection and transport to the laboratory.  The cores were stored overnight in a cold room (40C).

2.2. Sample Processing TC"2.2  Sample Processing"/l2 
Both cores were considered datable based on the depth of penetration, degree of disturbance during collection, appropriate grain size and texture, and the absence of any benthic organisms.  The top 2 cm were non-cohesive and of high porosity.  There was no obvious evidence (odor, color change) of a change in redox conditions with depth in either core and both lacked the presence of an obvious oxic layer.  The sediment was uniform in color (dark gray) and texture below the unconsolidated surface layer.  Small leaves were observed in the 7-10 cm depth sections.

Our initial intent was to section the upper 10 cm of the core at 0.5 cm layers but time constraints on the duration of the project (limiting the time available for radioisotope counting, each sample requires 2-5 days counting time) and to a lesser extent, the porous nature of the surface layers dictated sectioning at 1 cm intervals.  The cores were sectioned the next day using a custom designed extruding apparatus to section the core at 1 cm intervals.  

The extruder jammed during sectioning of the first core and prohibited sectioning of this core below the first two centimeters.  Core #2 was then sectioned at 1 cm intervals except for the 0-2 cm interval, which was collected as one sample.  Agreement in property concentrations between the mean of the 0-1 and 1-2 cm sections from the first core and the 0-2 cm section of the second core was excellent as documented later in this report (Appendix II).

Each Core section was homogenized before drying using non-metallic trace-metal-clean implements in plastic jars and weighed.  Approximately 100 g wet weight of the homogenized wet sample was placed in Teflon lined cans and counted directly using two different low-level intrinsic Ge detectors.  The remainder of the homogenate from each section was dried at room temperature in a Class 100 Clean Bench to constant weight and used for chemical analysis and determination of water content.  Separate subsamples were to be provided to a DEP designated laboratory for methylmercury analysis but no such designation had occurred by the time of sampling due to the short duration of the project.  (Methylmercury samples can be stored for only short lengths of time and should be analyzed promptly.)

2.3 Radioisotopes TC"2.3  Radioisotopes"/l2 
All samples were counted for sufficient time to acquire net counts of at least 1000 for the 210Pb (46 keV (, t1/2 = 22.26 y) isotope.  Samples were counted using one of two planar intrinsic Ge detectors, either a Canberra GL2020R or Canberra Be5030.  137Cs (662 keV (, t1/2 = 30.2 y) data were also used to assist in the dating analysis.  Sufficient counts for determining 7Be (477.6 keV (, t1/2 = 53.3 d) concentrations were not obtained.   Counts were recorded using a Genie 2000 MCA and software.  Excess 210Pb was determined by correction using supported 210Pb counts averaged over the 23-30 cm depth intervals (0.0604 ( 0.0016 Bq/g dry weight).  All sample counts were appropriately corrected for background and efficiencies established using certified reference standards. Counter efficiencies were determined by counting an interlaboratory standard (“D” Standard) provided by the Lamont Doherty Earth Observatory’s Isotope Research lab and with NBS river sediment standard 4350b.  All standards and samples have been decayed corrected to the median date of counting. The “D” standard was made by combining Hudson River surface sediment with NBS river sediment standard 4350b and conducting counts over time. 

2.4  Metals TC"2.4  Metals"/l2 
Samples for mercury and ancillary metal analysis of the dried sediment obtained for each core section were prepared using a microwave-assisted digestion technique (Wallace et al., 1991) validated using appropriate reference standards.  Briefly, 200 mg samples are weighed into Teflon digestion vessels and 5 mls of aqua regia prepared using reagent grade HNO3 and HCL acids and 2 mls of trace metal grade HF.  Samples are placed in polycarbonate microwave transparent digestion vessels and irradiated at full power for 4.5 minutes.  Samples were cooled and quantitatively transferred and diluted to 100 mls with a 1.5% Optima® grade boric acid solution.  Samples were further diluted as necessary with quartz-sub-boiling distilled water being careful to matrix-match standards for the dilutions analyzed.  Blanks and samples of a certified sediment reference sample, PACS-1 (NRC, Canada), were processed concurrently to confirm completion of digestion and validate performance (Appendix I).

The digestate was analyzed for mercury using a CETAC Model 6000A Mercury analyzer with a detection limit of 1 ng/l in the final digestate using a method quite similar to method EPA Method 245.5.  Blanks were run at a frequency equal to 10% of the samples analyzed.  Standards were run every five samples throughout the cold-vapor analytical run.  Additional metals were determined using a Perkin Elmer ELAN 6100 DRC ICP-MS.  Metals thought to be useful in further delineating temporal trends in the core (e.g. Pb, Al) were quantified using ICP-MS using standard comparator methods and validated by analysis of procedural blanks and the standard reference material PACS-1 (NRC, Canada) digests.  Completeness of digestion was also verified by redigestion and analysis of a subset of the original samples.  This was used to verify that any observable residue left behind after initial sample digestion did not contain significant concentrations of metal.  

Organic C and N were determined using a Perkin Elmer 2400 CHN Analyzer calibrated using acetanilide as described in Wallace et al. (1991).  Briefly, approximately 20 mg samples of sediment were analyzed after exposure to HCL vapors to remove any inorganic carbonates.

QA/QC data for each of the variables measured are given in Appendix I.

 TC "3.0 RESULTS and DISCUSSION"/l1 3.0  RESULTS AND DISCUSSION  

3.1 Geochronology TC"3.1  Geochronology" 
The profile of total 210Pb over the entire length of the core is given in Figure 5.

Mass accumulation rates in the sediment core were determined using a CF:CS (Constant Flux: Constant Sedimentation) model (Appleby and Oldfield, 1992).  Figure 6 shows the portion of the core over which 210Pb geochronology was applied.  Generally this represents a time interval equivalent to a period of 5 half-lives of the tracer being used to establish the geochronology, in this case a little over 100 years for 210Pb.

Radioisotope data used to generate Figures 5 and 6 are provided in Table 2.  Based on these data and regression of 210Pb against cumulative mass, a mass sedimentation rate of 15.7 ( 0.8 mg/cm2/y was determined.  Data for 137Cs are shown in Figure 7 along with estimated dates for the profile determined from the 210Pb regression.   These data support the 210Pb geochronology as the peak, although diffuse, in 137Cs occurs very close to the date of maximum release of 137Cs from nuclear testing that occurred in 1963.   The occurrence of 137Cs below the date of first release in 1954 and above the maximum reflects the well-known mobility of this radioisotope in sediments and possible continued input of bomb-related 137Cs from the lake’s watershed.

The 210Pb inventory for this core is 5774 Bq /m2, in excellent agreement with the regional mean of 5700 Bq/m 2 reported by Appleby and Oldfield (1992), and indicates the absence of significant sediment focusing at this coring location.  In total the radioisotope data support the conclusion that the core represents a steady state sedimentation rate, at least over the last 100 years, and perhaps longer.  The mass accumulation rate established for this core allows calculation of the flux of mercury and other metals to the sediments over this time period.

3.2  General Core Properties TC"3.2  General Core Properties"/l2 
Agreement between the average concentrations of the 0 -1 and 1 - 2 cm sections of core 1 and the concentrations in the 0 - 2 cm section of core 2 for all variables measured was excellent (Appendix II). Thus combination of the data for the upper two sections of core 1 with the remainder of the sections of core 2 seemed justified.  CHN analysis of organic carbon and nitrogen in the 1 -2 cm section of the first core sample was inadvertently omitted and therefore a comparison could not be made for these parameters.  

Organic carbon and organic nitrogen composition and the dry weight fraction of the core sections are given in Table 3. The high organic matter content in the 0 -1 cm section from core 1 is typical for the high porosity, organic rich surface layer of sediments.  Plots of organic carbon and the fraction dry weight (a surrogate for porosity) properties of the core are shown in Figure 8.  There is a distinct change in both parameters down-core.  An increase in dry weight fraction between cumulative masses of 2.66 and 1.97 is coincident with a decrease in organic content of the core and is estimated to have occurred in the late 1800s If we speculate that deposition rates were relatively constant over the time period prior to the 210Pb-dateable section of the core.  This is consistent with the time when the Lake area was expanded for subsequent use as a drinking water supply reservoir (see above).  The changes are distinct and reflect a change in the nature of the material being deposited during this period.  The concentration and accumulation of Al, a useful marker of the inorganic detrital fraction such as clay minerals in sediments, also increased during this time and has remained at about of factor of two higher than concentrations, and perhaps accumulation rates, observed in the earlier sections of the core. 

The increase in organic matter composition of sediments and decrease in fraction dry weight in the last 40 years may be due to either diagenesis of organic matter and to a lesser extent compaction, respectively, or alternatively, may reflect changes in organic production rates in the lake (see above) and/or changes in land use in the watershed. This is the same region where small leaves were observed in the sediment sections (7 -10 cm, 0.91 -1.21 g/cm2 cumulative mass) as noted earlier.  Further speculation concerning these changes in sediment properties is not warranted given the available data

3.3  Sediment Mercury Profile TC"3.3 Sediment Mercury Profile"/l2 
Mercury concentrations for the core sections are given in Table 4 and shown in Figure 9.  Note that the data in the bottom sections of the core are above the limit of detection but slightly below or close to the LOQ (the concentration at which quantitation of the values have an uncertainty of ( 10%, Appendix 1) for the analytical method used in their determination.  However, the data clearly show a low and slowly increasing concentration of mercury before the 1900s and then a rapid increase in concentration beginning in the late 1800s and early 1900s.  Concentrations are at the highest at the top of the core and are over an order of magnitude higher than those observed in the deeper part of the core that are more characteristic of relatively pristine areas (~20 - 30 ng/g dry weight).  Lack of temporal resolution at the surface of the core may mask any decrease in concentration occurring over the last few years.  However, the uppermost section of the core analyzed in this work represents a time period of about 4 years or the period from 1997 to date of collection in May 2001.  That there is no evidence for a decrease in Hg in the recent sections can be seen in Figure 10 where Hg concentrations are plotted vs. the estimated date derived from geochronology established from 210Pb and 137Cs profiles.  This is in contrast to recent indications from other cores taken in the northeastern U.S. (Kamman and Engstrom, 2002; Lorey and Driscoll, 2001; Varekamp et al., 2001).  Their observations and those taken from other regions of the country indicate that mercury fluxes from atmospheric deposition may be decreasing.  It is possible that locally elevated atmospheric deposition, resulting from emissions from nearby sources, may be masking the more regional decrease in atmospheric fluxes deduced from these and other core studies.

3.4  Mercury Flux TC"3.4 Mercury Flux"/l2 
Knowledge of the mass accumulation rate and concentration of mercury in each core section allows estimation of the trend in mercury flux entering the lake at least over the last 100 years.  These data are given in Table 5 and shown in Figure 11.  Mercury fluxes over the last 120 years at this site have steadily increased over the years with the maximum flux observed in the most recent core section.  There is a slight hint of a decrease in the rate of increase in mercury flux observed over the last two core sections but the data are not sufficiently robust to confirm that speculation.  The contemporary flux of mercury determined from this core suggests an accumulation rate of ~86 ug/m2/y, comparable with atmospheric deposition rates predicted for this area (Northeast States/Eastern Canadian Provinces, 1998).  This rate is higher than the deposition rates of between 21 and 83 ug/m2/y recently observed in selected Vermont and New Hampshire lake sediment cores reported by Kamman and Engstrom (2002), and that observed for a combined dry and wet deposition rate of ~50 ug/m2/y in a northern Vermont hardwood forest (Scherbatskoy et al., 2001).  Kamman and Engstrom (2002) estimate that only about 21 ug/m2/y of the mercury flux in their lake cores was derived from direct atmospheric deposition to the lakes they studied.  The higher mercury fluxes in the Lake Cochichewick core may therefore reflect a local input superimposed on a broader regional atmospheric deposition flux of mercury as has been observed in other urban areas for Pb and Hg (Chillrud et al., 1999).  The change in sediment flux of mercury estimated for each dated core section is also shown in Figure 11.  The highest single increase was observed for the core section representing the period between 1990 and 1996, shortly after the construction of the incinerators in the 1980s near Lake Cochichewick.  Whether this jump in Hg flux was wholly in response to the emissions from these incinerators can not be conclusively defined by the limited data here but does argue for closer scrutiny of the importance of these and possibly other local and regional sources.  

Additional evidence of the importance of local source impact on Lake Cochichewick  is provided by comparison of similar data taken from Echo Lake in Hopkinton, Massachusetts, located about 55 km southwest of Lake Cochichewick (Luce et al., in preparation).   Echo Lake is a relatively pristine lake designated as a primary water supply and has no known source of contaminants other than atmospheric input. The data, plotted in Figure 12, indicate that prior to the turn of the century, mercury sediment concentrations, while increasing, were quite similar.  However after this time the rate of mercury accumulation in Lake Cochichewick increased and sediment concentrations diverged significantly.  The rate of increase in Lake Cochichewick sediments with time since the early 1900s was about six times that of Echo Lake.  Surface sediment concentrations in Lake Cochichewick are now 2.6 times that in Echo Lake.  There also was no dramatic increase in flux to the sediments of Echo Lake in the late 1980s and early 1990s as observed in the lake Cochichewick core lending further support for the role of local source influence on the lake Cochichewick mercury inputs.
3.5  Supporting Metal Data TC"3.5  Supporting Metal Data"/l2 
The profile of lead in the Cochichewick Lake core is shown in Figure 13 and is consistent with the isotopic geochronology of the core.  Lead concentrations peak between 1969 and 1985, consistent with the maximum in leaded gasoline usage that occurred in 1970.  Thus, the accumulation rate of an element whose primary source is atmospheric deposition and is known to have transitioned through a period of maximum emission rate over the last few decades is accurately reflected in the Lake Cochichewick core.  The broad range of the maximum may also reflect input from other nearby significant atmospheric emission sources in the area, notably from the operation of incinerators that were constructed in the area in the 1980s.  Lead concentrations over the entire length of the core suggest that lead accumulation rates began their increase well before 1900 and probably reflect the increased mobility of this metal in the early 1800s or late 1700s after an even earlier period of relatively constant lead accumulation as recorded in the deepest section of the core.  This pattern is quite similar to that indicated by the profile of mercury (Figure 9) where an earlier phase of relatively constant mercury accumulation was followed by an accelerated rate in the 1800s and then rapidly increased in the 1900s.

A brief overview of other metal profiles in the core also reflects the anthropogenic mobilization of metals recorded in these sediments.  The cadmium profile (Figure 15) is consistent with a prolonged period of relatively constant accumulation rates until the beginning of the last century when concentrations in the sediments began to increase steadily.  The most recent sections of the core suggest that accumulation rates of this metal may be decreasing in the last decade.   Zinc, in contrast, shows a steady increase in concentration in the early part of the core, perhaps reflecting a greater anthropogenic mobilization of this more commonly used metal relative to cadmium over this time period.  It was followed by a more rapid increase in concentration over the 1900s similar to that observed in most of the metals examined here (Figure 16).  A decrease in concentration in the most recently deposited sections of the core is less robust but similar to that observed for cadmium.  

The copper profile shown in Figure 17 suggests a small but consistent increase in concentration until about 1900 followed by a rapid increase in concentration over the 1900s.  Concentrations of copper increased by about a factor of six over the last 60 years and was a much more dramatic increase than observed for any other metal examined here.  The other metals increased by a factor of about 2 or less over this same period.  We speculate that the explanation of this anomalous increase might reflect the deliberate addition of copper to the lake to control algae growth in 1993 and subsequent diffusion downcore. 

Profiles of arsenic and tin, metals readily mobilized into the atmosphere by high temperature processes also reflect a dramatic increase in concentration over the last century (Figures 18 and 19).  Maximum concentrations of both metals were a factor of 5 greater than that observed in the deepest sections of the core with the increase in tin occurring at an earlier date than that of arsenic.

Finally the core profiles of aluminum and iron (Figures 20 and 21 respectively), indicate the deposition of inorganic detrital clay mineral phases produced by crustal weathering.  Their profiles suggest that there was an increase in the relative abundance of these phases in the last two centuries (assuming the sedimentation rate remained constant beyond the dateable section of the core).  There is also an interesting shift in the Fe:Al ratios that occurs in the core profile (Figure 22).  We can only speculate on the causes of this shift.  Either there was a change in the mineral composition entering the lake or, more speculatively, a shift in redox conditions affecting the increased mobilization of iron at this point leaving a mean sediment composition poor in iron.  Increased anthropogenic mobilization of iron coupled with the shift in redox conditions could potentially explain the gradual increase in iron relative to aluminum in the most recent sections of the core.  These hypotheses however remain to be tested.  Changes in land use, which have not been ascertained for the watershed of this lake, could help explain these variations.

 TC"4.0  CONCLUSIONS”/l1 4.0  CONCLUSIONS
The use of 210Pb geochronology to date and determine accumulation rates of mercury in a core from Lake Cochichewick was successful.  Confirmation of the 210Pb geochronology was obtained using 137Cs and stable lead profiles, both of which were consistent with known temporal patterns in their atmospheric loading.  Mercury accumulation rates are continuing to accelerate in this lake with the most recent accumulation rates approaching 90 ug/m2/y, consistent with model predicted atmospheric deposition rates for this element in this region.  Comparison with recent data obtained in lake sediments and direct estimation of wet and dry deposition rates of mercury in nearby but more remote regions of the northeastern region of the United States suggests that mercury accumulation rates in Lake Cochichewick are among the highest observed.  Furthermore, there is no evidence of a recent decrease in the rate of accumulation of mercury in contrast to that observed in other parts of the northeast and elsewhere.  These results suggest that, in the absence of any known local direct discharge of mercury to this lake, locally elevated atmospheric deposition is the most probable source of the enhanced mercury accumulation rates in this lake.

Other metals examined do show decreasing rates of accumulation (Pb, Cd, Zn, Cu, As, Sn) albeit the evidence of this trend is somewhat tentative for Zn, Cu and As.  Copper, somewhat surprisingly, increased dramatically by a factor of 6 over the last 60 years, which we attribute to the deliberate addition of this metal to control algae growth.  Profiles of the crustal related elements Al and Fe record a shift in the composition of the sediments accumulating in this lake and/or internal redox processes.  Aluminum concentrations increased distinctly while Fe changed in a slightly different pattern.  The subtle differences in the relative behavior of these elements are indicated by distinct changes in the Fe:Al ratio over the length of the core.  Either these changes may reflect a difference in mineral composition of the source material entering the lake, a significant relative increase in the anthropogenic mobilization of Fe relative to Al over the last century, or perhaps a shift in redox conditions of the sediments in this lake mobilizing reduced Fe from accumulating sediments.  Indeed all of these factors may have, and continue to influence the historical and contemporary composition of accumulating sediments in this lake.

It is clear that, given the recent advances in our understanding of the variables affecting mercury methylation rates, precise definition of methylmercury exposure will be dependent on knowledge of a number of as yet ill-defined biogeochemical parameters.  These include the microbial dynamics of the methylation process, biogeochemical processes affecting the chemical speciation and composition of the system, especially with respect to the concentrations (activities) and chemical speciation of Hg, S, and dissolved organic matter, and finally sediment-water exchange and solid-liquid sorption interactions.  The supply rate of mercury to these systems is also expected to be of relevance in influencing these multiple processes where lake chemistry and biology are somewhat similar and local differences in atmospheric loading may be substantial.  Knowledge of the relative importance of these important variables based on work in progress will greatly facilitate the design of future sampling efforts to better understand, and eventually predict, the production and bioavailability of methylmercury in these complex ecosystems.  

One might hypothesize, for example, that the decoupling of mercury fish concentrations with increased mercury fluxes into such systems is a function of the degree to which concomitant anthropogenic increases in sulfur and nutrient fluxes to these same systems occur.  Increased sulfur and nutrient fluxes can lead to biogeochemical processes (enhanced S-2, dissolved, and solid phase organic matter concentrations and redox shifts) all of which may be expected to decrease the bioavailability of mercury and methylmercury in these systems.  Biogeochemical processes in systems receiving lower fluxes of mercury, but relatively smaller increases in sulfur and nutrient fluxes, may result in a higher production and bioavailability of methylmercury.  The possible result of this scenario is a disproportionate increase in mercury burdens of fish dwelling in such systems compared to those observed in more impacted areas.  Whether hypotheses such as these can be proven must await the results of careful research and monitoring efforts in the future.
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Table 1.  Sampling Locations, Water Depth and Core Lengths for Cores Taken on May 2, 2001

	Core #
	Location
	Water Depth
	Core Length

	
	GPS Coordinates
	(M)
	(cm)

	
	
	
	

	1
	42o 42.293'   71o 05.890'
	11.9
	33

	2
	42o 42.445'   71o 05.885'
	11.6
	31


Table 2.   Radioisotoope Data for Lake Cochichewick Core

	
	
	
	
	
	Ln

	
	
	Mid-depth
	Cs-137
	Excess Pb-210
	Excess Pb-210

	Depth Range
	Mid-depth
	Cumulative 
	Bq/g
	Bq/g
	Bq/g

	(cm)
	(cm)
	Mass (g/cm2)
	Dry Weight
	Dry Weight
	Dry Weight

	0-1
	0.50
	0.04
	0.0867
	0.8633
	-0.147

	1-2
	1.50
	0.12
	0.0905
	0.8208
	-0.198

	2-3
	2.50
	0.25
	0.1048
	0.6770
	-0.390

	3-4
	3.50
	0.40
	0.1017
	0.5260
	-0.642

	4-5
	4.50
	0.51
	0.1055
	0.4983
	-0.696

	5-6
	5.50
	0.62
	0.0847
	0.3796
	-0.969

	6-7
	6.50
	0.76
	0.0582
	0.2650
	-1.328

	7-8
	7.50
	0.91
	0.0447
	0.2033
	-1.593

	8-9
	8.50
	1.07
	0.0334
	0.1437
	-1.940

	9-10
	9.50
	1.21
	0.0312
	0.1282
	-2.054

	10-11
	10.50
	1.34
	0.0212
	0.0701
	-2.657

	11-12
	11.50
	1.50
	0.0211
	0.0450
	-3.102

	12-13
	12.50
	1.66
	0.0186
	0.0428
	-3.152

	13-14
	13.50
	1.82
	0.0153
	0.0364
	-3.313

	14-15
	14.50
	1.97
	0.0115
	0.0390
	-3.245

	15-16
	15.50
	2.10
	0.0116
	0.0274
	-3.598

	16-17
	16.50
	2.25
	0.0128
	0.0261
	-3.645

	17-18
	17.50
	2.39
	0.0195
	0.0144
	-4.238

	18-19
	18.50
	2.52
	0.0168
	0.0138
	-4.281

	19-20
	19.50
	2.66
	0.0053
	0.0137
	-4.289

	20-21
	20.50
	2.78
	0.0053
	0.0241
	-3.727

	21-22
	21.50
	2.89
	0.0031
	0.0140
	-4.269

	22-23
	22.50
	3.00
	0.0027
	0.0020
	-6.203

	23-24
	23.50
	3.13
	0.0029
	-0.0023
	NA

	24-25
	24.50
	3.27
	0.0037
	0.0021
	-6.164

	25-26
	25.50
	3.40
	0.0021
	0.0010
	-6.936

	26-27
	26.50
	3.51
	0.0021
	0.0013
	-6.672

	27-28
	27.50
	3.64
	0.0009
	0.0002
	-8.458

	28-29
	28.50
	3.78
	0.0000
	-0.0004
	NA

	29-30
	29.50
	3.90
	0.0000
	-0.0018
	NA


.

Table 3.  Organic Carbon and Nitrogen Profiles for Lake Cochichewick Core.

	
	Mid-depth
	Fraction
	Corg
	Norg
	C/N

	Depth Range
	(cm)
	Dry Weight
	%
	%
	Weight Ratio

	0-1
	0.50
	0.104
	19.67
	1.87
	10.52

	0-2
	1.00
	0.122
	10.38
	0.91
	11.42

	2-3
	2.50
	0.123
	10.14
	0.85
	11.94

	3-4
	3.50
	0.145
	10.32
	0.85
	12.16

	4-5
	4.50
	0.140
	10.00
	0.88
	11.38

	5-6
	5.50
	0.149
	9.70
	0.75
	12.95

	6-7
	6.50
	0.155
	10.14
	0.79
	12.85

	7-8
	7.50
	0.168
	9.53
	0.72
	13.25

	8-9
	8.50
	0.161
	9.17
	0.69
	13.31

	9-10
	9.50
	0.158
	8.55
	0.69
	12.41

	10-11
	10.50
	0.164
	8.45
	0.74
	11.43

	11-12
	11.50
	0.169
	8.41
	0.76
	11.08

	12-13
	12.50
	0.173
	8.36
	0.72
	11.63

	13-14
	13.50
	0.176
	8.38
	0.81
	10.36

	14-15
	14.50
	0.179
	8.32
	0.78
	10.68

	15-16
	15.50
	0.178
	8.44
	0.68
	12.43

	16-17
	16.50
	0.167
	8.89
	0.86
	10.35

	17-18
	17.50
	0.154
	9.68
	0.94
	10.31

	18-19
	18.50
	0.149
	10.15
	0.90
	11.29

	19-20
	19.50
	0.146
	10.75
	1.03
	10.45

	20-21
	20.50
	0.140
	10.80
	1.02
	10.60

	21-22
	21.50
	0.142
	11.05
	1.00
	11.06

	22-23
	22.50
	0.143
	10.72
	1.08
	9.93

	23-24
	23.50
	0.146
	11.30
	1.09
	10.38

	24-25
	24.50
	0.146
	11.29
	1.09
	10.37

	25-26
	25.50
	0.143
	11.37
	1.01
	11.27

	26-27
	26.50
	0.146
	11.42
	1.06
	10.78

	27-28
	27.50
	0.148
	11.57
	1.13
	10.25

	28-29
	28.50
	0.145
	11.53
	1.06
	10.89

	29-30
	29.50
	0.148
	11.34
	1.00
	11.35


	
	
	Mid-depth
	
	
	
	
	
	
	
	
	
	

	Depth Range
	Mid-depth
	Cumulative 
	Date
	Hg
	Fe
	Al
	Cd
	Pb
	Cu
	Zn
	As
	Sn

	(cm)
	(cm)
	Mass (g/cm2)
	(Y)
	(ng/g)
	(mg/g)
	(mg/g)
	(ug/g)
	(ug/g)
	(ug/g)
	(ug/g)
	(ug/g)
	(ug/g)

	0-1
	0.50
	0.07
	1999
	551
	31.5
	45.9
	2.45
	224.5
	571.9
	360.7
	40.8
	9.1

	1-2
	1.50
	0.16
	1994
	536
	32.5
	49.2
	2.42
	228.5
	602.2
	379.2
	42.7
	10.8

	2-3
	2.50
	0.33
	1985
	439
	31.1
	52.7
	2.76
	255.4
	370.9
	376.5
	49.9
	10.4

	3-4
	3.50
	0.46
	1976
	400
	30.1
	49.4
	2.59
	252.6
	269.6
	357.2
	46.5
	9.8

	4-5
	4.50
	0.55
	1969
	386
	32.2
	52.6
	2.34
	253.1
	228.9
	357.0
	46.0
	10.3

	5-6
	5.50
	0.69
	1961
	366
	31.8
	52.9
	1.88
	225.8
	173.4
	350.6
	49.6
	8.9

	6-7
	6.50
	0.84
	1952
	291
	27.8
	46.9
	2.06
	193.2
	138.3
	343.9
	49.2
	8.9

	7-8
	7.50
	0.98
	1943
	256
	30.0
	53.0
	1.54
	166.5
	94.3
	285.9
	49.2
	7.5

	8-9
	8.50
	1.15
	1933
	219
	29.4
	53.2
	1.31
	125.7
	64.6
	223.5
	41.8
	6.2

	9-10
	9.50
	1.26
	1924
	188
	27.9
	52.6
	1.17
	97.3
	49.7
	188.2
	36.5
	6.4

	10-11
	10.50
	1.41
	1916
	124
	23.7
	46.9
	0.88
	68.2
	35.2
	159.4
	28.6
	4.1

	11-12
	11.50
	1.58
	1906
	101
	16.4
	33.6
	0.73
	53.1
	26.7
	118.4
	23.8
	3.7

	12-13
	12.50
	1.74
	1896
	95
	25.3
	50.6
	0.66
	47.3
	25.8
	115.3
	22.7
	3.4

	13-14
	13.50
	1.90
	1885
	76
	25.7
	53.1
	0.67
	42.4
	22.0
	108.6
	18.4
	3.1

	14-15
	14.50
	2.03
	1876
	76
	24.3
	51.3
	0.57
	38.9
	20.9
	110.7
	18.3
	2.8

	15-16
	15.50
	2.17
	1867
	57
	21.1
	44.1
	0.61
	34.8
	20.2
	117.2
	16.3
	2.7

	16-17
	16.50
	2.32
	1858
	44
	20.2
	40.1
	0.68
	28.3
	19.7
	91.3
	15.0
	2.8

	17-18
	17.50
	2.45
	
	27
	21.9
	32.0
	0.47
	21.5
	16.8
	76.3
	18.2
	1.8

	18-19
	18.50
	2.59
	
	29
	17.8
	33.7
	NA
	NA
	NA
	NA
	10.2
	0.9

	19-20
	19.50
	2.74
	
	36
	15.2
	27.8
	0.51
	14.8
	15.4
	102.2
	15.9
	1.5

	20-21
	20.50
	2.83
	
	42
	14.0
	25.5
	0.51
	15.3
	14.8
	80.2
	17.4
	1.2

	21-22
	21.50
	2.94
	
	30
	16.1
	29.8
	0.58
	13.6
	14.0
	86.4
	15.2
	2.0

	22-23
	22.50
	3.06
	
	30
	12.6
	22.6
	0.70
	14.3
	14.8
	95.8
	14.7
	1.4

	23-24
	23.50
	3.20
	
	26
	15.0
	26.5
	0.56
	13.1
	12.9
	69.2
	11.1
	1.2

	24-25
	24.50
	3.34
	
	38
	12.9
	23.5
	0.52
	13.1
	14.1
	75.2
	13.4
	1.5

	25-26
	25.50
	3.45
	
	36
	15.7
	28.9
	0.58
	12.5
	12.9
	68.2
	12.9
	1.7

	26-27
	26.50
	3.57
	
	25
	15.2
	27.4
	0.73
	10.9
	12.6
	68.4
	13.5
	1.2

	27-28
	27.50
	3.71
	
	27
	14.2
	26.0
	1.43
	14.8
	13.5
	67.4
	17.1
	3.5

	28-29
	28.50
	3.84
	
	25
	14.9
	26.5
	0.58
	13.1
	11.5
	61.7
	15.9
	2.2

	29-30
	29.50
	3.95
	
	20
	14.5
	26.1
	0.46
	12.7
	12.2
	70.0
	14.7
	1.6


Table 4.  Lake Cochichewick Core Metal Profiles.

Table 5.  Mercury Accumulation Rates in Lake Cochichewick Core.

	Date
	Hg Flux

	(Y)
	(ug/m2/y)

	1995
	97.6

	1988
	95.0

	1981
	77.8

	1973
	70.8

	1965
	68.4

	1957
	64.9

	1948
	51.5

	1939
	45.4

	1930
	38.9

	1921
	33.4

	1911
	22.1

	1902
	18.0

	1892
	16.9

	1882
	13.4

	1872
	13.4

	1862
	10.0

	1852
	7.9
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Figure 1.  Map of Lake Cochichewick and surrounding kames, 1880, by George F. Wright, from Historic Sketches of Andover by Sarah Loring Bailey, 1880.
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Figure 2.  Turn-of-the-century photograph showing the expansion of Lake Cochichewick to increase reservoir capacity.  From the North Andover Historical Society.
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Figure 3.  Aerial view of Lake Cochichewick with municipal waste incinerator in background.
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  Topographic map showing the location of the two core samples taken in Lake Cochichewick.
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Figure 5.  Total 210Pb plotted against depth and cumulative mass over entire length of core.  Supported 210Pb activity (0.0604 Bq/g dry weight) is shown for reference.
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Figure 6.  Plot of the data and regression curve for the portion of the core used to establish 210Pb geochronology.  The range indicated by the points represents about 100 years of sediment accumulation to a depth of 12 cm.
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Figure 7.  137Cs profile shown as a function of cumulative mass and date as determined from 210Pb geochronology.  Note the date of the maximum in 137Cs is close to 1963, the time of maximum release of 137Cs into the atmosphere by nuclear testing.
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Figure 8.  Fraction dry weight (●) and organic carbon (▲) profiles for the Lake Cochichewick core.
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Figure 9.  Mercury concentration profile for the Lake Cochichewick Core.  Mercury concentrations become elevated over background well before 1900 but the rate of change dramatically increases after that time.

[image: image6.wmf]0

100

200

300

400

500

600

700

Hg (ng/g dry weight)

0.00

0.50

1.00

1.50

2.00

Cumulative Mass (g/cm

2

 dry weight)

1880

1900

1920

1940

1960

1980

2000

Date


Figure 10.  Plot of mercury concentrations as a function of cumulative mass and date as determined from 210Pb geochronology.  Note the absence of any decrease in mercury concentration over the last decade.
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Figure 11. Mercury fluxes into sediments of Lake Cochichewick over the last 120 years.  Panel on right indicates estimated change in sediment flux for each dated core section.
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Figure 12.  Comparison of sediment mercury concentrations in dated cores from Echo Lake and Lake Cochichewick.
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Figure 16.  Zinc profile over the entire length of the Lake Cochichewick core.
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Figure 17.  Copper profile over the entire length of the Lake Cochichewick core. 
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Figure 18.  Arsenic profile over the entire length of the Lake Cochichewick core.
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Figure 19.  Tin profile over the entire length of the Lake Cochichewick core. 
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Figure 20.  Aluminum profile over the entire length of the Lake Cochichewick core.
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Figure 21.  Iron profile over the entire length of the Lake Cochichewick core.
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Figure 22.  Fe:Al  ratio profile over the entire length of the Lake Cochichewick core.  Value in ( ) an outlier.
Appendix I

APPENDIX I

Quality Assurance/Quality Control Data
Radioisotopes

Background Counts

	Radioisotope
	CPM

	210Pb
	0.02

	137Cs
	0.02


Overall Efficiencies

	Radioisotope
	( Energy
	LeGe
	BeGe

	210Pb
	46 keV
	0.200 %
	0.330 %

	137Cs
	662 keV
	0.710 %
	2.18 %


Replicates

There was insufficient time to recount samples over the period of the contract.

Mercury

Procedural Blanks

	
	Mercury

	Blank
	(ng)

	B1
	10.5

	B2
	12.1

	B3
	12.0

	B4
	11.2

	
	

	Std
	0.8

	LOD
	2.4

	LOQ
	7.9


The mean of the 4 procedural blanks was 11.5 ( 0.8 ng mercury.  Based on analysis of a 200 mg sample, a blank of this magnitude generates an equivalent blank concentration of 57 ng/g dry weight.  Similarly, the limit of detection (LOD, 3( x the standard deviation of the blank) is equivalent to a concentration of 11.9 ng/g dry weight and the limit of quantification (LOQ, 10 x the standard deviation of the blank) is equivalent to a concentration of 39.5 ng/g dry weight.

Replicates

Replicate digestions of sediment samples were not conducted due to the short term of the contract.  However, the nature of the profile of mercury in the core as well as the consistent low results in the sections of the core below the 210Pb dateable section of the core, and the consistent trends throughout the core profile suggest that replication of the samples would have been quite reasonable.  For example, the mean concentration of mercury on the core sections below 17 cm was 30 ( 7 ng/g dry weight.

Reference Standards

Six replicate samples of the PACS-1 sediment reference standards were run to assess accuracy of the analysis, the results of which are given in the following table.  Recovery was generally excellent with the exception of Cd and Zn recoveries that were high although precision was quite good.  The reason for the high recoveries is not known but is being investigated.  The reference standard was old and may have been contaminated with these metals although we doubt this is the case.  (There was not enough time to acquire new reference material due to the short timeline in conducting this study.)  We have an otherwise consistent record of accomplishment of performance in intercalibration exercises that have produced excellent and precise results for these metals in the past.  Even assuming the higher than normal recoveries for these metals reflects some consistent error in the analysis of the samples, interpretation of the results of this study would not be significantly altered.

	Metal
	Certified 
	Observed
	Recovery

	
	Concentration
	Concentration
	%

	
	ug/g*
	ug/g
	

	
	
	
	

	Hg
	4.57 ± 0.16
	4.60 ± 0.11
	101

	Pb
	404 ± 20
	413 ± 17
	102

	Cd
	2.38 ± 0.20
	2.80 ± 0.30
	118

	Cu
	452 ± 16
	479 ± 24
	106

	Zn
	824 ± 22
	1127 ± 49
	137

	As
	211 ± 11
	227 ± 11
	108

	Sn
	41.1 ± 3.1
	43.7 ± 1.8
	106

	
	
	
	

	
	%
	%
	

	Al
	12.23 ± 0.22
	12.17 ± 0.66
	100

	Fe
	6.96 ± 0.22
	6.97 ± 0.44
	100




* Uncertainties in the certified values are given as 2 (.

APPENDIX II

Appendix II

Comparison of Core #1 and Core #2 Surface Samples


  Physical Characteristics and Radioisotopes

	
	
	
	
	
	Total 210Pb
	137Cs
	Excess 210Pb
	Excess 210Pb

	Sample
	Depth Range
	Mid-depth
	Cumulative 
	Fraction
	Bq/g
	Bq/g
	Bq/g
	Inventory

	ID
	(cm)
	(cm)
	Mass (g/cm2)
	Dry Weight
	Dry Weight
	Dry Weight
	Dry Weight
	Bq/M2

	
	
	
	
	
	
	
	
	

	Core #1
	
	
	
	
	
	
	
	

	61
	0-1
	0.50
	0.104
	0.104
	0.92
	0.087
	0.86
	612

	62
	1-2
	1.50
	0.226
	0.122
	0.88
	0.091
	0.82
	760

	
	
	
	
	
	
	
	
	

	Average*
	0-2
	1.00
	0.226
	0.113
	0.90
	0.089
	0.84
	686

	
	
	
	
	
	
	
	
	

	Core #2
	
	
	
	
	
	
	
	

	63
	0-2
	1.00
	0.236
	0.118
	0.82
	0.084
	0.76
	662



 * Except Cumulative Mass

Appendix II

Comparison of Core #1 and Core #2 Surface Samples

 Metals

	Sample
	Depth Range
	Mid-depth
	Hg Conc
	Cu Conc
	Zn Conc
	Pb Conc
	Cd Conc
	As Conc
	Sn Conc
	Al Conc
	Fe Conc
	Sc Conc

	ID
	(cm)
	(cm)
	(ug/g)
	(ug/g)
	(ug/g)
	(ug/g)
	(ug/g)
	(ug/g)
	(ug/g)
	(mg/g)
	(mg/g)
	(ug/g)

	
	
	
	
	
	
	
	
	
	
	
	
	

	Core #1
	
	
	
	
	
	
	
	
	
	
	
	

	61
	0-1
	0.50
	0.55
	572
	361
	225
	2.52
	40.8
	9.1
	45.9
	31.5
	31.0

	62
	1-2
	1.50
	0.54
	602
	379
	229
	2.49
	42.7
	10.8
	49.2
	32.5
	39.9

	
	
	
	
	
	
	
	
	
	
	
	
	

	Average
	0-2
	1.00
	0.54
	587
	370
	227
	2.50
	41.7
	10.0
	47.5
	32.0
	35.5

	
	
	
	
	
	
	
	
	
	
	
	
	

	Core #2
	
	
	
	
	
	
	
	
	
	
	
	

	63
	0-2
	1.00
	0.53
	588
	375
	235
	2.54
	45.8
	9.5
	43.4
	30.6
	39.4


Figure � SEQ Figure \* ARABIC �13�.  Lead profile over the 210Pb dateable section of the Lake Cochichewick core





Figure � SEQ Figure \* ARABIC �14�.  Lead profile over the entire length of the Lake Cochichewick core.





Figure � SEQ Figure \* ARABIC �15�.  Cadmium profile over the entire length of the Lake Cochichewick core
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