Airborne Mercury Contamination and the Neversink Reservoir

I.
Abstract


In 1998 the New York State Department of Environmental Conservation (DEC) conducted a metals analysis of the flesh of smallmouth bass taken from the Neversink Reservoir.
  Surprisingly, despite the fact that the reservoir is remote and features a relatively undeveloped basin, the DEC found elevated concentrations of total mercury.   Neversink Smallmouths had average mercury levels of 1.3 parts per million (ppm), which exceeds the federal mercury standard of 1 ppm.  Consequently, the New York State Department of Health (DOH) issued a specific consumption health advisory, cautioning anglers not to eat more than one meal per month of smallmouth bass from the Neversink reservoir and that women of childbearing age and children under the age of 15 should eat no fish from the Neversink whatsoever.

The puzzling thing about the Neversink’s contamination is that the reservoir basin is fairly pristine.  The basin is home to less than 2,000 people, with no heavy industry and is dominated by the dense Catskills mountain forest preserve.  So, where did the Mercury come from? The prevailing view is the one proffered by the New York City Department of Environmental Protection – that the Mercury results from a complex combination of airborn acid deposition and biogeochemical processes within the Neversink basin.  This paper is an attempt to analyze the legitimacy of this explanation.    

II.

Introduction 


Mercury is a well-known and potent environmental hazard to aquatic ecosystems and human health.
  As early as 1960 the consumption of mercury contaminated fish was identified as the cause of Minamata disease.
  In the late 1980’s investigations revealed that fish, mainly from nutrient-poor lakes, commonly have high levels of mercury contamination.
  The surface discharge of mercury to the waters of the United States has been banned for over two decades.  Thus, the source of the contamination of these lakes is mainly attributed to atmospheric deposition of mercury and the leaching of mercury from nutrient-poor, high-ph soils. 


The Neversink Reservoir is a remote, isolated, relatively pristine component of the New York City drinking water supply.  In 1998 the DEC discovered elevated levels of mercury contamination in smallmouth bass taken from the reservoir.  The DOH quickly issued health advisories and widely distributed them to Catskills anglers. 

The cause of the Neversink’s contamination is the source of some controversy.
  The DEP’s position, outlined by Dr. Bill Stasiuk, Director of the DEP’s Bureau of Water Supply, Quality and Control, is that that the contamination is the result of a combination of factors.
  Those factors include the high acidity/low buffering capacity of the soils in the Neversink basin, atmospheric deposition (acid rain) derived from coal-fired power plants in the midwest, the geographical features of the Neversink basin, including tall mountains (Slide, Big Indian & Cornell Mountain) which act as catchments for airborn pollutants, and finally the age and eating habits of smallmouth bass.  The mercury itself, according to Dr. Stasiuk, is derived from two sources.  First, he stated that "as widely reported" mercury is a component of acid rain.  Second, he states that the Neversink basin lacks the buffering agents, such as limestone which reduce the acidity of the acid rain, and therefore, the amount of mercury leached from the soil.   Dr. Stasiuk stressed that the mercury levels in fish pose no threat to water consumers and the particularly high levels of mercury found in smallmouth bass are due to the fact that smallmouth are "particularly long-lived fish" and are "at the top of the food chain".  

Perhaps the most puzzling aspect of the Neversink's contamination is that the Rondout reservoir, which is similar in character in terms of the geology of its surrounding basin and is located less than five miles from the Neversink, is not similarly contaminated.  Thus, two other, more direct sources of contamination have been postulated:

1) 
Unsubstantiated Rumor: It is rumored that shortly after the DOH health advisories were released, an elderly gentleman entered the DEP's Ashokan offices and offered an intriguing, if unsubstantiated, explanation for the contamination.  It seems that the gentleman had worked on the construction of the Neversink dam in the late 1940's and early 1950's (the reservoir was put into service in 1954).  Apparently, heavy steamrollers were used to compact the earthen dam and because filling the rollers with water did not offer enough weight to sufficiently compact the earth, the rollers were filled with mercury.  When the dam was finalized, the construction crew apparently could not get the rollers out of the area to be flooded due to the rollers' weight and muddy conditions.  So, the rollers were simply left there as the reservoir was filled.  

2)
Plausible Explanation:  A second explanation has also been offered.  The DEP uses a great deal of mercury in their operations, and has had chronic problems managing it.
  The huge, aging manometers used at many DEP facilities, including the Neversink gatehouse, contain large quantities of mercury - up to sixty pounds.  The DEP has experienced dozens of spills at a wide variety of its facilities, including the Neversink intake chamber, and these spills often go unnoticed for months.  It is possible that some of the mercury from one such spill made it into the Neversink.  


This paper is will analyze the explanation offered by Dr. Stasiuk and the DEP - that the source of the Neversink's contamination is atmospheric deposition.   To do so, this paper examines (1) general scientific evidence supporting long-range transportation and deposition of mercury as a source of mercury contamination in remote lakes; (2) the geochemical characteristics of the Neversink watershed; and (3) recorded atmospheric deposition rates and sources for a site not far from the Neversink reservoir.   

III. 
Mercury Cycling in the Environment - Overview


The biogeochemical process by which mercury circulates through the environment, converting from one form to the next and then moving up the food web, is extraordinarily complex.
  One researcher has even labeled it "insidiously complex."
  The critical process we are concerned with is the transition from elemental mercury to methylmercury - mercury's most toxic form and that in which it was discovered in the flesh of smallmouth bass in the Neversink. 


Bacteria play a critical role in the methylization process.  Certain bacteria that process sulfate (SO4) in the environment take up mercury in its inorganic form and convert it to methylmercury.  The bacteria then either release the methylmercury to the environment, where it is taken up by plankton and other microscopic organisms which are then consumed by larger organisms and passed up the food chain, or the bacteria themselves are consumed by larger organisms and the mercury is passed along.
  Numerous other factors can affect this process including:

· The size of the lake or reservoir may play a role because smaller, warmer lakes contain more active bacteria that methylate mercury more rapidly.

· The presence or absence of wetlands may play a role (bacteria thrive in wetlands)

· The food-web structure can impact bioaccumulation

· The size, age and growth rate of the fish species 

· The alkilinity of the lake or reservoir

· The population size of the species

· The age of the reservoir.  Newer reservoirs tend to exhibit higher levels of methylated mercury - large amounts of microbial activity as reservoir limnology comes into balance. 

IV. 
Atmospheric Mercury Contamination in Remote Areas


The prevailing scientific view is that elevated levels of mercury in aquatic environments remote from industrial sources can be attributed to long-range atmospheric transport and deposition of anthropogenic mercury.
  Mercury is released from anthropogenic sources to the atmosphere at a rate of 4000 tons per year globally.
  Therefore, the DEP's position on the contamination of the Neversink is certainly a plausible explanation.  This position, however, has been challenged by some scientists who assert that natural geologic sources are the principal contributors in remote locations.
   In a recent article Fitzgerald, et al., roundly refuted these doubters, stating that:

It is our contention that the case for atmospheric Hg (mercury) contamination in remote areas is stronger than ever, having been advanced by worldwide improvements in analytical methods, sampling techniques, and experimental design over the past decade.   Much of the earlier uncertainty regarding Hg contributions from natural sources has been replaced by a convergence of data that points unequivocally toward significant human-related Hg emissions and deposition over large regions of the globe.
    

Fitzgerald first examines the global mercury cycle to analyze the degree of disruption to this cycle caused by anthropogenic sources.  Fitzgerald stresses that the our geochemical understanding of mercury cycling has greatly improved over the past ten years and that at present, estimates for mercury fluxes in the earth's surface are converging.  Analytical techniques have greatly improved, allowing scientists to gather more reliable, uncontaminated data.  


A. 
Lake Sediments As Historical Evidence

The most compelling evidence that long-range deposition of anthropogenic mercury is responsible for mercury contamination of remote lakes and reservoirs is found in lake-sediment records.  Numerous studies show consistently elevated levels of mercury in recent sediments as compared to deeper, preindustrial layers.
  Nonetheless, some question this evidence, asserting that such sediment core samples may be misleading due to post-depositional diagenesis or diffusion - that is, the mercury may rise to the surface of the sediments through diagenesis.  Fitzgerald, however, refutes these skeptics.  



Fitzgerald offers two strong arguments: 

1) 
A comparison of dozens of lake-sediment cores from sites in the midwestern United States shows that mercury concentrations increase above background levels in the mid 19th century, shortly after the industrial revolution, in almost every sample taken.  Indeed, not only the synchronicity of the increase, but the magnitude of the mercury concentration is "remarkably similar" across large geographic areas.   

2)
A study of core samples from Clay Lake in Northwestern Ontario is particularly illuminating.  The lake received direct inputs of mercury from an industrial facility until 1970, when the plant was closed.  A core sample taken in 1971 found mercury concentrations peaked near the top layer of sediment.  In 1978, a second core sample was taken and the peak layer was several centimeters deeper.  A third sample was taken in 1995 and the peak mercury contamination level was several centimeters lower than those found in 1978.  


B.
Peat Bogs As Similar Depositional Archives


Fitzgerald similarly supports peat bogs as historical archives of mercury deposition rates. Critics of the use of peat bog evidence have pointed out that potential in situ remobilization of mercury and localized gaseous evasion may contribute to and distort the peat bogs' mercury record. Fitzgerald rejects these contentions.  

One study cited by Fitzgerald showed a uniform mercury concentration in layers of pre-industrial sediment in peat bogs distributed all over Norway.  An analysis of more recent peat layers in bogs across Norway revealed interesting results.  Peat bogs in the southern coastal area of Norway, an area greatly exposed to airborn pollution from Europe, reveal much higher levels of mercury contamination than recent layers in peat bogs from northern and central Norway, a region less susceptible to airborne pollution.  


Fitzgerald also points out that "Hg accumulation trends in surface sediments are similar in a great variety of biological and geographical settings."   This fact undermines any argument that localized geological conditions explain mercury contamination in remote areas.  As support, Fitzgerald points out that recent chronologies for mercury contamination in the Florida everglades correspond well with contamination found in Scandinavia, the northern United States and Canada.  


No lake sediment samples have been taken at the Neversink reservoir.  These samples would certainly be useful in determining exactly when mercury levels began to rise.  Nonetheless, it is the prevailing scientific viewpoint that the mercury contamination of remote lakes and reservoirs such as the Neversink can be attributed to atmospheric deposition of anthropogenic mercury.  The DEP's explanation for the contamination of the Neversink is consistent with this view.

V. 
Geochemical Characteristics of the Neversink Watershed 


The second component of the DEP's explanation relies upon the geochemical characteristics of the Neversink watershed.   DEP asserts that the high acidity/low buffering capacity of the soils in the Neversink basin caused mercury to leach from the soils, and that the topographic features of the watershed, including some of the highest peaks in the Catskills, create increased precipitation and thus acid deposition.  


The DEP's assertions would seem to be borne out by a study jointly prepared by the United States Geological Survey and the DEP entitled, the Neversink Watershed Study.
  The physical characteristics of the Neversink watershed are analyzed in that report and outlined briefly below.  

A. 
Acid Deposition


The Catskills region is plagued by one of the highest rates of acidic deposition in the Northeast.
  In fact, streams in the Neversink basin have been the most severely affected by chronic and episodic acidification.  In particular, the Neversink basin is plagued by extremely high Nitrate (NO3) concentrations.   The forests of the Neversink basin, which have not been cut in over 75 years, are aging, and therefore are not as productive in absorbing nitrogen.  According to the USGS Neversink report, increased nitrogen in forest ecosystems can lead to increased soil nitrification and associated soil acidification according to the following stoichiometry:


R · NH2 + 202 = R · OH + NO3 + H+


NO3 has a low capacity for physical adsorption and is therefore mobile in soils and can leach cations that cause surface-water acidification.  The increased deposition of nitrogen causes a  downward spiral in forest health and water quality.  Excess nitrogen leads to forest decline, and decreases in forest productivity in turn increase the pool of excess nitrogen and worsen the leaching of NO3, which in turn increases surface-water acidity.
 



B. 
Soil Characteristics 


The soils of the Neversink basin, according to the USGS, are indeed acidic - they exhibit a mean pH of 5.0.  This is a reflection of the base-poor characteristics of the local bedrock,  sedimentary bedrock from the Devonian age (predominently sedimentary sandstone and conglomerate and shale).  Exacerbating this acidity, the distinguishing characteristic of the Neversink basin's soils is that they consist of a dense, cementlike fragipan beginning at 1/2 meter to 1 meter below the surface.  This dense underlying fragipan increases the effects of leaching by resulting in perched water during and after rainstorms.      


Unfortunately, the USGS study has not catalogued the mineral composition of the Neversink basins' soils.  Thus, it is impossible to know whether or not mercury is a significant component of those soils and therefore available for acid leaching. 



VI.  Mercury Levels in Fine Atmospheric Particulate Material at Belleaye


In 1998, Ilhan Olmez et. al. completed an extensive atmospheric sampling and analysis program in order to identify and apportion the sources of mercury associated with fine atmospheric particulate matter.
  Olmez analyzed five remote sites in New York State, including one that is important for our purposes, the Belleayre site in the Catskills mountains, not more than eight miles north of the Neversink reservoir.  


At Belleayre, Olmez took 253 measurements for mercury and found an arithmetic mean of 37 pg/m.3  Olmez then used back-projected air mass trajectories terminating at each sampling sites to plot the average concentrations and percent contributions of fine particulate mercury arising from each of eight directional sectors.  By far, the largest contributions at the Belleayre site came from the west, south-west and west, north-west.  Copper smelter emissions were then identified by the presence of high levels of Arsenic and Selenium.  At Belleyare, copper smelters contributed the vast majority of mercury associated with particulate matter.  The large copper smelters identified in the study are located in Ontario and Western Quebec and Wisconsin.  Significantly, monthly average fine particulate matter mercury concentrations fell dramatically in 1993 at all five sites, a drop attributed to operational changes or control technologies installed at the copper smelting facilities.  

VII. 
Summary


The explanation offered by the DEP for the high levels of mercury found in smallmouth bass of the Neversink reservoir is certainly consistent with the findings from the studies outlined above.  However, these studies are not specific to the Neversink watershed and its mercury contamination problem and therefore any conclusion is merely reasonable conjecture.  A comprehensive study of biogeochemical mercury cycling in the Neversink would be necessary to rule out the other possible explanations.  One fact remains a mystery: other nearby waterbodies, including the Rondout reservoir, just five miles distance from the Neversink and exhibiting similar characteristics topographically and geologically, are as of yet uncontaminated by mercury.     


� The Neversink Reservoir, a component of the New York City drinking water supply reservoir system, is located in northern Sullivan County, New York amid the rugged, heavily forested Catskills mountains.  


The Neversink is one of four reservoirs within the Delaware system of the New York City water supply.  Located 75 miles from New York City, the reservoir’s watershed is perhaps the most pristine in the system and the reservoir routinely delivers the system's highest-quality water.  


� Mercury Contamination of Aquatic Ecosystems, U.S. Geological Survey, available on the internet at � HYPERLINK http://h2o.usgs.gov/public/wid/FS_216-95.html ��http://h2o.usgs.gov/public/wid/FS_216-95.html�.  Methylmercury, the form of mercury found in the flesh of fish, is mercury's most toxic form and can affect the central nervous system and cause irreversible brain damage.  Id. 


� Olmez, Ilhan, Ames, Michael, and Gullu, Gulen, Canadian and U.S. Sources Impacting the Mercury Levels in Fine Atmospheric Particulate Material across New York State, Environmental Science and Technology, Vol. 32, pp. 3048 – 3054.


� Mercury Contamination of Aquatic Ecosystems, U.S. Geological Survey, available on the internet at � HYPERLINK http://h2o.usgs.gov/public/wid/FS_216-95.html ��http://h2o.usgs.gov/public/wid/FS_216-95.html�.  


� See Neversink Fish Tale is Hard to Swallow, Times Herald-Record, May 22, 1998.  This article points out that fish in the nearby Rondout reservoir and Neversink rivers are not similarly contaminated, which “suggests another, more direct, source of contamination.”  


� William N. Stasiuk, Why, Despite mercury in fish, water is potable, Times Herald-Record, June 13, 1998.


� In 1998 alone DEP reported to DEC at least 8 minor mercury spills at various facilities.  The following is a breakdown of the spills reported to DEC:





Date 		Amount	 	Location________ 			Explanation


1/9/98		??			Shaft 18 			Source Unknown	


3/6/98		aprox. 1 ounce		Rondout Reservoir		Manometer Failure


3/11/98	Aprox. 6 Pounds	Delaware Aqueduct 		none


					Shaft 10 (Carmel)		


3/12/98	Few Drops		W.Delaware Intake		Leaking Manometers	


					(Tompkins)


3/13/98	Few Drops		E.Delaware Release		Leaking Manometers


					Chamber (Colchester)		


3/12/98	Few Drops		Neversink Intake Chamber     Electrical Switches 


3/13/98	Few Drops		E.Delaware Tunnel 		none


					Outlet (at Rondout Res.)		


3/13/98	Few Drops		Rondout Fluid Chamber	none








� David P. Krabbenhoft, Mercury Cycling in the Environment, U.S.G.S. Workshop, July 7-9, 1996 available on the internet at � HYPERLINK http://toxics.usgs.gov/toxics/pubs/hg/summary.shtml ��http://toxics.usgs.gov/toxics/pubs/hg/summary.shtml�. 


� Fitzgerald, William F., Engstrom, Daniel R., Mason, Robert P., and Nater, Edward A., The Case for Atmospheric Mercury Contamination in Remote Areas, Environmental Science and Technology, Vol. 32, No.1, pp.1-7.


� Mercury Contamination of Aquatic Ecosystems, U.S. Geological Survey, available on the internet at � HYPERLINK http://h2o.usgs.gov/public/wid/FS_216-95.html ��http://h2o.usgs.gov/public/wid/FS_216-95.html�.


� See, E.G., Olmez, supra note 3.  Three international conferences have been sponsored on "Mercury as a Global Pollutant."  Transcripts of these conferences can be found in Mercury as an Environmental Pollutant, Water, Air and Soil Pollution, Special Volumes 56 and 80.


� Id. at 3048


� Fitzgerald, William F., Engstrom, Daniel R., Mason, Robert P., and Nater, Edward A., The Case for Atmospheric Mercury Contamination in Remote Areas, Environmental Science and Technology, Vol. 32, No.1, pp.1-7.


� Id. at 1.


� Id. at 3.


� See Work Plan of the Neversink Watershed Study in the Catskill Mountains of Southeastern New York, U.S.Geological Survey, 1994.  


� Id. citing Stoddard, J.L. and Murdoch, P.S., 1991, Catskills Mountains, in Charles, D.F. Ed., Acidic deposition and aquatic ecosystems - regional case studies: New York, Springer-Verlag, p. 237-271.


� Id. at 3. Id. citing Stoddard, J.L. and Murdoch, P.S., 1991, Catskills Mountains, in Charles, D.F. Ed., Acidic deposition and aquatic ecosystems - regional case studies: New York, Springer-Verlag, p. 237-271.


� Id. at 3.


� See Olmez supra note 3.  
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