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Figure 14. Graphical interpretation of Hg concentration at the Hogsback site (NH). The shaded 
grey area (4 – 58 ppb) is the range of background Hg concentration in soil (NOAA, 2004). The 
dotted green line is the baseline Hg concentration of 85 ppb in streambed sediments for the 
United States (Rice, 1995). The dotted red line (180 ppb) is the consensus-based threshold effect 
concentration (TEC) of Hg (MacDonald et al., 2000). The solid green line is the mean Hg 
concentration from the O-horizon (250 ppb) and the solid grey line is the mean from the B-
horizon (160 ppb). The error bars were generated from the coefficients of variations (CV). 
 

Table 1. Average and standard error of Hg and organic material at the Mill Stone (ME), Douglas 
Brook (NH), and Hogsback (NH) sites. 

  
Statistics 

Mill Stone Douglas Brook Hogsback 
B O B O B O 

Mercury Mean (ppb) 93 194 139 209 160 250 
SE 5 7 6 8 14 10 

Organic Material Mean (%) 11.6 76 13 60 15 76 
SE 0.6 3 1 4 2 4 
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Organic Material vs. Hg 

 

The Mill Stone site reported higher percentages of organic material from the O-horizon 

(µ=76%, SE=3) than from the B-horizon (µ=11.6%, SE=0.6) (Fig. 7; Table 1). Higher 

percentages of organic material were present at lower elevations in the O-horizon, but no 

apparent trend was observed in the B-horizon (Fig. 7). The Douglas Brook site also reported 

higher percentages of organic material from the O-horizon (µ=60%, SE=4) than from the B-

horizon (µ=13%, SE=1) (Fig. 11; Table 1). Higher percentages of organic material were present 

near the north and south ends of the plot in the O-horizon, but no apparent trend was observed in 

the B-horizon (Fig. 11). The Hogsback site reported results consistent with the previous two 

sites: higher percentages of organic material from the O-horizon (µ=76%, SE=4) than from the 

B-horizon (µ=15%, SE=2) (Fig. 15; Table 1). No apparent trend was observed in the O- and B-

horizons (Fig. 15). 
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Figure 7. Maps showing the interpolations of organic material from the O-horizon (right) and B-
horizon (left) at the Mill Stone site (ME). Darker colored areas indicate higher percentages of 
organic material in the soil. 
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Figure 11. Maps showing the interpolations of organic material from the O-horizon (right) and 
B-horizon (left) at the Douglas Brook site (NH). Darker colored areas indicate higher 
percentages of organic material in the soil. 
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Figure 15. Maps showing the interpolations of organic material from the O-horizon (right) and 
B-horizon (left) at the Hogsback site (NH). Darker colored areas indicate higher percentages of 
organic material in the soil. 
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Correlations between the concentrations of Hg and the percentages of organic material at 

three sites were observed (Fig. 8, 12, and 16). Samples from the O-horizon, whose percentages 

of organic material are higher than those from the B-horizon, were found to have higher Hg 

concentrations than those from the B-horizon. At the Mill Stone site, approximately 76% of 

organic material was correlated with 194 ppb of Hg in the O-horizon, whereas roughly 11.6% of 

organic material was correlated with 93 ppb of Hg in the B-horizon (Fig. 8, Table 1). The data 

points for the O-horizon were more dispersed than those for the B-horizon with some even 

overlapping with the tightly clustered data points of the B-horizon. At the Douglas Brook site, 

approximately 60% of organic material responded with 209 ppb of Hg in the O-horizon, whereas 

roughly 13% of organic material responded with 139 ppb of Hg in the B-horizon (Fig. 12, Table 

1). The data points for the O-horizon were also more scattered than those for the B-horizon with 

some even overlapping with those for the B-horizon. However, there was one data point for the 

B-horizon that was near the data points for the O-horizon. Similarly at the Hogsback site, about 

76% of organic material was associated with 250 ppb of Hg in the O-horizon while about 15% of 

organic material was with 150 ppb of Hg in the B-horizon (Fig. 16, Table 1). The data points for 

the O-horizon were more spread out than those for the B-horizon, but the data points for the B-

horizon were not as tightly clustered as those from the previous two sites. 
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Figure 8. Correlation between percentages of organic material and concentrations of Hg in the O- 
and B-horizons at the Mill Stone site (ME).  
 



	
   28	
  

 
Figure 12. Correlation between percentages of organic material and concentrations of Hg in the 
O- and B-horizons at the Douglas Brook site (NH). 
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Figure 16. Correlation between percentages of organic material and concentrations of Hg in the 
O- and B-horizons at the Hogsback site (NH). 
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Discussion 

Hg in O-horizon vs. B-horizon 

 

 Upland forest soils are natural sinks for atmospherically deposited Hg because Hg tends 

to bind to organic and mineral soil particles (Hall and St. Louis, 2004). Higher concentrations of 

Hg were found in soils from the O-horizon than from the B-horizon at all three sites, as Hg 

content varies with depth of the soil. Organic soils (O-horizon) commonly have higher average 

Hg contents than do mineral soils (B-horizon) because particulate organic matter accumulates 

more Hg per unit of organic carbon (Lag and Steinnes, 1978; Hall and St. Louis, 2004; 

Ravichandran, 2004; Gruba et al., 2014). Moreover, when leaves that are rich in Hg due to an 

exposure to atmospheric Hg fall, they accumulate on the forest floor, adding to the O-horizon. 

 

Hg in Westerly Aspect vs. Easterly Aspect 

 

For both the Mill Stone and Hogsback sites, higher concentrations of Hg were more 

prevalent on the western side of the plot, and at lower elevations in the O- and B-horizons. The 

elevations of the plots increase towards their eastern sides, which create a westerly aspect, or 

west-facing slope. Westerly aspects can alter the microclimate – wind pattern, air temperature, 

and precipitation – of hilly regions (Smith, 1979). Atmospheric Hg and rainclouds containing Hg 

are carried by local wind patterns toward the westerly aspect. However, they can either flow 

upwards and over it, or slow down due to the relief of mountains that stand in the path of the 

wind patterns (Simpson, 1987; Tripoli and Cotton, 1989; Barros and Lettenmaier, 1994). 

Therefore, trees that stand in the lower elevated, western end of the slope are exposed to the 

slowly moving atmospheric Hg for longer periods of time. This prolonged exposure allows for 

the leaves to absorb and retain more Hg. Mercury-rich leaves eventually fall on the ground, 

adding to the organic soils of the forest. 

With increasing altitude, the air temperature decreases and changes the water vapor back 

to its liquid state, which leads to a higher precipitation rate on the windward slope. As the 

atmospheric Hg and rainclouds that contain Hg travel over the westerly aspect, mercury becomes 

scarcer. As a result, there were lower concentrations of Hg on the eastern side of the plot at both 
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of these sites. In addition, lower elevations may accumulate higher concentrations of Hg due to 

runoff. 

Concentrations of Hg found at the Douglas Brook site did not show patterns similar to 

those found at the Mill Stone and Hogsback sites. This may be due to the fact that the Douglas 

Brook site is located near an area of topographic depression, surrounded by higher ground. 

Although the Douglas Brook site experiences a westerly aspect, the elevated ground on the west 

of the plot affects the microclimate and hence the distribution of Hg at the site. 

 

Hg in the Mill Stone vs. Douglas Brook vs. Hogsback site 

 

The Hogsback site reported the highest mean concentration of Hg, followed by the 

Douglas Brook site. The Mill Stone site reported the lowest mean concentration. This may be 

due to numerous westerly aspects between each site in the White Mountain National Forest and 

the locations of each site relative to each other. The Hogsback site is located farthest west and 

Mill Stone site is located farthest east. The wind patterns and rainclouds carrying Hg can be 

trapped in the ranges of hills and mountains as they travel east (Simpson, 1987; Tripoli and 

Cotton, 1989; Barros and Lettenmaier, 1994). Therefore, less Hg may be present in the 

atmosphere on the eastern side of the White Mountain National Forest. On the other hand, the 

Hogsback site might have had the highest mean Hg concentration because Hg has a residence 

time of 0.5-2 years in the atmosphere (Capri, 1996; Keeler, 2002). Since most Hg is produced 

from the coal burning power plants of the upper mid-west, it is difficult for Hg to travel farther 

east. Thus, since the Mill Stone site is the most easterly of the three sites, the lowest 

concentrations of Hg were reported at this site. 

 

Organic Material 

 

No apparent relationship was observed between the distribution of organic material and 

the aspects of the study sites. By definition, more organic material was present in the O-horizon 

than the B-horizon. A stronger positive correlation between Hg and organic material in the O-

horizon of forest soils was expected (Lag and Steinnes, 1978). However, the correlations 

between Hg and organic material in the O-horizon varied more than they did in the B-horizon at 
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all three sites. Variation in the topsoil, or the organic soils, of the forest floor may attribute to this 

finding. It is worth noting that samples from the O-horizon may have included soils from the A-

horizon or even the B-horizon at the time of sample collection. This could explain why some 

samples from the O-horizon reported relatively low percentages and concentrations of organic 

material and Hg, respectively. 

 

Conclusion 

 

 The baseline concentrations of Hg and percentages of organic material before the clear-

cut were found at three different sites in the White Mountain National Forest. Concentrations of 

Hg and percentages of organic material were higher at the O-horizon than the B-horizon at all 

three sites. The Hogsback site, farthest west of all the sites, had the highest mean values for Hg 

from both O- and B-horizons while the Mill Stone site, farthest east, had the lowest mean values. 

In the next five years, the three sites will be visited again to collect samples following the clear-

cut. Those data will be compared with the baseline data from this study to examine the effects of 

clear-cutting and removal of organic material on Hg and organic contents in the soil over time. 

 

 

 

 

 

 

 

 

 

 

 



	
   33	
  

Literature Cited 
 
Alpers, C., D. Krabbenhoft, J. Kuwabara, M. Marvin-DiPasquale, M. Saiki and R. Stewart 
(2008), Influence of Plankton Mercury Dynamics and Trophic Pathways on Mercury 
Concentrations of Top Predator Fish of a Mining-Impacted Reservoir. Canadian Journal of 
Fisheries and Aquatic Sciences, 65, 11:2351-2366. 

 
Bank, Michael S. (2012), The Role of Soils in Storage and Cycling of Mercury. Berkeley, CA: 
University of California: Mercury in the Environment: Pattern and Process, 99-118. 
 
Barros, A. P. and Lettenmaier, C. P. (1994), Dynamic modeling of orographically induced 
precipitation. Reviews of Geophysics, v. 32:265-284, doi: 10.1029/94RG00625. 
 
Capri, A. (1997), Mercury from Combustion Sources: A Review of the Chemical Species 
Emitted and Their Transport in the Atmosphere. Water, Air and Soil Pollution, 98:241-254. 
 
Chalmers, Ann (2002), Trace elements and organic compounds in streambed sediment and fish 
tissue of coastal New England Streams, 1998-1999. U.S. Geological Survey Water-Resources 
Investigations Report, 02-4179. 
 
Dahlgren, R. A. and C. T. Driscoll (1994), The effects of whole-tree clear-cutting on soil 
processes at the Hubbard Brook Experimental Forest, New Hampshire, USA. Davis, CA: Plant 
and Soil, 158: 239-262.  
 
Dean, W. E. Jr. (1974), Determination of carbonate and organic matter in calcareous sediments 
and sedimentary rocks by loss on ignition: Comparison with other methods. Journal of 
Sedimentary Petrology, 44: 242-248. 
 
Driscoll, C. T. (1985), Aluminum in acidic surface waters: chemistry, transport, and effects. 
Environmental Health Perspectives, 63: 93-104. 
 
Dricsoll, C. T., D. Evers, K. F. Lambert, N. Kamman, T. Holsen, Y-J. Han, C. Chen, W. 
Goodale, T. Butler, T. Clair and R. Munson (2007), Mercury Matters: Linking Mercury Science 
with Public Policy in the Northeastern United States. Hubbard Brook Research Foundation, 
Science Links Publication, Vol. 1, No. 3. 
 
Engle, M. A., F. Goff, D. G. Jewett, G. J.Reller, and J. B. Bauman (2007), Application of 
environmental groundwater tracers at the Sulphur Bank Mercury Mine, California, USA. 
Hydrogeology Journal, 1431-2174, doi:10.1007/s10040-007-0240-7. 
 
Fitzgerald, W. F., D. R. Engstrom, R. P. Mason and E. A. Nater (1998), The case for 
atmospheric mercury contamination in remote areas. Environmental Science and Technology, 32: 
1-7. 
 
Fritz, Edward C. (1989), Clearcutting: A Crime against Nature. Austin, TX: Eakin. 
 



	
   34	
  

Gray, J. E., M. E. Hines, P. L. Higueras, I. Adatto, and B. K. Lasorsa (2004), Mercury speciation 
and microbial transformations in mine wastes, stream sediments, and surface waters at the 
Almadén Mining district, Spain. Environmental Science and Technology, 38: 4285-4292. 
 
Gruba, P., E. Blońska and J. Lasota (2014), Predicting the Concentration of Total Mercury in 
Mineral Horizons of Forest Soils Varying in Organic Matter and Mineral Fine Fraction Content. 
Water, Air and Soil Pollution, 225: 1924. 
 
Hall, B. D. and V. L. St. Louis (2004), Methylmercury and total mercury in plant litter 
decomposing in upland forests and flooded landscapes. Environmental Science and Technology, 
38: 5010–5021. 
 
Herlihy, A., R. Hughes, S. Peterson and J. Van Sickle (2007), Mercury Concentrations in Fish 
from Streams and Rivers throughout the Western United States. Environmental Science 
Technology, 41, 1:58-65. 
 
Hines, M. E., J. Faganeli, I. Adatto, and M. Horvat (2006), Microbial mercury transformations in 
marine, estuarine and freshwater sediments downstream of the Idrija Mercury Mine, Slovenia. 
Applied Geochemistry, 21: 1940-1954. 
 
Hornbeck, J. W. and W. Kropelin (1982), Nutrient removal and leaching from a whole-tree 
harvest of northern hardwoods. Journal of Environmental Quality, 11: 309-316. 
 
Hornbeck, J. W., C. W. Martin, R. S. Pierce, F. H. Bormann, G. E. Likens and J. S. Eaton 
(1987), The northern hardwood forest ecosystem: ten years of recovery from clearcutting. NE-
RP-596. Broomall, PA: U.S. Department of Agriculture, Forest Service, Northeastern Forest 
Experiment Station, 30 p. 
 
Johnson, A. H. and T. G. Siccama (1983), Acid deposition and forest decline. Environmental 
Science and Technology, 17: 294-305. 
 
Johnson, D. W., J. M. Kelly, W. T. Swank, D. W. Cole, H. Van Miegroet, J. W. Hornbeck, R. S. 
Pierce and D. Van Lear (1988), The effects of leaching and whole-tree harvesting on cation 
budgets of several forests. Journal of Environmental Quality, 17: 418-424. 
 
Keeler, G., M. Landis and A. Vette (2002), Atmospheric Mercury in the Lake Michigan Basin: 
Influence of the Chicago/Gary Urban Area.  Environmental Science and Technology, 36: 4508-
4517. 
 
Keller, R. H., X. Lingtian, D. B. Buchwalter, K. E. Franzreb and T. R. Simons (2014), Mercury 
bioaccumulation in Southern Appalachian birds, assessed through feather concentrations. 
Ecotoxicology, 23: 304-316. 
 
Lag, J. and E. Steinnes (1978), Regional distribution of mercury in humus layers of Norwegian 
forest soils. Acta Agric. Scand., 28: 393. 
 



	
   35	
  

Landers et al. (2008), The fate, transport, and ecological impacts of airborne contaminants in 
western national parks. Final report of the NPS WACAP study, EPA/600/R-07/138. 
 
Likens, G. E., F. H. Bormann, N. M. Johnson, D. W. Fisher and R. S. Pierce (1970), Effects of 
forest cutting and herbicide treatment on nutrient budgets in the Hubbard Brook watershed-
ecosystem. Ecological Monographs, 40: 23-47. 
 
Lindberg, S., R. Bullock, R. Ebinghaus, D. Engstrom, X. Feng, W. Fitzgerald, N. Pirrone, E. 
Prestbo and C. Seigneur (2007), A synthesis of progress and uncertainties in attributing the 
sources of mercury in deposition. Ambio, 36: 1932. 
 
Lindqvist, O., K. Johansson, M. Aastrup, A. Andersson, L. Bringmark, G. Hovsenius, L. 
Håkanson, Å. Iverfeldt, M. Meili and B. Timm (1991), Mercury in the Swedish environment - 
recent research on causes, consequences and corrective methods. Water, Air and Soil Pollution, 
55. 
 
Little, Matt (2002), Reducing mercury pollution from electric power plants. Issues in Science & 
Technology, Vol. 18, No. 4, p. 27. 
 
MacDonald, D. D., C. G. Ingersoll and T. A. Berger (2000), Developmemnt and Evaluation of 
Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems. Archives of 
Environmental Contamination and Toxicology, 39: 20-31. 
 
Martin, C. W., R. S. Pierce, G. E. Likens and F. H. Bormann (1986), Clearcutting affects stream 
chemistry in the White Mountains of New Hampshire. Res. Pap. NE 579. Broomall, PA: U.S. 
Department of Agriculture, Forest Service, Northeastern Forest Experiment Station, 12 p. 
 
Mazur M. et al. (2014), Gaseous mercury fluxes from forest soils in response to forest harvesting 
intensity: a field manipulation experiment. Science of the Total Environment, 496: 678-87. 
 
Munthe, J., K. Kindbom, O. Kruger, G. Petersen, J. M. Pacyna and Å. Ivefeldt (2001), Emission, 
deposition, and atmospheric pathways of mercury in Sweden, accepted for Water, Air and Soil 
Pollution. 
 
Munthe, J. and H. Hultberg (2004), Mercury and methylmercury in runoff from a forested 
catchment - concentrations, fluxes, and their response to manipulations. Water, Air and Soil 
Pollution, 4: 607-618. 
 
NOAA (2004), Screening Quick Reference Table for Inorganic Solids. Washington DC: 
National Oceanic and Atmospheric Administration. [Internet] Available at: 
http://faculty.kfupm.edu.sa/RI/suwailem/Standards/122_squirt_cards.pdf. Accessed February 17, 
2015. 
 
Nriagu, J. O. (1989), A global assessment of natural sources of atmospheric trace metals. Nature, 
338: 47-49. 
 



	
   36	
  

Putz, F.E., P. Sist, T. Fredericksen and D. Dykstra (2008), Reduced impact logging: Challenges 
and opportunities. Forest Ecology and Management, 256: 1427-1433. 
 
Ravichandran, M. (2004), Interactions between mercury and dissolved organic matter––a review. 
Chemosphere, 55, 3: 319-331. 
 
Reitze, Jr. A. W. and G. L. Reitze (1975), Unclear Cut. Environment, 17(9): 4. 
 
Rice, Karen C. (1999), Trace element concentrations in streambed sediment across the 
conterminous United States. Environmental Science and Technology, 33: 2499-2504. 
 
Round, M., A. Marin and M. Tatsutani (1998), Mercury deposition in the Northeast. (In: Round, 
M. Ed.) Northeast States and Eastern Canadian Provinces Mercury Study: Northeast States and 
Eastern Canadian Provinces, Chapter VI, p. 42. 
 
Rytuba, James J (2003), Mercury from mineral deposits and potential environmental impact. 
Environmental Geology, 43(3): 326-338. 
 
Schuster, P. F., D. P. Krabbenhoft, D. L. Naftz, L. D. Cecil, M. L. Olson, J. F. Dewild, D. D. 
Susong, J. R. Green, and M. L. Abbott (2002), Atmospheric mercury deposition during the last 
270 years: A glacial ice core record of natural and anthropogenic sources. Environmental Science 
and Technology, 36: 2303-2310. 
 
Scudder, B. C., L. C. Chasar, D. A. Wentz, N. J. Bauch, M. E. Brigham, P. W. Moran and D. P. 
Krabbenhoft (2009), Mercury in fish, bed sediment, and water from streams across the United 
States, 1998–2005. U.S. Geological Survey Scientific Investigations Report, 5109, 74 p. 
 
Seigneur, C., P. Karamchandani, K. Vijayaraghavan, K. Lohman and G. Yelluru (2003), Scoping 
study for mercury deposition in the upper Midwest. San Ramon, CA: Atmospheric & 
Environmental Research, Inc. 
 
Simpson, J. E. (1987), Gravity currents in the environment and laboratory. New York: John 
Wiley and Sons, 224 p. 
 
Smith, R. B. (1979), The influence of mountains on the atmosphere. Advances in Geophysics, v. 
21, p. 259-284. 
 
Stein, E. D., Y. Cohen and A. M. Winer (1996), Environmental distribution and transformation 
of mercury compounds. Critical Reviews in Environmental Science and Technology, 26: 1-43. 
 
Swain, E. B., D. R. Engstron, M. E. Brigham, T. A. Henning, and P. L. Brezonik (1992), 
Increasing rates of atmospheric mercury deposition in mid-continental North America. Science, 
257: 784-787. 
 



	
   37	
  

Tripoli, G. J. and W. R. Cotton (1989), Numerical study of an observed orogenic mesoscale 
convective system. Monthly Weather Review, v. 117, p. 273-328, doi: 10.1175/1520-
0493(1989)117<0273:NSOAOO>2.0.CO;2. 
 
USFS (2012), Land Areas of the National Forest. Washington DC: U.S. Department of 
Agriculture, Forest Service. [Internet] Available at:  
http://www.fs.fed.us/land/staff/lar/LAR2011/LAR2011_Book_A5.pdf. Accessed January 31, 
2015. 
 
USFS (ND), The Story of the White Mountain National Forest. Washington DC: U.S. 
Department of Agriculture, Forest Service. [Internet] Available at: 
http://www.fs.usda.gov/main/whitemountain/about-forest. Accessed January 31, 2015. 
 
Vanarsdale, A., J. Weiss, G. Keeler, E. Miller, G. Boulet, R. Brulotte and L. Poissant (2004), 
Patterns of Mercury Deposition and Concentration in Northeastern North America (1996-2002). 
Ecotoxicology, 14: 37-52. 
 
Waring, R. H. and W. H. Schlesinger (1985), Forest Ecosystems-Concepts and Management. 
Orlando, FL: Academic Press, Inc., 340 p. 


