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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.

Mill Stone Douglas Brook Hogsback
Statistics B 0] 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
(u=76%, SE=3) than from the B-horizon (u=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 (u=60%, SE=4) than from the B-
horizon (u=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 (u=76%, SE=4) than from the
B-horizon (u=15%, SE=2) (Fig. 15; Table 1). No apparent trend was observed in the O- and B-
horizons (Fig. 15).
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Organic Material at Mill Stone
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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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Organic Material at Hogsback
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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).
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O- and B-horizons at the Douglas Brook 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

30



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.
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