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Abstract:  Atmospheric deposition of mercury, a known neurotoxicant, occurs in remote 

locations including peatlands such as the Great Dismal Swamp.  Little is known about coarse 

woody debris as an ephemeral mercury pool, though management actions could influence 

remobilization that occurs via combustion and microbial oxidation.  Previously buried logs were 

exposed after peat burning associated with the 2008 South-One Fire and cross-sectional log 

samples were retrieved and analyzed.  Mercury concentration increased logarithmically with 

increasing proximity to the nearest edge in contact with the peat.  Mean mercury concentrations 

at the edge of the logs (0.0295 mg Hg/kg dry weight (DW) of sample) were higher than the two 

inner portions (0.004 and 0.003 mg Hg/kg DW sample, respectively).  Mercury accumulation 

and retention in buried tree boles represents a significant pool of mercury that should be 

considered in hydrology management given that lowered water tables increase risks of 

remobilization. 
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INTRODUCTION 

 

Mercury, a ubiquitous environmental toxicant of global concern, exists in several forms 

and the mobility and toxicity of mercury varies among these chemical species (USEPA 2009).  

Conversion of inorganic mercury to the more toxic form, methylmercury, is mediated by sulfate-

reducing bacteria in anoxic soil conditions that are prevalent in wetlands (Branfireun et al. 1999). 

The addition of the methyl group makes the toxicant lipophilic, allowing it to pass readily 

through biological membranes into cells or tissues.  Wetland microorganisms bioaccumulate 

methylmercury that is subsequently biomagnified (Benoit et al. 2002).     

Methylmercury, acting as a neurotoxicant, can cross the fetal blood-brain barrier and lead 

to decreased intelligence and neurological disorders (USEPA 2009).  Minamata disease was an 

extreme instance of methylmercury poisoning.  Effluent from an acetaldehyde manufacturing 

industrial plant that contained mercury was released from 1932-1962, affecting Minimata Bay 

and the Japan Sea (Ministry of the Environment 2002, Bargagli 2005). Minamata disease was 

first recognized in 1956, and adults and children who consumed contaminated fish and shellfish 

suffered from a variety of symptoms including convulsions, numbness, and speech and walking 

impediments.  In addition, newborns had physical and mental deficiencies and often died within 

a few years of birth (National Institute of Minamata Disease 2001).  

There are many sources of mercury to the environment including combustion of fossil 

fuel from residential, power plant, and transportation activities; biomass burning; pig iron and 

cement manufacturing; copper, lead and zinc smelting; mercury mining; gold extraction; and 

caustic soda production (Streets et al. 2009).  The amount of mercury emitted into the 

atmosphere and incorporated into the biosphere has increased since the beginning of the 

industrial revolution (Schuster et al. 2002).  Ice cores (Schuster et al. 2002, Bargagli 2005), peat 

cores (Jensen and Jensen 1991,          -Cortizas et al. 1999, Steinnes and Sjøbakk 2005), and 

sediment cores (Cooke et al. 2009) all suggest that industrialization has greatly increased 

mercury levels.  In 2009, Streets et al. (2009) projected global emissions to increase 96% by 

2050 if coal-fire power plants are not equipped with improved control technologies. 

Relatively undisturbed ecosystems, distant from any point-source, are also subject to 

atmospheric deposition of  mercury (Graydon et al. 2008).  Trees incorporate elemental or 

inorganic mercury from the atmosphere into leaves through stomata, or direct deposition onto 

leaf surfaces (Ericksen et al. 2003, Witt et al. 2009a).  Additional factors that can increase the 

total mercury load of a landscape beyond atmospheric deposition levels include fluctuating water 

tables in reservoirs and wetlands (Driscoll et al. 2007), forest vegetation, and soil characteristics 

which can cause vegetative biomass to serve as an ephemeral mercury pool (Nater et al. 1999, 

Friedli et al. 2009b, Witt et al. 2009a).   

Within ephemeral mercury pools, the proportion of mercury found in vegetation and soil 

depends on climate and organic matter dynamics (Friedli et al. 2009a).  In most ecosystems, 

mercury resides in the vegetation (Friedli et al. 2009a).  However, in peatlands such as the Great 

Dismal Swamp (GDS), which form where primary productivity exceeds decomposition (Poulter 

et al. 2006), most of the mercury content is in the peat (Grigal 2003, Friedli et al. 2009a, 

Woodruff and Cannon 2010).  The amount of mercury and carbon stored in soil depends on the 

amount of time allowed for accumulation between fires (Friedli et al. 2009b).    

The GDS may have changed from a net sink to a net source of mercury.  Historic peat 

accumulations exceeded 6 m during the most recent 10,000 years (Oaks and Whitehead 1979) 

and low soil pH (3.3-3.6, Thompson et al. 2003) may have enhanced accumulation rates.  
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Saturated conditions are thought to have persisted longer in the past, which may have promoted 

wetland soil conditions favorable for peat and mercury accumulation (Woodruff and Cannon 

2010).  However, saturation periods began to shorten when George Washington and others 

conducted ditching operations in the mid 18
th

 century (Atkinson et al. 2003a).  Drier peatlands 

are more likely to burn and to release sequestered mercury (Witt et al. 2009b), and the GDS may 

now function as a net source of mercury.  

Fires in the Great Dismal Swamp National Wildlife Refuge (GDSNWR) are frequently 

started by lightning, but the depth of burns was limited historically in the pre-ditched conditions 

which were associated with high water levels (Atkinson 2003b).  Ditches in GDSNWR lowered 

water tables and in 2008, the South-One Fire burned to a depth of approximately one (1) m 

(USFWS 2009).  The South-One Fire, one of seven fires that year, was the longest burning in 

Vi gi i ’s   co d d fire history and cost more than $12 million to extinguish, burning 2,000 ha in 

121 days (USFWS 2009).   

Atlantic white cedar, Chamaecyparis thyoides (L.) B.S.P. (cedar), swamps are a type of 

temperate peatland ecosystem found within the GDSNWR and along the Atlantic 

Coast (Korstian 1924).  Cedar swamps are composed of dense, even-aged, monotypic stands of 

cedar (Laderman 1989) and shade-intolerant seedlings that require an overstory-clearing 

perturbation event (Little 1950).  These ecosystems accumulate undecomposed plant remains 

including buried logs.  Zimmermann and Mylecraine (2003) described an unearthed population 

of stumps from a cedar forest that was radiocarbon dated to between the 8
th

 and 10
th

 centuries.  

An early US Geological Survey report on the GDS described the log layer in the peat, especially 

from cedar trees, as so dense as to be prohibitive for peat mining (Davis 1907).   

Given the strong relationship between organic matter accumulation and mercury content 

(Friedli et al. 2007), peatlands with buried large woody debris that is resistant to decomposition 

have the potential to sequester additional mercury content in the buried boles, or main trunks, of 

trees.  Given the extensive presence of buried logs in GDSNWR, the scarcity of studies that 

consider mercury content of buried logs (Grigal 2003) and the risk for re-emission in the event of 

peat fire, knowledge of mercury content of buried logs would allow development of a more 

accurate assessment for mercury cycling and release.  The purpose of this study is to quantify 

mercury concentrations of buried logs in GDSNWR to enhance mercury biogeochemical 

modeling in peatlands, and to improve understanding of the potential for remobilization.   

 

 

METHODS 

 

Site Description 

 

The GDSNWR is a temperate peatland located between Chesapeake and Suffolk, 

Virginia, and northeastern North Carolina, USA (figure 1) and was established by the Great 

Dismal Swamp Act of 1974 for the purpose of “Protecting and preserving a unique and 

outstanding ecosystem, and perpetuating the diversity of animal and plant life therein” (Lowie 

2009).  The GDSNWR encompasses over 45,000 ha of its larger, former historical acreage.  

Pollen analysis conducted by Whitehead (1972) and Whitehead and Oaks (1979) suggests that 

the GDSNWR was a Holocene landscape feature, approximately 10,000 years old, with cedar 

and Bald cypress (Taxodium distichum), appearing 6,500 years ago and becoming dominant 

3,000 years ago.   
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Cedar trees have shallow root 

systems and are subject to blow-down 

(Little 1950) from events such as Hurricane 

Isabel in 2003.  Following the cedar stand 

blow-down, salvage logging was conducted 

to facilitate natural regeneration through 

increased exposure of light to the seed bed 

(in areas referred to as salvage units).  

However, the South-One Fire (2008) in the 

GDSNWR burned through the peat to an 

estimated average depth of one (1) m and 

exposed previously buried logs. 

 

Sample Collection 

 

  Ground reconnaissance for exposed, 

previously buried logs was conducted in the 

summer and fall of 2009 and 2,023 ha (5,000 

acres) of the GDSNWR that burned during the 2008 South-One Fire were inspected using 21.5 

km-long North/South oriented transects that 

were spaced 143 m apart (figure 2).  Buried log 

GPS locations were recorded for subsequent 

recovery.  During retrieval, 32 buried log cross-

sectional samples (cookies) were collected by 

chainsaw at the most intact cross-section location.  Logs that displayed no evidence of human 

disturbance and remained partially buried or laid beneath a tree stump were selected (figure 3).  

Retrieval was suspended in fall 2009 due to high water levels and by log concealment resulting 

from vegetation regrowth in spring 2010.  A subset of nine tree cookies, three from each of three 

salvage units, was selected for mercury analysis (figure 4).  Selection criteria included 

documented orientation in the soil and a convex surface in contact with the peat. 

Figure 1. The Great Dismal Swamp National 
Wildlife Refuge location.  Study site location is 
starred (Great Dismal Swamp National Wildlife 
Refuge 2006). 

Figure 2. Transects surveyed for buried logs in summer 
and fall 2009 throughout 300 hectares (750 acres, 
acreage written in black, salvage unit names written in 
white) of the Great Dismal Swamp National Wildlife 
Refuge.  
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Figure 3. Example of buried logs exposed from a peat fire in the Great Dismal Swamp National Wildlife 
Refuge.  Some logs were beneath a stump (left) or were partially buried (right). 

 

 

 

 

 

 

 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sample Preparation 

 

Longitudinal, radial xylem wood samples (1 cm x 0.4 cm x 0.4 cm) were collected at 

three locations within each cookie.  Using clean techniques, samples were retrieved via 1.2-cm 

diameter chisel at three positions including the outermost edge of the cookie (effectively 0 cm 

f om  h   dg    d i  co   c  wi h p   , “Edg ”), near the outermost edge but not in contact with 

peat (1-4 cm inward from the outermost edge ,“Ou   ”),   d      c oss s c io  fu  h s  f om   y 

point in which the cookie would have been exposed to either fire/atmospheric or soil influences 

Figure 4. Starred retrieval locations, within the Great Dismal Swamp National Wildlife 
Refuge, of the subset of nine buried logs analyzed for mercury (initials representing 
salvage unit names are in white and acreage is in black). 
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(“ iddl ”).  Th  Middle sample was always located in a portion of the bole that would be 

formed from when the tree was younger, although ring dating was not performed.  Samples were 

collected with reference to distance to the nearest edge in contact with the peat, inconsistent 

regarding tree rings or tree age.  Samples were frozen overnight and freeze-dried for 48 h.    

 

Analysis 

 

Mercury was analyzed among the three log positions using a Direct Mercury Analyzer-

80, an atomic absorption instrument (Milestone, Shelton, CT) at the Virginia Institute of Marine 

Science.  Analysis was performed in triplicate according to a modified USEPA Method 7473 

(USEPA February 2007).  Spike percent recovery was not performed; rather, standard reference 

materials were included once every 30 trials or at the beginning and end of each testing session 

and blanks were included once every five samples.  Background signal variation was determined 

using empty sample boats (n = 23) to establish the limit of detection (LOD) and limit of 

quantitation (LOQ) (table 1).  Two standard reference materials (SRMs) were used in this study 

(table 2).  A curvilinear calibration curve was calculated using SRM 1575a (figure 5). 

 
Table 1.  Detection and quantitation limits determined for atomic absorption testing using empty sample 
boats.  
 

 Amount of Hg (ng) 

Mean blank reading (n = 23) 0.1215866 + 0.0087235 (1 SD) 

LOD (mean + 3 * SD ng) 0.1478 

LOQ (mean + 10 * SD ng) 0.2088 

 
Table 2.  Mean percent recovery and standard deviation (SD) in two sets of replicates for weights of the 
NTIS standard dogfish tissue material (DORM-3 NIST SRM, 0.382 + 0.007 mg Hg/kg standard).  
 

Weight of 

standard 

Mean percent 

recovery SD n 

0.2 ng Hg 100.23 8.3 7 

0.5 ng Hg 110.84 2.3 5 
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Figure 5.  Standard curve constructed using solid, ground pine needles (NIST SRM 1575a, 0.0399 + 
0.007 mg Hg/kg standard). 
 

 
 

 This standard material is a solid made from dried ground pine needles purchased from the 

National Institute of Standards and Technology (NIST).  It has an accepted mercury 

concentration of 0.0399 + 0.007 mg Hg/kg standard.  For percent recovery, DORM-3, another 

NTIS standard material (dogfish muscle) was purchased from the NIST and had an accepted 

mercury concentration of 0.382 + 0.007 mg Hg/kg.  Measurements were deemed in control if the 

error remained within 15% for this NIST standard reference material (SRM) 2976.   Percent 

recovery and standard deviation were calculated at 2x10
-7

 mg Hg and 5x10
-6

 mg of mercury 

using DORM-3 (table 2).  All instrument responses measured during testing on buried logs were 

greater than the limit of quantitation (0.006374 ng, table 1) and between total mercury content of 

DORM-3 SRM analyzed at 2x10
-7

 mg Hg and 5x10
-6

 mg Hg, at 0.0135 and 0.272 ng, 

respectively (table 2).   

Data were analyzed in SigmaStat 9 (San Jose, CA, 2007) and plotted in Excel (Microsoft 

2001, Redmond, WA).  A natural logarithmic linear transformation was performed on mercury 

concentration and used for further analysis.  The effect of distance of samples taken at the three 

log positions, to the nearest log edge in contact with peat on mercury concentration was 

examined using a Pearson Correlation Coefficient.  Effect on mercury concentration of salvage 

units, sample position, or interaction between these two factors was established with a two-way 

ANOVA significance test with a post-ANOVA testing with Holm-Sidak post hoc test.       

To assess if a mercury concentration varied with position in logs, the concentration 

gradient was calculated from positions Edge to Outer, and positions Outer to Middle (Equations 

1 and 2, respectively), and gradients were compared with a t-test.   

 

G1 = (cE – cO) / (dE – dO)                        (1) 

 

where G1 is concentration gradient 1, cE is the mean Edge concentration (mg Hg/kg sample), cO 

is the mean Outer concentration (mg Hg/kg sample), dE is the mean distance (cm) from peat 
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contact to Edge sample location, and dO is the mean distance (cm) from peat contact to Outer 

sample location. 

 

G2 = (cO – cM) / (dO – dM)                  (2) 

 

where cM is the mean Middle concentration (mg Hg/kg sample), and is the dM = mean distance 

(cm) from peat contact to Middle sample location. 

 

 

RESULTS 

 

   Mercury concentrations ranged from 0.0023 + 0.0007 to 0.0355 + 0.0143 mg Hg/kg 

sample (table 3).  Mercury concentrations for log positions directly in contact with peat (Edge) 

were higher than those at other positions (Outer and Middle, p < 0.05)(figure 6).  Mercury 

concentrations in Outer and Middle positions did not differ (p > 0.05) unless Outer and Middle 

positions were paired within logs (i.e. Outer position concentrations were significantly higher 

than for the Middle, p < 0.05).   
 
Table 3.  Mean mercury concentration (mg Hg/kg DW of sample) in three sections of buried logs from the 
GDSNWR (n = 9, SD = standard deviation).  
 

  

 
 
 
 
 

 

Sediment concentrations were not quantified in the current study, however soil Hg has 

been investigated in GDSNWR.  Mean GDSNWR sediment concentrations reported by the 

USFWS (Lingenfelser 2010) and Virginia Department of Environmental Quality (DEQ 2004)  

were 0.09 mg Hg/kg DW of sample (standard deviation unavailable) and 0.086 + 0.042 mg 

Hg/kg DW of sample, respectively (figure 6), more than 1.5 times higher than the highest 

concentration we found (Edge position).    

  
Edge Outer Middle 

Salvage Unit Mean SD Mean SD Mean SD 

A 0.0215 0.0133 0.0029 0.0011 0.0023 0.0007 

H 0.0317 0.0180 0.0039 0.0006 0.0023 0.0006 

SEV 0.0355 0.0143 0.0037 0.0007 0.0035 0.0006 
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Figure 6a.  Mean mercury concentrations greater than 0.01 (mg Hg/kg DW of sample) for the DEQ 
(2004) Sediment, USFWS (2010) Sediment and Edge of buried logs from Salvage Units A, H, and SEV in  
the Great Dismal Swamp National Wildlife Refuge (n = 23 for DEQ (2004), sample size unavailable for 
USFWS (2010)).  For this study, n = 9 and error bars represent +1 SD when available. 
 

 
 
Figure 6b.  Mean mercury concentrations less than 0.01 (mg Hg/kg sample) for the Outer, Middle, of 
buried logs from Salvage Units A, H, and SEV in the Great Dismal Swamp National Wildlife Refuge (n = 
9, error bars represent +1 SD).  

 

Natural logarithm of mercury concentrations were significantly and negatively related to 

distance to nearest edge in contact with peat (r
2
 = 0.416, p < 0.001, n = 26)(figure 7).  The 

magnitude of the gradient of mercury concentration change from the Edge to the Outer samples 

was -0.0196 + 0.0150 mg Hg/kg DW of sample/cm and was higher than from the Outer to 

Middle samples (-0.000144 + 0.000192 mg Hg/kg DW of sample/cm, p < 0.05)(figure 7). 
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Figure 7. Natural logarithm of mercury concentration and distance to nearest edge of buried logs found in the Great 

Dismal Swamp National Wildlife Refuge (n = 26, r
2
 = 0.416, p < 0.001).  

 

 

 

DISCUSSION 

 

The findings in this study are consistent with others in that mercury deposition rates were 

increasing in the past two centuries (Biester et al. 2007) and that remote places are subject to 

mercury deposition (Graydon et al. 2008).  A review of mercury concentrations in wood by 

Grigal (2003) reported that 60% of observations from the north central United States were 

between 0.001 to 0.004 mg Hg/kg per sample with a mean of 0.0025 mg Hg/kg per sample.  This 

concentration is similar to those measured in the Middle and Outer sections of the buried log 

cookies analyzed in this study, but an order of magnitude lower than the Edge sections that were 

analyzed in the current study.  

Mercury concentrations were not consistent throughout the radius of the buried logs.  

Mercury concentrations in the Outer to Middle positions ranged from 0.0023 to 0.0039 mg 

Hg/kg DW of sample and the Edge position concentrations ranged from 0.0215 to 0.0355 mg 

Hg/kg DW of sample.  Mercury concentration decreased as distance from the nearest edge 

increased.  The trend in concentration gradients supports a potential for diffusion from relatively 

high concentrations in the soil toward lower concentrations in the interior of buried logs.  The 

concentration gradient was greater in magnitude from the Edge to Outer (-0.0196 mg Hg/kg DW 

of sample/cm) compared to the Outer to Middle (-0.000144 mg Hg/kg DW of sample/cm) 

positions, suggesting that mercury accumulates slowly in the logs, increasing with the steepest 

gradient towards the Edge.  GDSNWR watershed DEQ stations and USFWS mean sediment 

mercury concentrations were approximately 0.09 ppm (DEQ 2004, Lingenfelser 2010) which are 

more than double the mean concentration in Edge samples that were in contact with the peat 

(0.0295 mg Hg/kg DW of sample), which are an order of magnitude greater than the means of 

the two inner sections of the buried logs (Outer and Middle, 0.00353 and 0.002686 mg Hg/kg 

DW of sample, respectively).   
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Abreu et al. (2008) described living trees as sentinel recorders in which mercury 

concentrations within annual rings correspond to environmental concentrations, but several 

factors may affect Edge concentrations and confound interpretation of our buried logs.  The 

perimeter of our buried logs was incomplete and thus resulted in a non-uniform tree-ring age 

along the Edge.  Fire can also make the charred post-burn soil substrate act similarly to activated 

charcoal and enhance mercury absorption (Burke et al. 2010).  Translocation from ray 

parenchyma cells, as described by Nabais et al. (1999), may also confound age-related 

concentrations, but studies have not yet been performed for cedar.  

Studies have estimated mercury concentration in wildlife in the GDSNWR to be much 

greater than concentrations in buried logs reported here.  However, it is important to recognize 

that the unique properties of cedar, namely its resistance to decomposition in peatlands, result in 

a vast volume and mass of buried logs that remains sequestered unless mobilized by 

decomposition or fire.   

Fire can indirectly mobilize mercury by conversion to more mobile or soluble species and 

through burning soil-stabilizing vegetation (Gimeno-Garcia et al. 2001).  Bound mercury can be 

converted directly into gaseous forms or through particulates as a part of ash (Brinkley and 

Christensen 1991).  As peatlands are altered and drained, they are more likely to burn and 

volatilize sequestered mercury (Witt et al. 2009b), releasing it into surrounding watersheds 

(Simola and Lodenius 1982).  Once these forms of mercury arrive in wetland and aquatic 

ecosystems, they may be transformed into methylmercury and pose human health risks (USEPA 

2009).  

 

 

CONCLUSION AND MANAGEMENT IMPLICATIONS 

 

Existing models estimating remobilization of terrestrial mercury pools through fire 

emissions do not account for undecomposed buried bolewood in peatland soil (Turetsky et al. 

2006, Wiedinmyer and Friedli 2007, Friedli et al. 2009b).  The GDSNWR has historic peat 

accumulations greater than 6 m in depth (Oaks and Whitehead 1979) and contains extensive 

accumulations of buried logs (Davis 1907).  DeBerry et al. (2003) report that in cedar stands, 

total above-ground tree biomass accounted for more than 99% of total above-ground biomass in 

both the GDSNWR, yet bolewood is an understudied component of mercury cycling (Grigal 

2003).  This study finds that buried logs from a peatland historically supporting cedar stands to 

have between 0.0295 mg Hg/kg DW of sample and 0.004 mg Hg/kg DW of sample available for 

remobilization of mercury that is not accounted for in models.   

Models predicting the likelihood of mercury mobilization from buried logs should 

consider both the extensive buried log population of cedar stands and the increased risk of 

ignition for the Edge position of those logs.  Water level management strategies that protect peat 

from burning may have the added benefit of reducing peat and buried log oxidation that result 

from decomposition and fire.  Therefore, the same peatland management strategies may favor 

both carbon sequestration and mercury immobilization ecosystem services.  

 

 



 

48 

 

ACKNOWLEDGEMENTS 

 

Thanks go to Erica Holloman, Xiayu Xu, and Jincheng Wang for providing mentorship, 

laboratory access, and instrumentation.  Thanks also go to Wesley Watkins, Colonial 

Williamsburg Master Craftsman, who provided woodworking expertise and tools for sample 

extraction.  The log retrieval efforts of Shawn Wurst, M. Emily Foster, J. Bayley Cook, Lauren 

Achtemeier, and other volunteers are greatly appreciated.  Site access and coordination was 

provided through the Great Dismal Swamp National Wildlife Refuge with assistance from Bryan 

Poovey.  The authors would also like to thank the CNU Organismal and Environmental Biology 

Department and the Molecular Biology and Chemistry Department for their support through the 

Graduate Assistantship in 2010/2011 and for a variety of other resources and logistical support.  

 

 

LITERATURE CITED 
  

Abreu, S., A. Soares, A. Nogueira and F. Morgado. 2008. Tree rings, Populus nigra L., as mercury data logger in 

aquatic environments: Case study of an historically contaminated environment. Bulletin of Environmental 

Contamination and Toxicology 80:294-299. 

Akerman, A. 1923. The white cedar of the Dismal Swamp. Virginia Forestry Publication 30:1-21. 

Atkinson, R.B., J.W. DeBerry, D.T. Loomis, E.R. Crawford, and R.T. Belcher.  2003a.  Water tables in Atlantic 

White Cedar swamps: Implications for Restoration. Pp 137-150 In Atkinson, R.B., R.T. Belcher, D.A. Brown 

and J.E. Perry (Eds) Atlantic White Cedar Restoration Ecology and Management, Proceedings of a 

Symposium. Christopher Newport University, Newport News, VA. 

Atkinson, R.B., T.E. Morgan, R.T. Belcher, and D.A. Brown.  2003b. The role of historical inquiry in the restoration 

of Atlantic White Cedar swamps. Pp 125-135 In Atkinson, R.B., R.T. Belcher, D.A. Brown, and J.E. Perry 

(Eds) Atlantic White Cedar Restoration Ecology and Management, Proceedings of a Symposium. Christopher 

Newport University, Newport News, VA. 

Bargagli, R. 2005. Chapter 5: Persistent contaminants in snow, terrestrial ecosystems and inland waters. Pp 163-208 

In Antarctic Ecosystems: Environmental Contamination, Climate Change, & Human Impact. Springer 

Science & Business Media B.V. / Books. 

Benoit, J.M., C.C. Gilmour, A. Heyes, R.P. Mason, and C.L. Miller.  2002.  Geochemical and biological controls 

over methylmercury production and degradation in aquatic ecosystems. Pp 262-297 In Biogeochemistry of 

Environmentally Important Trace Elements. American Chemical Society. 

Biester, H., R. Bindler, A. Martinez-Cortizas, and D.R. Engstrom.  2007.  Modeling the past atmospheric deposition 

of mercury using natural archives. Environmental Science & Technology 41:4851-4860. 

Branfireun, B.A., N.T. Roulet, C.A. Kelly, and J.W.M. Rudd. 1999.  In situ sulphate stimulation of mercury 

methylation in a boreal peatland: Toward a link between acid rain and methylmercury contamination in 

remote environments. Global Biogeochemistry Cycles 13:743-750. 

Brinkley, D. and N.L. Christensen.  1991.  The effects of canopy fire on nutrient cycles and plant productivity. In 

Laren, R. and P. Omi (Eds) Pattern and Processes in Crown Fire Ecosystems. Princeton University Press, 

New Jersey. 

Burke, M., T. Hogue, M. Ferreira, C. Mendez, B. Navarro, S. Lopez, and J. Jay.  2010.  The effect of wildfire on soil 

mercury concentrations in southern California watersheds. Water, Air, & Soil Pollution 212:369-385. 

Cooke, C., P. Balcom, and A. Wolfe.  2009.  Over three millennia of mercury pollution in the Peruvian Andes. 

Proceedings of the National Academy of Science USA 106:8830-8834. 

Davis, C.A. 1907. Preliminary report of peat deposits in North Carolina. In Pratt, J.H. (Ed) The North Carolina 

Geological and Economics Survey: The Mining Industry in North Carolina During 1906. E.M. Uzzell & Co., 

State Printers and Binders, Raleigh, NC. 

DeBerry, J.W., R.T. Belcher, D.T. Loomis, and R.B. Atkinson.  2003.  Comparison of aboveground structure of four 

Atlantic white cedar swamps. Pp 67-80 In Atkinson, R.B., R.T. Belcher, D.A. Brown and J.E. Perry (Eds) 

Atlantic White Cedar Restoration Ecology and Management, Proceedings of a Symposium. Christopher 

Newport University, Newport News VA. 

DEQ, V. 2004. 2004 Sediments. Virginia Department of Environmental Quality. 



 

49 

 

Driscoll, C.T., Y.-J. Han, C.Y. Chen, D.C. Evers, K.F. Lambert, T.M. Holsen, N.C. Kamman, and R.K. Munson. 

2007.  Mercury contamination in forest and freshwater ecosystems in the northeastern United States. 

BioScience 57:17-28. 

Ericksen, J.A., M.S. Gustin, D.E. Schorran, D.W. Johnson, S.E. Lindberg, and J.S. Coleman.  2003.  Accumulation 

of atmospheric mercury in forest foliage. Atmospheric Environment 37:1613-1622. 

Evaldo, K.L. 1973.  Trace Elements in the Environment, Advances in Chemistry Series 123, American Chemical 

Society, Washington, DC. 

Evers, D.C., Y.-J. Han, C.T. Driscoll, N.C. Kamman, M.W. Goodale, K.F. Lambert, T.M. Holsen, C.Y. Chen, T.A. 

Clair, and T. Butler.  2007.  Biological mercury hotspots in the northeastern United States and southeastern 

Canada. BioScience 57:29-43. 

Friedli, H.R., A.F. Arellano, S. Cinnirella, and N. Pirrone.  2009a.  Initial estimates of mercury emissions to the 

atmosphere from global biomass burning. Environmental Science & Technology 43:3507-3513. 

Friedli, H.R., A.F. Arellano, S. Cinnirella, and N. Pirrone.  2009b.  Mercury emissions from global biomass burning: 

Spatialand temporal distribution. Pp 193-220 In Mason, R. and N. Pirrone (Eds) Mercury Fate and Transport 

in the Global Atmosphere. Springer, USA. 

Friedli, H.R., L.F. Radke, N.J. Payne, D.J. McRae, T.J. Lynham, and T.W. Blake.  2007.  Mercury in vegetation and 

organic soil at an upland boreal forest site in Prince Albert National Park, Saskatchewan, Canada. Journal of 

Geophysical Research 112:G01004. 

Gimeno-Garcia, E., V. Andreu, and J.L. Rubio.  2001.  Changes in organic matter, nitrogen, phosphorus, and cations 

in soils as a result of fire and water erosion in a Mediterranean landscape. European Journal of Soil Science 

51:201-210. 

Graydon, J.A., V.L. St. Louis, H. Hintelmann, S.E. Lindberg, K.A. Sandilands, J.W.M. Rudd, C.A. Kelly, B.D. Hall, 

and L.D. Mowat.  2008.  Long-term wet and dry deposition of total and methyl mercury in the remote boreal 

ecoregion of Canada. Environmental Science & Technology 42:8345-8351. 

Great Dismal Swamp National Wildlife Refuge, USFWS. 2006.  Great Dismal Swamp National Wildlife Refuge 

and Nansemond National Wildlife Refuge final comprehensive conservation plan, US Department of the 

Interior. 

Grigal, D.F.  2003.  Mercury sequestration in forests and peatlands: a review. Journal of Environmental Quality 

32:393-405. 

Jensen, A. and A. Jensen.  1991.  Historical deposition rates of mercury in Scandinavia estimated by dating and 

measurement of mercury in cores of peat bogs. Water, Air, & Soil Pollution 56:769-777. 

Korstian, C.F.  1924.  Natural regeneration of Southern White Cedar. Ecology 5:188-191. 

Laderman, A.D.  1989.  The ecology of the Atlantic white cedar wetlands: A community profile. US Fish and 

Wildlife Service Biological Report, 85. 

Lingenfelser, S.  2010.  Mercury in the Great Dismal Swamp National Wildlife Refuge, Virginia. Environmental 

Contaminants Program on Refuge Invstigations Sub-Activity. USFWS, Gloucester, VA. 

Little, S.J.  1950.  Ecology and silviculture of whitecedar and associated hardwoods in southern New Jersey. School 

of Forestry Bulletin 56. 

Lowie, C., B. Poovey, and R.T. Belcher.  2009.  Success and challenges of Atlantic White Cedar restoration. In On-

line Proceedings of the 2009 Atlantic White-Cedar Symposium: The Ecology and Management of Atlantic 

White-Cedar (Chamaecyparis thyoides) Ecosystems.  Greenville, NC. 

         - o  i  s,  .,  .  o     d  - om  l, E.    c   -Rodeja, J.C. Nóvoa-Muñoz, and W. Shotyk. 1999. 

Mercury in a Spanish peat bog: Archive of climate change and atmospheric metal deposition. Science 

284:939-942. 

Ministry of the Environment.  2002.  Minimata disease: The history and measures. National Institute of Minimata 

Disease, Ministry of the Environment, Japan. 

Nabais, C., H. Freitas, and J. Hagemeyer.  1999.  Dendroanalysis: A tool for biomonitoring environmental 

pollution? The Science of The Total Environment 232:33-37. 

Nater, E.A., D.F. Grigal, E.S. Verry, and R.K. Kolka. 1999.  Atmospheric inputs of mercury and organic carbon into 

a forested upland/bog watershed. Water, Air & Soil Pollution 113:273-294. 

National Institute of Minimata Disease, S. S. S. G.  2001.  Introduction, tragedy of Minamata disease and 

environmental chemical problems today.  Journal of the  National Institute of Minimata Disease. 

Oaks, R.Q. Jr. and D.R. Whitehead.  1979.  Geologic setting and origin of the Dismal Swamp, southeastern Virginia 

and northeastern North Carolina. Pp 1-24 In Kirk, P.D. Jr. (Ed) The Great Dismal Swamp. The University 

Press of Virginia, Charlottesville, VA. 



 

50 

 

Poulter, B., N.L. Christensen, Jr., and P.N. Halpin.  2006.  Carbon emissions from a temperate peat fire and its 

relevance to interannual variability of trace atmospheric greenhouse gases. Journal of Geophysical Research 

111:D06301. 

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 & Technology 36:2303-2310. 

Seigneur, C., K. Vijayaraghavan, K. Lohman, P. Karamchandani, and C. Scott.  2003.  Global source attribution for 

mercury deposition in the United States. Environmental Science & Technology 38:555-569. 

Selvendiran, P., C.T. Driscoll, J.T. Bushey, and M.R. Montesdeoca.  2008.  Wetland influence on mercury fate and 

transport in a temperate forested watershed. Environmental Pollution 154:46-55. 

Simola, H. and M. Lodenius.  1982.  Recent increase in mercury sedimentation in a forest lake attributable to 

peatland drainage. Bulletin of Environmental Contamination and Toxicology 29:298-305. 

Steinnes, E. and T.E. Sjøbakk.  2005.  Order-of-magnitude increase of Hg in Norwegian peat profiles since the 

outset of industrial activity in Europe. Environmental Pollution 137:365-370. 

Streets, D.G., Q. Zhang, and Y. Wu.  2009.  Projections of global mercury emissions in 2050. Environmental 

Science & Technology 43:2983-2988. 

Thompson, G.S., R.T. Belcher, and R.B. Atkinson.  2003.  Soil biogeochemistry in Virginia and North Carolina 

Atlantic White Cedar swamps. Pp 113-124 In Atkinson, R.B., R.T. Belcher, D.A. Brown, and J.E. Perry (Eds) 

Atlantic White Cedar Restoration Ecology and Management, Proceedings of a Symposium.  Christopher 

Newport University, Newport News, VA. 

Turetsky, M.R., J.W. Harden, H.R. Friedli, M. Flannigan, N. Payne, J. Crock, and L. Radke.  2006.  Wildfires 

threaten mercury stocks in northern soils. Geophysical Research Letters 33:L16403. 

USEPA.  2009.  Mercury health effects, USEPA. 

USFWS, G.D.S.N.W.R.  2009.  USFWS Great Dismal Swamp National Wildlife Refuge fire management program. 

Whitehead, D.R.  1972.  Developmental and environmental history of the Dismal Swamp. Ecological Monographs 

42:301-315. 

Whitehead, D.R. and R.Q. Oaks.  1979.  Developmental History of the Dismal Swamp. University of Virginia Press, 

Charlottesville, VA. 

Wiedinmyer, C. and H. Friedli.  2007.  Mercury emission estimates from fires: an initial inventory for the United 

States. Environmental Science & Technology 41:8092-8098. 

Witt, E.L., R.K. Kolka, E.A. Nater, and T.R. Wickman.  2009a.  Influence of the forest canopy on total and 

methylmercury deposition in the boreal forest. Water, Air & Soil Pollution 199:3-11. 

Witt, E.L., R.K. Kolka, E.A. Nater, and T.R. Wickman.  2009b.  Forest fire effects on mercury deposition in the 

boreal forest. Environmental Science & Technology 43:1776-1782. 

Woodruff, L.G. and W.F. Cannon.  2010.  Immediate and long-term fire effects on total mercury in forests soils of 

northeastern Minnesota. Environmental Science & Technology 44:5371-5376. 

Zimmermann, G.L. and K.A. Mylecraine.  2003.  Reconstruction of an old growth Atlantic White Cedar stand in the 

Hackensack Meadowlands of New Jersey: Preliminary Results. Pp 125-135 In Atkinson, R.B., R.T. Belcher, 

D.A. Brown, and J.E. Perry (Eds) Atlantic White Cedar Restoration Ecology and Management, Proceedings 

of a Symposium. Christopher Newport University, Newport News, VA. 

 

 

 

 


