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Water sampling

Water samples were collected for THg and MeHg analysis from Dorroh Lake and the
forest stream in subcatchment B (Fig. 5) following US EPA Method 1630.%° Briefly, the samples
were filtered in the field through 0.45 um groundwater filters (Millipore Corp.) directly into acid
cleaned Teflon or Nalgene bottles using a peristalsic pump. The bottles contained a small amount
of high purity hydrochloric acid (4 ml acid/L of sample) to preserve the samples for analysis.
Water samples were collected in periods of stable weather to minimize varations caused by storm

events.

Determination of Mercury in Soil and Sediment

Soil and sediments samples were analyzed for total mercury concentration (THg) using a
Direct Mercury Analyzer (DMA-80; Milestone) following EPA method 7473. The method is
based on thermal decomposition, amalgamation with gold, and Atomic Absorption
Spectrometry. A schematic of the instrument is shown in Figure 8. Briefly, 0.05g sample
weighed in a nickel or quartz boat is loaded onto an autosampler. The boat is then inserted into a
combustion tube and heated to ~650°C while oxygen passes over the sample carrying any
gaseous combustion products into a catalyst tube (Table 2). The catalyst promotes the
transformation of any Hg species present into gaseous Hg® which is then trapped on the gold-
coated sand inside the amalgamator along with any other possible interferants. The amalgamator
is then heated so that Hg® is released and carried into a single-beam photospectrometer. The
concentration of Hg is measured based on the absorbance at 253.7 nm and the mass of the

sample.
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Certified reference materials used include NRC DORM-3 (0.382 + 0.060 mg/kg Hg), a
fish protein certified for trace metal analysis, and NRC MESS-4 (0.08 + 0.06 mg/kg Hg), a
marine sediment that was closer to concentrations measured and matrix composition. Percent
recoveries were 86.5% for DORM-3 and 85.4% for MESS-4. Additonally an in-house reference
material (20 + 10 ug/kg, 111% recovery) was used for a quality control check roughly every 20
samples. Blanks were run at the start and end of each run in addition to before and after each

check with the in-house reference. Replicates were used where possible in each instrument run.
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Figure 8: Schematic for a DMA-80 (used with permission from Milestone, Inc.).
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Table 2: Instrument parameters for DMA-80.

Phase Temperature (°C) | Duration (s)
Drying 200 60
Decomposition 650 180
Purge - 60
Amalgamator 900 12
Record - 45

Determination of Hg in Components of Forest

In addition to soil and sediment, moss, leaf litter and duff was collected from the forest
floor as well as needles, bark, cambium and wood from a Loblolly Pine. Each sample was
analyzed for THg using the DMA-80 as described above. The uppermost layer of the forest floor
consists of leaf litter, partially decomposed organic material still recognizable as fallen leaves,

needles, and other plant material 2

Under the leaf litter layer is a somewhat firm layer of organic
material on top of the mineral soil that consists mainly of unrecognizable decayed organic
matter. The duff layer rests on top of the first layers of soil that contain a mixture of organic and
inorganic materials before transitioning to the more mineral based layers of deeper soil.?* Wood
cores were collected using a incremental bore tool powered by a drill. The cambium is a layer

vascular tissue found between the wood and the bark that helps distribute water and nutrients

throughout the tree.
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Soil and Sediment Particle Size Distribution

To observe the effect of particle size on the distribution of Hg, composites of soil, taken
from equidistant points along one transect, were separated using a five-stage sieve (2-mm, 1-mm,
500-pm, 250-pm, 125-pum). Fractions larger than 1mm were collected and weighed but not
analyzed for THg. The four smaller fractions (Imm-500pum, 500-250pum, 250-125um, and

<125um) were analyzed for THg, as described above.

Loss-on-ignition (LOI) is an estimate of how much combustable organic matter is present
in a sample and can be used to estimate the amount of organic carbon present in the sample. The
sample boats were weighed before and after DMA analysis in order to estimate the percentage of
mass loss on ignition. This was converted to the percent carbon (%C) using the equation below,

which is based on a correlation established for soil and sediment from the northern Mississippi.?
Organic Carbon (%): 0.0093x2 + 0.1428x — 0.02502

Sequential Extraction

Total acid digestion of soil and sediment can release all metals present in a sample which
can lead to an overestimation of the concentration and the potential risk.* Sequential Extraction
is the chemical leaching of metals from soil and sediment samples in order to assess how much
of the metal is actually available in different environmental compartments. This process then
provides information about how metals bound to different components in soil and sediment can
be released depending on the conditions of the environment, giving a more realistic estimate on
environmental impact.?* In order to determine the extent of Hg binding to different mineral

phases in soil and sediment, a modified BCR-Sequential Extraction was used (Table 3).>%
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Table 3: Schematic for Sequential Extraction of Hg showing extractants used to remove
Hg from different phases.

Extraction step

Reactive/concentration/pH

Solid Phase

Exchangeable

1 Acetic acid (0.11M), pH 2.8
(water and acid soluble)
Hydroxylammonium chloride: Reducible
2
NH,OH-HCI (0.5M), pH 2 (e.g. iron/manganese oxides)
H.0, 8.8 M, followed by CH3COONH;,4 Oxidizable (e.g. organic
3
(1.0 M), pH 2 substance and sulphides)
Remaining, non-silicate
Residual Aqua Regia: 3 HCI + HNO3

bound metals

Mercury bound to a specific fraction of soil was estimated by comparing the difference of

THg seen after an extractant was removed (Fig. 9). This approach was used instead of analyzing

the extracted liquid fractions because analyzing the soil by DMA is simpler and less error-prone.

Briefly, the process started with 20 samples (~0.5g) of soil or sediment where 5 samples were

put aside to measure the Before Extraction THg (THg*) and the remaining 15 samples were

treated with 0.11M Acetic Acid. After the extractants were removed the next day, the 15 samples

were washed with DI H,O then 5 samples were set aside to dry and the next extractant was added

to the remaining 10 samples. Following the removal of 0.5 M Hydroxylamine hydrochloride, 5
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of the samples were set aside to dry while the remaining 5 were treated with 30% hydrogen
peroxide followed by 1.0 M ammonium acetate. To estimate the concentration of Hg bound to a
respective fraction as a percentage, the difference in THg between two phases was compared to

THg*.

-5samples
15+5 > THg*
Exchangablg—Hg
0.11 M Acefic Acid (Ex-Hg)
Y
-5samples
10+5 > THg
0.5 M Hydroxylamine Hypochlerite Reducikle-Hg
(Red-Hg)
-Ssamples
5+5 > THg
Hydrogen peroxide (30% wiv), Oxidizabl
1.0M Ammonium Acetate | KII é:ng_;Hg
Y
. — Residual- Hg
5 THg (Res-Hg)
Legend
THg* THg Untreated Soil
Accuracy Check: THg* =Ex-Hg + Red-Hg + Ox-Hg + ResHg X-Hg FractionBound Hg

Figure 9: Soil samples were set aside after the removal of an extractant in order to
represent the removal of that respective fraction.
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Determination of MeHg in Water

Methylmercury was determined following US EPA 1630.%° Briefly, samples were
distilled over a period of several hours under a gas flow rate of ~80 ml/min into 60 ml receiving
vials. Before analysis, 0.3 ml of an acetate buffer was added to the receiving vials before the
sample was diluted with reagent grade water to a volume >50ml. The distillates were then purged
under nitrogen (200 ml/min) so that the MeHg was adsorbed onto a Carbotrap® trap. To desorb
the MeHg from the Carbotrap, the trap was slowly heated in order release the Hg onto a GC
column. A Cold-Vapor Atomic Fluorescence Detector was used to detect different species of
Hg.?° A schematic of the instrument is shown in Figure 10. Select samples of water were sent to

Brooks Applied Labs.
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Figure 10: Schematic for Tekran 2700 (GC-CV-AFS) (used with permission from Tekran
Inc.).
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Determination of THg in Water

Samples analyzed for THg following US EPA Method 1631, Revision E.?®® Briefly, a 100
ml aliquot sample was transferred to a 125ml fluropolymer bottle and oxidized with BrCl (0.5 ml
for clear water). The oxidized samples were then left to digest at room temperature for at least 12
hrs before adding 0.2-0.25ml NH,OH in order to reduce any Hg in solution to Hg". The reduced
samples were purged under N, (350 + 50 ml/min) for 20 minutes onto a clean gold trap. Finally,
the Hg was desorbed from the gold trap and detected by Cold Vapor-Atomic Fluorescence

Spectrometry (CV-AFS) (Figure 11).%
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Figure 11 : Schematic for Tekran 2600 (used with Permission from Tekran Inc)
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RESULTS AND DISCUSSION

Hg in the Forest Compartments

To determine where Hg is stored within the forest ecosystem, Hg was determined from
major components of a loblolly pine (Pinus taeda) tree, including wood, bark, the cambium layer
(between bark and wood), and pine needles, as well as from soil, leaf litter, duff, and moss. Pine
needles had the highest concentration of Hg (12 £ 1 ppb), followed by the bark (10 = 1 ppb),
cambium (5 + 0.1 ppb), and wood (2 £ 0.3 ppb) (Fig. 12). This distribution makes sense as the
bark of the tree and the needles are exposed to the atmosphere and thus subject to atmospheric
deposition of Hg, whereas the cambium and the wood are shielded from atmospheric gas
exchange. Wood samples taken from the heart of the tree showed a relatively small
concentration of Hg characteristic of uptake of Hg through the roots of the tree rather than

atmospheric deposition.
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Figure 12: Distribution of Hg in a Loblolly Pine Tree.

On the forest floor, duff had the highest Hg concentration (109 + 24 ppb), followed by
leaf litter (77 = 1 ppb), and moss (74 = 12 ppb). The high concentrations in duff are likely due to
high levels of decaying organic matter present with high surface area. Moss and leaf litter had
similar Hg concentrations that were higher than the majority of the soil and sediment. This is
likely due to the way that leaf litter and moss are exposed to Hg through atmospheric deposition

with uptake into leaves through stomata that take part in gaseous exchange in and out of the leaf.
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Figure 13: Total Hg concentrations in forest floor compartments.

Mean-Hg Concentrations in Surface Soil from a Forest Transect

Mercury concentrations (= SE) in the soil were higher pre-harvest in November 2015
(50.0 + 3.90 ng/g) compared to post-harvest January 2016 (35.8 £ 3.84 ng/g). This change in the
concentration was significant (p<0.05). The difference could be due to soil disturbance from
harvest activities as deeper soils containing lower concentrations of Hg are mixed with the
surface soil. Indeed, our depth profiles show high concentrations of Hg in surface soil (Fig. 15)
pre-harvest. The higher concentrations in surface soil can be attributed to higher levels of organic

matter such as recently fallen leaf litter and duff as shown in Figure 13. Once deposited, mercury
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binds to the soil (mainly its organic components) and becomes relatively immobile. However,
once that soil is disturbed Hg can be re-emitted through several different ways (e.g. an increase
in Hg mobilization due exposure to sunlight). THg in the first few centimeters of soil showed an

average decrease pre-harvest when compared to post harvest (Fig. 14).
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Figure 14: THg in Forest Soil Transect pre-harvest (November 2015) and post-harvest
(January 2016).
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Depth Analysis of Hg at different positions on a hill
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Figure 15: THg analysis of hilltop soil cores subsampled into different sections based on
depth pre- and post-harvest.

Analysis of the soil cores collected at the top of the hill pre-harvest showed that the
surface portion of the core (~3 cm) had the highest concentration (+ 95% CI) at 62.9 £ 17.5 ppb

while the middle (~12 cm) and deep portions (~18 cm) of the core had average lower
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concentrations with 13.5 £ 1.5 ppb and 21.9 + 0.2 ppb, respectively (Fig. 15). However in a soil
core collected post harvest, the THg in the surface portion had decreased (31.2 + 2.46 ppb) while
the lower two portions showed an increase in THg. The middle portion of the core showed a
moderate increase (19.5 + 3.98 ppb) while the deepest portion of the core showed a moderate
increase (34.9 £ 9.62 ppb). This shift in the distribution of Hg within the core points to a mixing

effect in the different layers of soil as a result of soil disruption.

Further down the hill, a pre-harvest core collected closer to the riparian buffer zone
showed a similar pattern where the surface portion of the core was higher in Hg than the lower
two portions (Fig. 16). In the surface portion of the core, THg (ppb £ 95% CI) measured 82 + 14
while concentrations in the core’s lower portions were both under 40 ppb (32 + 7.0 and 34 £ 7.1
respectively). In the post-harvest core a change was noticed in the distribution of Hg within the
core where deep portion of the core now had the highest Hg concentration (65 + 9.6) and the
surface of the core had the smallest (28 + 2.4). The middle portion showed little change with 35

+ 4.0 ppb.
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Figure 16: Depth Analysis of THg in soil cores collected at bottom of hill.

Loss-on-Ignition (organic matter) in soil by depth

To look further into a possible mixing effect within the soil, LOI was determined as a
function of soil depth. In Figure 17, the pre-harvest core collected at the hilltop showed the
largest loss of mass (16 + 4%) followed by the middle portion of the core (5 £ 2%) and the
deepest portion of the core had the smallest loss of mass (1.8 + 0.94%). The post-harvest hilltop
core showed a significant decrease (p<0.05) in organic matter from 16% to 0.2%. The middle
portion decreased from 5 £ 2% to 1.5 £ 0.3%, and the deepest portion decreased from 1.8 + 0.9%

t0 1.7 £ 0.3 %.
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Figure 17: Loss-on-Ignition Depth analysis of hilltop cores (+ SE) shows a decrease in the
amount of organic matter found in the soil post-harvest.
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Figure 18: Depth analysis of soil cores taken near riparian buffer zone by LOI shows a
moderate change in the amount of organic mater present in the soil post-harvest.

Surface LOI (% + SE) showed little change between pre-harvest (4.9 + 1.8%) and post-
harvest (3.3 + 1.8%) (Figure 18). The middle portion of the post-harvest core showed a slight
increase in organic matter (3.8 + 0.6%) compared to pre-harvest (2.5 + 0.9%). The biggest
change (albeit small) in organic matter content was observed in the deep portion of the post-

harvest core (1.4 + 1.2%) compared to pre-harvest (5.1 £ 1.8%).
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Depth profiles of Hg in Sediment from Dorroh Lake and the Forest Stream

Two sediment cores were collected in May 2016, roughly 5 months after harvest.
Mercury concentrations in the sediment were generally similar between the stream and lake
(Table 4). Sediment Hg concentrations in the stream ranged from 15.7 to 24.1 ppb (mean 19.8 +
1.2 ppb). Concenterations in the lake ranged from 19.1 to 25.0 ppb. There was a slight increase
in Hg concentrations with depth, leveling out at ~24 ppb. This concentration is similar to the
concentration found in the soil fines (mean 29 ppb), which are more susceptable to runoff. The
Dorroh Lake 2-4 cm interval had the highest Hg concentration and the highest organic matter

content.

Table 4: Concentrations of Mercury, Loss-on-Ignition (LOI) and carbon in sediment by
depth for from Dorroh Lake and an adjacent forest Stream

Dorroh Lake Stream
Depth (cm) THg (ppb) LOI (%) % C Depth (cm) THg (ppb) LOI (%) | % C
0-2 19.1+2.3 30+18 | 0.3+04 0-2 15.7 4.1 0.5
2-4 25.0+0.1 79+16 | 1.5+05 2-4 16.6 2.0 0.1
4-6 17.6 3.2 0.3
6-8 24.1 3.9 0.5
8-10 20.1 2.8 0.2
10-12 20.4 2.3 0.1
12-15 24.1 3.2 0.3
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Sediment collected from the streambed (Figure 19) pre-harvest averaged THg (x 95%
Cl) of 22 £ 2 ppb and an average LOI (x 95% CI) of 4 + 1%. A significant decrease in THg
(p<0.05) was seen post-harvest (17 = 2 ppb) but little change in the LOI was noticed in the

sediment (3 = 2%).
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Figure 19: Sediment samples from the stream showed a significant decrease in THg (£
95% CI) post-harvest (0<0.05) but little chanae in the oraanic matter content.

33



Pre- and Post-Harvest changes in THg and MeHg in stream and lake water

As a result of harvest, MeHg in the lake increased (0.17 ng/L) but this change was only
temporary (Fig. 20) as MeHg in May 2016 (0.04) was comparable to concentrations immediately
pre-harvest (0.04). In the stream, MeHg in the stream slightly decreased (0.5 ng/L to 0.4 ng/L)
after harvest. A further decrease in Stream MeHg was seen in May 2016. This change in MeHg
concentrations was more likely a result of seasonal factors as rising temperatures in the spring

contributed to the rate at which MeHg breaks down in the waters surface.
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