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Mercury Demethylation Considerations for Condit Dam Sediments

Many factors influence the speciation, bioavailability, bioaccumulation, and
toxicity of mercury in the environment. Due to the number of factors and the
complexity of interactions among them, the question regarding the timing of
establishment of demethylating bacteria that could reduce methylmercury after
the sediments are released into the White Salmon River from Condit dam cannot
be easily answered. Without a substantial amount of experimental work and
testing (e.g., measuring the rates of mercury methylation and demethylation in
project sediments) it is not possible to provide a meaningful estimate of the time
required for mercury in sediments impounded behind Condit dam to be
demethylated following project removal. The following provides additional
background information about the mercury methylation and demethylation
processes and discusses how those processes may be impacted by known and
expected conditions following project removal.

Inorganic mercury is readily dispersed and transported in the environment (Beyer
et al,, 1996). Mercury occurs in natural waters in many forms, including
elemental mercury, dissolved and particulate ionic forms, and dissolved and
particulate methylmercury (Beyer et al., 1996). Methylmercury (organic form) is
more toxic and bioaccumulative than the inorganic forms (USDI, 1998).
Inorganic mercury is methylated in the environment, primarily by microbes (Beyer
et al., 1996). Methylation in aquatic systems can occur in the sediment and
water column. Sediment can be a sink and a source of mercury in the
environment and is a source of methylmercury to biota and to the water column
(USDI, 1998). Mercury levels in water tend to be greatest downstream of
wetlands due to the high organic content of the water, and disturbance and re-
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suspension of wetland sediments can mobilize mercury associated with
sediments (USDI, 1998).

Nearly all of the mercury found in fish is methylmercury, even though little of the
total mercury found in freshwater and sediments exists as methylmercury (Beyer
et al.,, 1996). Inorganic mercury is absorbed less efficiently and excreted more
efficiently than methylmercury. Inorganic mercury is not methylated by fish
tissue, though it is methylated in the gut. The methylmercury in fish is obtained
mostly from the diet and to a smaller extent from the water passing across the
gills (Beyer et al., 1996; USDI, 1998). Thus, concentrations of dissolved organic
mercury compounds are more useful than total dissolved mercury concentrations
for predicting mercury concentrations in fish (USDI, 1998).

Uptake of mercury from water into fish is affected by temperature, pH, and water
hardness, as well as mercury speciation (USDI, 1998). A large body of data
supports the generalization that mercury concentrations in freshwater fish and
other aquatic organisms and fish-eating animals tend to increase as the pH,
alkalinity, hardness, conductivity, and neutralizing capacity of the water decrease
(see discussion below and Table 1). Methylmercury is created primarily from
bioavailable inorganic mercury Hg(ll). Both represent only a very small
proportion of total mercury in sediment or water.  Aquatic organisms
preferentially accumulate methylmercury, and this is the main form of Hg found in
fish. Inorganic forms of mercury comprise the main repository of mercury in
sediments. In oxygenated fresh water, bioavailability of Hg(ll) is enhanced in the
range of CI" levels and pH values at which dissolved inorganic Hg(ll) is mostly in
the form of the lipophilic species HgCl.. Lipophilic thiol and inorganic sulphide
complexes probably account for much of the bioavailability of Hg under reducing
conditions. However, bioavailability of Hg is much lower if the dissolved Hg(ll) is
mostly in the form of ionic complexes or Hg(OH),. Briefly, inorganic Hg(ll) is
probably most bioavailable to methylators in acidic fresh water in which it is
mainly in the form of HgCl. or Hg(SH)., and it should be less bioavailable in
weakly acidic or alkaline fresh water in which Hg(OH), exceeds HgCl, or
Hg(SH)S™ exceeds Hg(SH).. In the presence of high pH and low CI levels
sufficient to allow Hg(OH). to exceed HgCl,, bioavailability of inorganic Hg(ll)
should be relatively low for two reasons: (a) Hg(OH). penetrates membranes less
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easily than HgCly, and (b) in comparison with HgCl,, Hg(OH). is more readily
sorbed by suspended matter.

Although smaller fish (due to their relatively faster metabolic rates) tend to
accumulate mercury more rapidly than larger fish (USDI, 1998), mercury
concentrations in fish tissue generally increase with increasing age or body size
(Beyer et al., 1996), and piscivorous (fish-eating) fish and other animals at higher
trophic levels (particularly long-lived species) will generally accumulate more
methylmercury than animals at lower trophic levels (Beyer et al., 1996).

Elemental mercury and mercuric ions are predominant forms of mercury in the
atmosphere and in water, while mercuric sulfide (naturally occurring cinnabar
(HgS)) occurs most commonly in soil and in anaerobic sediments (Boening,
2000; D’ltri, 1990). Bacteria in the environment methylate inorganic mercury to
produce both monomethyl and dimethylmercury (Clarkson, 1997). Both aerobic
and anaerobic bacteria can methylate mercury (D’ltri, 1990). Dimethylmercury is
highly volatile and can enter the atmosphere, where it is degraded into
monomethyl and inorganic forms (Clarkson, 1997). Environmental levels of
methylmercury depend on the balance between bacterial methylation and
demethylation (Boening, 2000).

Monomethylmercury enters aquatic food chains to become the predominant
source of dietary mercury to humans (Clarkson, 1997). Monomethylmercury is
transferred through biological cycles involving aquatic organisms and is probably
converted to inorganic forms that can once again enter reduction and methylation
pathways (Clarkson, 1997). Monomethylmercury undergoes biomagnification in
aquatic food webs, while inorganic mercury Hg(ll) does not (Langston and
Bebbiano, 1991). Thus, even though inorganic mercury predominates in water
and sediments, most of the mercury found in fish occurs as methylmercury
(Langston and Bebbiano, 1991). Elevated methylmercury in fish may be found
not only in areas polluted with mercury but also in virtually unpolluted ones where
conditions favor methylmercury production (Langston and Bebbiano, 1991).

Results of the tests of mercury uptake into nematodes (roundworms) provide
some limited information about the potential differences in bioavailability of
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mercury in sediments impounded behind Condit dam and sediments collected at
other locations. However, it is unclear at this time whether sediments are the
only source of mercury at the locations that were investigated, and the testing
that has been conducted did not involve measuring or quantifying the multiple
factors that control mercury speciation and bioavailability. The following
paragraphs provide some insight into the complexity of mercury behavior in
aquatic ecosystems.

The net rate of methylmercury production depends on the abundance of
bioavailable inorganic Hg(ll) species and the activities of methylating and
demethylating microbes. Bioavailability of Hg(ll) (and consequently
susceptibility to methylation) and activities of methylating and demethylating
microbes are controlled by a wide range of environmental variables.
Furthermore, the kinetics of methylmercury bioaccumulation depend not only on
the supply of methylmercury but also on the characteristics, behavior, activities,
stage of development, and food web structure of the organisms involved.
(Langston and Bebbiano, 1991)

Many water quality parameters influence production and bioaccumulation of
methylmercury, including dissolved oxygen (DO), pH, alkalinity, hardness,
buffering capacity, and humic matter (completely decomposed organic matter
that is readily soluble in acids or bases). Generally, mercury concentrations in
freshwater fish and other aquatic organisms and fish-eating animals tend to
increase as the pH, alkalinity, hardness, conductivity, and neutralizing capacity of
the water decrease. Physical variables - through their influence on biological
activities, redox conditions, and water chemistry - can also strongly influence
methylmercury production and bioaccumulation of mercury. Water depth,
thermal stratification, water dynamics (turbulent mixing, flushing), and maximum
depth are all important. For example, low flow conditions tend to favor
methylation (Langston and Bebbiano, 1991). Lake turnover time and mixing are
also important, and these are affected by depth and temperature. Mercury
transport on particulates is greatest in the smallest size fractions of organic
matter. Lakes with longer turnover times allow smaller particles with greater
concentrations of mercury more time to settle to the bottom, enriching sediment
mercury concentration. The following example illustrates the importance of
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thermal stratification, depth, and productivity, as well as interactions among these
three factors. Microbial methylation commonly occurs with greatest intensity at
the sediment/water interface, but microbial methylation of mercury can also take
place in certain regions of the water column where labile organic matter and local
DO depletion may support a level of methylating activity comparable to that
observed in surface sediments (Langston and Bebbiano 1991). This
phenomenon is sometimes observed in the hypolimnion of a lake just below the
thermocline or even in the epilimnion of an extremely eutrophic lake following a
phtyoplankton bloom (Langston and Bebbiano 1991).

Optimal conditions for production and bioaccumulation of methylmercury in
aquatic ecosystems include: high levels of biodegradable organic substances
(e.g., dead algae or plants and other detritus, as would typically be observed in
productive lakes), anoxic or oxygen-poor environments with weakly acidic or
neutral pH, and absence/low levels of sulphides. These conditions are inter-
related (e.g., microorganisms using labile organic matter consume oxygen and
generate sulfides). Methylating activity tends to correlate with heterotrophic (an
organism that requires organic substrates to get its chemical energy for growth
and development) microbial activity, in general. Methylmercury bioaccumulation
is favored in acidic fresh water by at least two factors: inorganic Hg(ll) is more
available to methylators, and biological uptake of methylmercury occurs rapidly.
However, it is possible that demethylation will also occur more rapidly under
these conditions due to increased availability of mercury to demethylators.
Exceptions to these generalizations are common under a wide variety of
conditions (Langston and Bebbiano, 1991).

Microbial methylation of mercury is commonly concentrated in surface sediments
(i.e., at the sediment/water interface), but in certain regions of the water column,
labile (relatively available) organic matter and local DO depletion may support a
level of methylating activity comparable to that observed in surface sediments
(Langston and Bebbiano, 1991). Consequently, both waterborne and sediment-
associated mercury may be important sources to methylating microbes.

Methylation of mercury in sediments occurs most intensely at the sediment/water
interface where microbial activity is greatest (Langston and Bebbiano, 1991). If
deeper sediments impounded behind Condit dam are released to the river
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downstream, this will presumably expose a greater amount of sediment to
microbial activity.  The balance of factors favoring methylation versus
demethylation will determine the fate of mercury in those sediments. The net
effect of all of the modifying factors cannot be estimated reliably without
additional testing and measurements.
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