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EXECUTIVE SUMMARY 

This report explores physical and chemical behaviors of methylmercury. Methylmercury, a cation in 
solution, comprises a significant fraction of the mercury in the Savannah River Site (SRS) Liquid Waste 
System (LWS); thus, understanding physical partitioning and chemical behaviors of methylmercury is 
essential to support strategic, technically-based management of mercury in the LWS. As an ion, 
methylmercury has generally been assumed to be constrained to the liquid phase in the LWS. Therefore, it 
would be further assumed that this species would not be significant in the vapor phase. This 
conceptualization was challenged when a significant loss of methylmercury from sample boats occurred 
while awaiting analysis at room temperature. Follow-up studies confirmed that methylmercury is not 
completely constrained to the liquid phase (aqueous solution) but has a measurable partitioning into the gas 
phase. Based on these observations, further study on methylmercury partitioning for compounds and 
conditions that might be relevant to the SRS LWS were conducted, i.e., how much methylmercury might 
volatilize in the evaporators and then condense in the overheads. Our studies were done as a function of 
temperature and findings suggest that there is an increase of three to four orders of magnitude in partitioning 
into the vapor phase as temperatures increase from ambient (20 ̊ C) to the boiling point of aqueous solutions 
(near/above 100 ˚C). The experiments generated data that will allow  better assessment of the partitioning 
of methylmercury as a function of temperature: a) for methylmercury hydroxide in simulants and in 
solutions of varying ionic strength, b) for methylmercury sulfate, c) for methylmercury chloride in 
solutions of varying pH, and d) for methylmercury glycolate. The primary partitioning parameter of 
interest for the SRS LWS is the dimensionless Henry’s Law coefficient (H’) -- higher H’ corresponds 
to more of the compound partitioning into the vapor phase. In this study, H’ was measured for all 
compounds. For methylmercury chloride, methylmercury sulfate, and methylmercury glycolate (those 
compounds that precipitated in the microcosms), the associated vapor pressure and solubility were also 
determined.  

The data were collected using a streamlined static headspace analysis strategy in replicate microcosms 
(sealed vials). For each vial and condition, the methylmercury partitioning between a solution and gas 
phase was measured. Gas and liquid subsamples were quantified using SRNL-developed, optimized 
methods that rely on direct mercury analysis as the final quantification step. Over 200 individual 
sample results were generated during the study. Key highlights of the results include: 

• At 20 ˚C, the partitioning, vapor pressure, and solubility measurements in this study closely
matched the available scientific literature. In dilute solutions, the H’ for methylmercury hydroxide
was about four orders of magnitude lower than the H’ for methylmercury chloride. These
compounds bracket the expected range of H’ for methylmercury compounds partitioning from
aqueous solution into a gas phase.

• The H’ for methylmercury hydroxide increased significantly as a function of ionic strength,
documenting a “salting out” effect. The H’ value in the high ionic strength microcosms increased
by about two orders of magnitude. In the high ionic strength trial, the measured H’ closely matched
the values measured in the LWS simulant solutions.

• The H’ increased as a function of increasing temperature and the relationship can be reasonably
described using the Van’t Hoff equation. The measured vapor pressures increased as a function of
temperature and the relationship can be reasonably described using the August equation. The
measured solubilities increased as a function of temperature and the relationship can be reasonably
described using an estimated enthalpy of solution.
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• Importantly, as temperature increased, the estimates for H’ trended to a similar and consistent 
value/magnitude for all compounds, ionic strengths, and pHs. This inherent robustness in the 
emergent data is significant because it provides parameter estimates for many LWS conditions that 
will be insensitive to specific solution conditions. At 40 ˚C, 80 ˚C, and >100 ˚C, for example, 
nominal estimates of H’ for any LWS solution would be approximately 3x10-6, 10-4, and 10-3, 
respectively.  

• A few hypothetical examples illustrate how this information might be applied in the LWS. Based 
on the nominal H’ of 3x10-6 at 40 °C applied to a hypothetical warm-ambient waste tank with a 
liquid phase methylmercury concentration of 100 mg/L (100,000 µg/L) as Hg, the calculated 
equilibrium methylmercury concentration in the headspace gas would be relatively low -- about 0.3 
µg/L. For context, this hypothetical value is lower than the measured headspace gas levels of 
elemental mercury (about 10 µg/L as Hg in some LWS tanks). Under hypothetical evaporator 
conditions with temperatures exceeding 100 °C, a nominal H’ of 10-3 and similar liquid 
concentrations, the equilibrium gas phase concentration of methylmercury over the heated liquid 
would be higher -- in the range of 100 µg/L. The physical partitioning of methylmercury in an 
evaporator system results from many complex and interacting factors (distillation and partitioning 
processes, liquid and gas volumes and flows, etc.) and the overall behavior of methylmercury in 
the system can also be influenced by chemical processes and potential for methylmercury formation 
or degradation. The availability of more definitive partitioning information may facilitate and 
improve future evaluations of methylmercury behavior in the heated evaporators. 

 
This research was primarily intended to provide parameters for Savannah River Remediation (SRR) and 
LWS scientists and engineers to make flowsheet and design calculations. However, an additional 
potentially significant finding was identified while performing the experiments. In microcosms where 
methylmercury was added in the presence of formate, significant quantities of dimethylmercury were 
synthesized in the aqueous solution and partitioned into the headspace. The fugacity of mercury species in 
the formate microcosms was significantly higher than expected; orders of magnitude higher than that of 
methylmercury glycolate, methylmercury chloride, and methylmercury hydroxide. The unexpected finding 
was validated by independent analysis and a conjectural reaction mechanism for the formation of 
dimethylmercury was developed. The observed synthesis of dimethylmercury by reaction of 
methylmercury and formate is described in detail to help inform future flowsheet engineering and 
management (e.g., gylcolate versus formate) and provide insight into this mechanism as a potential 
contributor to the observations that trace levels of dimethylmercury are being measured by SRR industrial 
hygienists in the headspace of some of the key waste tanks.
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1.0 Introduction and Basis for Work 
The Savannah River Site (SRS) Liquid Waste System (LWS) contains approximately 66 tons of mercury 
within the liquids, salts, and sludges that are currently being processed into final wasteforms for disposal. 
Mercury concentrations within the system exceed those typically experienced in environmental or industrial 
systems; thus, management of mercury compounds continues to be a priority for SRS. In the LWS, waste 
is vitrified into a borosilicate glass wasteform that contains most of the radioactivity, while the lower 
activity solutions are dispositioned in a low-level grout wasteform, or “saltstone”. The alkaline, high ionic 
strength caustic wastes are pumped, evaporated, and otherwise managed throughout the LWS and Defense 
Waste Processing Facility (DWPF) as they are stored and prepared for conversion to the final wasteforms. 
Because of the complexity of this system, a key component of effective mercury management in the LWS 
requires analysis of mercury in various physical phases. The high concentration of mercury within the SRS 
LWS has the potential to generate vapor-phase contamination. Elemental mercury (Hg0), dimethylmercury 
((CH3)2Hg), and methylmercury (CH3Hg+) are among species known or suspected to contribute to the flux 
of mercury from liquid to vapor phase (Iverfeldt and Lindquist, 1982). Chemical speciation affects not only 
mercury behavior in LWS operations but may also affect the performance of mercury treatment and removal 
technologies in the LWS.   
  
Previous analyses identified the formation of (CH3)2Hg in the LWS and suggested it is being produced from 
organic materials containing methyl groups, such as antifoam agents, within the waste tanks (Bloom et al., 
2004). Continuous generation of (CH3)2Hg in situ is supported by detectable concentrations found during 
evaporation, coupled with the expected short half-life (Bloom et al., 2004). In addition to (CH3)2Hg, 
CH3Hg+ has also been detected as a significant dissolved species in LWS fluids (Meraw, 2015). 
 
CH3Hg+ can be formed by both biotic and abiotic processes. In environmental conditions such as wetlands, 
lakes, and streams, anaerobic bacteria species are able to convert mercury species into CH3Hg+, while other 
bacteria and plants can breakdown the compound. CH3Hg+ degradation by biotic factors often results in the 
formation of Hg0 and additional products such as methane or carbon dioxide (Kanzler et al., 2017). Mercury 
speciation is also influenced by the presence of sulfides and other functional groups in anaerobic 
environments.  
 
Previous studies in the SRS LWS document that abiotic methylation of Hg(II) in the unique high pH waste 
solutions can produce significant quantities of CH3Hg+. Subsequent addition of a second methyl group may 
then result in formation of (CH3)2Hg, but this would occur less rapidly than the initial methylation and 
translate to the lower overall concentrations of that species in the LWS (Bloom, 2004).  
 
This report explores the basic physical and chemical behaviors of CH3Hg+ in an effort to support technically 
based management of this important mercury species during waste disposal activities. Recent observations 
indicate that CH3Hg+ is not constrained to the liquid phase in the LWS. This species was found to have a 
measurable partitioning into the gas phase at ambient conditions. Partitioning for compounds and conditions 
relevant to the SRS LWS were explored to determine how readily and in what quantities of CH3Hg+ might 
volatilize in the evaporators and then condense in system overheads. 
 
Henry’s Law can be used to describe the degree to which CH3Hg+ can be released from the liquid tank 
waste to the evaporators and is useful as a guide to support effective and efficient technologies for mercury 
treatments. Henry’s Law constant (H) is a function of vapor pressure and solubility, but may be influenced 
by factors like pH, ionic strength, and temperature. Henry’s Law is summarized in Equation 1-1 and 
describes the relationship between the solubility of a dissolved gas and the concentration (or partial 
pressure) of that gas above the liquid. Because these two factors are assumed to be proportional, a decrease 
in gas phase concentration above an equilibrated liquid would result in a release of the gas into the vapor 
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space to re-establish the Henry’s Law ratio. A disequilibrium between the liquid tank waste and the air 
above it (e.g., in tanks or in evaporators) and a tendency for the system to then equilibrate according to 
Henry’s Law is assumed. 

Cgas = H  Cliquid…………………………………………….….………………………………. Equation 1-1 
  where  

Cgas is the concentration or partial pressure of gas above the liquid  
 H is the Henry’s Law constant of the gas  
 Cliquid is the solution concentration or mole fraction of the dissolved gas  
 
Henry’s Law is an empirical-conditional relationship that varies as a function of temperature and 
reactions/interactions in the solution. The units of Henry’s Law vary depending on the units used for Cgas 
(the concentration in the gas phase) and Cliquid (the concentration in the liquid phase). According to the EPA 
(2021), “Henry's law coefficients can be expressed in at least four sets of units…” Units used for Henry's 
Law include: 
 
Hcc = H’ = Concentration in the gas phase / Concentration in the aqueous phase (dimensionless) 
Hpc = Partial Pressure / Concentration (atm m3/mol) 
Hyx = Mole Fraction Y / Mole Fraction X  
Hpx = Partial Pressure / Mole Fraction X (atmospheres) 
 
We have highlighted in bold the most common units for Henry’s Law applied to environmental engineering 
and environmental science applications (H’ and Hpc). For consistency, we will use the dimensionless form 
of Henry’s Law, H’, throughout this report. Notably, if the subject solid phase is present in solution in a 
closed system, then the liquid will represent the conditional solubility of that solid and the gas phase 
concentration will represent the conditional vapor pressure; i.e.:  H’ ≅  vapor pressure/solubility. 
 
The basic gas liquid partitioning relationships of potential interest for organomercury species have not been 
measured for typical LWS conditions, and thus values are not readily available in the literature that can be 
used to accurately describe this system. The gas liquid partitioning will vary depending on the media being 
studied and in response to a number of factors like pH, temperature, and the associated counter ions (Table 
1-1).  
 
A previous study conducted by SRR investigated the chemical characteristics of organomercury species 
with respect to volatility and flammability (Meraw, 2015). The study focused specifically on 
organomercury compounds such as dimethylmercury [(CH3)2Hg] and various methylmercury compounds 
[CH3Hg+ X] that are present within the SRS Saltstone Facility and SRS LWS. Physical and chemical factors 
that are related to flammability (vapor pressure, H’, and flammability metrics) were tabulated for several 
species; including, methyl mercuric chloride (CH3HgCl), methyl mercuric hydroxide (CH3HgOH), 
elemental mercury, and (CH3)2Hg (Table 1-1). Meraw (2015) provided a significant and useful compilation 
of the available physical and chemical literature on organomercury and, importantly, developed a 
reasonable and technically based assessment of the potential for organomercury to contribute to 
flammability safety basis considerations. Some key conclusions from Meraw (2015) include:  
 

• The dominant organomercury compound found in the LWS is the methyl mercury (II) cation and 
is likely in the form of a hydroxide or nitrate. These compounds are not sufficiently volatile to 
contribute to flammability risks and they should not be assumed to have the same flammability risk 
as (CH3)2Hg.  
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• (CH3)2Hg has been detected in LWS samples, but at trace concentrations that are significantly lower 
than the methylmercury cation. Dimethylmercury, (CH3)2Hg, is a relatively volatile species and is 
the only identified mercury compound of flammability concern. Measured LWS concentrations of 
(CH3)2Hg in solution are well below levels of concern, and the maximum calculated vapor phase 
concentrations based on Henry’s Law partitioning from LWS liquids is significantly below the 
Lower Flammability Limit (LFL, i.e., << ~ 2.5 % by volume in air).   

 
While the literature tabulated by Meraw (2015) provided a sound basis for bounding potential flammability 
and safety basis risks and for determining that cationic methylmercury does not represent a flammability 
concern, the data does not provide sufficient information to support a more detailed understanding of  the 
behavior of CH3Hg+ over the range of LWS and DWPF conditions. The data available to Meraw (2015) 
was generally collected at ambient temperature (20 to 25 °C) and for solution conditions that are not 
representative of the high ionic strength and extreme pHs in the LWS.  Further, much of the literature 
focuses on CH3HgCl, a compound that is not expected to be dominant in the LWS because the addition of 
chloride to the process is avoided by procedure and policy to minimize potential for corrosion of tanks and 
piping. Thus, the flammability evaluation required several bounding assumptions; like multiplying the H’ 
for CH3HgOH by 1000 to provide an estimate of the H’ at elevated temperature in an evaporator, for 
example. The 2015 evaluation did not explicitly consider salting out at high ionic strength and did not 
consider the many ions comprising LWS solutions and simulants.  
 
After volatilization of various methylmercury compounds from sample boats staged in the carousel of the 
Milestone DMA-80 awaiting analysis was observed at SRNL, Dr. Bill Wilmarth advocated and supported 
a focused study to measure and document an expanded set of relevant physical and chemical parameters as 
a resource for LWS and DWPF scientists and engineers. The specific goals of the work are to collect 
information on H’, vapor pressure, and solubility over a range of temperatures, ionic strengths and pHs, as 
well as to include representative organic acids (e.g., glycolate) to determine if these would increase CH3Hg+ 
volatility. Further, the effort also includes measurements for compounds/conditions documented in the 
literature (e.g., CH3HgCl and CH3HgOH and ambient temperature) to verify and validate the protocols. 
Thus, this study builds on Meraw’s effort through investigating additional anions and documenting the 
effects that temperature, ionic strength, and other solution conditions have on liquid-gas partitioning for 
methylmercury species. 
 
Mercury compounds expected in SRS waste can be classified based on volatility and reactivity (Meraw, 
2015). (CH3)2Hg can be designated as volatile with a relatively high H’, while both organomercuric 
compounds and CH3Hg+ are classified as nonreactive. CH3Hg+ is classified as not volatile due to its low 
vapor pressure, H value, and water solubility. This low vapor pressure causes CH3Hg+ to behave as a salt 
that is found in the vapor space in limited quantities. Similarly, the vapor pressure of compounds and 
complexes like CH3HgOH and CH3HgCl are expected to be low. Based on known properties, Meraw (2015) 
concluded that (CH3)2Hg is the species most likely to be released into the vapor space at the air/water 
interface based on its volatility.  
 
This work focused on augmenting the current body of literature by investigating the fundamental properties 
of organomercury species, including vapor pressure and solubility, and develop a more complete set of 
values to describe these species within SRS liquid tank wastes and associated evaporators. 
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 Table 1-1. Literature-Reported Henry’s Law Coefficients for Aqueous CH3Hg+ Species. 

Reference Targeted species/ 
application Parameters reported Notes 

Iverfeldt 
and 
Lindqvist 
(1982) 

Distribution of 
CH3HgCl between gas 
phase and aqueous 
solution 

H’CH3HgCl, 0.7 M NaHCl, 25 °C = 1.9(± 0.2) x 10-5 
H’CH3HgCl, 0.1 M NaHCl, 15 °C = 1.6(± 0.2) x 10-5 

H’CH3HgCl, 2E(-4) M NaHCl, 10 °C = 0.94 x 10-5 

 
Reported H’ for 
CH3HgCl in 
various media at 
different 
temperatures 
 

Talmi and 
Mesmer 
(1975)  

Distribution of 
(CH3)2Hg between air 
and water and the vapor 
pressures above 
CH3HgX compounds 
and their solutions  

 
VPCH3HgCl, 22 °C = 0.011 mm Hg 
VPCH3HgCl, 0 °C = 0.00080 mm Hg 
VPCH3HgOH, 22 °C = 0.0056 mm Hg 
 
H’(CH3)2Hg, 25 °C = 0.31 
H’CH3HgCl, 25 °C = -2.8 x 10-5 
 

Reported vapor 
pressures and H’ 
for CH3HgCl and 
CH3HgOH  

Iverfeldt 
and 
Persson 
(1985) 

Solvation 
thermodynamics of 
methylmercury (II) 
species  

H’CH3HgOH, milli-Q water, pH 10.1, 15 °C = 1.73 x 10-7 
H’CH3HgOH, milli-Q water, pH 10.1, 20 °C = 2.69 x 10-7 

H’CH3HgOH, 2x10
-4

M NaCl, pH 11.5, 11.5 °C = 5.27 x 10-8 

H’CH3HgOH, 2x10
-4

M NaCl, pH 11.5, 25 °C = 2.48 x 10-7 

H’CH3HgOH, 0.7 M NaClO4, pH 11.2, 20 °C = 3.19 x 10-7 

H’CH3HgOH, 0.7 M NaClO4, pH 11.2, 25 °C = 3.83 x 10-7 

 
Reported H’ for 
CH3HgOH starting 
material in various 
media at different 
temperatures 
 

Meuleman 
et al. 
(1993) 

Distribution of these 
species in aqueous 
solutions and their 
gas/liquid partitioning 
as a function of pH and 
halide concentration 

H’MeHgCl, 25 °C = 3.8x10-5 
H’MeHgCl, 80 °C = 3.1x10-4 
H’MeHgBr, 25 °C = 9.8x10-5 
H’MeHgBr, 80 °C = 9.4x10-4 

H’MeHgI, 25 °C = 5.9x10-4 
H’MeHgI, 80 °C = 4.3x10-3 
H’MeHgOH, 25 °C = 4x10-6 
H’MeHgOH, 80 °C = 
2.8x10-5 

Reported H’ for 
CH3HgX at 
different 
temperatures 
 

Meraw 
(2015) 

Chemical 
characteristics of 
organomercury 
compounds in SRS 
waste with respect to 
volatility and 
flammability 

H’ CH3HgCl= 5 x 10-5 
H’CH3HgOH = 5.48 x 10-9 

H’ (CH3)2Hg= 0.3 
 
VPCH3HgCl, 25°C= 0.0085 mm Hg  
VPCH3HgOH, 25°C= 0.21 mm Hg 
VP(CH3)2Hg, 25°C= 62.37 mm Hg (8.2 volume%) 

H’ and vapor 
pressure data 
tabulated from the 
literature 

Long and 
Cattanach 
(1961) 

Measurements of 
dimethyl mercury and 
dimethyl cadmium 
vapor pressure 

VP(CH3)2Hg, -11.2°C= 8.7 mm Hg 

VP(CH3)2Hg, 0.8°C= 17.7 mm Hg 
VP(CH3)2Hg, 8.0°C= 26.4 mm Hg 
VP(CH3)2Hg, 23.7°C= 58.8 mm Hg (7.7% by volume) 

VP(CH3)2Hg, 35.8°C= 102.0 mm Hg 
VP(CH3)2Hg, 51.7°C= 192.9 mm Hg 
VP(CH3)2Hg, 64.0°C= 305.5 mm Hg 

VP(CH3)2Hg, 85.1°C= 608.3 mm Hg 

Vapor pressures 
observed during 
experimentation 
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The US Environmental Protection Agency (EPA) assembled a toolkit that tabulates available physical and 
chemical data and extends the dataset where possible with thermodynamic and empirical estimation. This 
toolkit, the EPA Estimation Program Interface (EPI) Suite, is a Windows®-based suite of physical/chemical 
property and environmental fate estimation programs developed by EPA’s and Syracuse Research 
Corporation that is free and available to the public (EPA, 2017). The objective of the EPI Suite is to provide 
technically based and referenceable parameters for use in environmental and process models. As a 
background resource for the LWS research, the relevant tabulations and estimations for included 
methylmercury salts/compounds is provided in Table 1-2. 
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Table 1-2. Summary of Parameters from EPA Estimation Programs Interface for Sample Compounds. 

Compound Chemical 
formula MW CAS 

No. 
Log 
Kow 
(---) 

Solubility 
at 25 °C 
(mg/L) 

Vapor 
pressure 
at 25 °C 
(mm Hg) 

Vapor 
pressure 
at 25 °C 

(Pa) 

Henry’s 
Law 

coefficient 
at 25 °C 

(---) 

Boiling 
point 
(°C) 

Hydroxyl 
radical 

rate 
constant 
(cu cm/ 

(molecule-
sec)) 

notes 

Methylmercury 
chloride CH3HgCl 251.1 000115-

09-3 
0.39 to 
0.41 

10,420 to 
19,727 0.0085 1.34 9.33 x 10-6 117 8.16 x 10-12 

See Henry’s 
Law, 
solubility, 
and vapor 
pressure 
sections of 
report for 
additional 
information 
on these 
parameters 

Methylmercury 
hydroxide CH3HgOH 232.6 001184-

57-2 -1.33 1,000,000 n/a a n/a 5.47 x 10-9 182 8.30 x 10-12 

Methylmercury 
cyanide CH3HgCN 241.6 002597-

97-9 -0.85 73,359 to 
200,000 n/a n/a 5.49 x 10-9 193 8.16 x 10-12 

Methylmercury 
thiol CH3HgSH 248.7 054277-

95-1 0.08 15,521 to 
20,710 n/a n/a n/a 161 8.16 x 10-12 

Methylmercury 
iodide CH3HgI 251.1 000115-

09-3 0.89 1,192 to 
4,363 n/a n/a n/a 117 8.16 x 10-12 

Methylmercury 
oxyquinolate 

CH3HgC9H
6NO 360 000085-

85-1 1.52 270 to 1,686 n/a n/a 1.01 x 10-10 349 1.36 x 10-10 

 
a n/a = not tabulated. EPI estimate for vapor pressure is unrealistic (high) and the estimate for H’ was based on vapor pressure. Only measured vapor pressures and/or H’ values were 
included in the table. 
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2.0 Objectives 
 
The overarching objective of this work is to elucidate several physical-chemical properties of 
methylmercury cation species as a function of temperature and waste solution composition that is relevant 
to the complex chemistry of the SRS LWS. This is a fundamental chemistry study of Henry’s Law, vapor 
pressure, and solubility as they relate to mercury species found in SRS tank waste solutions.  

3.0 Experimental Procedure 

3.1 Approach 

SRNL developed and deployed an innovative strategy to generate high strength solutions of various 
methylmercury salts in solution for use in static headspace experiments. The strategy was necessitated by 
the lack of availability of high purity methyl mercury salts (solids) to use as starting materials. To overcome 
this limitation, a concentrated 1 M solution of CH3HgOH in deionized (DI) water (Alfa Aesar, Item 13395) 
was used as the basic starting material for all testing. The CH3HgOH stock solution is a high-quality 
commercial product that has been carefully vetted for purity by SRNL in previous studies. The availability 
of concentrated (1 M or 200,000 mg/L as Hg) stock starting solution is possible due to the high solubility 
of CH3HgOH compared to other methylmercury salts. Prior to use, the methylmercury stock solution was 
purged with pure nitrogen (gas water ratio of 50:1) to remove any potential artifacts associated with the 
trace presence of volatile mercury species. This pretreatment provides for robust removal of both elemental 
mercury (Hg0) and dimethylmercury ((CH3)2Hg).  

For each set of microcosms, equal parts of the stock solution and a diluent/simulant were blended to 
generate the desired equivalent methylmercury salt or the desired simulant solution conditions. For 
example, blending 1 M HCl with the 1 M methylmercury hydroxide solution would result in a final solution 
containing 0.5 M CH3HgCl. Note that in this scenario, the original counter-ions (H+ and OH-) would 
combine to form water, so the microcosm conditions are representative of a simple dilution of pure 
CH3HgCl. A similar strategy was employed with glycolic acid, formic acid, and sulfuric acid to generate 
the microcosms that represent methymercury glycolate, methylmercury formate, and methylmercury 
sulfate, respectively.  In cases where the solubility of the resulting methylmercury salt was less than 0.5 M, 
solids precipitated in the microcosm and the dataset could be used to generate solubility and vapor pressure, 
in addition to Henry’s Law.  

In the case of LWS simulants, the final prepared microcosms contained approximately 0.5 M 
methylmercury ion and a bulk solution that is generally representative of LWS conditions. The potential 
impacts of ionic strength were studied by extending the baseline CH3HgOH (DI water) microcosm through 
the addition of excess sodium hydroxide to the vial. The final OH- concentration in the “DI water” 
microcosm was approximately 0.02M; two additional ionic strength were tested with final OH- 
concentrations of 0.51M (“medium” ionic strength) and 1.51m (“high” ionic strength). The pH of each 
microcosm was measured by placing a partial drop of solution onto pH indicator paper – the test paper was 
disposed as mercury waste. For species other than CH3HgOH, the pH of the blended solutions ranged from 
about 5 to 11 depending on the specific acid being added, the exact normality of the different reagent grade 
acids, and solution interactions. After the initial blending, the pH was adjusted by adding small amounts of 
a 0.1M solution of the acid being tested or NaOH. For example, the pH of the CH3HgCl microcosm was 
adjusted using a small quantity of additional HCl.  
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Following preparation of the sealed microcosms, methylmercury partitioning was evaluated using a static 
headspace method over a range of temperatures; typically, 22, 40 and 60 (or 70) °C. For the static headspace 
protocol, mercury was quantified by direct analysis of total mercury concentration (all chemical forms) in 
the gas and liquid phases. An implicit assumption in this protocol is that the spiked methylmercury ion is 
not transformed into another form of mercury (such as elemental mercury, inorganic ionic mercury or 
dimethylmercury). Except as noted in the results, the data generated in this study closely match the available 
literature measurements for methylmercury compounds, generally validating the protocol assumption and 
supporting the streamlined strategy.  

The protocols and experiments were implemented using several sequential steps, including: a) preparation 
of stock solution, simulants and diluents, b) dispensing the solutions into microcosm vials (20 mL amber 
glass with septum lids), c) placing vials in a constant temperature water bath at 22 °C for equilibration 
(approximately 48 hours),  d) subsampling the gas phase and the liquid phase in each microcosm using a 
gas tight syringe and then returning each vial to water bath, e) trapping the gas sub-sample on a mercury 
sorbent for analysis on the Milestone DMA-80, f) performing an initial liquid filtration using a 13 mm 
diameter, 0.45 µm hydrophilic PTFE membrane syringe filter and serial dilution of the liquid sample 
(typically 34,300 x DF) for analysis on the Milestone DMA-80, g) repeating steps c trough f for 40 °C and 
60 °C, and h) working up the resulting data. Three to five replicates were performed for each microcosm 
condition. A total of eighteen vials could be placed in the water bath at any time so that each campaign 
allowed testing of four to six microcosm conditions, depending on the number of replicates used. The 
strategy for the experiments is straightforward and is graphically summarized in Figure 3-1. These protocols 
proved to be practical and reproducible. In the microcosms where solids formed, the data workup was 
extended to generate estimates of solubility and vapor pressure as depicted in Figure 3-2. 

3.1.1 Preparation of the LWS simulant solutions  

The simulated tank waste solution is predominantly a 5.6 molar sodium solution comprising of a mixture 
of sodium hydroxide, chloride, carbonate, nitrite, nitrate, chromate, molybdate, phosphate, sulfate, silicate, 
and aluminum, potassium, and cesium nitrate. The protocols were developed to test simulants with 
relatively higher nitrated concentrations, designated as “high nitrate simulant”, and relatively higher 
hydroxide concentration, designated as Table 3-1. 
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Table 3-1.  Chemical Composition of Simulated Tank Waste Solution. 

Component High NO3
- 

concentration 
(M) 

High OH- 
Concentration 

(M) 

Average 
concentration 

(M) 
Na+ 5.60 5.60 5.60 
K+ 0.0041 0.030 0.015 
Cs+ 0.00014 0.00037 0.00014 
OH- 1.17 3.05 1.91 
NO3- 2.84 1.10 2.14 
NO2- 0.37 0.74 0.52 
AlO2- 0.32 0.27 0.31 
CO32- 0.16 0.17 0.16 
SO42- 0.22 0.030 0.15 

Cl- 0.040 0.010 0.025 
F- 0.050 0.010 0.032 

PO43- 0.010 0.008 0.010 
C2O42- 0.008 0.008 0.008 
SiO32- 0.004 0.004 0.004 
MoO42- 0.0002 0.0002 0.0002 
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Figure 3-1. Generalized Protocols for Determining Henry’s Law using Headspace Microcosms   
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Figure 3-2. Generalized Protocols for Determining Vapor Pressure and Solubility in Microcosms 

Containing Precipitated Solid Methylmercury Salts   
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3.1.2 Mercury Analysis and Quantification  
Sample analysis methods utilized in this work were adapted from EPA Method 7473, Mercury in Solids 
and Solutions by Thermal Decomposition, Amalgamation, and Atomic Absorption Spectroscopy (EPA, 
2007) and performed via a Milestone Direct Mercury Analyzer (DMA-80). The DMA-80 automates the 
following sequential steps: pyrolysis, catalysis, amalgamation, thermal desorption, and atomic absorption 
spectroscopy to quantify mercury concentration in a sample. The SRNL DMA- 80 system consists of the 
instrument (DMA80 tri‐cell) and accessory air compressor (DMA80‐ AC) for continuous supply of high 
purity mercury-free, low moisture air. Operation was performed in accordance with the manufacturer’s 
(Milestone) manuals, SRNL R&D Directions (SRNL-RP-2018-01129), and the SRNL Hazard Analysis 
System (SRNL-ACT-01267).  A generalized diagram of the DMA-80 used in this study is depicted Figure 
3-3.  
 
For the static headspace method, subsamples of headspace gas and liquid were collected using a Hamilton 
gas tight syringe. For the gas subsamples, the volume of the sample was selected to yield an approximately 
5 to 100 ng of total mercury as Hg. The nominal gas volumes used for the subsampling were 200 µL, 80 
µL, and 8 µL at 22, 40 and 60 °C, respectively. The gas subsamples were collected by preloading the syringe 
with clean flush air (approximately 10% of syringe volume), piercing the septum and collecting the desired 
volume, and then removing the needle and pulling in clean air (approximately 10% of the syringe volume) 
to limit any sample loss. For example, for a the largest sample, 25 µL of clean air was preloaded into a 250 
µL syringe, the septum was pierced and a 200 µL gas sample was pulled (up to 225 µL mark), the needle 
was removed from the vial and the plunger was withdrawn to 250 µL to buffer the sample with clean air.   
The subsamples were injected into a column loading apparatus, the syringe was pumped three to 5 times to 
assure complete transfer. Flowing clean air within the column loading apparatus passed through a mercury 
sorbent trap (Milestone Adsoquick) for collection.  The trap was placed into the autosampler carousel of 
the Milestone DMA-80. The concentration in the gas phase was calculated by dividing the mass of mercury 
(ng) in each subsample by the volume of gas collected (mL). The gas phase results are reported as ng/mL 
(as Hg). The liquid subsamples were processed by passing the desired quantity of sample through a 13 mm 
diameter syringe filter unit containing a 0.45 µM hydrophilic PTFE membrane into a premeasured quantity 
of DI water. The sample was mixed and further diluted in stages. Due to the high starting concentrations, 
the nominal serial dilution process used for all samples resulted in a total dilution factor of 34,500. A 0.1 
mL aliquot of the final dilutions was pipetted into a sample boat that was preloaded with 0.5 mL of granular 
alumina to help retain the analyte and the boat was placed in the Milestone DMA-80 for analysis. The 
concentration in the liquid phase was calculated by dividing the mass of mercury (ng) in the aliquot by the 
volume of the aliquot and multiplying the result by the DF. The liquid phase results are reported as ng/mL 
as Hg.  For microcosms where the methylmercury compound precipitated to form a solid phase, the gas 
concentrations and liquid concentrations represent the vapor pressure and solubility. 
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Figure 3-3. Generalized Diagram of Sparging Set-Up and Direct Mercury Analyzer (DMA-80) 

 
Microcosms were prepared to provide for replicates. Logistically, this allowed for three to five conditions 
to be tested simultaneously. Thus, the work was completed in four campaigns (Table 3-2). 
 

Table 3-2. Generalized Summary of Mercury Analysis Campaign Conditions.  

Conditions Notes 
Campaign 1 

CH3HgOH in DI water  
CH3HgOH in NO3 simulant  
CH3HgOH in OH simulant  

Campaign 2 
CH3HgOH + HCl (CH3HgCl) pH 11 

CH3HgOH + H2SO4 (CH3HgSO4)  
CH3HgOH + NaOH medium ionic strength 
CH3HgOH + NaOH high ionic strength 

Campaign 3 
CH3HgOH + HCl (CH3HgCl) pH 7 
CH3HgOH + HCl (CH3HgCl) pH 4 

CH3HgOH + formic acid  CH3Hg formate 
CH3HgOH + glycolic acid CH3Hg glycolate 

Campaign 4 
Various additional replicates and 

confirmation runs  

 
This sampling was typically performed in triplicate (two to five microcosms per condition) with three to 
five conditions run in each campaign. Repeated sampling was done when necessary. Over 200 individual 
sample results were generated during the study. 
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4.0 Results and Discussion 
 
The results for the microcosms are presented below for each of three topical areas: 1) Henry’s Law, 2) 
vapor pressure and solubility, and 3) observed reaction of methylmercury with formic acid resulting in 
dimethylmercury. For the first two topical areas, the raw data are presented in graphical form, along with 
graphical and tabular projections of the expected values based on empirical and thermodynamic 
relationships. For Henry’s Law, vapor pressure, and solubility, the temperature predictions are described 
using the Van’t Hoff Equation, the Antoine Equation, and the enthalpy of solution, respectively. In each 
section, the data generated in this study are initially checked and validated against the available literature; 
generally, at 20 to 25 °C for methylmercury chloride and/or methylmercury hydroxide. 

4.1 Henry’s Law (Gas-Liquid Partitioning) 
This research was primarily intended to provide parameters for SRR scientists and engineers to make 
flowsheet and design calculations. Henry’s Law is a principal physical/chemical parameter that will assist 
in understanding the partitioning and the general behavior of methylmercury throughout the LWS.  
 
There are limited data available in the literature for H’ of methylmercury (Iverfeldt and Persson, 1985; 
Mueleman et al., 1993; EPA, 2017; Talmi and Messmer, 1975; and Brossett and Lord, 1995). Figure 4-1 
summarizes the available literature and the results from this study, along with the range of values from the 
literature. As shown, the measured H’ values at 20 to 22 °C for methylmercury chloride and hydroxide in 
this study are close to the median values from the literature at 20 °C to 25 °C.  All of the H’ data for 
CH3HgCl cluster tightly around the median value of 2.2 x 10-5 at these “ambient” temperatures. As 
demonstrated in the more detailed information below, the relatively tight clustering of data for CH3HgCl 
compared to CH3HgOH may result, in part, from the higher concentrations of CH3HgCl in the gas phase 
and from the relative insensitivity of measured H’ for CH3HgCl to changes in ionic strength and temperature. 
Notably, in setting up their headspace microcosm for CH3HgOH, Mueleman et al. (1993) used a liquid 
phase with high ionic strength which resulted in a measured H’ that was significantly higher and not 
consistent with the other references in the literature. Based on this method difference, the value for 
Meuleman was not included in the median. The close correspondence of the results from this study to the 
literature provide an initial validation of the straightforward headspace paradigm developed by SRNL, as 
well as the analytical protocols. These protocols include reagent preparation, gas and liquid subsampling, 
mercury trapping for gas samples, filtering and serial dilutions for liquid samples, and mercury 
quantification using the Milestone DMA-80.    
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Figure 4-1. Comparison of Henry’s Law Coefficients for Measured MeHgOH and MeHgCl to 

Available Literature (at 20 to 25 °C) 
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For each of the compounds and conditions, the raw data and the Van’t Hoff temperature projections are 
presented in a composite figure consisting of a graphic (Van’t Hoff plot) and a table of projected H’ as a 
function of temperature from 0 to 100 °C. The plots were constructed in the traditional format (Figure 4-2) 
using the inverse absolute temperature on the x axis (in units of 1/°K) and the natural log of the H’ on the 
y axis.  
 

 
 
Figure 4-2. Standard Format Van’t Hoff Plot for an Endothermic Process and the Interpretation of 

the Slope and Intercept 
 
The data for this study were matched to the Van’t Hoff equation by best fit. The resulting Van’t Hoff plots 
show the raw data as points, the best estimate projection line as a solid line, and curved lines that bound the 
lower and upper 95 % confidence intervals on the estimated relationship. The Van’t Hoff equation provided 
reasonable estimates of the relationship between H’ and temperature. The order of the data plots in the 
report is as follows: 
 
Figure 4-3   – CH3HgOH in 0.02 M NaOH 
Figure 4-4 – CH3Hg+ in NO3 Simulant 
Figure 4-5 – CH3Hg+ in OH Simulant 
Figure 4-6   – CH3HgSO4 in Water (pH 7) 
Figure 4-7 – CH3HgCl in Water (pH 11) 
Figure 4-8 – CH3HgCl in Water (pH 7) 
Figure 4-9 – CH3HgCl in Water (pH 4) 
Figure 4-10   – CH3Hg Glycolate in Water (pH 7) 
Figure 4-11 – CH3HgOH in 0.51 M NaOH 
Figure 4-12  – CH3HgOH in 1.51 M NaOH 
 

slope ≅ -∆H/R
y-intercept ≅ ∆S/R
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The H’ for CH3HgOH in dilute solution (approximately 0.02 M OH) was relatively low; nominally 2.22 x 
10-8 at 25 °C. As shown in Figure 4-3, the H’ for CH3HgOH in dilute solution exhibited a strong function 
of temperature; ranging over approximately 5 orders of magnitude from 0 °C to 100 °C. For example, H’ 
for CH3HgOH under those conditions increased from 3.87 x 10-10 at 0 °C up to 6.36 x 10-5 at 100 °C. As 
expected from the literature, the methylmercury compound with the highest H’ at ambient temperature was 
CH3HgCl (nominally 2 x 10-5). Compared to CH3HgOH, increasing temperature had a smaller impact on 
the H’ of CH3HgCl as seen in the flatter slope in the Van’t Hoff plots (Figure 4-7, Figure 4-8 and Figure 
4-9). The H’ values for CH3HgCl increased by about 3.5 orders of magnitude as temperature increased from 
0 °C to 100 °C.   
 
The H’ values for CH3HgSO4, CH3Hg glycolate, and CH3Hg+ in the blended simulants (Figure 4-4, Figure 
4-5, and Figure 4-6, respectively) were intermediate between CH3HgOH and CH3HgCl. Similarly, the 
relationship of H’ to temperature for CH3HgSO4 and for CH3Hg+ in the blended simulants was intermediate 
between CH3HgOH and CH3HgCl.  
 
As shown in Figure 4-7, Figure 4-8, and Figure 4-9, the H’ for CH3HgCl was not a strong function of pH. 
The H’ values were similar within experimental error for all of the tested pHs.  
 
Conversely, ionic strength had a strong impact on the H’ for CH3HgOH over the entire temperature range 
of 0 °C to 100 °C. Figure 4-3, Figure 4-11, and Figure 4-12 document the changes in H’ for CH3HgOH as 
the hydroxide was increased from 0.02 M to 0.51 M to 1.51 M. Over this range, the H’ for CH3HgOH 
increased by one or two orders of magnitude. Figure 4-13 shows how ionic strength and a “salting out effect” 
impacted H’ for selected temperatures. Importantly, as ionic strength increased, the H’ values for 
CH3HgOH approached the values that were measured in the simulants at the same temperatures. This 
observation supports consideration of a simplified application of the study results to LWS conditions. The 
robustness of the data and approach are explored in more detail below.  
 
No H’ data were generated for the formate microcosm because the CH3Hg+ reacted with formate and 
resulted in the synthesis of a volatile reaction product. This is discussed in more detail in a separate section 
of the report.  
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Figure 4-3. Van’t Hoff Plot for CH3HgOH in Water (Approximately 0.02 M OH-) 

 

 

 

 
Temperature (˚C) H’ 95% confidence range 

0 3.87 x 10-10 2.90 x 10-10 to 5.18 x 10-10 
10 1.89 x 10-9 1.51 x 10-9 to 2.36 x 10-9 
20 8.24 x 10-9 6.95 x 10-9 to 9.77 x 10-9 
30 3.27 x 10-8 2.86 x 10-8 to 3.72 x 10-8 
40 1.19 x 10-7 1.05 x 10-7 to 1.33 x 10-7 
50 3.97 x 10-7 3.48 x 10-7 to 4.53 x 10-7 
60 1.24 x 10-6 1.05 x 10-6 to 1.46 x 10-6 
70 3.61 x 10-6 2.96 x 10-6 to 4.41 x 10-6 
80 9.92 x 10-6 7.80 x 10-6 to 1.26 x 10-5 
90 2.58 x 10-5 1.95 x 10-5 to 3.41 x 10-5 

100 6.36 x 10-5 4.62 x 10-5 to 8.74 x 10-5 
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Figure 4-4. Van’t Hoff Plot for CH3Hg+ in NO3 Simulant 

 

 

 

 
Temperature (˚C) H’ 95% confidence range 

0 5.03 x 10-8 2.89 x 10-8 to 8.76 10-8 
10 1.42 x 10-7 9.23 x 10-8 to 2.19 x 10-7 
20 3.75 x 10-7 2.70 x 10-7 to 5.21 x 10-7 
30 9.28 x 10-7 7.22 x 10-7 to 1.19 x 10-6 
40 2.17 x 10-6 1.75 x 10-6 to 2.68 x 10-6 
50 4.80 x 10-6 3.82 x 10-6 to 6.03 x 10-6 
60 1.01 x 10-5 7.66 x 10-6 to 1.34 x 10-5 
70 2.05 x 10-5 1.45 x 10-5 to 2.89 x 10-5 
80 3.98 x 10-5 2.62 x 10-5 to 6.04 x 10-5 
90 7.45 x 10-5 4.57 x 10-5 to 1.22 x 10-4 

100 1.35 x 10-4 7.70 x 10-5 to 2.36 x 10-4 
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Figure 4-5. Van’t Hoff Plot for CH3Hg+ in OH Simulant 

 

 

 
Temperature (˚C) H’ 95% confidence range 

0 8.44 x 10-8 5.32 x 10-8 to 1.34 x 10-7 
10 2.26 x 10-7 1.57 x 10-7 to 3.24 x 10-7 
20 5.65 x 10-7 4.29 x 10-7 to 7.42 x 10-7 
30 1.33 x 10-6 1.08 x 10-6 to 1.64 x 10-6 
40 2.96 x 10-6 2.48 x 10-6 to 3.54 x 10-6 
50 6.28 x 10-6 5.19 x 10-6 to 7.60 x 10-6 
60 1.27 x 10-5 1.01 x 10-5 to 1.61 x 10-5 
70 2.48 x 10-5 1.86 x 10-5 to 3.30 x 10-5 
80 4.64 x 10-5 3.28 x 10-5 to 6.57 x 10-5 
90 8.40 x 10-5 5.59 x 10-5 to 1.26 x 10-4 

100 1.47 x 10-4 9.24 x 10-5 to 2.35 x 10-4 
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Figure 4-6. Van’t Hoff Plot for CH3HgSO4 in Water (pH 7) 
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Figure 4-7. Van’t Hoff Plot for CH3HgCl in Water (pH 11) 

 

 
Temperature (˚C) H’ 95% confidence range 

0 1.22 x 10-5 5.79 x 10-6 to 2.59 x 10-5 
10 1.70 x 10-5 9.73 x 10-6 to 2.98 x 10-5 
20 2.30 x 10-5 1.54 x 10-5 to 3.43 x 10-5 
30 3.06 x 10-5 2.30 x 10-5 to 4.07 x 10-5 
40 3.97 x 10-5 3.07 x 10-5 to 5.12 x 10-5 
50 5.09 x 10-5 3.72 x 10-5 to 6.98 x 10-5 
60 6.44 x 10-5 4.23 x 10-5 to 9.81 x 10-5 
70 8.07 x 10-5 4.73 x 10-5 to 1.38 x 10-4 
80 9.90 x 10-5 5.17 x 10-5 to 1.90 x 10-4 
90 1.20 x 10-4 5.60 x 10-5 to 2.59 x 10-4 

100 1.45 x 10-4 6.01 x 10-5 to 3.49 x 10-4 
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Figure 4-8. Van’t Hoff Plot for CH3HgCl in Water (pH 7) 

 

 
Temperature (˚C) H’ 95% confidence range 

0 5.42 x 10-6 1.18 x 10-6 to 2.49 x 10-5 
10 8.55 x 10-6 2.71 x 10-6 to 2.70 x 10-5 
20 1.30 x 10-5 5.67 x 10-6 to 2.98 x 10-5 
30 1.91 x 10-5 1.06 x 10-5 to 3.43 x 10-5 
40 2.77 x 10-5 1.70 x 10-5 to 4.49 x 10-5 
50 3.91 x 10-5 2.19 x 10-5 to 6.98 x 10-5 
60 5.38 x 10-5 2.49 x 10-5 to 1.16 x 10-4 
70 7.30 x 10-5 2.70 x 10-5 to 1.97 x 10-4 
80 9.76 x 10-5 2.87 x 10-5 to 3.32 x 10-4 
90 1.28 x 10-4 3.01 x 10-5 to 5.42 x 10-4 

100 1.66 x 10-4 3.14 x 10-5 to 8.76 x 10-4 
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Figure 4-9. Van’t Hoff Plot for CH3HgCl in Water (pH 4) 

 
Temperature (˚C) H’ 95% confidence range 

0 1.27 x 10-5 2.52 x 10-6 to 6.44 x 10-5 
10 1.75 x 10-5 5.13 x 10-6 to 5.95 x 10-5 
20 2.36 x 10-5 9.73 x 10-6 to 5.71 x 10-5 
30 3.10 x 10-5 1.67 x 10-5 to 5.77 x 10-5 
40 4.03 x 10-5 2.39 x 10-5 to 6.77 x 10-5 
50 5.14 x 10-5 2.78 x 10-5 to 9.52 x 10-5 
60 6.51 x 10-5 2.87 x 10-5 to 1.48 x 10-4 
70 8.07 x 10-5 2.81 x 10-5 to 2.32 x 10-4 
80 9.90 x 10-5 2.70 x 10-5 to 3.63 x 10-4 
90 1.20 x 10-4 2.57 x 10-5 to 5.59 x 10-4 

100 1.43 x 10-4 2.44 x 10-5 to 8.42 x 10-4 
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Figure 4-10. Van’t Hoff Plot for CH3Hg Glycolate 

 

 
Temperature (˚C) H’ 95% confidence range 

0 6.11 x 10-8 5.49 x 10-9 to 6.81 x 10-7 
10 2.11 x 10-7 3.42 x 10-8 to 1.30 x 10-6 
20 6.67 x 10-7 1.80 x 10-7 to 2.47 x 10-6 
30 1.96 x 10-6 7.75 x 10-7 to 4.93 x 10-6 
40 5.40 x 10-6 2.50 x 10-6 to 1.17 x 10-5 
50 1.39 x 10-5 5.56 x 10-6 to 3.47 x 10-5 
60 3.38 x 10-5 1.00 x 10-5 to 1.14 x 10-4 
70 7.83 x 10-5 1.62 x 10-5 to 3.78 x 10-4 
80 1.73 x 10-4 2.49 x 10-5 to 1.19 x 10-3 
90 3.63 x 10-4 3.68 x 10-5 to 3.59 x 10-3 

100 7.39 x 10-4 5.33 x 10-5 to 1.03 x 10-2 
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Figure 4-11. Van’t Hoff Plot for CH3HgOH in 0.51 M NaOH 

 
Temperature (˚C) H’ 95% confidence range 

0 1.36 x 10-8 1.31 x 10-9 to 1.40 x 10-7 
10 5.29 x 10-8 9.05 x 10-9 to 3.09 x 10-7 
20 1.88 x 10-7 5.26 x 10-8 to 6.67 x 10-7 
30 6.15 x 10-7 2.50 x 10-7 to 1.50 x 10-6 
40 1.86 x 10-6 8.83 x 10-7 to 3.92 x 10-6 
50 5.28 x 10-6 2.17 x 10-6 to 1.27 x 10-5 
60 1.40 x 10-5 4.33 x 10-6 to 4.59 x 10-5 
70 3.53 x 10-5 7.66 x 10-6 to 1.62 x 10-4 
80 8.41 x 10-5 1.29 x 10-5 to 5.48 x 10-4 
90 1.91 x 10-4 2.08 x 10-5 to 1.75 x 10-3 

100 4.16 x 10-4 3.26 x 10-5 to 5.30 x 10-3 
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Figure 4-12. Van’t Hoff Plot for CH3HgOH in 1.51 M NaOH 

 

 
Temperature (˚C) H’ 95% confidence range 

0 4.04 x 10-8 7.49 x 10-9 to 2.18 x 10-7 
10 1.33 x 10-7 3.71 x 10-8 to 4.75 x 10-7 
20 4.05 x 10-7 1.61 x 10-7 to 1.02 x 10-6 
30 1.14 x 10-6 5.98 x 10-7 to 2.19 x 10-6 
40 3.03 x 10-6 1.76 x 10-6 to 5.18 x 10-6 
50 7.53 x 10-6 3.96 x 10-6 to 1.42 x 10-5 
60 1.78 x 10-5 7.58 x 10-6 to 4.15 x 10-5 
70 3.98 x 10-5 1.33 x 10-5 to 1.20 x 10-4 
80 8.52 x 10-5 2.21 x 10-5 to 3.29 x 10-4 
90 1.75 x 10-4 3.54 x 10-5 to 8.67 x 10-4 

100 3.46 x 10-4 5.49 x 10-5 to 2.18 x 10-3 
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Figure 4-13. Effects of Hydroxide Concentration and Ionic Strength on H’ for CH3HgOH 
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Figure 4-14 through Figure 4-18 summarize the H’ information for the various tested compounds and 
conditions over a range of temperatures from 0 C to 100 C: 
 
Figure 4-14 – H’ for all compounds and conditions at 20   °C 
Figure 4-15   – H’ for all compounds and conditions at 40   °C 
Figure 4-16 – H’ for all compounds and conditions at 60   °C 
Figure 4-17 – H’ for all compounds and conditions at 80   °C 
Figure 4-18 – H’ for all compounds and conditions at 100 °C 
 
As expected, increasing temperature results in increasing H’ for all compounds. In these summary graphs, 
CH3HgOH in dilute solution has the lowest H’ and CH3HgCl generally has the highest H’. The other 
compounds and conditions are bound by these end members. Several observations provide significant 
context that augment and annotate these broad trends. First, as ionic strength increases to high levels, the 
measured H’ for pure CH3HgOH in a simple solution containing only CH3HgOH, Na+, and OH- closely 
aligns to the measured H’ in both LWS simulants. Second, the H’ values for methylmercury sulfate and 
glycolate (i.e., the tested compounds other than chloride) were similar to those of CH3HgOH in the high 
ionic strength solution and to the simulants. These results suggest that CH3Hg+ partitioning in typical high 
ionic strength and high hydroxide conditions are likely controlled by the dominant CH3HgOH species 
and/or by other non-chloride species with a similar H’ ratio between vapor pressure and solubility.  Since 
the chloride ion is procedurally avoided to minimize corrosion in the LWS, these results suggest that 
reasonable scoping values for H’ can be developed for application throughout the LWS for all temperatures. 
Because of the different slopes in the Van’t Hoff plots, the H’ values at higher temperatures (e.g., 80°C and 
100°C) trend toward similar values for all compounds; including CH3HgCl. This further corroborates the 
potential robustness of scoping values for H’ applied to LWS conditions at higher temperatures.  
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Figure 4-14. Summary H’ at 20 °C 
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Figure 4-15. Summary H’ at 40 °C 
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Figure 4-16. Summary H’ at 60 °C 
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Figure 4-17. Summary H’ at 80 °C 
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Figure 4-18. Summary H’ at 100 °C 

 

4.2 Vapor Pressure Determination and Solubility Evaluation 
For those methylmercury compounds that precipitated in the microcosms, we also collected data on vapor 
pressure and solubility. The compounds that were amenable to this strategy were CH3HgCl, CH3HgSO4, 
and CH3Hg glycolate. No CH3Hg+ precipitated in any of the CH3HgOH microcosms. Similarly, no CH3Hg+ 
precipitated in the two LWS simulants. This is consistent with the expected speciation in the high ionic 
strength and high hydroxide containing solutions typical of the LWS. The data on vapor pressure and 
solubility are presented in sequence below. 
 
Vapor Pressure 
 
The vapor pressure data and temperature projections for each compound are presented in a composite figure. 
The raw data and projections of vapor pressure as a function of temperature are depicted in the first graph 
assuming the linear August Equation for the projection (Equation 4-1). The August Equation is a simplified 
Antoine relationship (second graph):  
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Log10(vapor pressure) = A + B ( 1 / temperature in °C) ……………………………………..Equation 4-1 
 
The simplified Antoine plots show the raw data as points and a projection line.  
 
The figure numbering and order of the composite temperature dependent vapor pressure data plots and 
tables is as follows: 
 
Figure 4-19 – Vapor pressure of CH3HgCl  
Figure 4-20  – Vapor pressure of CH3HgSO4 
Figure 4-21  – Vapor pressure of CH3Hg glycolate 
 
Figure 4-19 exemplifies the data workup using the traditional format for the Antoine plots. In each case, 
vapor pressure is plotted on the y axis (using a log scale in gas phase concentration units of µg/L as Hg) as 
a function of temperature on the x axis (in units of °C). The coefficients (A and B) for the August equation 
are estimated based on the second graph that is formatted with the log10(vapor pressure) on the y axis and 
inverse temperature (°C-1) on the x axis. The data are matched to the August equation by best fit of a linear 
regression. In the case of CH3HgCl, the measured and predicted vapor pressure at 22 °C from this study 
can be compared to the literature values for this compound, in the range of 20 °C to 25 °C, as an initial 
validation step. As shown in Figure 4-19, there is a good agreement of the results from this study with the 
literature values, providing initial validation for the assumption of vapor pressure in the gas phase in the 
presence of precipitated solid material in the microcosm. This result also supports the straightforward 
headspace paradigm developed by SRNL as well as the analytical protocols (reagent preparation, gas and 
liquid subsampling, mercury trapping for gas samples, filtering and serial dilutions for liquid samples, and 
mercury quantification using the Milestone DMA-80).     
 
The vapor pressure for CH3HgCl and CH3HgSO4 were similar in magnitude. The estimated vapor pressure 
for glycolate based on total mercury assuming no conversion to a more volatile species was slightly higher 
than the other compounds.  
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Figure 4-19. Projected CH3HgCl Vapor Pressure (mg/L as Hg) as a Function of Temperature  
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Figure 4-20. Projected CH3HgSO4 Vapor Pressure (mg/L as Hg) as a Function of Temperature 
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Figure 4-21. Projected CH3Hg Glycolate Vapor Pressure (mg/L as Hg) as a Function of 

Temperature 
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Solubility  
 
The solubility data and temperature projections for each compound are presented in a composite figure. 
The projections of solubility as a function of temperature assume a simple enthalpy of solution relationship. 
The composite figures are comprised of two graphs and a table of data. The first graph for each compound 
shows the raw data (points) and the best estimate projection line. The second graph is used to estimate the 
enthalpy of solution by best fit. Note that in this section of the report, the liquid concentrations are reported 
in mg/L as Hg to be more consistent with the predominant units used in the scientific literature – the raw 
dataset and the liquid concentration values used in calculating H’ were in units of ng/mL (i.e., µg/L) as Hg.  
 
The figure numbers and order of the associated temperature dependent solubility data plots and tables are 
as follows: 
 
Figure 4-22  – Solubility of CH3HgCl  
Figure 4-23 – Solubility of CH3HgSO4 
Figure 4-24  – Solubility of CH3 Hg glycolate 
 
Figure 4-22 exemplifies the data workup using the traditional format for the enthalpy of solution data 
analysis. In each case, solubility is plotted on the y axis (in solution concentration units of mg/L as Hg) as 
a function of temperature on the x axis (in units of °C or °K). The enthalpy of solution is estimated using a 
second plot in which the y axis is ln(C295/CT) and the x axis is (295 - T)/(295 x T); where T is the absolute 
temperature of interest in °K, C295 is the solution concentration at 295 °K (22 °C), and CT is the 
concentration at temperature T.  The enthalpy of solution is calculated by multiplying the slope of the graph 
by the universal gas constant (R) in appropriate units. In the case of CH3HgCl, the measured and predicted 
solubility at 22 °C from this study can be compared to the literature values for this compound in the range 
of 20 °C to 25 °C as an initial validation step. As shown in Figure 4-22, there is good agreement of the 
results from this study with literature values that provides initial validation of the assumption of solubility 
in the liquid phase in the presence of precipitated solid material in the microcosm. This result also supports 
the straightforward headspace paradigm developed by SRNL, as well as the analytical protocols (reagent 
preparation, gas and liquid subsampling, mercury trapping for gas samples, filtering and serial dilutions for 
liquid samples, and mercury quantification using the Milestone DMA-80).    
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Figure 4-22. Projected CH3HgCl Solubility (mg/L as Hg) as a Function of Temperature (°C) 

CH3HgCl
model

( C ) ( K ) prediction
0 273.3 4871

20 293.3 15000
40 313.3 40008
60 333.3 94849
80 353.3 203907

100 373.3 403821

temperature
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Figure 4-23. Projected CH3HgSO4 Solubility (mg/L as Hg) as a Function of Temperature (°C) 
 

 

CH3Hg Sulfate
model

( C ) ( K ) prediction
0 273.3 4377

20 293.3 13480
40 313.3 35954
60 333.3 85237
80 353.3 183245

100 373.3 362900

temperature
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Figure 4-24. Projected CH3Hg Glycolate Solubility (mg/L as Hg) as a Function of Temperature (°C) 

CH3Hg Glycolate
model

( C ) ( K ) prediction
0 273.3 26041

20 293.3 80195
40 313.3 213898
60 333.3 507093
80 353.3 1090157

100 373.3 2158960

temperature
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The measured solubility of the various methylmercury compounds for three example temperatures is 
tabulated below (Table 4-1). 
 

Table 4-1. Summary of the Measured Raw Data for Solubility of Representative Methylmercury 
Compounds. 

X = Average measured solubility (mg/L as Hg) ΔHsolubility 
(kJ/mole)  22 °C 40 °C 60 °C 

OH  1 > 200,000 > 200,000 > 200,000 n/a 
Cl 15,000 56,700 67,750 -37.4 

SO4 13,480 16,151 30,625 -15.7 
Glycolate 2 80,195 101,000 113,250 -7.9 
Formate 3 n/a n/a n/a n/a 

1 CH3HgOH was soluble under all experimental conditions. 
2 CH3Hg glycolate solubilities may be higher at elevated temperatures because the measured solubilities 
accounted for most or all of the added mass in the microcosms. 
3 CH3Hg formate solubility was not estimated because the starting materials were lost, reacting to form 
dimethylmercury. 
 

4.3 Observed Dimethylmercury Synthesis in Aqueous Solution 
The microcosm containing 0.5 M methylmercury and 0.5 M formate resulted in rapid accumulation of 
mercury in the vapor phase and headspace concentrations of total mercury that were significantly higher 
than expected at 22 °C. During the initial gas subsampling of this system, the microcolumn trap collected 
approximately 1000 x the expected mass of mercury (>>1000 ng), which is well above the operational 
range of the Milestone DMA-80. Analysis of the microcolumn resulted in overloading and damaging the 
Milestone DMA analyzer and necessitating a complete cleaning and replacement of all internal consumable 
components, including the catalyst and amalgamator. 
 
After the rebuild, microcosm headspace gas was collected and diluted in clean air (DF 10). Two microliters 
of the diluted gas were applied to an the adsoquick trap to collect the mercury for analysis. The resulting 
samples confirmed that the headspace in the formate microcosms contained high levels of mercury-
containing compounds. The results for duplicate microcosms were 1,625,000 ng/mL and 1,684,000 ng/mL 
of mercury, which equates to gases containing mercury comprising 16% and 16.6 % by volume in the 
microcosm headspace. These concentrations are considered estimates since the amount of mercury on the 
traps was still higher than the 300 ng upper calibration standard. Importantly, the measured headspace 
concentrations were several orders of magnitude above expected values bases on Henry’s Law partitioning 
between a solution and a gas phase and significantly above the vapor pressure of elemental Hg0.  
 
The results indicate a chemical reaction occurs between formate and methylmercury, resulting in the 
generation of a more volatile mercury compound. With the addition of a second covalently bound methyl 
group, dimethylmercury is comparably a more volatile mercury species with a documented vapor pressure 
(approximately 8% by volume) that is similar to the estimated/measured values in the headspace. In 
designing the experiments, abiotic formation of (CH3)2Hg in aqueous solution was considered unlikely 
since it has not been documented in the literature to occur in any significant extent with these or similar 
reagents. However, the research team called a time-out and developed a plan to further assess the 
unexpected result. The research team isolated the microcosms and initiated steps to identify the reason(s) 
for the high headspace mercury levels. 
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Several follow-up actions were taken to determine the nature/form of the mercury in the headspace gas, 
including: a) a scoping nuclear magnetic resonance (NMR) measurement that suggested a rapid and 
relatively complete conversion of CH3Hg+ to covalently bonded synthesis products and b) a subsequent gas 
chromatography- mass spectroscopy (GC-MS) study that provided definitive identification of (CH3)2Hg as 
a principal end product of the synthesis reaction(s). The scoping study using NMR was performed by 
mixing a trace quantity of 1 M CH3HgOH and 1 M formic acid in an NMR tube and then scanning changes 
in mercury and carbon bonding in the liquid phase at various times. Scoping results confirmed formation 
of covalent C-Hg bonds at early times. The scoping NMR also indicated that the synthesis reaction was 
rapid and relatively complete since the signal in solution dissipated within about five minutes in a purged 
NMR tube as the products partitioned out of solution into the vapor phase and were vented into the chemical 
hood. The follow-on GC-MS study provided definitive identification of (CH3)2Hg and confirmed the 
existence of a high-yield aqueous synthesis reaction. The GC-MS study is described in more detail below. 
 
1) Samples from the formate microcosms were prepared for analysis on the purge and trap as follows:  

a) Arrangements were made for transporting the prepared gas samples to the limited area from 999-
1W prior to preparing the samples to assure that the analysis as soon as possible after collection.  

b) A clean-standard 40 mL screw top septum vial was loaded with 15 mL of Hg-free DI water and 
capped. One milliliter of gas was withdrawn from the vial using a gas tight syringe to generate 
slightly underpressurized condition to minimize the potential for loss of analyte during transport 
and storage.  

c) A measured volume of headspace gas was added to the vial. Vials were prepared at two different 
spike levels: 3 µL and 30 µL of headspace gas. These spike quantities were selected to provide the 
appropriate signal on the GC-MS based on past analysis of (CH3)2Hg in samples from the SRS 
LWS.  

d) The use of a standard vial facilitates straightforward introduction of microcosm headspace gas into 
the existing GC-MS system. 

e) Samples were transported to 773-A for analysis using purge and trap GC-MS. 
2) Upon receipt of the sample, the sealed glass vial was kept cold at approximately 4 ˚C. 
3) The glass vial is placed into the autosampler tray of the purge and trap GC-MS.  
4) The sample is purged with helium for 11 minutes at a flow rate of 40 mL/minute. 
5) During purge, 20 µL of a deuterated volatile organic internal standard mixture (2000 mg/L) is 

automatically added by the instrument. 
6) The purged gas is passed through a 24 cm column containing Tenax at 20 °C to trap organic and 

organomercury compounds.  
7) Following the purge, the Tenax trap is desorbed for 2 minutes at 180 °C and any desorbed compounds 

are passed via heated transfer line to the GC-MS. 
8) The GC is operated in split injection mode at a ratio of 1:100. 
9) The organic compounds are separated on a DB-5 GC column (30 m x 0.25 mm ID x 1 µm film 

thickness). 
10) The GC oven is programmed to hold at 35 °C for 1 minute and increase at a rate of 20 °C/minute to a 

final temperature of 180 °C, where it will hold for 5 minutes.  
11) The mass spectrometer is operated in scanning mode over a range of 30 m/z to 450 m/z. 
 
Two samples were analyzed by purge and trap GC-MS: “30 DMM” (containing 30 µL of headspace gas) 
and “3 DMM” (containing 3 µL of headspace gas). (CH3)2Hg was detected in both samples. Figure 4-25 
shows the full chromatogram associated with “30_DMM”, showing the six spiked internal standards. 
(CH3)2Hg can be seen as a small shoulder peak preceding the internal standard peak at 2.9 minutes. Figure 
4-26 shows the chromatogram when selecting only for the 217 m/z ion. That ion is the highest intensity 
mercury fragment in the NIST library mass spectrum for (CH3)2Hg, which corresponds to the mass 
following ionization and loss of one methyl group. Figure 4-27 demonstrates the NIST library match of 
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dimethylmercury to the reaction product of formate and methylmercury. Figure 4-28 and Figure 4-29 show 
the full chromatogram and isolated ion chromatogram at 217 m/z for the sample labeled “3_DMM”.  
 
When comparing with the closest internal standard peak (1,3-diflurobenzene), assuming the same 
relationships between signal and mass, the (CH3)2Hg was quantified at 1.38 µg in the sample labeled 
“30_DMM” and 0.266 µg in “3_DMM.” This equates to headspace concentrations of 46,000 ng/mL and 
88,700 ng/mL, which are about 30 times lower than measurement results using direct mercury analysis. 
Given the uncertainties in estimation, the sample handling/transport and storage of the GC-MS samples, 
and the likelihood that the GC-MS signal response for (CH3)2Hg may differ from 1,3-diflurobenzene, these 
results are considered to be reasonably similar for purposes of the scoping evaluation. 
 

 
Figure 4-25. Full Chromatogram of “30_DMM” Showing Dimethylmercury Peak (Blue Box) 

 

 
Figure 4-26. Chromatogram Selecting for 217 m/z Ion in “30_DMM” 
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Figure 4-27. Match of NIST Library Mass Spectrum for (CH3)2Hg to the Unknown Compound 

from Figure 4-26a 
 

 
Figure 4-28. Full Chromatogram of “3_DMM” 

 

 
a Red lines are data acquired by SRNL (including the co-eluting internal standard peak at 114 m/z) and blue lines are the library 
reference for dimethylmercury 

not 
measured
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Figure 4-29. Chromatogram Selecting for 217 m/z Ion in “3_DMM” 

 
GC-MS confirmed synthesis of (CH3)2Hg in a solution of 0.5 M CH3HgOH and 0.5 M formic acid (i.e., 
CH3Hg+ and formate). Based on this finding, the research team evaluated the scientific literature using a 
wider lens to develop a conjectural reaction mechanism. The most likely mechanisms involved formation 
of an intermediate methylmercury hydride. This hydride formation is documented in Filippelli et al. (1992). 
In their research, a labile methylmercury hydride moiety was formed in aqueous solution using sodium 
borohydride reagent as a derivatization step in an analytical protocol. They determined that the 
methylmercury hydride was “a volatile and unexpectedly stable species which had a half-life of 
approximately 2 h {in dilute aqueous solution}”. The generated methylmercury hydride was analyzed using 
GC and they concluded that their results suggest a “need to investigate further the occurrence in nature of 
this highly volatile and unexpectedly stable species”.  Formate has also been used as a reagent for generating 
hydrides, suggesting the possibility of the following conjectural reaction mechanism consisting of two 
steps: 1) reaction of formate with CH3Hg+ to from a relatively volatile and labile methylmercury hydride, 
and 2) a disproportionation reaction involving two methylmercury hydride molecules to form (CH3)2Hg 
and Hg0. Based on Filippelli et al. (1992), these reactions would be expected to occur over a finite timeframe 
(hours) and would eventually result in the conversion of the starting CH3Hg+ to the disproportionation 
products. The observations in the formate microcosms suggests reaction rates that are significantly faster 
(minutes), perhaps due to the high starting concentrations of reagents or differences in kinetics considering 
the initiation of the process by formate versus sodium borohydride. The reaction mechanism can be 
visualized as follows (Figure 4-30). 

-
O H

O

+Hg CH3 HgH CO2
++

Hg CH3H2 Hg CH3H3C + HgH2 +

CH3

Figure 4-30. Conjectural Reaction Mechanism for Dimethyl Mercury Synthesis  
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The literature documents that formic acid is commonly used in reductive amination (Wallach reaction) as 
an alternative to NaBH4. For example, Aguilo (1969) documents formic acid as a potential hydride source 
when used with Pd, and by extension mercury. Khriachtchev et al. (2002) used lasers to facilitate formic 
acid reacting to form hydrogen and carbon dioxide, a reaction that required cis form; thus, documenting 
that conformation may be a factor. Finally, Torchy and Barbry (2001) documented a modified Eschweiler-
Clarke reaction using formic acid as a hydride source. Eschweiler Clarke is a principal reaction that 
demonstrates that formic acid used as a hydride source where the electrophile is an enamine (Figure 4-31). 

In the enamine system, several related reaction mechanisms from the literature link to the key hydride step. 
Notable steps include the Leuckart Reaction in which ammonium formate acts as a reductant to form the 
enamine from an aldehyde or ketone and the Cannizzaro Reaction in which an analogous disproportionation 
step is demonstrated. During the Cannizzaro Reaction, a redox reaction involving transfer of a hydride from 
one substrate molecule to another occurs where one aldehyde is oxidized to form the acid and the other is 
reduced to form the alcohol. In our case, the putative electrophile is CH3Hg+ instead of the enamine, and 
the subsequent disproportionation resulted in the production of (CH3)2Hg and Hg0. Supporting the 
conjectural reaction thermodynamically are the following driving forces whose signs (+/-) were calculated 
from the proposed products and reactants: ∆S = (+), ∆H = (-), ∆G = (-). 

Note that other reaction pathways may be governing the observed transformations. Additional study is 
needed to understand and document both the mechanism and kinetics. For example, demonstrating the 
formation of both (CH3)2Hg and Hg0 in the correct ratio would support the general concepts of synthesis 
and disproportionation and confirmation of reaction kinetics by examining both C and Hg using NMR.  

The data confirmed that the microcosms with formate resulted in chemical conversion of the reactants into 
dimethylmercury with very high (volume % level) concentrations of mercury in the headspace. This 
behavior can be contrasted with the glycolate microcosms. As described above, the headspace 
concentrations in the glycolate microcosm were slightly elevated compare to the chloride and sulfate 
microcosms. While higher measured concentration in the headspace gas in the glycolate microcosm could 
be influenced by the formation of a trace amount of dimethylmercury or a similar product, the amount of 
mercury in the headspace of the glycolate microcosms was about 1000x lower than the formate microcosms. 
Based on these data, the amount of dimethylmercury formed with glycolate (if any) was much significantly 
less. 

At this juncture, we have observed the formation of (CH3)2Hg in the formate microcosms and confirmed 
the likelihood of a high-yield aqueous synthesis reaction. While we were working in high concentrations 
(e.g., 0.5 M CH3Hg+ and 0.5M formate) that are not representative of the LWS, the results may have 
implications that are relevant to the LWS; including field observation of trace (CH3)2Hg in tank headspaces, 
for example. These results could also inform LWS scientists and engineers working on 
flowsheet development.  

Electrophilic carbon Nucleophilic hydride 

+ CO2

Figure 4-31. Eschweiler Clarke Reaction 
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5.0 Conclusions 

The studies confirmed that there are low but measurable concentrations of methylmercury in the 
headspace gas in contact with high concentration solutions. Methylmercury partitioning (H’) was 
measured as a function of temperature and the findings suggest an increase of three to four orders of 
magnitude in partitioning into the vapor phase as temperatures increase from ambient (20 ˚C) to the 
boiling point of aqueous solutions (near/above 100 ˚C). These experiments generated data that can be 
used to better assess partitioning as a function of temperature: a) for methylmercury hydroxide in 
simulants and in solutions of varying ionic strength, b) for methylmercury sulfate, c) for methylmercury 
chloride in solutions of varying pH, and d) for methylmercury glycolate. For those compounds that 
precipitated in the microcosms (methylmercury chloride, methylmercury sulfate, and methylmercury 
glycolate), vapor pressure and solubility were also determined.  

The data were collected using a streamlined static headspace analysis strategy in replicate microcosms. Gas 
and liquid subsamples were quantified using SRNL-developed, optimized methods that rely on 
direct mercury analysis as the final quantification step. Over 200 individual sample results were 
generated during the study. 

At 20 ˚C, the partitioning, vapor pressure, and solubility measurements in this study closely matched the 
available scientific literature, providing initial validation of the static headspace strategy and the 
analysis protocols. In dilute solutions, the H’ for methylmercury hydroxide was about four orders of 
magnitude lower than the H’ for methylmercury chloride. These compounds bracket the expected range 
of H’ for methylmercury compounds partitioning from aqueous solution into a gas phase.  

The H’ for methylmercury hydroxide increased significantly as a function of ionic strength, documenting 
a salting out effect. The H’ value in the high ionic strength microcosms increased by about two orders of 
magnitude. In the high ionic strength trial, the measured H’ closely matched the values measured in the 
LWS simulant solutions.   

The measured H’ increased as a function of increasing temperature and the relationship was reasonably 
described using the Van’t Hoff Equation. The measured vapor pressures increased as a function 
of temperature and the relationship can be reasonably described using the August Equation, which 
is a simplified form of the Antoine Equation. The measured solubilities increased as a function of 
temperature and the relationship can be reasonably described using an estimated enthalpy of solution. 

At low temperatures and high ionic strength, the H’ measurements for all compounds except CH3HgCl were 
in a similar range. Since chloride is procedurally limited in the LWS system, this finding provides 
the opportunity to develop scoping H’ values for SRR scientists and engineers to use in developing 
flowsheets and managing LWS operations. Further, as temperature increased, the estimates for H’ trended 
to a similar and consistent value/magnitude for all compounds, including CH3HgCl, and all ionic 
strengths and measured pHs. This inherent robustness in the emergent data is significant because it 
supports parameter estimates for the potential range of LWS conditions that are insensitive to specific 
solution conditions. The following table (Table 5-1) provides scoping ranges for H’ over a range of 
temperatures: 
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Table 5-1. Scoping Ranges for Dimensionless Henry’s Law Coefficient as a Function of 
Temperature. 

Temperature (°C) Estimate of H’ 
20 5 x 10-7 
40 3 x 10-6 
60 2 x 10-5 
80 1 x 10-4 

100 3 x 10-4 
>100 (evaporator) 1 x 10-3 

This research was primarily intended to provide parameters for SRR scientists and engineers to make 
flowsheet and design calculations. However, an additional, potentially significant finding was identified 
while performing the experiments. In microcosms where methylmercury was added in the presence of 
formate, significant quantities of dimethylmercury were synthesized in the aqueous solution and partitioned 
into the headspace. The fugacity of the mercury species in the formate microcosms was higher than 
expected; orders of magnitude higher than that of methylmercury glycolate methylmercury chloride, and 
methylmercury hydroxide. The unexpected finding was validated by independent analysis and a reaction 
mechanism was developed. The report documents this finding to help inform flowsheet decision and 
provide insight into this mechanism as a potential contributor to the observations that trace levels of 
dimethylmercury are being measured by SRR industrial hygienists in the headspace of some of the key 
waste tanks. 

6.0 Recommendations, Path Forward, or Future Work 

This work extends the efforts of Meraw (2015) who appropriately concluded that methylmercury does not 
significantly contribute to LWS flammability safety risks. This additional information may be useful in 
evaluating other types of methylmercury behaviors in the LWS. Although this work examined a range of 
common anions/compounds it is not exhaustive. However, the information provides a sound technical basis 
for general consideration of the partitioning of methylmercury between LWS solutions and headspace 
gases. Methylmercury is expected to comprise only a small fraction of the headspace mercury. 
Concentrations are expected to be lower than that of Hg0 or dimethyl mercury (if present). Nonetheless, 
understanding the physical and chemical properties of this dominant mercury moiety within the LWS is 
important in disciplined operations. Future work to elucidate the identified dimethylmercury abiotic 
aqueous synthesis pathway is recommended. 
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