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ABSTRACT 

The removal of mercury from mixed wastes is an essential step in eliminating the 
temporary storage of large inventories of mixed waste throughout the Department of 
Energy (DOE) complex. Currently, thermal treatment has been identified as a 
baseline technology and is being developed as part of the DOE Mixed Waste 
Integrated Program (MWIP). Because thermal treatment will not be applicable to all 
mercury-containing mixed waste and the removal of mercury prior to thermal 
treatment may be desirable, laboratory studies have been initiated at Oak Ridge 
National Laboratory (ORNL) to develop alternative remediation technologies capable 
of removing mercury from certain mixed waste. 

The focus of this research was to evaluate chemical leaching as a technique to 
treat soils, sediments, and glass contaminated with either elemental mercury (Hg°) or 
a combination of several mercury species including Hg°, mercuric oxide (HgO), 
mercuric sulfide (HgS), and mercuric chloride (HgClj). Potassium iodide/iodine 
(KI/I^ solution in various concentrations were investigated as chemical leaching 
agents for contaminated soils and sediments. In addition to KI/I2 solutions, several 
halide solutions and dilute acids were evaluated as leachants for glass wastes. 

In laboratory bench-scale experiments, clean, synthetic soil material and surrogate 
storm sewer sediments artificially contaminated with 20,000 ppm total mercury (Hg) 
were treated with KI/I2 solutions at concentrations in the range of 0.33 M KI/0.033 M 
I 2 to 2.5 M KI /0.25 M I 2 at temperatures of 25, 40, and 55°C. It was observed that 
KI/I2 leaching solutions could effectively reduce the mercury concentration in soil and 
sediments by as much as 99.8%. It was also demonstrated that the mercury removal 
efficiency achieved with KI/I2 leaching was independent of mercury speciation or 
initial mercury concentration. Evaluation of selected posttreatment sediment samples 
by means of the EPA toxic characteristics leaching procedure (TCLP) revealed that 
leachable mercury levels in the treated solids (4 to 6 mg/L) exceeded Resource 
Conservation and Recovery Act (RCRA) requirements (<0.2 mg/L leachable Hg). 
The results of these studies suggest that KI/I2 leaching is an effective treatment 
process that can be used to remove large quantities of mercury from contaminated 
soils and sediments and may be the only treatment required if treatment goals are 
established on Hg residual concentrations in solid matrices. If, however, the 
treatment goals are to meet RCRA requirements, this process may need to be 
combined with other treatment processes or modified. 

A second series of laboratory bench-scale experiments was conducted in which 
new 12 in. long by 0.75 in. diameter General Electric Company (GE) fluorescent 
bulbs were used to simulate mercury contaminated glass mixed waste. To achieve 
mercury contamination levels similar to those found in larger bulbs such as those used 
in DOE facilities a small amount of Hg° was added to the crushed bulbs placed in 
Erlenmeyer flasks. The following leaching solutions were used to treat the prepared 
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glass: NaOCl, KI/I2, HC1, HN03, NaBr, NaBr + acid to pH 2, NaCl, and NaCl + 
acid to pH 2. The three most effective agents for leaching mercury from the crushed 
fluorescent bulbs were KI/I2, NaOCl, and NaBr + acid, which removed 98.8, 98.1, 
and 95.8% of the dosed mercury respectively. 

In a final series of bench-scale experiments, radionuclide surrogates were added 
to both the EPA synthetic soil material and the crushed fluorescent bulbs in addition 
to Hg° to determine the fate of radionuclides following chemical leaching with the 
leaching agents determined in the earlier studies to be the most promising. These 
experiments revealed that although over 98% of the dosed mercury solubilized and 
was found in the leaching solution, no Cerium (Ce) was measured in the postreatment 
leaching solution. This finding suggest that Uranium (U), for which Ce was used as a 
surrogate, would not solubilize during KI/I2, NaOCl or NaBr + acid leaching of 
mercury contaminated soil or glass. The Cesium (Cs) levels in the posttreatment 
leaching solution indicated that from 45 to 84% of the dosed Cs was present in the 
leaching solution after treatment. The Cs level in the leaching solution was expected 
because of the high solubility of CsCl in water (65.8 g/100 g H 20). 
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1. INTRODUCTION 

Mercury has been identified as a chemically hazardous substance for many years. 
Mercury (Hg) and mercury compounds, when ingested, inhaled, or absorbed by the 
skin, are highly toxic and can affect major organs and the central nervous system. 
Chronic exposure to, or acute poisoning with, Hg can lead to loss of memory, 
permanent changes to the affected organs, and eventually death (Sax and Lewis 1987). 
In the environment, mercury is present in the air, water, soil/sediments, plants, and 
animals with sediments being the primary sink for mercury. To minimize adverse 
health effects from exposure to mercury, the Environmental Protection Agency (EPA) 
has established a treatment level, which must be met before disposal of mercury-
containing waste is allowed. 

The U. S. Department of Energy (DOE) used large quantities of mercury in 
lithium isotope enrichment processes and other defense-related activities. These 
activities resulted in the generation of a significant volume of mercury-contaminated 
waste. When these waste streams contain both mercury and radioactive chemicals, 
the waste are categorized as mixed waste. At the present time, mixed waste must" be 
stored indefinitely or treated to separate the hazardous and radioactive components. 

1.1 TARGET WASTE SELECTION 

A review of mixed waste inventories for DOE sites participating in the Mixed 
Waste Integrated Program (MWIP) revealed the existence of several waste streams 
(some stored and others currently or projected to be produced) that could be classified 
as a mercury-containing solid mixed waste. These wastes can be divided into four 
broad groups: (1) scrap metal and discarded, equipment, (2) combustible construction 
debris and trash (e.g., rags, wipes, protective clothing), (3) soils and sludges, and 
(4) glass waste. The identified waste groups were evaluated against criteria, such as 
volume stored, volume generated, and availability of alternative treatment options, to 
determine the most appropriate waste streams to include in this study. 

Mercury-contaminated soils and sludges were selected as a target waste because 
the sites participating in the MWIP reported 14 occurrences of this waste type. 
Mercury-contaminated soils and sludges were ranked third with respect to both total 
volume stored and annual volume currently generated. Little information was 
available on the characteristics of the mercury containing mixed waste sludges. The 
storm sewer sediments stored on the Oak Ridge Reservation are representative of the 
soils and sediments included in this group (Table 1). For the initial laboratory 
studies, it was decided that suitable surrogate waste for this waste stream would be 
EPA synthetic soil. In subsequent experiments, a surrogate that more closely 
resembled the storm sewer sediments was prepared by modifying the EPA synthetic 
soil material. 



Table 1. Storm sewer sediment composition" 

Component Concentration 

Contaminants (mg/kg) 
Total Uranium 2,040 

PCBs 25.8 
Barium 35.4* 
Mercury 19,355 
Cadmium • < 6.1 
Chromium 14 
Lead 430 
Nickel 280 

Host matrix material (%) 
Aluminum 2.4 
Calcium 10.9 
Silica or quartz sand (SiO^ 53 
Iron 2.3 
Magnesium 2.4 

"From Waste Information Sheet prepared by EET Corporation. 
*EP-TOX test 
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The second target waste selected for evaluation in this study was radiologically 
contaminated, spent fluorescent bulbs and mercury vapor lamps. This type of waste 
was the second most frequently occurring waste found at the DOE sites participating 
in the MWTP. Currently spent bulbs and tubes are crushed and stored on-site. The 
Oak Ridge Y-12 Plant site has over 25,000 kg of crushed bulbs stored in facilities 
designed to contain mixed waste. Because much of this waste glass is only 
"administratively" contaminated, the removal of the mercury from these waste would 
facilitate their declassification and make valuable storage space available for other 
mixed waste. For the laboratory studies, unused fluorescent bulbs were used as a 
surrogate for spent fluorescent bulbs and mercury vapor lamps. 

1.2 CONVENTIONAL MERCURY REMOVAL PROCESSES 

The baseline technology for mercury removal from solid waste forms is thermal 
treatment including retorting, roasting, vacuum distillation, batch steam distillation, 
and incineration. In these processes, Hg-contaminated solids are crushed and heated 
at high temperature. During treatment, mercury compounds volatilize and gases such 
as air or nitrogen are used to carry the mercury vapor to a condenser. After the 
mercury vapor has been condensed, the dust and vapors carried along with the 
mercury are passed through air filters and scrubbers. Finally, Hg is either adsorbed 
by means of adsorbents, such as granular activated carbon, or collected by 
condensation as a pure metal. 

Although thermal technology is highly efficient in reducing mercury 
concentrations in many wastes, problems and limitations with its application exist. 
Off-gas generation and treatment are the primary areas of concern. Because thermal 
processes volatilize mercury and mercury compounds at high temperature, there are 
safety concerns with respect to air emissions containing fugitive mercury compounds. 
The air pollution control equipment used to mitigate these concerns can generate 
wastewater that may contain mercury and require additional treatment. Also, a 
significant mass of adsorbent materials, which may require further treatment or 
disposal, is required for treating mercury containing solid waste thermally. Another 
concern with thermal processes is that as the moisture content of the wastes being 
treated increases, energy consumption and cost increase. In some thermal processes, 
the water vapor formed can entrain dirt and mercury vapor that can cause problems in 
the treatment system. The treatment of waste containing mercury sulfide (HgS) with 
thermal methods can result in a highly corrosive treatment environment and possible 
increased emissions of sulfur dioxide to the environment. Chlorine and other halogen 
materials in the waste must be kept to a minimum to reduce the production of acids, 
which can corrode various equipment and systems (Lawrence 1992). 
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The objective of this project was to evaluate pre-treatment processes which could 
be used to remove mercury from solid mixed waste and thereby minimize many of the 
problems associated with the thermal treatment of wastes which contain Hg. The 
initial laboratory studies focused on solids leaching processes alone, although in the 
future these processes in combination with gravimetric Hg separation processes may 
be evaluated. 

1.3 PROCESS SELECTION FOR Hg CONTAINING SOLID MIXED WASTE 

This project focused primarily on mercury in these forms —elemental mercury 
(Hg°), mercuric oxide (HgO), mercuric chloride (HgCy, and (HgS). Because the 
speciation and exact concentration of mercury in DOE mixed waste is unknown in 
many instances, a leaching process that is applicable to a several forms of mercury at 
a range of concentrations is desirable. Most forms of mercury are only slightly 
soluble in water but are soluble in acids such as nitric, sulfuric, hydrobromic, and 
hydrochloric acids (Revis et al. 1989). Mercury compounds are also soluble in other 
leachates such as sodium sulfide (Na2S). 

For a leaching solution to be effective, it must be capable of both solubilizing the 
solid forms of mercury and its compounds and of forming mercury complexes that 
will remain in solution, making separation from the treated solids possible. Halides, 
including bromide (Br), chloride (CI"), and iodide (I") have been shown to form 
soluble complexes with mercury (II) species. According to chemical data, halogen 
ions such as I", Br, and CI" have large formation constants (Kj) with mercury and low 
oxidation potentials, thus allowing the formation of mercury-halide complexes at low 
energies. The Kf and the redox potential for I", Br, and CI" with Hg are listed in 
Table 2. The Kf and redox potentials indicate that I" forms more stable mercury 
complexes at lower energies than do the other halides. 

Researchers at General Electric Company (GE) have developed a mercury 
removal process in which I 2 is used to oxidize mercury to the 2+ state and KI is used 
as a source of I" to complex with Hg2"1". When KI/I2 leaching solutions are applied 
to a mercury contaminated solid, the solid mercury species are transformed to the 
soluble complex Hgl =

4 according to the following reactions: 

Hg° + I 2 - Hgl2 (1) 

Hgl2 + 21" -» Hgl=4 (2) 

HgO + H 20 + 4 T ̂  Hgl=4 + 2 OH" (3) 

HgS + I2 + 2 1" -»HgI =

4 + S (4) 

4 



Table 2. Formation constants and redox potentials for 
I", Br-, and Cr with mercury 

Halide log Kf BP/V 

I- 29.8 -0.06 
Br 20.0 0.21 

CI" 6.74 0.48 



The KI/I2 leaching process was developed in 1992 and patented by GE in 1993. 
GE has tested this process on a large number of mercury species and determined that 
the process is applicable to most forms of mercury (Foust 1994). They have also 
demonstrated that the process selectively leaches mercury from a variety of solid 
matrices. None of GE's studies, however, used mercury-containing solid mixed 
waste. Therefore, it was decided to evaluate the applicability of the GE process to 
the target waste selected for this project. 

For leaching of fluorescent light bulb glass, several solutions were chosen. As 
stated previously, to be effective a leaching solution must be able to solubilize solid 
mercury species and form complexes that remain in solution during subsequent 
liquid/solid separation stages. A review of the literature suggested that halide 
solutions and some acids should be effective leachants for mercury contaminated 
glass. A study conducted by Radian Corporation in which several leaching agents, 
such as ammonium hydroxide, sodium hypochlorite (NaOCl), thiourea, acetic acid, 
ethylenediaminetetraacetic acid (EDTA), synthetic acid rain, and deionized (DI) water 
were used, reported that KI/I2, bromic acid (HBr), and NaOCl were the most 
effective in leaching mercury-contaminated soils. Because KI/I2 and NaOCl were 
found to be effective in leaching mercury from soil, it was to decided to evaluate their 
effectiveness on glass waste. Sodium bromide (NaBr) was evaluated as a leaching 
agent instead of HBr to avoid the hazard associated with HBr. Wang et al. (1991) 
used sodium chloride (NaCl) to remove mercury from freshwater sediments. NaCl 
was evaluated in this study becuase, if it were found to be applicable, its use on a 
larger scale would be very cost effective. Because both Br and CI" form complexes 
primarily with Hg 2 + adjustment of pH to a value of 2 was investigated as a means to 
improve the leaching efficiency of the NaBr and NaCl solutions. Also, dilute nitric 
acid (HN03) and hydrochloric acid (HO) solutions were investigated because it is 
well known that most forms of mercury are soluble in these acids. 

1.4 EXPERIMENTAL APPROACH 

The specific objectives of this research project were (1) to determine if chemical 
leaching processes can effectively remove mercury from soils, sediments, and glass, 
which are typical constituents of DOE mixed waste; (2) to determine the fate of 
radionuclides following chemical leaching; and (3) if chemical leaching were found to 
be an effective treatment, to develop the engineering relationships necessary to 
support the design of a full-scale treatment facility to remove mercury from solid 
mixed waste. 
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The study objectives were or will be met by conducting the series of bench- and 
pilot-scale experiments listed in Table 3. During study phases 1 through 3, which 
were completed in FY 1994, chemical leaching with a variety of leaching agents was 
investigated to determine the most appropriate leaching agents for study phases 4 
through 6. Study phase 4, to be completed in FY 1995, ,will include bench-scale 
treatment of actual mercury-containing solid mixed waste. The phase 5 studies, also 
to be completed during FY, 1995, will include laboratory evaluation of mercury 
recovery processes and leach solution regeneration and recycle processes that will be 
required for full-scale chemical leaching of mercury-containing waste. 

1.4.1 FY 1994 Experimental Studies 

All experiments conducted during FY 1994 were conducted in batch mode. 
KI/I2 leaching solutions were used to treat EPA synthetic soil material (Table 4) and 
surrogate storm sewer sediments. After consultation with research staff from GE, the 
process factors to be evaluated in the soil and sediment laboratory studies were 
selected. The experimental factors that were evaluated include reaction temperature 
and leaching solution concentration. Factors that were held constant included liquid-
to-solid ratio (3.0:1.0, wt basis), reaction time (4 h), and mixing speed (~ 150 rpm). A 
fractional factorial design was used to design optimization experiments to determine 
the most important process variables. During the optimization experiments, both 
mercury removal from the solid matrix and loss of iodine during treatment were 
measured and evaluated. Further studies were conducted to investigate the fate of 
radionuclide surrogates following KI/I2 leaching. Cerium oxide (CeOj) was selected 
as a surrogate for Uranium (U) contamination and cesium chloride (CsCl) was 
selected as a surrogate for Cs contamination in mixed waste. These surrogate 
compounds were selected after a review of a the work of Bostick et al. (1994) in 
which surrogate formulations for waste typical of the participating MWIP sites were 
prepared and the rationale for the selection of these particular radionuclide surrogates 
is detailed. 

A variety of leaching solutions, including KI/I2 solutions, were used to treat the 
glass waste. The experimental factors that were evaluated included leaching solution 
composition and pH. Factors that were held constant included liquid-to-solid ratio 
(3.0:1, wt basis), reaction time (4 h), and mixing speed (~ 150 rpm). During the 
glass treatment studies, the mercury removal efficiency and the fate of surrogate 
radionuclides were evaluated. 
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Table 3. Laboratory evaluation of mercury removal 
from solid mixed waste 

Study phase Scale Solid matrix Contaminant(s) 

1 Bench 
(10 g/batch) 

Surrogate soil 
crushed glass 

Mercury compounds 
A. Hg° 

B. Hg°5 HgS, HgO, HgCl2 

2 Bench 
(10 g/batch) 

Surrogate soil Hg°; 
Radionuclide surrogates 

Ce02, CsCl 

3 Bench 
(10 g/batch) 

Storm sewer 
sediments 
surrogate 

Mercury compounds 
Hg°, HgO, HgCl2 

RCRA metals 
Cr, Pb, Cd, Ni 

Radionuclide surrogates 
Ce02, CsCl 

4 Bench 
(10-100 g/ 

batch) 

Actual mixed 
waste" 

Mercury, 
Radionuclides 

5 Intermediate 
(0.5-1 kg/ 

batch) 

Surrogate 
waste" 

Mercury, 
Radionuclide surrogates 

6 Pilot 
(size to be 

determined) 

Actual mixed 
waste" 

Mercury, 
Radionuclide 

"The feed material and surrogate formulation for the phase 4, 5, and 6 studies will 
be selected during early FY 1995. 
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Table 4. Composition of EPA synthetic soil 

Host matrix material (weight %) 

Sand 31 
Gravel No. 9 6 
Silt 28 
Top soil 20 
Montmorillonite clay 5 
Kaolinite clay 10 

Formulation 

Total organic carbon (TOC) 3-20 mg/kg 
Cation exchange capacity (CEC) 133 meq/100 g 
pH 8-8.5 
Aluminum 13,000 mg/kg 
Calcium 131,000 mg/kg 
Iron 10,300 mg/kg 
Potassium 1,220 mg/kg 
Sodium 198 mg/kg 
Zinc 33 mg/kg 
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2. METHODS 

2.1 SOIL STUDIES 

2.1.1 Soil Preparation and Contamination 

Ten-gram portions of EPA synthetic soil material were contaminated with either 
Hg° or multiple mercury compounds prior to chemical leaching. It was decided that 
the contamination and treatment of small batch samples X)f soil would be utilized in 
the bench-scale experiments to avoid the experimental error introduced when larger 
samples are contaminated, often inhomogeneously, and subsequently subdivided for 
individual experiments. 

Prior to conducting the chemical leaching experiments, a study was completed to 
determine the most effective soil contamination method. The objective of this study 
was to determine effects of temperature and contamination time on the retention of 
mercury following contamination. These studies used 10 g soil samples contaminated 
with 0.2 g of Hg°. Small droplets of mercury were transferred into weigh boats via 
a Pasteur pipette. A razor blade was used to cut these mercury droplets into smaller 
droplets until the desired weight (0.2 g) for contamination was achieved. These beads 
were then transferred to an Erlenmeyer flask containing the clean soil (Fig. 1). The 
flasks were then covered, and the contaminated samples were shaken on the Lab-line 
environmental rotational shaker for a period of either 24 or 48 h at temperatures of 25 
or 50°C. After the soil contamination period had elapsed, the samples were digested 
with 40 mL of 12 N HN0 3 for 16 h. The contents of the flasks were then filtered 
with 0.45-//m cellulose nitrate membrane, disposable filters. The solids were rinsed 
with another 40-mL aliquot of 12 N HN03 and filtered again. The liquids were 
combined and analyzed for mercury. The soil contamination study revealed that 
greater retention of the dosed Hg in the soil could be acheived at the elevated 
temperature at either reaction time. A reaction time of 24 h and a temperature of 
40 °C were chosen as the conditions under which soil and sediment samples would be 
contaminated. 

2.1.2 Soil Leaching 

The soil used in these experiments was contaminated by adding measured amounts 
of Hg°, HgS, or HgO to 10 g of soil contained in 125-mL Erlenmeyer flasks. In all 
of the soil experiments, the pretreatment total mercury concentration was 20,000. 
Later the surrogate radionuclides Ce0 2 and CsCl (—0.025 g of each) were added to 
samples in addition to mercury. 
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ORNL-PHOTO 6238-94 

Fig. 1. Soil contamination with elemental mercury (Hg°). 
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The flasks were capped after mercury addition and agitated for 24 h at 40° C on the 
rotational shaker to allow the soil and the mercury to equilibrate. Reagent grade KI, 
I 2, and DI water were used to prepare KI/I2 solutions at least 12.h prior to soil 
treatment. The KI/I2 leaching solutions were prepared and stored in dark glass 
containers to minimize I2 losses prior to treatment. Thirty milliliters of leaching 
solution was added to each flask containing soil to be treated. pH-adjusted DI water 
was added to control flasks instead of KI/I2 leaching solution. A blank consisting of 
surrogate soil without added Hg was also treated with 'the KI/I2 leaching solution. 
The flasks containing soil and leaching solution were either capped or covered with 
parafilm (depending on treatment temperature) and placed in preheated Lab-line 
environmental shaking chambers (Fig. 2). 

After the 4-h reaction time had elapsed, the contents of the flasks were vacuum 
filtered through 0.45-^m membrane filters. The residuals remaining in the flask and 
the filter cake were washed with an additional 30 mL of DI water. The volume of 
the supernatant and wash water were measured, and the liquids were combined in 80 
mL glass sample jars. The filter and filter cake were returned to the Erlenmeyer 
flask for digestion. All samples were stored at room temperature in glass containers 
prior to analysis. 

2.1.3 Soil Digestion 

The solids had to be digested before the mercury content of pretreatment and 
posttreatment soils could be determined. Forty milliliters of 12 N HN0 3 was added to 
the solids (filter and filtercake + any solids adhering to flask) in the Erlenmeyer flask 
and the mixture was shaken for a period of 16 h at room temperature. After the 
digestion period, the solids were separated from the liquids by means of a disposable 
vacuum filter. The solids and the glassware were washed with an additional 40 mL 
of HN0 3 and filtered using the same vacuum filter. The supernatants were combined 
and stored in clean glass containers prior to analysis. 

For samples contaminated with HgS, digestion with a saturated solution of 
sodium sulfide (ss-Na2S) was also conducted. After the acid digestion, the solids 
including the filters were transferred back to the Erlenmeyer flask. Forty milliliters 
of ss-Na2S was added to the flask, which was shaken for 16 h at room temperature. 
The solution was separated by vacuum filtration. The solids were rinsed with another 
40 mL of ss-Na2S and filtered. The filtrates were combined and stored in clean glass 
containers preceding mercury analysis. 
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Fig. 2. Environmental shaking chamber used during soil leaching. 
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2.2 GLASS STUDIES 

2.2.1 Glass preparation 

For the initial leaching experiments, 12 in. long by 0.75 in. diameter (8 Watt) GE 
fluorescent bulbs were used. These bulbs were prepared for leaching by first 
removing the aluminum end-cap with pliers and then breaking the glass into small 
pieces (<0.5 in.) inside a sealed plastic bag. The broken glass and phosphor material 
were then weighed and transferred to an Erlenmeyer flask for treatment (Fig. 3). The 
average mass of crushed glass in each flask was 24 g + 0.9 g. A small amount of 
Hg° was added to the glass in each flask to achieve mercury contamination levels 
similar to those found in larger bulbs, such as those used at DOE facilities. The 
target mercury contamination level was 250 ppm Hg°. Unavoidably, some of the 
bulbs were contaminated with larger amounts of Hg° because of the difficulty 
encountered in obtaining very small beads of Hg°. A glass contamination period of 
24 h at 40°C was used for the glass studies. For one series of experiments the 
radionuclide surrogates Ce0 2 and CsCl were added (~ 0.065g of each) to the glass 
prior to leaching. 

2.2.2 Glass Leaching 

The following leaching solutions were used to treat the prepared glass: NaOCl, 
KI/I2, HC1, HN0 3, NaBr, NaBr + acid to pH 2, NaCl, and NaCl + acid to pH 2. 
The compositions of the various leaching solutions are summarized in Table 5. 

After glass contamination, ~ 75 mL of prepared leaching solution was added to 
each flasks. Blank and control samples were also prepared. The flasks were then 
covered and placed on the rotational shakers. All of the glass treatment experiments 
were conducted at room temperature (25 °C). 

After 4 h had elapsed, the liquid/solid mixtures were separated by means of 0.45-
/xm membrane, disposable filters. The pH and volume of the filtrate were recorded. 
The solids remaining in the flask and on the filter were rinsed with 75 mL of DI 
water. The pH was recorded, and the filtrates combined. The solids were transferred 
back to the flask for digestion. The leachate samples were stored in clean glass 
containers. A preservative solution was added to the samples to acheive a final 
composition of 5% (v/v) HN03 and 0.01% (w/v) K 2Cr 20 3. 
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Fig. 3. Glass preparation (Note: Only Hg° was used to contaminate glass waste.) 
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Table 5. Leaching solutions used to treat 
crushed fluorescent bulbs 

Leaching solution Concentration 

KI/I2 1.0/0.1 M 
NaOCl 6% 
NaBr 0.5 M 
NaBr + acetic acid 0.5 M, pH = 2 
NaCl 0.5 M 
NaCl + acetic acid 0.5 M, pH =2 
HN0 3 1M 
HC1 1M 
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2.2.3 Glass Digestion 

The solids in the flask were digested with 50 mL of 12 N HN0 3 for a period of 
16 h on the rotational shakers. The samples were filtered by means of clean vacuum 
filters. The flask and filter were rinsed with another 50 mL of 12 N HN0 3. The 
filtrates were combined and stored in glass containers prior to analysis. 

For the glass digestion, a liquid-to-solid ratio of 2:1 was used (compared with 4:1 
for soils). This was deemed appropriate because of the lower level of mercury 
contamination in the glass studies and because glass is a simpler matrix than soil, 
making the interaction of mercury and glass less complex. 

2.3 SEDIMENT STUDD2S 

2.3.1 Sediment Preparation 

Surrogate storm sewer sediments were prepared to represent the sediments stored 
on the Oak Ridge Reservation. Silica sand (SrQj) and calcium carbonate (CaC03) 
were added to the EPA synthetic soil material (see Table 4) to match the carbonate 
and calcium levels reported in storm sewer sediments. The surrogate matrix was also 
contaminated with RCRA metals and the surrogate radionuclides Ce0 2 and CsCl to 
simulate the contaminant concentrations measured in the actual waste. The surrogate 
sediments were prepared in 250-g batches and thoroughly mixed prior to use in the 
leaching studies. The composition of the surrogate storm sewer sediment is 
summarized in Table 6. 

2.3.2 Sediment Leaching 

Ten grams of the surrogate sediment was contaminated with HgO, HgCl2, and Hg° 
to a level of 20,000 ppm. Because of problems in handling, HgS was not used as a 
contaminant. The contaminated sediments were treated with KI/I2 leaching solution 
for 4 h at 25°C. KI/I2 leaching solutions at molar concentration of 1.0 /0.1, 0.7 
/0.07, and 0.33/0.033 (M KI/M I2 ) were used at 3:1 liquid-to-solid ratios as were the 
soil studies. The lower concentrations and temperatures were chosen because, 

1. previous experiments showed that variations in the temperature and concentration 
did not significantly affect the mercury removal efficiencies 

2. Some of the forms of mercury compounds used were more soluble than the Hg°, 
and, thus, require lower concentrations of KI/I2 for efficient leaching. 

3. An additional objective of this series of experiments was to determine the lower 
concentration limit for the KI/I2 leaching solutions. 
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Table 6. Storm sewer sediment surrogate composition 

Weight added" Weight % 

Host matrix material 

EPA synthetic soil 122.8 g 
Si0 2 (silica sand) 87.5 g 
CaC03 37.5 g 

Contaminants 

PbO 11.58 mg 
NiO 89.1 mg 
Cr 20 3 74.5 mg 
CdO 1.7 mg 
Ce0 2 0.95 g 
CsCl 0.98 g 

49% 
35% 
15% 

430 mg /kg as Pb 
280 mg/kg as Ni 
204 mg/kg as Cr 
6.1 mg/kg as Cd 
0.31% as Ce 

iCl 0.98 g 0.31% as Cs 
"Amount added to prepare a 250-g batch of storm sewer sediment surrogate 
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2.3.3 Sediment TCLP Characterization 

The posttreatment sediment samples were not digested as were the soil and glass 
samples (Sects. 2.1.3 and 2.2.3). Instead, a leaching test similar to the toxic 
characteristics leaching procedure (TCLP) was used to determine if the treated solids 
would meet RCRA hazardous waste disposal criteria. Five-gram samples of treated 
sediment were placed in 130-mL zero headspace extraction (ZHE) vessels. One 
hundred milliliters of EPA-specified leaching solution was added to the sediment in 
each of the extraction vessels. The leaching solution was prepared by diluting 2.85 
mL of glacial acetic acid to 500 mL with DI water. The movable piston in the ZHE 
vessels were adjusted so that no headspace remained in the vessels after leachant 
addition. After the extraction vessels were sealed, they were rotated end over end 
for 17.5 h at 30 rpm. The leaching solution was separated from the sediments by 
means of 0.2-/*m membrane filters. To preserve the solution, HN0 3 was added to 
lower the pH of the TCLP extract to <2. The samples were refrigerated prior to 
analysis. 

2.4 ANALYSIS 

2.4.1 Mercury 

The mercury concentration in the posttreatment samples was measured by means 
of Cold Vapor Atomic Absorption (CVAA) method (EPA method 7470A). A Perkin-
Elmer model 1100B Atomic Absorption Spectrophotometer equipped with an 
autosampler (Perkin-Elmer model 90) and a Flow Injection Mercury Hydride Analysis 
System (FIAS 400) was used. A carrier solution of 3% HCl and a reductant solution 
of 1.1% SnCl2 in 3% HCl were used during analysis. Samples were diluted to the 
instrument range of 1 to 20 ppb with DI water and analyzed immediately after 
dilution. 

The presence of iodine in concentrations greater than ~ 5 ppm significantly 
interfered with the analysis of Hg because of the formation of HgL,"2 complex and 
excessive consumption of reagents by residual I2 (Foust 1994b) Several variations of 
the analytical procedure described attempted in order to overcome this interference. 
A carrier solution of 3.4 M NaOH, along with a reductant solution of 1.1% SnCl2 

(w/v) in 3.4M NaOH, [suggested by Munaf, et al. (1989)], caused leakage in the 
solenoid valve of the FIAS 400 and calibration could not be achieved. A carrier 
solution of 3% HCl (v/v), along with 0.02% NaBIL, (w/v) in 0.005% NaOH (w/v) as 
reductant, as suggested in the Perkin-Elmer FIAS 400 operator's manual, failed to 
overcome the iodine interference, as did digestion by EPA method 7470A. It was 
necessary, therefore, to dilute samples such that iodine concentrations were less than 
5 ppm. This required samples dilutions in the range of 50,000- to 200,000-fold. 
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Prior to adopting this method, controls with known quantities of Hg and I2 were 
diluted to similar levels, and Hg recoveries in excess of 93% were observed. At least 
three standards were prepared daily when mercury analysis was to be performed. 
These standards were prepared in K2Cr207/HN03 preservative solution made from 
stock solutions prepared from National Institute of Standards and Technology (NIST) 
standard mercury solutions. 

To overcome interferences resulting from the presence of sulfides, the digested 
samples (see Sect. 2.1.3) were further digested according to EPA method 7470A 
prior to analysis. This digestion was performed after the samples were diluted for the 
subsequent CVAA analysis. 

2.4.2 Iodine 

The iodine and iodide concentrations in the leaching and posttreatment solutions 
were measured by the Leuco Crystal Violet Method (APHA et al. 1989). Standards 
prepared from reagent-grade I 2 and KI crystals were used to plot a standard curve. 
After color development, the absorption at a wavelength of 592 nm was measured 
with a Bausch and Lomb Spectronic 88 spectrophotometer. 

2.4.3 Cesium 

A Perkin-Elmer model 5000 spectrophotometer was used to measure the cesium 
concentrations in the posttreatment solutions by flame atomic absorption (AA). 
Calibration standards were prepared in matrices identical to those of the samples. To 
control ionization, a 0.1 % (w/v) potassium solution, prepared from potassium 
chloride (KC1) was used as a diluent to prepare standards and samples for analysis. 

2.4.4 Cerium 

Posttreatment samples were analyzed for cerium by the Analytical Services 
Organization (ASO) at Oak Ridge National Laboratory (ORNL), by using EPA 
method 200.7. 

2.4.5 RCRA Metals 

The concentrations of RCRA metals (cadmium, chromium, lead, and nickel) in the 
TCLP extract were measured by Perkin-Elmer Flame AA. Prior to analysis, the 
samples were acid digested according to EPA method 3010A. 
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3. RESULTS 

3.1 Treatment of Synthetic Soil 

The results of the optimization studies with EPA synthetic soil are given in Tables 
7 and 8 for the soils contaminated with either Hg° or with multiple mercury 
compounds. In several instances, the mass of Hg measured in the posttreatment 
leaching solutions exceeded the mass of Hg added to the soil prior to treatment. It is 
possible that the high dilution factors, which were required to reduce Hg levels within 
the instrument range and to minimize I7I 2 interference, are the source of the 
inaccuracy in some of the analyses of posttreatment leaching solutions for mercury. 
To avoid introduction of analytical error into data interpretation, the mercury removal 
efficiency was determined on the basis of mercury levels in the soil before and after 
treatment by using the following relationship: 

% irrT _ Sinitial "9final v i n n 
H9removed ~ 77= X 1 0 ° 

n9initial 

where: 

Hgremoved = % Hg removed from soil 

Hginitiai = pretreatment Hg concentration in soil 
based of mass of Hg added to soil (mg), 

Hgfinai = posttreatment Hg concentration in soil 
determined on the basis of measured mass on Hg in 
soil after treatment (mg). 

These values may reflect more than one mercury removal mechanism, including 
the aqueous solubilization of the mercury compounds in addition to the chemical 
leaching of mercury with KI/I 2. Because the overall removal of mercury from solid 
mixed waste was of most interest in this study, the reporting of these combined 
removal efficiencies was deemed appropriate. Control studies in which mercury-
contaminated soils were leached with DI water instead of a KI/I 2 leaching solution 
revealed that less than 1 % of the mercury was removed as a result of the aqueous 
solubilization of the mercury. 

The effect of leaching solution concentration on mercury removal efficiency for 
soil contaminated with Hg° is shown in Fig. 4. For leaching solution concentrations 
in which more than one temperature was evaluated, the Hg removal efficiency 
reported is an average value for the all treatments at a given concentration. 
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Table 7. Mercury removal from synthetic soil contaminated 
with elemental mercury (Hg°) 

Pretreatment 
total Hg 

concentration 
(mg/kg) 

Treatment 
conditions" 
(temperature, 
KI/I2 cone.) 

Posttreatment 
total Hg 

concentration 
(mg/kg) 

minimum* 
Hg 

removed 
( % ) 

21,500 40 °C 
0.5/0.05 M 

2,m 89.8 

20,200 25 °C 
1.0/0.1 M 

36 99.8 

19,800 55 °C 
1.0/0.1 M 

149 99.2 

20,200c 40 °C 
1.5/0.15 M 

92 99.5 

20,600 25 °C 
2.0/0.2 M 

44 99.8 

21,500 55 °C 
2.0/0.2 M 

176 99.2 

19,000 40 °C 
2.5/0.25 M 

58 99.7 

"Additional treatment condition held constant for all treatments; reaction time = 
4 h, liquid:solid ratio = 3:1, shaker speed = 150 rpm. 

^minimum value report because initial Hg concentration included both added and 
indigenous Hg. 

c Average values of four replicate treatments. 
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Table 8. Mercury removal from synthetic soil contaminated 
with Hg°, HgS, HgO, and HgCl2 

Pretreatment 
total Hg 

concentration 
(mg/kg) 

Treatment 
conditions0 

(temperature, 
KI/I2 cone.) 

Posttreatment 
total Hg 

concentration 
(mg/kg) 

Hg 
removed 

(%) 
21,500 40 °C 

0.5/0.05 M 
212 99.1 

20,600 25 °C 
1.0/0.1 

134 99.4 

19,800 55 °C 
1.0/0.1 

425 97.8 

20,367* 40 °C 
1.5/0.15 

200 99.0 

19,100 25 °C 
2.0/0.2 M 

496 97.4 

21,500 55 °C 
2.0/0.2 M 

222 99.0 

19,000 40 °C 
2.5/0.25 M 

192 99.0 

"Additional treatment condition held constant for all treatments; reaction time 
4 h, liquidrsolid ratio = 3:1, and shaker speed = 150 rpm. 

6Average values of three replicate treatments. 
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As shown in Fig. 5, a graph of the effect of temperature on mercury removal 
efficiency, mercury removal achieved does not appear to be dependent on 
temperature. This result was unexpected, in that the work conducted by researchers 
GE found mercury removal effeciency to be dependent on treatment temperature. 
Perhaps the KI/I2 leaching solution concentrations used in this study were excessive 
and masked any effect temperature may have had. For all KI/I2 leaching solutions 
concentrations evaluated, except for the 0.5/0.05 M solutions, mercury removal 
efficiencies in excess of 99% were achieved. The residual Hg° concentration in the 
soils with greater than 99% mercury removals were in the range of from 35 to 176 
ppm. Residual mercury concentrations in this range were not unexpected, because the 
initial mercury concentration was as high as 21,500 ppm. One would expect to be 
able to achieve lower mercury residual concentrations if the initial mercury 
concentration were significantly lower than those used during the soil treatment 
experiments. It is possible that multiple treatments with K3/I2 leaching solutions could 
have reduced the residual mercury concentration in the soils. Researchers at GE 
typically achieved Hg residuals of 10 to 50 mg/kg for soils contaminated with 
between 300 and 10,000 mg/kg of mercury. 

The effect of leaching solution concentration on the mercury removal efficiency 
for soil contaminated with multiple mercury compounds is shown in Fig. 6. For 
most leaching solution concentrations, mercury removal efficiencies in excess of 98% 
were acheived; however, lower mercury removal effeciencies and higher residual 
mercury concentrations were observed for soils contaminated with multiple mercury 
compounds compared with soils contaminated with only Hg°. For the soils 
contaminated with multiple mercury compounds, the lowest mercury residual 
concentration achieved was 133 ppm, with residual concentrations ranging from 133 
to 495 ppm. No consistent trend was observed between the reaction temperature and 
the mercury removal efficiency for soil contaminated with multiple mercury 
compounds (Fig. 7). 

3.2 Treatment of Fluorescent Bulbs 

The results of the glass leaching studies are summarized in Table 9 and Fig. 8. 
Of the eight different leaching solutions evaluated for the crushed fluorescent bulbs, 
only three, 1.0/0.1 M KM2, 6% NaOCl, and 0.5 M NaBr + acetic acid, were able 
to remove any mercury from the glass. The percentages of removal reported were 
calculated using the mass of mercury added to the glass and the measured mercury 
concentration in the glass after treatment. Because the bulbs used for the 
experimental studies were much smaller than the bulbs used at DOE facilities, the 
decision was made to add Hg° to the bulbs to achieve pretreatment Hg° levels typical 
of larger bulbs. Mercury was also added to the bulbs because there was no way to 
determine the initial Hg concentration of the bulbs used in the studies, since the 
amount of Hg present in a typical fluorescent bulb can vary be as much as 200%. In 
many instances, the mercury concentration appeared to increase following treatment. 
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Table 9. Mercury removal from crushed fluorescent bulbs 
contaminated with elemental mercury (Hg°) 

Amount of Hg° 
added to glass 
prior to treatment 
(mg/kg) 

Leaching 
solution" 

Post-treatment 
total Hg 

concentration 
(mg/kg) 

%Hg 
removed 
(minimum)6 

262 6% NaOCl 5 98.1 

256 KI/I2 

1.0/0.1 M 
3 98.8 

433 0.5 M NaCl 837 0 

401 0.5 M NaCl 
+ acidc 

416 0 

403 0.5 M NaBr 435 0 

450 0.5 M NaBr 
+ acidc 

191 57.5 

345 IMHNO3 441 0 

449 DI water 516 0 
"Additional treatment condition held constant for all treatments; reaction time = 

4 h, liquidrsolid ratio = 3:1, shaker speed = 150 rpm, temperature = 25°C. 
^Minimum mercury removals reported since initial mercury concentration in bulbs 

was unknown. 
cAcetic acid added dropwise to reduce pH to a value of 2. 
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Because after treatment all of the solid material was digested, the posttreatment 
mercury concentrations include both the Hg° placed in the bulb during fabrication and 
the Hg° added to the crushed bulbs prior to treatment. It is possible that some 
mercury removal occurred in some of the leaching treatments for which overall 
mercury removal efficiencies were reported as zero, but the amount wouid not have 
been enough to consider these treatments effective and worthy of further 
consideration. 

The leaching studies on crushed glass were conducted at room temperature 
because the results of the soil studies suggested that treatment efficiency is 
independent of temperature. Of the three treatments that worked for the crushed 
glass, KI/I2 removed the greatest amount of mercury and resulted in the lowest Hg° 
residual concentration. NaOCl was almost as effective as the KI/I2, but the NaBr + 
acid removed far less Hg° than the either K3/I2 or NaOCl. The posttreatment Hg 
concentrations in glass treated with KI/I2 or NaOCl were both less than 10 ppm. The 
lower Hg° residuals were probably obtained with glass compared with soils because of 
the much lower initial mercury concentration and the simplicity of the glass matrix. 

It was noted that the removal efficiency achieved with NaBr increased when the 
leaching solution was acidified to pH 2. This increase in removal effiiciency with 
acidification was also observed for the NaCl leaching solutions. In this study, HN0 3 

was not found to be effective. Higher HN03 concentrations would have removed 
the mercury from the glass waste; however, this approach was not investigated 
because the effectiveness of mercury removal with higher-concentration acid solutions 
has been demonstrated by others and may not be a feasible technology to apply to 
DOE MWIP-type mercury-containing solid mixed waste because of the non-selective 
removal of radioactive constituents of the waste with strong acids. 

3.3 Fate of Radionuclide Surrogates 

In Tables 10 and 11 and Figures 9 through 11 the results of the studies 
investigating the fate of radionuclide surrogates following chemical leaching of 
synthetic soil and crushed fluorescent bulbs are summarized. 

The experiments evaluating the fate of added Hg° and surrogate radionuclides in 
soils and glass following KI/I2 leaching revealed that while over 98% of the dosed 
mercury was solubilized and found in the leaching solution, no Ce was measured in 
the spent leaching solution. This finding suggest that U, for which Ce was a 
surrogate, would not solubilize during KI/I2 leaching of mercury-containing mixed 
waste. The Cs levels in the posttreatment leaching solution indicated that from 45 to 
84% of the dosed Cs was present in the leaching solution after treatment. Similiar 
results were observed for the crushed glass treated with 6% NaOCl. The Cs level in 
the leaching solution was expected because of the high solubility of Cs in water. 
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Table 10. Fate of contaminants following KI/I2 treatment3 

of synthetic soil contaminated with Hg° and surrogate radionuclides 

Initial Initial Initial 
Hg° Hg Ce Ce Cs Cs 
cone. removed cone. removed cone. removed 
(mg/kg) % (mg/kg) % (mg/kg) % 

0 n/a° 2210 0 2230 85 
0 n/a 2050 0 1900 89 

21,000 99.4 1900 0 1990 75 
19,000 99.4 2030 0 2080 58 

0 n/a 2170 0 2130 61 
Treatment conditions held constant; KI/I2 leach solution concentration = 

1.0/0.1 M, reaction time = 4 h, temperature = 25°C, solid:liquid ratio = 3:1, 
shaker speed = 150 rpm. 

fcn/a = not applicable 
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Table 11. Fate of contaminants following chemical leaching9 

of crushed fluorescent bulbs contaminated with Hg° and surrogate radionuclides 

Initial %Hg Initial % Ce Initial % Cs 
Leaching Hg° removed Ce removed Cs removed 
solution cone, 

(mg/kg) 
cone, 
(mg/kg) 

Cone, 
(mg/kg) 

KI/I2 520 99.6 2180 0 2090 88 
1.0/0.1 M 

6.5 M 250 0 2220 0 2130 100 
NaBr + 
acid 

1.0 M 280 0 2280 0 2140 92 
HC1 

6.0% 340 83.5 2280 0 2240 100 
NaOCl 

"Treatment conditions held constant; reaction time = 4 h, temperature = 25 °C, 
solidrliquid ratio = 3:1, shaker speed = 150 rpm. 
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contaminated with Hg° and surrogate radionuclides. 

38 



3.4 Treatment of Storm Sewer Sediment Surrogate 

The results of the experiments conducted with the surrogate storm sewer 
sediments are summarized in Tables 12 and 13. In Fig. 12 the mercury removal 
achieved is plotted and the effect of KI/I2 leaching solution concentration on removal 
effic-iency is shown. It was observed that the mercury residual concentration 
decreased and the removal efficiency increased with increasing concentrations of KI/I2 

leaching solution. The mercury residual concentrations reported in Table 12 and Fig. 
12 were calculated on the basis of mercury concentrations measured in spent leaching 
solutions and may not be as accurate as the mercury residual concentrations reported 
for the soil and glass experiments. 

After KI/I2 leaching, the treated sediments were not digested and analyzed for 
mercury content but were extracted using the toxic characteristics leaching procedure 
(TCLP). This was done to determine if the treated sediments would meet RCRA 
requirements for disposal as a nonhazardous waste. As shown in Table 13, the 
treated sediments did not meet the RCRA requirement of having less than 0.2 mg/L 
leachable mercury. It is possible that the teachable mercury found in the treated 
sediments may have been the results of incomplete separation of the leaching solution 
from the solids or perhaps the residual mercury may have been transformed to a more 
soluble form than that found in the untreated sediments. Further experimental studies 
would be required to determine if treatment modification could be made that would 
result in a posttreatment sediment mercury levels that would meet RCRA 
requirements. 

These results were somewhat unexpected, because soils and plastics treated with 
KI/I2 leaching solutions by researchers at GE have been found to pass TCLP-like 
analysis. No trend was observed between the KI/I2 leaching solution concentration 
and the amount of mercury in the TCLP extract. However, a significant difference 
was seen in the TCLP extract mercury concentration of treated and untreated 
sediments, were concentrations of 3.7 and 30.98 ppm were measured, respectively. 
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Table 12. Mercury removal from storm sewer sediment surrogate 
contaminated with Hg°, HgO, and HgCl2 

Pre-treatment Treatment Post-treatment %Hg 
total Hg conditions" total Hg removed 

concentration (KI/I2 cone.) concentration6 

(mg/kg) (mg/kg) 
20,100 1.0/0.1 M NDC NDC 

19,700 0.7/0.07 M 600 96.9 
20,600 0.33/0.033 M 1,200 94.2 

"Additional treatment condition held constant for all treatments; reaction time = 
4 h, temperature = 25°C, liquid:solid ratio = 3:1, shaker speed = 150 rpm. 

*Post-treatment soil concentrations estimated using aqueous post-treatment leaching 
solution Hg concentrations. 

TsTo data available 

40 



Table 13. Composition of TCLP extract following 
analysis of treated sediments 

Leaching Solution Concentration0 Blank* 
(KI/I2) 

Metal Detection 1.0/0.1 0.7/0.07 0.33/0.03 0/0 
limit 
(mg/L) 

M M M M 

Hg 0.001 4.64 2.76 3.78 30.98 
Cd 0.016 0.1 0.1 0.2 0.2 
Cr 0.041 0.2 0.2 0.3 0.2 
Ni 0.042 0.3 0.2 0.2 0.2 
Pb 0.079 9 1.7 4.8 2.0 

"10 g surrogate material treated with KI/I2 leaching solution; temperature = 25 °C, 
reaction time = 4 h, liquid: solid = 3:1. Following JQ/I2 leaching 5 g of treated 
solids extracted using toxic characteristics leaching procedure (TCLP). 

1 0 g surrogate material treated with DI water instead of KI/I2 leaching solution. 
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Fig. 12. KI/I2 leaching of storm sewer sediment surrogate contaminated with 
Hg°, HgO, and HgCl2 (total pretreatment Hg = 20,000 mg/kg). 
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4. CONCLUSIONS AND RECOMMENDATIONS 

4.1 CONCLUSIONS 

Based on the bench-scale experiments, the following conclusions have been 
reached: 

1. KI/I2 leaching process can be used to remove up to 99% of the Hg in 
contaminated soils, sediments, and glass. 

2. KI/I2 leaching is applicable to mercury in variety of forms including Hg°, 
HgO, HgS, and HgCl2. 

3. KI/Ij leaching is applicable to a wide range of initial mercury 
concentrations. 

4. KI/I2 and NaOCl can be used to remove over 90% of the mercury from 
crushed fluorescent bulbs. 

5. Acidifying NaBr and NaCl leaching solutions improved the effectiveness of 
the leaching agents when treating crushed fluorescent bulbs. 

6. Radionuclide surrogates studies suggest that U will not partition into KI/I2 

leaching solutions. Cs may partition into Kt/I2 leaching solutions because 
of its high aqueous solubility of Cs. If Cs is bound in the clay latticelayer 
of a soil, as is expected in Oak Ridge Y-12 Plant soils, it may not 
partition to the extent found in the laboratory studies, which were 
conducted on soil with relatively low clay content. 

4.2 RECOMMENDATIONS 

It is suggested that future studies to evaluate mercury removal methods for DOE 
solid mixed waste focus primarily on the KI/I2 leaching process because of its 
effectiveness in leaching mercury from soils, sediments, and glass wastes and its high 
selectivity towards mercury. Focusing on the KI/I2 process eliminates the need to 
scale-up and develop multiple processes to treat various waste forms. Another 
advantage of this process is the fact that the treatment facility can be designed so that 
the concentration and temperature of the leach solution can be adjusted to 
accommodate variations in the feed material matrix and contamination level. 
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In preparation for designing a full- (or pilot-) scale treatment facility, additional 
laboratory experiments should be conducted to develop and optimize the leaching 
solution recycle and mercury recovery processes that will be combined with the 
leaching step to complete the treatment cycle. These tesst should use both surrogate 
and actual mixed waste and should generate at a minimum the following information: 

1. The volume and composition of any secondary waste streams generated. 

2. The size and materials of construction for all of the reaction vessels and 
filters needed for complete process. 

3. A complete process schematic. 
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