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Introduction

EHC-M™ is a specially formulated version of our controlled-release, integrated carbon and zero
valent iron (ZVI) technology for in situ chemical reduction (http://www.adventus.us/ehc.htm).
EHC-M encourages the precipitation and adsorption of dissolved metals such as chromium,
lead, arsenic, zinc and mercury, to limit their movement downstream of a treatment zone.

Removal Mechanism

Trace metals constitute a significant class of groundwater contaminants originating from mining
effluents, industrial wastewater, landfill leachate, agricultural wastes and fertilizers, and fossil
fuels (1). Based on the chemical properties of dissolved species, trace metals can be divided
into two distinctive groups: reducible metals and metalloids, which are present in natural waters
as anions and oxyanions (e.g.; Cr, As, Se, Mo, U), and metal cations, which occur in aqueous
environment as divalent cations (e.g.; Cu, Zn, Cd, Pb, Hg, Ni). Depending on their agueous
form (Appendix 1), the mobility of trace metals in groundwater is affected by various chemical
reactions, including dissolution-precipitation, oxidation-reduction, adsorption-desorption and
complexation (2). Several different remediation technologies based on those reactions have
been implemented for subsurface metal immobilization (e.g.; reactive zones containing zero
valent iron (ZVI), organic carbon substrates, zeolite, limestone) (3).

EHC-M™ is a specially formulated integrated treatment material containing controlled-release
organic carbon, ZVI, a source of sulfate, and other additives designed for treatment of dissolved
trace metals. The two main reactive components of EHC-M, ZVI and organic carbon substrate,
are well-established reactive materials used for in-situ reductive immobilization of different types
of metals in groundwater. The treatment mechanisms using these materials are well
understood (4,5,6,8,10). ZVI permeable reactive barriers (PRBs) have been applied for
treatment of reducible metals (i.e.; Cr, As, U, Se, Mo) via reductive precipitation on ZVI surfaces
and with iron oxyhydroxides that form on the ZVI surfaces. For example, the reaction sequence
for Cr(VI) can be described as (4):

Cro42_(aq) + Fe® + 8H+(aq) — Fe3+ + Cr3+(aq) + 4H20
(X)Cr¥ g+ (L-X)Fe* g + 2H,0 — CryFeu»O0H s + 3H g

PRBs containing a wide range of solid-phase organic carbon (e.g.; compost, wood chips, saw
dust, etc.) have been used for treatment of metal cations (i.e.; Cu, Zn, Hg, Pb, Cd, Ni). These
cations precipitate as metal sulfides following microbial mediated reduction of sulfate present in
the groundwater. The internal source of sulfate in EHC-M enables metal immobilization in
groundwaters depleted in dissolved sulfate. The liable carbon stimulates sulfate-reducing
bacteria. This process can be represented by the following reaction sequence (4):
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2CH,0(s) + SO,” + 2H" (5 — H2S + 2COyaq) + H20

Me*"(ag+ Ha2S(ag —> MeSys) + 2H g

where: CH,O represents organic carbon and Me** represents a divalent metal cation.

Another important mechanism of metal cation removal in the presence of corroding ZVI is
adsorption onto iron corrosion products, like iron oxides and iron oxy-hydroxides (Appendix 2).

EHC-M™ Treatment Performance

Our long-term column tests with metal contaminated groundwaters have shown that an EHC-M
in-situ zone will provide a rapid, persistent and irreversible immobilization of both reducible
metals (As and Cr) and metal cations (Zn, Hg, and Pb). Based on these data, the cumulative
effect of ZVI and carbon substrate in EHC-M is applicable for a wider range of environmental
applications, and tests are ongoing to document EHC-M’s ability to remove other trace metal
contaminants. Table 1 provides a summary of metal-specific immobilization mechanisms, which
may occur in an EHC-M zone, based on the known chemical and microbial processes in the
presence of ZVI and organic substrates. A summary of observed treatment efficiencies using
EHC-M is provided in Table 2. Upon request, we would be pleased to provide summaries of
laboratory studies noted above, and the references quoted herein.

Table 1. Metal-specific immobilization mechanisms in groundwater for an EHC-M treatment
zone. (Underlined symbols indicate metals immobilized in EHC-M column tests
conducted by the Adventus Group).

Metal | Dissolved Immobilization Mechanism Reference
species
Reductive precipitation with oxidized iron minerals. Precipitation as
As As (I V) | as sulfide and mixed Fe-As sulfide. 4.6,7
cr Cr(Vl) Reduct|_on to Qr(lll) a}nd precipitation with oxidized iron minerals and 48
adsorption to iron oxides.
Mo, Se Mo(V1),
U T 1 Se(IV,W VD), | Reductive precipitation with oxidized iron minerals. 4
Ui
Organic carbon source stimulates heterotrophic microbial sulfate
Cu, Zn, . ; : -
=~ 2+ reduction to sulfide. Subsequently, metal cations precipitate as
Pb, Cd, Me X : . . . 2,4,59,10
Ni su!fldes. Strong adsoyptlon to iron corrosion products (e.g.; iron
oxides and oxyhydroxides).
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Table 2. Summary of observed treatment efficiencies for common metals using EHC-M.

Compound Influent Concentration Removal

Range (mg/L) Efficiency

Arsenic 05-25 98 - 100%

Chromium(VI) 0.4 -30 87 - 99%
Lead 64 99%

Zinc 45-50.4 92 - 100%

EHC-M Longevity of Performance

EHC-M has been shown to rapidly reduce the concentration of dissolved arsenic in groundwater
from >1,000 to <10 ug/L. Under continuous-flow laboratory conditions, removal efficiencies
exceeding 98% were achieved.

After a period of loading the column with arsenic, a series of influent groundwater conditions
were introduced into the column to demonstrate the ability of EHC-M to retain the arsenic
despite conditions that could in theory reverse the process.

Arsenic removal using EHC-M technology has been shown to be non-reversible by change in
Eh or pH as shown in Figure 1. EHC-M is designed to create very low redox (Eh) conditions
and neutral pH. Once stabilized, arsenic was not significantly liberated upon exposure to the
following groundwater conditions:

Aerated influent

pH 4 influent

Aerated and pH 4 influent
Aerated and pH 9 influent

YVVVY

Less than 3% of the mass of arsenic that was removed from the water by the EHC-M column
was released during all the subsequent phases of the study combined (Figure 2). These data
illustrate that EHC-M is capable of creating and maintaining reducing conditions effective for the
removal of arsenic from the water phase, despite these significant disruptions.

The total length of the study is 950 days, or 2.6 years, and counting. Given that the test is being
operated at approximately 70 °F, which would reduce the longevity of EHC-M in comparison to
cooler groundwater temperatures, the arsenic remains retained in the column. This
demonstrates the high longevity of EHC-M.
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Figure 1.

Influence of EHC-M and control on arsenic concentrations in groundwater in flow-
through column study.
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Figure 2.

®

Cumulative mass of arsenic released from control and EHC-M columns in flow-
through column study.
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Cost

At $2/Ib, EHC-M offers a very cost efficient means of in situ stabilization of dissolved metals.
Volume discounts apply.

Installation

EHC-M can be used for plume cut-off, plume treatment, or source zone reduction. Installation
methods include direct injection, hydraulic fracturing, pneumatic fracturing, soil mixing, and
direct emplacement in trenches and excavations. For injection applications, the EHC-M is
provided in 50-Ib bags as a dry powder and mixed with water on site into a slurry. EHC-M has
also been applied on top of sediments in combination with Bauxsol for removal of arsenic from
surface water.

The technology has been implemented at numerous sites across the United States and

Canada.
For information on EHC-M™, please contact us at:
Adventus Americas Inc. Adventus Americas (Canada)
2871 W. Forest Road - Suite 2 21345 Fewster Drive

Freeport, IL 61032 Mississauga, Ontario
USA Canada

Ph. 888/295-8661 Ph: 905/273-5374

Fx: 815/235-3506 Fx: 905/273-4367

Email: Info@AdventusGroup.com Email: Info@AdventusGroup.com
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Appendix 1. Aqueous Forms of Metals under Varying pH and Oxidation Reduction
Potentials.
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Figure la. Simplified pe-pH diagrams for common metals which occur in subsurface as anions and oxyanions.
(Data from Ref. 2). Me-O-H,0O systems with a metal (Me) activity of 10, at 25°C and one atmosphere.
For arsenic, total acitvity of sulfur species = 107, light lines are boundaries for dissolved species only,
dashed line is field of elemental arsenic in the absence of sulfur. For uranium, Pco, = 10? atm.
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Figure 1b. Simplified pe-pH diagrams for common metals which occur in subsurface as divalent cations.
(Data from Ref. 2). Me-S-O-H,0O systems with a metal (Me) activity of 10, at 25°C and one
atmosphere. Total acitvity of sulfur species = 10, For zinc and lead, Pcos = 107 atm.

Solid lines are solubilities in the presence of S species, and dashed lines are solubilities of
carbonates in the absence of sulfur.
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Appendix 2. Adsorption of Metals on Hydrous Ferric Oxide as a Function of pH.
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Figure 2. Adsorption of Cr**, Cu®*, Cd®*, Zn?*, and Pb?* on hydrous ferric oxide as a function of pH. Each metal
shows adsorption "edge"; at pH values below the edge, the ion is not adsorbed. At pH values above

the edge, the ion is strongly adsobred. High ratios of hydrouds ferric oxide to adsorbing ion and an ionic
strength of 0.1 M were assumed. (Data from Ref. 9).
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