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(¢ &\ Introduction W

A The solublility of metals are impacted by shifts in Eh
and pH. Any In Situ treatment of organic constituents
that alters the geochemistry may therefore mobilize
metals.

A Source of metals could be natural or anthropogenic.

A This presentation discusses how various metals could
be immobilized In Situ and how liberation of metals
could be prevented during enhanced anaerobic
bioremediation.
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i Technology Background:

i Overview of previous research on using ZVI and
carbon sources for metals immobilization.

i EHC Technology overview:
i CVOCs Treatment Mechanisms.

i Effect on metals mobility.
i Laboratory Validation
i Field Applications




(\ Previous Research on Insitu Reductive
&, Treatment of Dissolved Metals

A Reducible metals are
present in natural waters as
anions and oxyanions (e.g.
Cr, As, Se, Mo, U)

A Immobilized via reductive
precipitation on ZVI surfaces
and oxyhydroxides

A Pulsand Su, EPA Research
Lab, OK:

Reductive precipitation of
chromium and arsenic
treatment with ZVI PRBs.
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(&\ Previous Research on Insitu Reductive 7‘1
&, Treatment of Dissolved Metals ;

A Metalloids are present in
natural waters as divalent
cations (e.g. Cu, Zn, Cd, Pb,
Hg, Ni)

A Precipitate as metal sulfides.

A Various carbon substrates used
to microbially mediate
reduction of sulfate present in

Amended

aquifer zone.
the groundwater ol b
A Blowes et al., University of source could be
. saw dust, wood
Waterloo: Organic substrate chips, plant
PRBs for sulfate reduction and fibers.

trace metals treatment in acid
mine drainage.




(é\ In Situ Chemical Reduction/Enhanced Anaerobic
= Bioremediation of Chlorinated Solvents

EHC is a hybrid remediation product
composed of:

A Controlled -release, food
grade, complex carbon

A Micro-scale zero valent iron
(5 - 10 um)

A Major, minor, and
micronutrients

A Food grade organic binding
agent

A (Sulfate)
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( &\ CVOC Treatment Mechanisms l

Direct Chemical
Reduction

Indirect
Chemical
Reduction

Stimulated
Biological
Reduction

Enhanced

Thermodynamic
Decomposition

ZVI or EHC

ZVI or EHC

Carbon
Substrates or
EHC

EHC
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ARedox reaction at iron surface where solvent
gains electrons and iron donates electrons

AAbiotic reaction via beta-elimination

ASurface dechlorination by magnetite and green
rust precipitates from iron corrosion

AAnaerobic reductive dechlorination involving
fastidious microorganisms

AStrongly influenced by nutritional status and
pH of aqueous phase

AEnergetics of dechlorination are more
favorable under lower redox conditions
generated by combination of ZVI and organic
carbon




@ EHC Influenced Reductive Treatment Zone

(D Direct ZVI corrosion effects

(2 Strongly reduced environment
(® Indirect ZVI effects (H, gas and iron corrosion product generation)

(4 Biostimulation of the aquifer zone by carbon fermentation products;
elevated levels of sulfate with EHC-M

. 25 YR W AV s o ¢ 1 >
g ¥ ,'" e, %}?:‘if-‘l aventt ) L
4 :.,..f' 5 9 Al Ty (VHOUEANNMAG E LS| LUI N ol




(¢ &\ Contaminants Treated
=

EHC

S Chlorinated Solvents

é PCE, TCE, cDCE, 11DCE, VC

€ 1122TeCA, 111TCA, 12DCA

é CT, CF, DCM, CM
S Pesticides

€ Toxaphene, Chlordane, Dieldrin, Pentachlorophenol
S Energetics

€ TNT, DNT, RDX, HMX, Perchlorate

EHCM
S Heavy Metals including As, Hg, Cr, Pb, Zn, Cd
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@ Effect on Various Metals

Contaminant Treatment Mechanisms in the ZVI -Carbon zone
As (lll, V) Reductive precipitation with oxidized iron minerals.
’ Precipitation as As sulfide and mixed Fe -As sulfide
Cr(VI1), Mo(V1), Reductive precipitation with oxidized iron minerals and
Se(Iv,\Vl), UVI) adsorption to iron oxides.
Metal cations precipitate as sulfides, following stimulated
Me?* (Cu, Zn, Pb, heterotrophic microbial sulfate reduction to sulfide.
Cd, Ni) Adsorption to iron corrosion products (e.g.; iron oxides
and oxyhydroxides ).
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i Laboratory Validation
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& Summary of Treatment Efficiencies
X2 Observed Iin Internal Lab Tests

Influen
Compound Concentralii%nt Range Obéﬁir(\:’ieeg]ge%%/m
(ug/L)
Antimony 24,500 >99
Arsenic 500 08
Cadmium 11 ~99
Chromium 200 >99
Cobalt 210 >99
Copper 86 >99
Lead 64,000 ~99
Mercury 1,020 97
Nickel 350 >99
Zinc 50,400 92
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@ Long-Term Column Test for As Treatment |

Column: 13 cm long and 5 cm @, Flow rate = 50 mL/d, Residence time = 2 days
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(A Arsenic Speciation in the presolF!
<> dissolved Fe and S f
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0) Long-Term Column Test for As Treatment
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&2, Solid As Speciation
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Mass of As: Fe(ll+IIl) = 1:100
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