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Overview

* Source Zone Characteristics

» Using Emulsions to Partition and

Solubilize DNAPL
 Z/VI Enhanced Bioremediation

* Application Example




Source Zone and DNAPL
Characteristics




DNAPL Characteristics

Water

A

 DNAPL compounds have low
aqueous phase solubility

* PCE ~150 mg/L; TCE ~1000
mg/L

 DNAPL migrates into soil porosity,
and is not easily dislodged

 DNAPL can persist for decades
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Chlorinated Solvents

Dense Non-Aqueous Phase Liquids (DNAPLs)
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KG Mumford 2023, Queen's University
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CPT Video Cone Footage - Weathered Chalk PCE DNAPL
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Current Common Remediation
Options




Remedial Options: Physical

Pump and Treat
 Slow, and can be expensive

Thermal Treatments
« Usually effective, $$9%, can require
polishing
Excavation

» Effective with depth and
infrastructure limitations

@) REGENESIS



Remedial Options:

Chemical Oxidation
* Persulfate or permanganate




Remedial Options: Ch

Chemical Oxidation
* Persulfate or permanganate

Aerobic Biodegradation
» Calcium peroxide or sparging




Remedial Options: Chemi

hemical Oxidation
* Persulfate or permanganate

XIS

erobic Biodegradation
» Calcium peroxide or sparging

ero Valent Iron/Biogeochemical




Remedial Options: Chemi

hemical Oxidation
* Persulfate or permanganate

erobic Biodegradation
 Calcium peroxide or sparging

ero Valent Iron/Biogeochemical

naerobic Bioremediation
e Sodium lactate/molasses



Remedial Options: Chemica

Chemical Oxidation
» Persulfate or permanganate

Aerobic Biodegradation |
* Calcium peroxide or sparging o otk BB A ! T

Zero Valent Iron/Biogeochemical

Anaerobic Bioremediation
e Sodium lactate/molasses



Alternative Solution:

Using Emulsions to Partition and
Solubilize DNAPL




Biological Treatment Using Emulsions and
Zero Valent Iron

Co-apply a dilute mixture of:

* Oil-in-water emulsion such as SDME
e Sulfidated microZero valent iron (S-mZVI)
* Dechlorinating microbes

* Optionally, nutrients, pH modifiers, vitamin
B12

 Water

@) REGENESIS



Role of Emulsion

« DNAPL globules/ganglia are Ay G
hydrophobic = S I < _

* ...and so are droplets of an oil | . "
emulsion ool | [ Ly :

« “Like-Dissolves-Like” o | - >

. compound o i solvent 9 {i

« Upon contact, DNAPL is \or (0 0ag08% *

qUICkly pa rtitioned into the _Nolrw%?laycompognd are Compounds dissolve in ~ Polar compounds are
insoluble in a polar solvent solvents of similar polarity insoluble in a nonpolar solvent

donor emulsion

This makes electron donor emulsions ideal for source zones with DNAPL
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Dye Experiment




Dye Experiment

Contents: Contents:
10g PCE 10g PCE
4 mg RedDye 4 mg RedDye

Dyed PCE
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Dye Experiment

Contents: Contents:

10g PCE 10g PCE

4 mg RedDye 4 mg RedDye
30 mL Water 30g 3DME

Dyed PCE
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Dye Experiment

Contents: Contents:
10g PCE FWROdEE 10g PCE
—
4mg RedDye = 4 mg Red Dye
30 mL Water Q’ 30g 3DME
Shake and Wait 1 Hour
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Oil Droplet Degradation and
Contaminant Release

Vegetable Oil Droplets are Biodegraded
Triglyceride ester cleavage produces a water miscible glycerol
molecule and three fatty acids

O

Hzc—O—g——R RCOOH H,C —OH
i

HiG— == —) RCOOH +  HC—OH
O

H,C—O0— (I:I——R" R*COOH H,C—OH

Three
Triglyceride fatty acids Glycerol
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Oil Droplet Degradation and
Contaminant Solubilization

Volatile Fatty Acids are Biodegraded

W Lineolic acid
HO C18H320, + 2 H,0
O
Ho/u\/\/\/\/\N\/\/ C16H2802 + 2 H2 * C2H402
VFA (C,4) + molecular hydrogen + acetic
acid
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Column Studies
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Biological Approach: Column Study

Bioremediation Only Column

* Primed with 1 g/L sodium lactate

nutrients, Dhc culture

« 15 uM TCE (~ 2 mg/L) and lactate

added to for 10 pore volumes at 1

’
«s

pore volume per week

 Concentrations measured in

effluent



Biological Approach: Column Study

 TCE Peaks at 5 uM
(5 weeks) #

* TCE mostly eliminated 20 o VC
once acclimated TCE Influent o TCE

» At 10 weeks:
« 6 UM cDCE
« 6 UM VC
« <1 UM TCE
« ~20% molar degradation

Concentration (.LM)

Pore Volumes
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SZVI Accelerated Biodegradation
S-MicroZVI® = Sulfidated Microscale ZVI

Key Feature:
Core shell microstructure

» Average diameter 2-3 microns

e Zero valent iron core ~98%
NES

* Reduced iron sulfide surface
(FeS) ~2% mass

 Surface layer thickness ~200
nm
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S-MicroZVI Reactivity: TCE
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First order reaction kinetics
Kops: 0.227 day?!

Half life: ~3 days

cDCE yield: ~ 10%
Negligible VC
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Combining Biological and Abiotic:
Column Study

Same conditions as biological study e
with SZVI added to column

20
Results TCE Influent
* No TCE elution at any time
e cDCE peaks at 4 uM (3 weeks)
« VC peaks at 12 uM (5 weeks)

* 100% molar degradation after 7
weeks

Concentration (uM)

| . ] .
0 2 4 6 8 10
Pore Volumes

Substantial improvement compared to
biological approach
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Project Case Study




SZVI Emulsion Application

e Industrial Site in Midwest
2800 kg 3SDME

« 1700 kg S-MicroZVI

« 18 L BDI Dehalococcoides

* Grid Application in Source

one

@) REGENESIS



SZVI1/Emulsion Application

Monitoring Results: CVOC and Dissolved Gases

ﬁ
Product
Application

Date PCE TCE cDCE VC Ethane Ethene Methane
Jul'18 3530 54 6 0

Dec '19 132 19 33 3 26 25 43
Mar '20 306 11 4 0 24 29 32
Jun’20 102 19 5000 100 34 70 189
Sep 20 0 0 9 3 126 422 7570
Dec 20 1 0 0 0 34 57 11400
Mar '21 1 0 13 4 15 16 2740
Jun’21 1 0 0 1 22 22 4150
Sep 21 1 1 1 1 14 14 8630
Dec 21 0 0 0 2 13 12 6460
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SZVI1/Emulsion Application

Monitoring Results: CVOC and Dissolved Gases

— >
Partitioning
Into Qil
Phase

Date PCE TCE cDCE VC Ethane Ethene Methane
Jul’18 3530 54 6 0

Dec 19 132 19 33 3 26 25 43
Mar 20 306 11 4 0 24 29 32
Jun 20 102 19 5000 100 34 70 189
Sep 20 0 0 9 3 126 422 7570
Dec 20 1 0 0 0 34 57 11400
Mar 21 1 0 13 4 15 16 2740
Jun’21 1 0 0 1 22 22 4150
Sep 21 1 1 1 1 14 14 8630
Dec 21 0 0 0 2 13 12 6460
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SZVI1/Emulsion Application
Monitoring Results: CVOC and Dissolved Gases

Date PCE TCE cDCE VC Ethane Ethene Methane
Jul'18 3530 54 6 0
Dec '19 132 19 33 3 26 25 43
Mar '20 306 11 4 0 24 29 32
Jun'20 102 19 5000 100 34 70 189
—_—
Dissolution &  Ser 20 0 0 9 3 126 422 7570
Degradation  pec20 1 0 0 0 34 57 11400
Mar '21 1 0 13 4 15 16 2740
Jun’21 1 0 0 1 22 22 4150
Sep '21 1 1 1 1 14 14 8630
Dec 21 0 0 0 2 13 12 6460
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SZVI1/Emulsion Application

Monitoring Results: CVOC and Dissolved Gases

Contaminants
Depleted

Date PCE TCE cDCE VC Ethane Ethene Methane
Jul’18 3530 54 6 0

Dec '19 132 19 33 3 26 25 43
Mar '20 306 11 4 0 24 29 32
Jun’20 102 19 5000 100 34 70 189
Sep '20 0 0 9 3 126 422 7570
Dec 20 1 0 0 0 34 57 11400
Mar '21 1 0 13 4 15 16 2740
Jun’21 1 0 0 1 22 22 4150
Sep '21 1 1 1 1 14 14 8630
Dec 21 0 0 0 2 13 12 6460
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Conclusion

Contact Is Key
* Small droplet size, and mobile emulsions can offer better performance
» Back diffusion and incoming contaminant flux need to be considered

Daughter Products Will Form

» ZVl-assisted bioremediation can minimize daughter concentration and
persistence

* Non-stoichiometric quantities of daughters can form

This is a Mass Removal Technique

« Attaining MCL can be challenging in some situations
« Better for grids than permeable reactive barriers
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Questions?
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Sarah Hughes

District Manager, UK & Scandinavia

shughes@regenesis.com
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