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Degradation of chlorinated methanes
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• Biotransformation
 Cometabolic biotransformation
 Catabolic biotransformation: sources of carbon/energy or respiratory electron acceptors

• Abiotic transformation
 Degradation by hydrolysis (e.g., via contact with zero-valent metals) 
 CT more amenable to abiotic transformation 

• Coupled microbial-abiotic transformation of chlorinated methanes
 Abiotic reactions catalyzed by reactive mineral species (e.g., iron sulfur minerals) typically 

depend on microbial activity, which generates the reactive species/surfaces

organohalide respiration



Approach: In Situ EHC™ Injections
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Field Site 
Description
• Primary contaminants of 

concern: CT and CF

• Max chlorinated 
methane concentration 
~ 20 mg/L

• Co-disposed sulfur-
containing compounds

• Naturally high iron

• Remedial approach: in 
situ EHC™ injections
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Approximate extent of 
CT/CF > 1,000 µg/L

Original source areas
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Reagent Selection: EHC™
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Organic 
carbon

Zero-
valent 
iron

Enhanced 
reductive 

dechlorination

Direct-contact 
abiotic 

transformation
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Reagent Selection: EHC™
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Organic 
carbon

Zero-
valent 
iron

Fe2O3 + 6 H+ + e- → 2 Fe2+ + 3 H2O
Fe2+ + S2- → FeS(s)

2H+ + SO4
2- + 4 H2 → H2S + 4H2O

Iron sulfide 
precipitationEnhanced 

reductive 
dechlorination

Fe0 + 2H2O → Fe2+ + H2 + 2OH-

Microbially-mediated reactions

Direct-contact 
abiotic 

transformation
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Reagent Selection: EHC™

Expanded injection radius of influence & increased degradation capacity 
beyond direct utilization of EHC™ 
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EHC™ Delivery

• Pilot-scale delivery 
May 2017

• Full-scale delivery 
June-August 2018

• Direct-push injection 
of ~ 274,000 lbs
EHC™

• ~ 300 injection points

• Performance 
monitoring August-
December 2018
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Approximate extent of 
CT/CF > 1,000 µg/L

Original source areas

MW-1

MW-2
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MW-4 MW-5
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MW-7
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MW-9

MW-10

MW-11

MW-12

Existing groundwater 
monitoring well network

Injection performance 
monitoring well network

Pilot-test areas

AS-SVE barrier
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Performance 
Monitoring
• Assessment of 

geochemical 
parameters

• Characterization of 
iron sulfide minerals

• Characterization of 
microbial community

• Evaluation of 
concentration trends 
for CT, CF and 
degradation products
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Deployed in 
standard 2”+ 

monitoring well

Slotted PVC casing & 
porous medium in 
permeable mesh 

New Monitoring Tool: Min-Traps™
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• Collect minerals forming in situ 
using existing monitoring well 
network
 Representative of conditions in higher-

flux zones

• Porous medium inside mesh acts 
as a carrier for target minerals
 Medium is customizable

• Inexpensive, easily repeated

Min-Traps can conclusively document 
in situ formation of specific minerals groundwater

Min-Trap matrixsolute

precipitated 
minerals
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New Monitoring Tool: Min-Traps™
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More on Min-Traps!

Wednesday, 4:45 pm, D Session 
(Holiday Ballroom 4)

Documenting In Situ Reactive Iron 
Mineral Formation without Drilling: A 

New Monitoring Well-Based Sampling 
Approach

Jennifer Martin Tilton (Arcadis)



Results: Post-Injection Performance
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Post-Injection 
Performance

Groundwater data Min-trap deployment
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Post-Injection 
Performance

Groundwater data Min-trap deployment



© Arcadis 2019 29 May 2019 17

Post-Injection 
Performance

Groundwater data Min-trap deployment

Iron: Solid iron is reduced 
Sulfur: Mostly FeS, some FeS2

WAS Iron 
(mg/kg)

SAS Iron 
(mg/kg)

AV Sulfide 
(mg/kg)

CrE Sulfide 
(mg/kg)

Fe2+ = 330
Fe3+ =     0

Fe2+ = 300
Fe3+ =  30

240 120
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Post-Injection Performance: SEM with Energy 
Dispersive X-Ray Spectroscopy (EDS)

Co-located iron and sulfur particles indicate that precipitates are iron-sulfur 
minerals
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Iron SulfurBackscatter micrograph

EDS spectra confirmed presence of iron and sulfur particles
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Post-Injection Performance: QuantArray-MIC
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SRB: 
1.92x108

IRB:
1.21x106

MOB:
8.13x105

SOB:
1.98x107
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Post-Injection Performance: QuantArray-MIC
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• Data provide insight on:
 Geochemical conditions
 Abundance of key microbial 

groups for degradation of 
CT/CF and formation of 
reactive minerals species

• Microbial analyses can be 
performed with Min-Trap 
samples
 Media appropriate for 

sampling

• Min-Trap data comparable 
to corresponding 
groundwater data

SRB: 
1.92x108

IRB:
1.21x106

MOB:
8.13x105

SOB:
1.98x107
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Post-Injection 
Performance

Groundwater data
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• CT and CF were successfully treated via in situ EHC™ injections 

• The selected remedial approach enhanced biotransformation, as well as 
abiotic and coupled microbial-abiotic transformation of CT and CF

• Remedial performance was evidenced through evaluation of geochemical 
conditions and CT/CF concentration trends, characterization of reactive iron 
sulfur minerals, and analysis of microbial community 

Conclusions
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Questions?
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o 787 523 8771
e shandra.justicia-leon@arcadis.com

SHANDRA JUSTICIA-LEON
Project Scientist
Guaynabo, Puerto Rico

Innovation

Technical Knowledge   

TISRSM

(Thermal In-Situ 
Sustainable 

Remediation)

Oleophilic Bio Barriers 
(OBBs)

(for Hydrocarbon Sheens)

(Well-Based 
Mineral Traps) 

(Safer DPT Liners)

HRX Well™
(Horizontal Treatment Well)
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