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ISCR—In Situ Chemical Reduction
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http://www.springer.com/series/8449/, Vol. 7, 2014, v7



ISCR—Origins
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In situ chemical reduction (ISCR) has been given a variety 
of definitions since the term first started appearing 
in the late 1990s: 
1. Dolfing, van Eekert, Seech, Vogan, Mueller, 2006

(5th ChlorCon); 2008, Soil Sed. Contam. 17(1): 63‐74.
– Combined C and Fe for synergistic effect
– Context for Daramend® and EHC®
– Trademarked by Adventus, no longer by FMC (now PeroxyChem)

2. Brown et al., 2006 (5th ChlorCon); 2008 (6th ChlorCon); 
2010 (SERDP Book, v5).
– Evolving definitions some emphasizing analogy to ISCO

3. Tratnyek 2010 (7th ChlorCon); 2014 (SERDP Book v7)
– Precise, but inclusive
– Non proprietary
– Consensus

Tratnyek, Johnson, Lowry, Brown (2014) SERDP Book Series, v7
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ISCR—Definitions
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• In general, ISCR refers to the category of 
in situ groundwater remediation technologies 
where treatment occurs primarily by chemical
reduction of contaminants.
– Partially analogous to ISCO

• The emphasis of ISCR is on abiotic processes, 
but contaminant reduction by biogenic reducing 
minerals is included if the role of microbial activity in 
the contaminant reduction is indirect.
– Implies a continuum from abiotic to biotic

• The reducing conditions necessary for ISCR can arise from natural “intrinsic” 
biogeochemical processes, or be generated by stimulation of in situ microbial 
activity, or be “engineered” by addition of strong chemical reductants.

Tratnyek, Johnson, Lowry, Brown (2014) SERDP Book Series, v7



ISCR—Technologies
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• SZTI (w/ nZVI):
Source zone targeted injection

• ISSM (w/ ZVI + Clay):
In situ soil mixing

• ISCR(®) (w/ Daramend® or EHC®):
In situ chemical reduction

• PRBs (w/ ZVI):
Permeable reactive barriers

• ISRM (w/ dithionite):
In situ redox manipulation

• CRD (w/ H2 + Pd):
Catalytic reductive dechlorination

• ISBGT/BiRD (w/ C and S):
Biogeochemical reductive dechlorination

• Abiotic MNA:
Monitored natural attenuation

Tratnyek, Johnson, Lowry, Brown (2014) SERDP Book Series, v7



ISCR—Reductants
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The reductants that contribute to ISCR can be divided 
into two “branches”:

1. Relatively mild “intrinsic” reductants: 
natural minerals that contain FeII (DVI), S−II, and/or 
S−I, and natural organic matter (NOM). 

2. Relatively strong “engineered” reductants:
dithionite (S2O4

2−), zerovalent iron (ZVI) or other 
zerovalent metals (ZVMs).

Most of what applies to (1) may also
be involved in (2). 

P.G. Tratnyek (OHSU)
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Various PPTs by 
Dick Brown (ca. 2010)

Tratnyek, Johnson, Lowry, Brown (2014) SERDP Book Series, v7



ISCR—Reductants (Intrinsic)
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The three types of “intrinsic” (naturally occurring), 
abiotic reductants that have been studied most 
thoroughly are:
1. Minerals (or their amorphous analogs) that derive reducing 

properties from FeII (DVI). These include magnetite, green 
rust, ferruginous clays, iron oxides with adsorbed FeII, and 
possibly minerals commonly associated with basalt. 

2. Minerals deriving their reducing properties from S−II (or S−I) 
as well as FeII. The most‐studied such minerals are 
mackinawite and pyrite, but other FeII and S−II/−I phases of 
possible significance include greigite, marcasite, and 
amorphous FeS. 

3. Redox‐active moieties associated with natural organic 
matter, which are mainly quinones, but could also include 
thiol groups and/or complexed iron. 

Tratnyek, Johnson, Lowry, Brown (2014) SERDP Book Series, v7



ISCR—Reductants (Intrinsic)
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• Biogeochemical Processes
– Microbes (blue) respire
– TEAPs make FeII/S−II/−I

– FeII/S−II/−I sorbs or precipitates (red)
– Mineral surfaces reduce TCE (yellow)

• Four Scenarios:
– Top	row: FeII sorbed onto FeII/III

oxides (Goethite, Magnetite) 
– Bottom	row: FeII/S−II/−I precipitate as 

Mackinawite or Green Rust

• Key Features:
– Reductive elimination by (β or α) 

“abiotic” 2e− pathway
– Makes acetylene etc., avoids “stall” 

intermediates (DCE, VC, CF)

Becvar, Evans, et al. (2008) AFCEE/ESTCP Workshop Report 



1. Reactive Mineral (Intermediate) Phases
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1st Pull
No reduction
by pore water

2nd Pull
Reduction
by Sediments

Before
Resazurin
stock solution

SERDP ER-2308 (Tratnyek and Johnson)

Reactive Surface Area on Minerals:
– Not reflected in remote solution phase measurements (e.g., ORP)

– Chemical reactivity probe (CRP) like resazurin shows reactivity

– Resazurin: (1) purple = oxidized, (2) pink = reduced.

https://www.serdp-estcp.org/News-and-Events/Blog
YouTube Version: https://youtu.be/Wr1bSbQz1ck



1. Reactive Mineral (Intermediate) Phases
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 Hypothesis:
 Active precipitation leads to
 Metastable phases that serve as 
 Reactive mineral intermediates 

(RMIs), which may cause
 Abiotic natural attenuation

 Characteristics of RMIs:
 Formed in situ +
 Highly reactive =
 Metastable intermediates
 Transient or steady-state
 Can’t be isolated
 Can degrade contaminants

Kocur, Johnson et al. (in prep.)



1. Reactive Mineral (Intermediate) Phases
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 Hypothesis:
 Active precipitation leads to
 Metastable phases that serve as 
 Reactive mineral intermediates 

(RMIs), which may cause
 Abiotic natural attenuation

 Characteristics of RMIs:
 Formed in situ +
 Highly reactive =
 Metastable intermediates
 Transient or steady-state
 Can’t be isolated
 Can degrade contaminants

Culpepper et al. (2018) ESPI 20: 1340-1349



1. Reactive Mineral (Intermediate) Phases
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 Hypothesis:
 Active precipitation leads to
 Metastable phases that serve as 
 Reactive mineral intermediates 

(RMIs), which may cause
 Abiotic natural attenuation

 Characteristics of RMIs:
 Formed in situ +
 Highly reactive =
 Metastable intermediates
 Transient or steady-state
 Can’t be isolated
 Can degrade contaminants

Qin et al. (2018) ES&T 52: 13887-13896



2. Sulfidation of Fe/FeO
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Fan et al. (2017) ES&T 51: 13070-13085
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2. Sulfidation of Fe/FeO (History)
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https://zenodo.org/record/2561103



2. Sulfidation of Fe/FeO (Conceptual Model)
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Fan et al. (2017) ES&T 51: 13070-13085



2. Sulfidation of Fe/FeO (Kinetics)
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nZVI

FeOx

mZVI

Impure ZVI
S‐nZVI

nZVI

mZVI

Impure ZVI
S‐nZVI

Carbon Tetrachloride Trichloroethylene

Fan et al. (2017) ES&T 51: 13070-13085



2. Sulfidation of Fe/FeO (Efficiency)
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Fan,	O’Brien,	et	al.	(2016)	
Env. Sci. Technol. 50: 9558-9565
Sulfidation	of	nZVI	for	Improved	

Selectivity	during	ISCR

Gu,	Wang,	He,	et	al.	(2017)	
Env. Sci. Technol. 51: 12653-12662
Mechanochemically	Sulfidated	mZVI:	

Pathways,	Kinetics,	Mechanisms,	Selectivity



2. Sulfidation of Fe/FeO (Engineering Practice)
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 Precursors to Sulfidation
 S-impurities in ZVI (Wolfe, Lipczynska)
 FeS minerals (Hayes, Reinhard, etc.)

 Benefits of Sulfidated ZVI
 Contaminant reduction kinetics/products
 Efficiency of CoC vs. water reduction

 Technology Transfer
 Replaced bimetallic and nano ZVI 

in academic research
 Already several vendors of sulfur 

modified ZVI
 Vendors of other FeS amendments
 Consultant’s Toolkit?
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Fan, Tratnyek, et al. (2016) Env. Sci. Technol. 50: 9558-9565

Fan, Tratnyek, et al. (2017) Env. Sci. Technol. 71: 13070-13085



Summary and Forecast
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Further Information
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Sulfidation Review Push-Pull VideoISCR Book Chapter

Paul Tratnyek  (tratnyek@ohsu.edu)  Oregon Health & Science University

Tratnyek Lab


