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• What is ISCR?

• Roots of ISCR

• Timeline of Development

• Recent Advances
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• Recent Advances

• The Future
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• In Situ C hemical R eduction

• Transfer of electrons from reductant to substrate 
(contaminant)

• Reductant has to have transferable electrons
- Reduced Metals
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- Reduced Metals
- Reduced sulfur compounds

• Substrate has to be able to accept electrons
- Oxidized substrates can be reduced
- Chlorine is an oxidant – the more chlorines the more 

oxidized

• ISCR is the Mirror of ISCO



ISCR
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1. Abiotic processes are based on reduced 
metals 

2. Abiotic process are surface catalyzed
3. Abiotic pathways are different than 

biological pathways
4. Abiotic processes can be enhanced 
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4. Abiotic processes can be enhanced 
chemically or biologically
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• Hydrogenolysis

• ß-elimination:
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• Hydrogenation
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Sweeney, 1980 Cu 0/Fe0

Gillham, 1990 ZVI (Fe 0) 

Tratnyek, 1994 ZVI/Fe Oxides 
King, 1994 Pyrite 

Ferrey & Wilson 2002, Abiotic MNA 
/  DARAMEND® 2001

Fruchter, 2003 ISRM

Zhang 1997, Nano -Fe
Batchelor 1998, ZVI/Clay
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1980                      1990                      2000                 2008 

Sweeney, 1980 Cu

Gillham, 1990 ZVI (Fe

Tratnyek, 1994 ZVI/Fe Oxides 
Kriegman- King, 1994 Pyrite 

Ferrey & Wilson 2002, Abiotic MNA 
EHC® /  DARAMEND

Fruchter, 2003 ISRM

EZVI 2003

BiRD 2006

Zhang 1997, Nano
Batchelor 1998, ZVI/Clay
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•Reactivity
•Particle size

•Micro (5-100 � m)
•Nano (1-10 nm)

•Bimetallics
•Delivery

•Injectable Micro/nano iron
•ZVI - Clay

• Naturally Occurring Reduced 
Minerals

•Abiotic MNA
• ISRM (In Situ Redox 

Manipulation)
• Complexes of Fe +2
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•EHC® (DARAMEND®)
•EZVI (emulsified ZVI)

• BiRD (Biogeocemical 
Reductive dechlorination)



B
io

tic
   

   
   

A
bi

ot
ic

 
�������'����	()������������

•Reactivity
•Particle size

•Micro (5-100 � m)
•Nano (1-10 nm)

•Bimetallics
•Delivery

•Injectable Micro/nano iron
•ZVI - Clay

• Naturally Occurring Reduced 
Minerals

•Abiotic MNA
• ISRM (In Situ Redox 

Manipulation)
• Complexes of Fe +2

Delivering sustainable solutions in a more competitive world

W.O./Init./Date, 8

ZVI                            DVI

B
io

tic
   

   
   

A
bi

ot
ic

 

•EHC® (DARAMEND®)
•EZVI (emulsified ZVI)

• BiRD (Biogeocemical 
Reductive dechlorination)
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•Reactivity
•Particle size

•Micro (5-100 � m)
•Nano (1-10 nm)

•Bimetallics
•Delivery

•Injectable Micro/nano iron
•ZVI - Clay

• Naturally Occurring Reduced 
Minerals

•Abiotic MNA
• ISRM (In Situ Redox 

Manipulation)
• Complexes of Fe +2
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•EHC® (DARAMEND®)
•EZVI (emulsified ZVI)

• BiRD (Biogeocemical 
Reductive dechlorination)
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• Makinawite FeS, 

• Pyrite FeS 2

• Green Rust [Fe 2+
6Fe3+

2(OH)18·4(H2O)] 
• Glauconite K 0.6Na0.05Fe3+

1.3Mg0.4Fe2+
0.2Al 0.3Si3.8O10(OH)2

• Biotite KMg 2.5Fe2+
0.5AlSi 3O10(OH)1.75F0.25

• Magnetite Fe 3+
2Fe2+O4
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• Siderite FeCO 3

• Artificially Created

• Steel Slag amended with Fe+2

• Cement amended with Fe+2

• Minerals treated with reductants

• Minerals treated with Fe+2
(aq)
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• Biotic shows divergent degradation

TCE

VC
Ethene

DCE

Distance/Time

Flux reduction with successive 
appearance of daughter products, 
ethene/ethane
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• Abiotic shows parallel degradation

TCE

VC

DCE

Distance

Flux reduction with no 
(common) daughter products
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Site A: 1,1,1-TCA;  1,1-
DCA; 1,1-DCE. 300 meter 
dissolved plume abruptly 
attenuates to CVOC 
concentrations <0.01 
mg/L. The stratigraphic 
sequence is fill, organic 
marine clay, silty sand 
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marine clay, silty sand 
alluvium, and fractured 
Franciscan Formation 
bedrock, an iron containing 
serpentine rock. Abiotic 
degradation is most likely 
the primary attenuation 
process outside of the 
source area.
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Biotic
Site D. Tropical site, 3 to 
4 m of fluvial deposits 
over 2 to 6 m of saprolite. 
PCE and its associated 
daughter products. The 
site evidences abiotic 
degradation in the sandy 
deposits at the source 
area and biological 
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Abiotic

area and biological 
degradation in the 
downgradient black 
organic clay.
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Strathmann
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•Reactivity
•Particle size

•Micro (5-100 � m)
•Nano (1-10 nm)

•Bimetallics
•Delivery

•Injectable Micro/nano iron
•ZVI - Clay

• Naturally Occurring Reduced 
Minerals

•Abiotic MNA
• ISRM (In Situ Redox 

Manipulation)
• Complexes of Fe +2
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•EHC® (DARAMEND®)
•EZVI (emulsified ZVI)

• BiRD (Biogeocemical 
Reductive dechlorination)
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• ZVI
• Plant-based degradable 
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CVOCs become thermodynamically unstable and 
decompose

• Plant-based degradable 
carbon
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•EHC® (DARAMEND®)
•EZVI (emulsified ZVI)

• BiRD (Biogeocemical 
Reductive dechlorination)
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•Iron Reduction 
3Fe2O3 + 2e- +2H+ � 2Fe3O4 + H2O
Fe+2 + Fe2O3 + H2O � Fe3O4 + 2H+

•Sulfate Reduction
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•Sulfate Reduction
SO4

= + 8H+ + 8e- � S= + 4H2O
4Fe2O3 +9S=+16H+ � 8FeS +SO4

=+8H2O



Ground Water Flow

TrenchTrench

���
���

���
	
1200

1400

1600

1800

2000

C
A

H
 C

on
ce

nt
ra

tio
n 

(u
g/

L)

TCETCE

�	���

�

����

SO4SO4

Delivering sustainable solutions in a more competitive world

W.O./Init./Date, 24

���
���

���
	


0

200

400

600

800

1000

1200

-30 -20 -10 0 10 20 30 40
Distance from trench center (ft)

C
A

H
 C

on
ce

nt
ra

tio
n 

(u
g/

L)

DCEDCE

VCVC



����1������	
�����

• Enhancing Reactivity

• Chemistry
- Soluble iron
- Soluble Reductants
- Acid/Base
- Coupled Biotic/Abiotic

•
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• Increasing Iron content

• Expanding applications

• Hydrocarbons

• MTBE
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Scherer
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Fe+2 + 2OH- � Fe(OH)2
Fe(OH)2 � Fe(OH)2(s)
Fe(OH)2(s) � FeO + H2O

0
Cn trl ZVI Fe II Solid
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• 2H+ + 2e- + -HC=CH- ��� � -H2C-C2H- Hydrogenation

• 2H+ + 2e- + -C-O-C- ��� � -CH + HO-C- Cleavage

• 2H+ + 2e- + 2(-HC=CH-) ��� �
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• 2H + 2e + 2(-HC=CH-) ��� �

Coupling
-H2C-C

C-CH2-



There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy.

William Shakespeare (1564 - 1616), 
"Hamlet", Act 1 scene 5, Lines 166-167

�	������	�

There are significant research needs in ISCR
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There are significant research needs in ISCR
•Iron Chemistry

•Solution
•Solid phase

•Biogeochemistry
•Interaction of biotic and abiotic

•Source vs. plume treatment


