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Eh Range and Bioremediation
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Optimal Range for 
Reductive 

Dechlorination CO2 + 8H+ + 8e- CH4 + 2H2O (Eh
0 = -240)

SO4
2- + 9H+ + 8e- HS + 4H2O (Eh

0 = -220)

FeOOH (s) + HCO3
- + 2H+ + e- FeCO4 + 2H2O (Eh

0 = -50)

MnO2 (s) + HCO3
- + 3H+ + 2e- MnCO3 (s) + 2H2O (Eh

0 = + 520)

2NO3 + 12H+ + 10e- N2 + 6H2O (Eh
0 = + 740)

O2 + 4H+ + 4e- 2H2O (Eh
0 = + 820)



Aerobic cometabolism
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Total CVOCs Prior to Remediation
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Remediation History

solutionscl

• Soil excavation August 2000 - 30 yd3 soil removed
• Soil vapor extraction August to December 2000
• Second source area soil excavation May 2003 – 42 yd3
soil

removed
• Source potassium permanganate injection into the 
second

excavation – 3 injections in November and December 
2002, and 

January 2003
• Potassium permanganate injected into 6 interior injection

points in April 2003
• CL-Out bioaugmentation June, August and October 2003
• ORC socks placed in MW-2 and MW-3 to maintain 
aerobic 



Treatment Area Locations
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Bioaugmentation Procedure

solutionscl

• Inoculated 20 injection wells 
downgradient

25 ft spacing 

Approximately 10,000 square feet

• Injected the following with each 
inoculation

110 gallons of microbial slurry
100 pounds of dextrose



Post-Remediation Plume Map
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Contaminant concentrations in MW-2 
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• Post SVE equal concentrations of PCE and DCE

•Transformation of PCE to DCE after permanganate treatment

• Bioremediation completes transformation of DCE without production of 
vinyl chloride

0
1000
2000
3000
4000
5000
6000

Oc
t-9

9

Ap
r-0

0

Oc
t-0

0

Ap
r-0

1

Oc
t-0

1

Ap
r-0

2

Oc
t-0

2

Ap
r-0

3

Oc
t-0

3

Ap
r-0

4

Oc
t-0

4

PCE
TCE
DCE
VC
Total CVOCs

PermanganateSV
E

Bioaugmentatio
n

Source Area Concentrations Trend



solutionscl

Contaminant concentrations in MW-3 
(µg/L)

• Transformation of PCE to DCE after permanganate treatment
• Bioremediation completes transformation of DCE without production of vinyl 
chloride

0
500

1000
1500
2000
2500
3000

Ju
n-

01

Se
p-

01

De
c-

01

M
ar

-0
2

Ju
n-

02

Se
p-

02

De
c-

02

M
ar

-0
3

Ju
n-

03

Se
p-

03

De
c-

03

M
ar

-0
4

Ju
n-

04

Se
p-

04

De
c-

04

PCE
TCE
DCE
VC
Total CVOCs

Permanganate

Bioaugmentatio
n

Source Area Concentrations Trend



solutionscl

Plume Treatment Results

MW-16
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MW-18
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•PCE removal without TCE 
formation 
•Maximum DCE accumulation <1/3 
original concentration
•Lag time in DCE accumulation
•Increase in DCE suggests
reductive dechlorination

•Transformation of DCE by 
dechlorination or oxidation



DO/Eh Before Bioaugmentation
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Eh After Bioaugmentation
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Eh Trends During Remediation
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Eh and Contaminant Trends 
Comparing      MW-2 with MW-18

Eh Comparison 

-300

-200

-100

0

100

200

M
ay

-0
3

Ju
l-0

3

Se
p-

03

No
v-

03

Ja
n-

04

M
ar

-0
4

M
ay

-0
4

Ju
l-0

4

Se
p-

04

No
v-

04

Eh

MW-18

MW-2

MW-18

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

5/
6/

20
03

7/
3/

20
03

9/
2/

20
03

12
/4

/2
00

3

3/
8/

20
04

6/
18

/2
00

4

9/
8/

20
04

12
/2

8/
20

04

Co
nt

am
in

at
s a

s %
 o

f T
ot

al

VC
DCE
TCE
PCE

solutionscl

MW-2

0%

20%

40%

60%

80%

100%

5/
6/

20
03

7/
3/

20
03

9/
2/

20
03

12
/4

/2
00

3

3/
9/

20
04

6/
18

/2
00

4

9/
8/

20
04

12
/2

8/
20

04

Co
nt

am
in

at
s a

s %
 o

f T
ot

al
VC
DCE
TCE
PCE



Comparison of Mass Reduction with 
Starting or Ending Eh at Multiple Sites
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Conclusions
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• Aerobic cometabolism provides an 
option for treatment compatible 
with potassium permanganate.

• Aerobic conditions are favorable for 
avoiding the production of vinyl 
chloride.

• Aerobic cometabolism may 
combine reductive dehalogenation
with oxidation.
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