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Why do we care?

Toxicity of the compounds

Biodegradation of the Biofuels can inhibit natural
biodegradation of benzene and BTEX compounds

Biodegradation of Biofuels leads to production of
methane-

- potential for formation of explosive
mixtures

- potential to expedite vapor
Intrusion of BTEX compounds
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Biofuel Treatments

e Ethanol * n-Propanol
 n-Butanol e Biodiesel Emulsion
e |SO-Butanol
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Ethanol
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Ethanol Treatment
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Ethanol Fermentation to
Methane

2 CH,CH,OH + 2H,0 — 2 CH,COOH + 4H,

2 CH,COOH — 2CO, + 2CH,

4 H,+ CO,— CH, + 2 H,0

2 CH,CH,OH — 3 CH, +CO,

92 mg/L ethanol produces 48 mg/L methane
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Ethanol Treatment
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Ethanol Treatment
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n-Propanol
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n-Propanol Treatment
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Propanol Fermentation to
Methane

CH,CH,CH,OH + H,0 — CH,CH,COOH +2H,
CH,CH,COOH + 2 H,0 — CH,COOH +CO, + 3 H,
CH,COOH — CO, + CH,

5H, +1.25 CO, — 1.25 CH, + 2.5 H,0

60 mg/L propanol produces 36 mg/L methane
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n-Propanol Treatment
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n-Butanol
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n -Butanol (mg/L)
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Butanol Fermentation to
Methane

CH,CH,CH,CH,OH + H,0 — CH,CH,CH,COOH + 2 H,

CH,CH,CH,COOH + 2H,0 — 2 CH,COOH + 2H,

2 CH,COOH — 2CO, + 2CH,

4 H, + CO, — CH, + 2 H,0

74 mg/L butanol produces 48 mg/L methane
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n-Butanol Treatment
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1ISO-Butanol
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ISO-Butanol Treatment
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Concentration (mg/L)

ISO-Butanol Treatment
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Biodiesel
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Biodiesel Treatment
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Biodiesel Treatment
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At higher concentrations (near 1000 mg/L) ethanol
rapidly fermented to methane at a rate near 20 to
60 mg/L per day.

The rate of fermentation of n-propanol, n-butanol
and iso-butanol was slower, near 2 to 3 mg/L per
day, and the fermentation stopped at the
corresponding fatty acid. Little methane was
produced in the first year of incubation.

At concentrations near 1000 mg/L, the rate of
fermentation of biodiesel to methane was near 3
mg/L biodiesel per day.
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Why didn’t the propionate, butyrate
and iso-butyrate degrade?

Did the water go acidic, forming the free acid
of propionate, butyrate and iso-butyrate?
The free acids are toxic. Important at pH <5.

Were the concentrations of H, too high for
anaerobic biodegradation to be
thermodynamically feasible? In the
microcosms, this is generally true for H,
concentrations > 1 E-4 atmospheres.
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Biofuel H, pH
Atmospheres
2.8t0 27 E-4
Ethanol 5.61t06.3
16 to 130 E-4
0.7t04.1 E-4
n-Propanol 6.2
1.3t0 25 E-4
43 to 47 E-4
n-Butanol 591t06.0
18 to 39 E-4
. 0.3t0 8.6 E-4
ISo-Butanol 6.0t06.1
1.7t0 10.2 E-4
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The fermentation of propanol, or butanol, or
Iso-butanol kept the concentration of H, too
high for propionate, or butyrate or iso-
butyrate to degrade.

After the alcohols are completely degraded,
the fermentation of the organic acids should
begin.

We will monitor the microcosms for another
year to see if the organic acids start to
degrade to form methane.
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Why do we care If the rate of biofuel
biodegradation is 2 to 3 mg per liter per
day, or 20 to 60 mg per liter per day?

U.S. EPA has developed a simple
screening model to describe the
interactions of ethanol and benzene in a
plume of contaminated ground water.
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FOOTPRINT

* A screening tool to predict the impact of ethanol
on the size of the plume of BTEX compounds
resulting from a spill of gasohol

 Based on a conceptual model to estimate the
plume area for any BTEX compounds in the
presence or absence of ethanol

e Currently, FOOTPRINT is distributed through the
CSMoS web site:

http://www.epa.gov/nrmrl/gwerd/csmos/index.html
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Conceptual Model b
of a co-mingled
ethanol/benzene plume.

Vadose Zone

Impact of Ethanol on Benzene
Plume, Lengths: Microbial and
Modeling Studies. Deeb, R. A.,
J. O. Sharp, A. Stocking, S.
McDonald, K. A. West, M.
Laugier, P. J. J. Alvarez, M. C. Effective Benzene
Kavanaugh, and L. Alvarez- S
Cohen, 2002, Journal of
Environmental Engineering,
ASCE, 128(9): 868-875.

L Ethanol Plume .l Benzene Plume
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Footprint uses the concept of a virtual
concentration to extract an analytical
solution based on Domenico (1987).
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Concentration
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Field Application

The motor fuel spill at the BX at Naval Base Port
Hueneme is an example of a “high risk” site for a
biofuel spill.

sLarge LNAPL source area (400 feet wide)

*High ground water velocity (300 to 400 feet per
year)

*High concentration of Benzene (>5 mg/L)
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Output: Plume Area

Plume Area Exceeding Taget Concentration
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Area ofthe plume = 5139300 (or, 5.20E+05) sft=11.94 acre

Grid spacing (used in the plot) along the flow direction (ff) = 12721t

Grid spacing (used in the plof) transwverse to the flow direction (ft) = BB/ f
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Plume Footprint

Condition
(acres)
Actual BTEX
10.1
Plume Area
FOOTPRINT Calibration
. : 11.9
Existing Plume, with no Ethanol
FOOTPRINT Prediction
E10 spill, Biofuel biodegradation 14.8
20 mg/L per day
FOOTPRINT Prediction
E10 spill, Biofuel biodegradation 41.9

2 mg/L per day
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