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Presentation Outline

• Relative Biodegradation of MTBE, TBA, and 
TAME in Surface-Water Sediments.

• Effect of Redox Condition on TBA Biodegradation 
in Surface-Water Sediments.

• Biodegradation of NDMA in Soil at a Water 
Reclamation Facility.



Relative Biodegradation of MTBE, TBA, and 
TAME in Surface-Water Sediments



Relative Biodegradation of MTBE, TBA, and 
TAME in Surface-Water Sediments

• Long Island, New York:
• Five surface-water systems (bays, streams, and pond)
• Fresh-water to salt-water systems. 
• Characterized by discharge of gasoline-contaminated, groundwater.

• Microcosm study:
• Oxic and anoxic.
• 14C-substrates:

• [methyl-14C] TAME
• [U-14C] MTBE
• [U-14C] TBA

• Mineralization – degradation to innocuous products (14CO2 & 14CH4).
• 83 days incubation.



Fort Pond

• Fresh-water pond.
• Oxygenate mineralization:

• TAME – most.
• TBA - least.

• Redox effect:
• Oxic:

• More efficient.
• 14CO2

• Anoxic:
• Methanogenic.
• Less efficient.
• 14CO2 and 14CH4
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Great South Bay - Beach

• Salt-water bay.
• Oxygenate mineralization:

• TBA – most.
• TAME - least.

• Redox effect:
• Oxic:

• More efficient.
• 14CO2

• Anoxic:
• SO4-reducing.
• Insignificant to poor.
• 14CH4
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Great South Bay – Tidal Creek

• Brackish creek.
• Oxygenate mineralization:

• TAME – most.
• TBA - least.

• Redox effect:
• Oxic:

• More efficient.
• 14CO2

• Anoxic:
• SO4-reducing, methanogenic.
• Less efficient.
• 14CO2 and 14CH4
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Carmans River

• High DOC, fresh-water river.
• Oxygenate mineralization:

• TAME & TBA – most.
• MTBE - least.

• Redox effect:
• Oxic:

• More efficient.
• 14CO2

• Anoxic:
• Methanogenic.
• Less efficient.
• 14CO2 and 14CH4
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Tiana Bay

• Brackish bay.
• Oxygenate mineralization:

• TAME & MTBE – most.
• TBA - least.

• Redox effect:
• Oxic:

• Somewhat more efficient.
• 14CO2

• Anoxic:
• Methanogenic.
• Less efficient.
• 14CO2 and 14CH4
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Relative Biodegradation of Oxygenates:
Conclusions

• Mineralization of all three fuel oxygenate compounds was apparent in 
each system under oxic conditions.
• 10-100% mineralization to 14CO2.
• Relative biodegradability varied widely from system to system.

• Mineralization of all fuel oxygenates was depressed under anoxic
conditions.
• Anoxic biodegradation of TAME and TBA ranged from poor to insignificant.
• In general, anoxic mineralization of MTBE ranged from 40 to 95% of oxic 

MTBE mineralization.



Effect of Redox Condition on TBA 
Biodegradation in Surface-Water Sediments



t-Butyl Alcohol (TBA)

Formula: C4H10O
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t-Butyl Alcohol (TBA)

• Fuel oxygenate.
• MTBE transformation product/degradation 

intermediate.
• Reducing conditions. 

• Miscible in water (316g/L @ 25C).

• Animal carcinogen (Cirvello et al 1995).





Laurens Charleston

• Former gasoline station
• Max [MTBE] = 64 mg/L
• Max [TBA] = 14 mg/L
• Bed sediments

• Coarse sand
• 0.8 % organic content

• Former gasoline station
• Max [MTBE] = 138 :g/L
• Max [TBA] = 2094 :g/L
• Bed sediments

• Organic rich silt/clay
• 17 % organic content



Oxic TBA Biodegradation

• >80% in 80 d.
• Biotic process.
• No accumulation of 

intermediates.
• 14CO2.
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Anoxic TBA Biodegradation?

• Methanogenic microcosms.
• No significant degradation observed.
• No significant mineralization observed.





TBA Biodegradation and Redox

• Oxic degradation:
• Efficient.
• No intermediates.

• Anoxic:
• NO3 reducing (efficient).
• Mn reducing (efficient).
• SO4 reducing (low).

• No degradation of TBA 
under methanogenic
conditions or in sterile 
control microcosms.
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TBA Biodegradation in Surface-Water 
Sediments

• Efficient biodegradation under oxic conditions.

• Significant potential for biodegradation under 
Mn(IV)-reducing, NO3-reducing, and SO4-
reducing conditions.

• No degradation under methanogenic conditions.

• No degradation under heat-sterilized conditions.



Biodegradation of NDMA in Soil at a Water 
Reclamation Facility





Biodegradation of NDMA in Soil at a Water 
Reclamation Facility

NN--NitrosoNitrosodimethyldimethylamineamine



Biodegradation of NDMA in Soil at a Water 
Reclamation Facility

• Multiple anthropogenic sources:
• Rocket fuel byproduct.
• Nitroaromatic explosives byproduct.
• Water treatment byproduct.

• Toxin – Poison.
• Animal Carcinogen.
• Anticipated Human Carcinogen.
• Miscible in water.
• Drinking Water Standard – 10 ng/L 

(California Department of Health Services).



NDMA In Reclaimed Water:
Threat to Drinking Water Supplies

• [NDMA] up to 100 ng/L in treated water.

• Water reclamation involves passive infiltration at 
spreading grounds or direct injection.

• Two drinking water supply wells in California removed 
from service in 2000 due to 30-40 ng/L NDMA.

• NDMA attributed to aquifer (phreatic zone injection) 
recharge activities at reclamation facility.



Rio Hondo Spreading Grounds

• Montebello Forebay Groundwater Recharge Project in 
Los Angeles County, California

• RHSG soil microorganisms capable of NDMA 
biodegradation?
– Conditions?
– Efficiency?
– Mechanisms?
– Who?



NDMA Biodegradation at RHSG

• Rapid oxic mineralization 
to 14CO2.

• Significant but less 
efficient mineralization to 
14CO2 and  14CH4 under 
anoxia.
• Dissimilatory NO3 reducing.
• Methanogenic.
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NDMA Biodegradation in Background Soil
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• Rapid oxic mineralization 
to 14CO2.

• Significant but less 
efficient mineralization to 
14CO2 and  14CH4 under 
anoxia.
• Mixed anoxic conditions.
• Dissimilatory NO3 reducing.



Responsible Microorganisms?

• Pseudomonas sp. capable of 
NDMA degradation to  14CO2
under oxic conditions in 
laboratory.

• Pseudomonas sp. Expected to 
be common in treatment facility 
soils and background soils.
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Pseudomonas-Specific Q-PCR

• RHSG – 4.2 X 106 Pseudomonas cells/ g 
soil

• BKG – 1.8 X 105 Pseudomonas cells/ g 
soil

• Pseudomonas sp. present in 
RHSG and background soils



NDMA Conclusions

• Significant potential for NDMA biodegradation in acclimated 
and non-acclimated soil.

• Significant potential for NDMA biodegradation under oxic 
and anoxic conditions.

• Significant potential for NDMA biodegradation in 
environment under oxic and anoxic conditions.
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