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A series of alcohol, ketone, ester, and ether oxygenates 
were tested for their susceptibility to anaerobic decay in 
samples from four chronically contaminated sedimentary 
environments. The effect of various electron acceptors 
on oxygenate biodegradation was also evaluated with a 
single inoculum source. In addition, two acetogenic 
bacteria were tested for their ability to metabolize selected 
oxygenate compounds. The susceptibility of the test 
oxygenates to anaerobic decay could be related to their 
chemical structure. That is, compounds other than the 
ethers that possessed primary or secondary substituted 
carbon atoms were readily degraded under all conditions 
tested while compounds that had tertiary substituted 
carbon atoms resisted biodegradation. The ether oxygen
ates were generally not degraded when incubated with 
various inocula, regardless of the electron acceptor status. 
The exceptions included methyl butyl ether, which was 
depleted in both sulfate-reducing and methanogenic 
incubations, and the partial transformation of methyl tert
butyl ether to tert-butanol after a 152-day acclimation 
period in a single replicate from a river sediment chroni
cally contaminated with fuel. Heat-inactivated control 
incubations suggested that the latter transformation was 
biologically catalyzed. This study provides a basis for 
assessing the environmental fate characteristics of the 
frequently used gasoline oxygenates as well as several 
potential alternate fuel additives. 

Introduction 

Oxygenates are organic compounds designed to increase 
the oxygen and octane content of gasoline. In a:D effort 
to reduce the environmental consequences associated with 
fuel combustion, provisions of the 1990 Clean Air·Act 
Amendments mandate that oxygenates be seasonally 
added to gasoline in specific parts of the country (1, 2). 
Currently, the most commonly used oxygenates are methyl 
tert-bi.ltyl ether (MTBE) and ethanol. Others in use 
include ethyl tert-butyl ether (ETBE), tert-amyl methyl 
ether (TAME), isopropyl ether, and tert-butanol, although 
only relatively minor amounts of these are used in gasoline. 
MTBE is by far the most popular ether oxygenate due to 
its low-cost, ease of production, and transfer and blending 
characteristics. The domestic production of MTBE in 
1993 was 8.98 billion kg (3), second in rank among all 
organic chemicals manufactured in the United States. 

Questions have been raised about the environmental 
effectiveness of oxygenate blending programs (4). More
over, the atmosphere and the internal combustion engine 
are not the only compartments where additives are 
released. Because of the large volumes of gasoline used 
daily in the United States ( -300 million gal (5)) and the 
huge storage capacity and transportation system required 
to provide this fuel to end users, surface and subsurface 
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releases are likely to occur, and ~e:!I~~:of]l};:m~~~ 
in :ecipient environments needs to be assessed. As 
oxygenates are much more water soluble than other 
gasoline components, they easily migrate to groundwater 
reserves when spilled. Once contaminated with MTBE, 
groundwater treatment is more comple::t and expensive 
(6). 

As anaerobic conditions rapidly develop in hydrocarbon
contaminated aquifers (7), we investigated the fate of 
oxygenates under anaerobic conditions. Previously, we 
found that most of the common oxygenates resisted 
anaerobic decay in methanogenic aquifer samples taken 
from a single location (8). A few studies attest to the 
persistence ofMTBE under aerobic conditions (9-11). We 
questioned whether our earlier fuidings could be extrapo
lated to other ecosystems with a history of exposure to 
fuel hydrocarbons and other contaminants and whether 
oxygenates could be anaerobically biodegraded when 
alternate terminal electron acceptors were made available 
to the resident micro flora. We also examined the ability 
of two acetogens, Acetobacterium woodii and Eubacterium 
limosum, known to metabolize a variety of methyl ethers 
(12, 13) to catalyze the destruction of several oxygenates. 
Oui current study indicates that our previous results c:m 
largely be extrapolated to other environments and redox 
conditions. 

Materials and Method8 

Sample Collection. Sediment and groundwater were 
collected from a landfill leachate impacted aquifer as 
previously described (14) and from a chronically gasoline
polluted aquifer in Empire, MI (15). Sediment and surface 
water were also collected from the Ohio River and Mill 
Creek, Cincinnati, OH, using an Ekman dredge. The 
sampling location on the Ohio River was impacted by a 
number of oil storage and barge loading facilities, while 
the Mill Creek samples received both industrial waste and 
domestic sewage sludge (16). 

Incubation Conditions. Slurries were prepared by 
placing 50 g of sediment and 75 mL of water into sterile 
160-m.L serum bottles as previously described (8). Ground
water or surface water was amended with sodium sulfide 
(1 mM) and resazurin (0.0002%) to serve as reductant 
and redox indicator, respectively. The bottles were sealed 
with composite stoppers constructed by fusing the bottom 
portions of gray Teflon-coated septa (West Co., Phoe
nixville, PA) to the top portions of 1-cm-thick black rubber 
stoppers (GeoMicrobial Technologies, Ochelata. OK). The 
headspace above the slurries was adjusted to 80% N2: 
20% C02 (1 atm). Either sodium sulfate (5 mM) or sodium 
nitrate (8 mM) was added to the landfill leachate impacted 
samples in order to assess potential oxygenate decay 
coupled with the consumption of these electron acceptors. 
These incubations are referred to as sulfate-reducing or 
nitrate-reducing incubations, respectively. Each oxygen
ate was added to the slurries to give an initial concentration 
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Table 1. Anaerobic Biodegradation of Select Oxygenates under Sulfate- and Nitrate-Reducing Conditions• 

sulfate-reducing< nitrate-reducing<~ 

so. NOa 
substrate consumed rate± sn- substrate consumed rate± sn-

oxygenate RONb loss(%) ( % theoretical) <;.mol of SO.Jday) Joss(%) (% theoretical) (,.mol of N031'day) 

methanol 133 100 17 1.15± 0.12 100 120 71.2.± 4.9 
methyl ethyl ketone 116 100 101 1.44 ± 0.48 100 133 38.6 ± 20.7 
acetone 115 100 76 6.72± 9.6 100 121 60.9 ± 2.4 
methyl isobutyl ketone 108 100 4 1.64 ± 0.15 87 60 5.0 = 6.0 
ethyl acetate 117 100 104 3.35 = 0.90 100 153 82.7 ± 41.8 
methyl butyrate 110 100 85 1.05± 0.07 100 126 29.6 ± 15.5 
methyl tert-butyl ether 118 0 4 0.04± 0.19 7 2 1.7 ± 0.3 
methyl tert-a.myl ether 111 0 0 0 0 0 0 
ethyl tert-butyl ether 118 0 0 0 0 0 0 
ethyl ether UNKNI 0 0 0 0 17 1.3 ± 1.5 
propyl ether UNKN 0 0 0 0 0 0 
butyl ether UNKN 0 0 0 0 0 0 
butyl ethyl ether UNKN 0 0 0 0 5 1.0 ± 2.0 
methyl butyl ether UNKN 87 0 0 0 15 1.7 ± 0.6 

• The values reported reflect the average measured in triplicate incubations. b Research octane number from ref 8. • Incubated for 244 days. 
d Incubated for 85 days. • Corrected for the rate of anion depletion in oxygenated-unamended controls. f UNKN = unknown. 

of 50 ppm C. The rates of methane production, sulfate 
reduction, and nitrate depletion were monitored in slurries 
receiving oxygenates and compared to oxygenate-free 
controls. All slurries were incubated in the dark at 24 °C. 

Pure Culture Studies. Stock cultures of A. woodii 
(A TCC 29683) and£. limosum (ATCC 8486) were grown 
in defined medium (17) with syringate as the sole organic 
car bon source under a 80% H2:20% C02 (2 atm) headspace. 
The syringate-grown cells were harvested and suspended 
in 15 mL of N-(2-hydroxyethyl)pipera.zine-N'-2-ethane
sulfonic acid <HEPES) buffer (10 mM, pH 7 .8) containing 
a select oxygenate (2 mM) under 11 mL of a 80% H2:20% 
C02 or 80% N2:20% C02 (2 atm) headspace. The initial 
protein concentrations of the cell suspensions (BioRad 
DC protein assay, BioRad Laboratories, Richmond, CA) 
were 1630 and 870 }Jg of protein/mL for A. woodii and£. 
limosum, respectively. The cell suspensions were incu
bated for 55 days in the dark at 30 °C. 

Chemical Analysis. In methanogenic incubations, 
increases in headspace pressure were routinely monitored 
with a pressure transducer system (18). However, parent 
compound depletion ana the formation of methane were 
always coniumed by gas chromatography as previously 
described (8). The net amount of methane formed over 
oxygenate-free controls was compared to that theoretically 
expected based on Buswell's equation (19). The net 
amount of sulfate and nitrate depletion over oxygenate
free controls was monitored by periodically withdrawing 
1-mL aliquots of the slurries and storing them at -20 °C 
until analysis by high-pressure liquid chromatography 
(HPLC) as previously described (14). The amount of 
sulfate or nitrate depleted in the slurries was compared 
to that theoretically required to completely oxidize the 
compounds to C02 with the formation of hydrogen sulfide 
or N2 gas. The acclimation period was estimated as the 
amount of time where no significant pressure or anion 
concentration differences were measured between sub
strate-amended and unamended controls. The linear rate 
of substrate or anion depletion was calculated from the 
time period immediately following the acclimation period. 
The identity of the MTBE degradation product, tert
butanol, was confirmed using a Hewlett Packard 5890A 
GC equipped with a 19251A/B split/splitless capillary inlet, 
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Carbograph VOC capillary column, and a flame ionization 
detector. Helium served as the carrier gas with a flow rate 
of 1 mL/min. The split ratio was 1:50. The temperature 
proflle was 250 oc for both the injection port and detector, 
and the column temperature was held at 30 °C. 

Results 

Biodegradation of Oxygenates with Sulfate or 
Nitrate Available as Electron Acceptors. We previ
ously studied the biodegradation of numerous oxygenates 
using samples obtained from a landfill leachate impacted 
aquifer under methanogenic conditions (8). In this study, 
we examined the fate of selected oxygenates using 
comparable aquifer slurries amended with sulfate or 
nitrate. The results of this assay are summarized in Table 
1. 

Methanol has a relatively high research octane number 
and was biodegraded in the sulfate-amended incubation 
as evidenced by the removal of the alcohol to below 
detection limits following a 244-day incubation period. 
However, this loss was not coupled with sulfate reduction 
(Table 1). Instead,approximately70% ofthetheoretically 
expected amount of methane was recovered from these 
incubations (data not shown), consistent with previous 
findings (14). In contrast, in nitrate-amended aquifer 
slurries, electron acceptor loss was accompanied by the 
depletion of methanol from the incubation mixture (Table 
1). Methane generation was not evident in these experi
ments. Based on these criteria, methanol was mineralized 
under both incubation conditions. 

The ketones assayed are not used as fuel additives but 
are common groundwater contaminants (20). Each ketone 
studied has an octane rating that is comparable to the 
more common oxygenates (Table 1). In methyl ethyl 
ketone-amended and acetone-amended aquifer slurries, 
100% and 76% of the theoretically expected amount of 
sulfate was depleted, respectively, and each substrate was 
not detected after 244 days of incubation (Table 1). 
However, while methyl isobutyl ketone was removed to 
below detection limits in a comparable time period, only 
4% of the theoretically expected amount of sulfate was 
utilized. Further, there was no conclusive evidence for 
increased methane production in these incubations. Since 
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Table 2. Anaerobic Biodegradation of Select Oxygenates under Metbanogenic Conditions• 

acclimation period idaysl rate:!:: SD (ppm C,'dayl methane recovery("'(, expected)b 

oxygenate G< R IS G R IS G R IS 

2-propanol ntd 7-14 ~; nt 2.4:!:: 0.3 3.0:!:: 0.1 nt 82 91 
tert-butanol >230 >180 >180 0 0 0 0 0 0 
methyl ethyl ketone nt 7-14 ~7 nt 2.1:!:: 0.4 2.9:1::0.2 nt 73 67 
methyl tert-butyl ether >230 >180" >180 0 0 0 0 3 8 
methyl butyl ether 105 14-32 14-32 1.0 = 0.1 1.2:!: 0.8 0.9 :I: 0.3 71 66 59 
methyl tert·amyl ether >230 >180 >180 0 0 0 0 1 0 
ethyl tert-butyl ether >230 >180 >180 0 0 0 0 0 0 
isopropyl ether nt >180 >180 nt 0 0 nt 0 6 
diethyl ether nt >180 >180 nt 0 0 nt 0 0 

0 The data reported ret1ect the average measured in triplicate incubations. b Based on Buswell equation. e G denotes gasoline impacted 
aquifer, R denotes fuel impacted river sediment. IS denoteS industrial and sewage impacted creek sediments. d :-lot tested. • One replicate 
started to degrade MTBE at day 152 at a rate oi 0.51 ppm C/day. 

we could not correlate the consumption of methyl isobutyl 
ketone with the depletion of an electron acceptor or the 
formation of an end product, evidence for the biodegrada
tion of this compound under sulfate-reducing conditions 
must be considered preliminary, and further experimen
tation is required to clarify its fate. In contrast, methyl 
ethyl ketone and acetone were completely depleted in 
nitrate-amended slurries, and > 100% of the theoretically 
expected amounts of nitrate was consumed after 85 days 
of incubation. However, 60% of the theoretically expected 
amount of nitrate was depleted in aquifer slurries amended 
with methyl isobutyl ketone (Table 1), and the rate of 
nitrate depletion was an order of magnitude slower than 
the simpler ketones while trace amounts of the secondary 
ketone remained after 85 days of incubation. 

The two test esters also possessed comparable octane 
ratings to the common oxygenates and were easily removed 
in the presence of either nitrate or sulfate (Table 1). 
Methyl butyrate-amended slurries exhibited substrate loss 
and net electron acceptor consumption at close to theo
retically expected values while ethyl acetate-amended 
slurries consumed 100% and 150% of the theoretically 
expected amount of sulfate and nitrate, respectively. The 
reasons for the large consumption of nitrate over expected 
amounts when ethyl acetate was tested are unknown. 

Unlike the other test oxygenates, there was no evidence 
for the degradation of the commonly used ether oxygenates 
(MTBE, ETBE, or TAME) under either nitrate- or sulfate
reducing conditions. The only ether to show any evidence 
of depletion was methyl butyl ether. An 87% loss of the 
parent substrate was observed when sulfate was available 
as an electron acceptor, but no loss was evident in the 
nitrate-amended incubations (Table 1). However, sulfate 
was not appreciably consumed above the oxygenate
unamended controls, and no significant increase in the 
net amount of methane was measured in the headspace 
of these incubations. Like the methyl isobutyl ketone, 
the ultimate fate of methyl butyl ether has yet to be 
determined. 

Methanogenic Biodegradation of Oxygenates in 
Various Environmental Samples. We sought to de
termine if information on the methanogenic biodegrada
tion of oxygenates established with samples from a landfill 
leachate impacted aquifer (8) could be extrapolated to 
other environments. An assay for the biodegradation of 
selected alcohol, ketone, and ether oxygenates was con
ducted with samples from several chronically contami
nated ecosystems. 

Results obtained were similar to the earlier findings (8) 
in that a simple alcohol. 2-propanol, was readily mineral
ized to C~ and C02 while no evidence for the biodeg
radation of the structurally more complex tert-butanol 
was evident (Table 2). Similarly, methyl ethyl ketone was 
degraded as evidenced by both substrate loss and the 
recovery of approximately 70% of the theoretically 
expected amount of methane. 

As in our previous investigation (8), the ethers generally 
proved resistant to biodegradation under methanogenic 
conditions (Table 2). No evidence for substrate loss or 
methane formation over substrate-unamended controls 
could be obtained with five of the six ether oxygenates 
after 90 days of incubation. The exception was methyl 
butyl ether. With this compound, degradation was 
evidenced by both substrate loss and the recovery of 
approximately 65% of the theoretically expected amount 
of methane. The conversion of methyl butyl ether to 
methane is also consistent with our earlier findings (8). 
Shorter acclimation times were measured when methyl 
butyl ether was incubated in river or creek sediment slurries 
as compared to the gasoline-contaminated (Table 2) and 
landfill leachate impacted aquifer samples (8). 

After 152 days of incubation, one of the triplicate slurries 
prepared from the Ohio River samples had a 26 ppm C 
decrease in the amount ofMTBE (48 to 22 ppm C) (Figure 
1). An additional peak that co~hromatographed with a 
known standard of tert-butanol was observed. The size 
of the tert-butanol peak accounted for the stoichiometric 
loss of the MTBE. The pH of this slurry was 7 .Q-7 .2, and 
thus it is unlikely that the MTBE was abiotically 
transformed as has been reported for acidic solutions (21). 
With continued incubation, MTBE was further depleted 
and exhibited a concomitant increase in tert-butanoL To 
provide additional evidence that MTBE was transformed 
biotically, 5 mL of aquifer slurry was placed in two sterile 
anaerobic culture tubes. In an effort to inactivate biologi
cally catalyzed reactions, one tube was placed in a boiling 
water bath for 5 min. The amount ofMTBE was measured 
with time in each tube. After 21 days, the slurry that had 
been boiled showed no depletion ofMTBE nor an increase 
in tert-butanol. The non-inactivated slurry showed a 
decrease in MTBE and an increase in the tert-butanol 
peak. The identification of tert-butanol from MTBE by 
two different chromatographic techniques suggested that 
the later was 0-demethylated and converted to the 
corresponding alcohol by the microorganisms in this 
replicate. However, the fate of the methyl group ofMTBE 
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MTBE 
Day 0 

~~-===========MTBE 
Day 90 

~~~~~~~~====tert-butanol 
;::= MTBE 

Day 152 

~s~i~~~======~~~~_,_tert-butanol 
;:: MTBE 

Day 180 
Figure 1. Series of gas chromatographic profiles showing the depletion 
of MTBE and the appearance of an additional peak, identified as tert
butanol, over a period of 1 80 days in an experimental repficate inoculated 
with a fuel-impacted river sediment and amended with the oxygenate. 

Table 3. Rates of Oxygenate Depletion by Cultures of 
Acetobacterium woodli and Eubacterium limosum" 

oxygenate 

methyl acetate 
methyl propionate 
methyl butyrate 
methyl isobutyrate 
methyl tert-butyl ether 
methyl tert-amyl ether 
methyl butyl ether 

depletion rate 
[nmol h-1 (mg of protein)-1] with 

A. woodii 

86.5 == 10.4 
126.4 == 9.6 
292.6 == 12.0 
110.9:44.9 

()< 

0 
0 

E.limosumll 

143.1 == 12.3 
115.3 == 12.9 
213.6 = 12.0 
107.5 == 8.2 

0 
0 
0 

• Average :t SD of two duplicated treatments incubated under 
either a H21'C02 or a N:zJC02 headspace (the differences between 
these two treatments were insignificant). 11 Cells were stored under 
N2 at 4 •c for 16 days before incubation suspensions were made. 
• Zero (0) stands for no biodegradation when compared with abiotic 
controls. 

remains obscure, and we are currently using 14C-labeled 
MTBE to probe this question. 

Susceptibility of Ester and Ether Oxygenates to 
Anaerobic Degradation by Acetogens. Pure culture 
studies were performed with representative acetogens A. 
woodii and E. limosum, because of the central role these 
organisms play in anaerobic biodegradative pathways of 
organic matter and their known ability to degrade phenyl 
methyl ethers (12, 13, 22). A. woodii and E. limosum 
were able to hydrolyze the methyl esters of acetate, 
propionate, butyrate, and isobutyrate (Table 3) to metha
nol and the corresponding carboxylic acids (23). Rates of 
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depletion of the primary esters were positively correlated 
with the carbon chain length of the acyl group with the 
exception of methyl acetate in E. limosum incubations 
(Table 3). Both bacteria showed a reduced rate of methyl 
isobutyrate depletion in comparison to methyl butyrate. 
However, there was no evidence for ether biodegradation 
in these cultures even though the cells were consuming 
gaseous substrates from the headspace of the incubation 
system and producing formate and acetate with no 
apparent toxicity of the oxygenate substrates (data not 
shown). 

Discussion 

As in our previous study (8), straight-chain alcohol, 
ketone, or ester oxygenates were easily degraded in 
incubations prepared from different types of sediments 
and when held under different redox conditions (Tables 
1 and 2). The inclusion of a highly branched moiety in 
these molecules imparts recalcitrance to these compounds 
regardless their functional groups (Table 2). The ether 
oxygenates were generally very difficult to degrade, even 
with sediments having a chronic history of contamination. 
The presence of alternate electron acceptors also did not 
facilitate the biodegradation of the ethers. The general 
recalcitrance of the ethers may reflect a fundamental lack 
of metabolic potential by the indigenous microflora under 
the selection conditions imposed by our assay. 

Unlike the other ethers, methyl butyl ether was depleted 
under most assay conditions (Tables 1 and 2). The 
degradation of methyl butyl ether in methanogenic slurries 
prepared from four chronically contaminated sites was 
largely accountable by methane formation (Table 2, ref 
8). However, the removal of this compound from sulfate
amended slurries was not accompanied by anion depletion 
or methane production over background levels. This 
phenomenon was also evident with sulfate-amended 
incubations of methyl isobutyl ketone. Work is continuing 
to determine the fate of both these compounds in the 
presence of sulfate. 

Another exception to the generalized difficulty of 
anaerobic ether degradation was observed when MTBE 
was converted to tert-butanol in a single replicate of Ohio 
River sediment slurry (Figure 1). This is the first paper 
to suggest the degradation ofMTBE under anaerobic and 
neutral pH conditions. Even though the degradation of 
MTBE is interesting, our studies would suggest that it is 
a rare occurrence, and the product formed, tert-butanol, 
also resists anaerobic decay. 

The ease of degradation of a number of compounds 
assayed in our studies (Tables 1-3, ref 8) is not surprising 
in the light of previous research. The anaerobic biode -
radation of methanol has been stu ied extensely, and there 
are at least 11 known species of methanogenic bactena 
that can grow on methanol (22, 24). Acetogenic bacteria 
have also been isolated that can grow on methanol when 
C02 is present (22, 25). Generally, high concentrations of 
methanol are not used by sulfate-reducing bacteria to an 
ecologically significant extent. However, sulfate reducers 
were found to contribute to methanol depletion in some 
environments (26, 27). Puhakka and co-workers (28) 
suggest that sulfate-reducing bacteria could metabolize 
methanol from wastewater svstems when methanogens 
were inhibited with bromoeth~esulfonic acid. Addition
ally, four species of sulfate-reducing bacteria have been 
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isolated that can utilize methanol. but the mechanism of 
this bioconversion is unknown (29). However. it does not 
appear that sulfate-reducing bacteria were utilizing metha
nol in our studies because no sulfate depletion over 
background levels was evident and methane was recovered 
from these incubations. Such a phenomenon has been 
shown with other environmental samples (14, 30. 31). 

Studies have also shown that enrichment cultures from 
a littoral sediment formed CH4 , acetate, and acetone from 
2-propanol (32). Further, pure cultures of methanogens 
able to use this alcohol were obtained from various 
environments (33, 34). A Desulfovibrio sp. has also been 
found to oxidize 2-propanol to acetone (35), which is a 
substrate for a number of bacteria. A methanogenic 
enrichment culture from a creek sediment could form 
methane and C02 from acetone by interspecies acetate 
transfer (36). When acetone was supplied along with 
succinate or ethanol to slurries prepared from a littoral 
sediment, methane, acetate, propionate, and 2-propanol 
were found as products (32). Desulfococcu.s biacutus has 
also been found to degrade acetone via acetoacetyl-CoA 
(37), and a denitrifying bacterium can carboxylate acetone 
to acetoacetate and further metabolize this intermediate 
(38). Therefore, our observation of propanol and acetone 
degradation under anaerobic conditions is not without 
experimental precedence. 

The biodegradation of various esters detected in our 
studies is not surprising considering that esterase activity 
is widely distributed in bacteria isolated from anaerobic 
environments (39, 40). Work is currently underway toward 
the isolation of the organisms responsible for degrading 
these potential oxygenates. 

While our investigations on t_he anaerobic fate of gasoline 
oxygenates are far from exhaustive, the general trends 
observed in an earlier study (8) can be extrapolated to 
other anaerobic environments and redox conditions. That 
is, the common ether oxygenates resist both anaerobic (8, 
this study) and aerobic (9, 10) decay and must be 
considered recalcitrant chemicals. It may ultimately be 
possible for these chemicals to be metabolized by broad 
specificity oxygenases elaborated by aerobic microorgan
isms. However, no evidence to this effect is currently 
available in the literature. Similarly, the effects of 
branching on biodegradation activities have been widely 
documented (41-47). That is, the less branched com
pounds generally degrade more readily than the more 
structurally complex chemicals. Our studies conium that 
structurally simple compounds such as the primary and 
secondary alcohols, ketones, and esters, while comparable 
to the ether oxygenates in their research octane ratings, 
are easier to degrade than most of the latter compounds 
and the structurally complex tert-butanol This trend is 
also evident when secondarily branched and straight-chain 
compounds are compared. Methyl isobutyl ketone was 
degraded in our studies, but the rate of nitrate depletion 
was an order of magnitude lower than comparable primary 
ketones. In addition, methyl isobutyrate was degraded 
by resting cell suspensions of A. woodii and E.limosum 
at half the rate of methyl butyrate. Thus, when oxygen
ation of gasoline is necessary, the structurally simpler 
compounds might be superior candidate molecules in terms 
of their susceptibility to bacterial metabolism. We contend 
that this should be considered before further legislative 
mandates are made concerning the addition of these 
chemicals to gasoline. 
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