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Abstract The 2-ethyhexyl nitrate (2-EHN) is cur-

rently added to diesel oil to improve ignition and

boost cetane number. The biodegradability of this

widely used chemical needed to be assessed in order

to evaluate the environmental impact in case of

accidental release. In aerobic liquid cultures, biodeg-

radation of 2-EHN was assessed in biphasic liquid

cultures using an inert non-aqueous phase liquid such

as 2,2,4,4,6,8,8-heptamethylnonane (HMN) as sol-

vent for the hydrophobic substrate. 2-EHN was found

to be biodegradable by microbial communities from

refinery wastewater treatment plants, but was recal-

citrant to those of urban wastewater treatment

facilities. Out of eighteen hydrocarbon-polluted or

non-polluted soil samples, six microbial populations

were also able to degrade 2-EHN. However, strain

isolation from these microbial populations was rather

difficult suggesting close cooperation between mem-

bers of the microbial communities. Specific axenic

bacterial strains selected for their ability to catabolize

recalcitrant-hydrocarbons were also tested for their

capacity to degrade 2-EHN. In liquid cultures with

HMN phase as non-aqueous phase liquid, some

Mycobacterium austroafricanum strains were found

to degrade and mineralize 2–EHN significantly.
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Abbreviations

2-EHN 2-Ethylhexyl nitrate

MTBE Methyl tert-butyl ether

NOAEL No observed adverse effect level

HMN 2,2,4,4,6,8,8-Heptamethylnonane

NAPL Non-aqueous phase liquid

WWTP Wastewater treatment plant

Introduction

The 2-Ethyhexyl nitrate (2-EHN), the nitric acid ester

of 2-ethyl-1-hexanol (Fig. 1), is currently added in

significant amounts (0.05%–0.4%) to diesel oil to

improve ignition and boost cetane number (Guibet

and Faure 1999; Bornemann et al. 2002). 2-EHN is a

large-scale commodity, the worldwide production of
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which is estimated to be about 100,000 tons per year.

It has long been considered as presenting no partic-

ular risk to human health. 2-EHN was also non-

mutagenic according to the Ames test. Upon acute

oral or dermal administration to mammals, it seemed

relatively non-toxic (ATC 2006). Nevertheless, 2-

EHN has been found to be significantly more harmful

when administered in repeated doses. The No

Observed Adverse Effect Level (NOAEL) in rats

over a 28-day period was only 28 mg kg-1 d-1

(Someroja and Savolinen 1983). The low NOAEL

level indicates that biodegradability may be a key

factor in the overall 2-EHN environmental risk

assessment. Indeed, in the case of accidental release

biodegradability will determine the residual concen-

tration in the environment and exposure may become

chronic if no degradation occurs.

Under environmental conditions, many organic

contaminants are biodegraded by local indigenous

microorganisms (Roling and van Verseveld 2002).

Removal of contaminants depends on the intrinsic

biodegradability of molecules, on physical parame-

ters existing on site, such as temperature and oxygen

(Morgan and Watkinson 1989; Leahy and Colwell

1990) and on degradative capacity of local microbial

populations. The biodegradation of contaminating

molecules often involves cometabolism and cooper-

ation between microorganisms (Marchal et al. 2003).

In addition, strains with particular metabolic capac-

ities, such as Mycobacterium or Rhodococcus

bacteria (Sakai et al. 2004; Bogan et al. 2003;

Ferreira et al. 2006), are frequently involved in the

biodegradation of recalcitrant-hydrocarbons.

The intrinsic biodegradability of organic pollutants

such as 2-EHN has to be determined since it is a key

element in risk assessment. It is usually assessed

using laboratory tests derived from those designed

for commercial products (Strotmann et al. 2004).

However, as indicated by Battersby et al. (1999),

current test guidelines designed for water-soluble,

organic compounds with low volatility are unsuitable

for most oil products. Tests have therefore been

specifically designed for oil products (Battersby et al.

1999); they are performed using a pre-exposed

inoculum with a duration of three months. Specific

tests involving an oil-degrading microbial population

and biological additives to enhance biodegradation

have also been designed for particular products, such

as bioremediation additives (Haines et al. 2005).

The intrinsic biodegradability of 2-EHN has

received little investigation. 2-EHN was not found

to be readily biodegradable in the standard CO2

headspace test since the yield of biodegradation

failed to attain 60% within 28 days (ATC 2006). As

little information was available on aerobic biodegra-

dation of 2-EHN, our study aimed at evaluating the

intrinsic biodegradability of 2-EHN under different

laboratory conditions. For this purpose, microbial

populations from wastewater treatment plants and

from soil were used. 2-EHN biodegradation by some

Actinobacteria species was also investigated because

of the recognized ability of these microorganisms to

attack recalcitrant molecules.

Materials and methods

Culture medium

The vitamin-supplemented mineral salts medium

described by Bouchez et al. (1995) was used as

nutrient solution. The solution was autoclaved at

121�C for 20 min without vitamins, which were

sterilized by filtration at 0.22 lm and added to the

medium after cooling. The carbon source was 2-EHN

at 768 mg l-1 of culture medium (equivalent to

421 mg C l-1 or 351 lmol C flask-1) for microbial

populations and 480 mg l-1 (equivalent to 263 mg

Cl-1 or 219 lmol C flask-1) for pure strains.

The equation for complete mineralization of 2-

EHN under aerobic conditions is:

C8H17NO3 þ 12O2 ! 8CO2 þ 8 H2Oþ HNO3

The conditions used allowed aerobic biodegradation

to occur under non limiting conditions, in particular

with respect to oxygen, which was in excess in flask

headspace.

Fig. 1 Molecular structure of 2-Ethylhexyl nitrate

(C8H17NO3). Main physico-chemical properties (ATC 2006):

vapor pressure at 20�C: 27Pa; solubility in water at 20�C:

12.6 mg l-1; logKo/w: 5.24; liquid density: 0.96
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Microorganisms

A variety of sources were used for 2-EHN biodeg-

radation tests:

– Samples from five distinct urban wastewater

treatment plants (WWTP) and from two refinery

WWTP treating water previously used along

refinery treatment processes. Sludge was centri-

fuged at 3,000 g for 20 min and re-suspended in

the nutrient solution at a final concentration of

1 g l-1 (dry weight). After centrifugation (3,000

g for 20 min), the supernatant was discarded and

sludge pellets were stored at -20�C for up to six

months without significant loss of biodegradation

capacity.

– Samples from ten non-polluted soils (samples 1 to

10) and from eight polluted soils (samples 11–

18). Microbial suspensions were directly obtained

by dispersing 5 g l-1 of soil sample into the

nutrient solution. The characteristics of the soil

samples which had been used for diesel biodeg-

radation (Penet et al. 2006) are indicated in

Table 3.

Several pure strains (Table 1) were also used for

2-EHN biodegradation tests. These strains are mainly

branched-hydrocarbon-degrading bacteria. Precul-

tures were performed in liquid medium containing

Tween 80 (2.5 g l-1). 2-EHN biodegradation tests

were inoculated with centrifuged precultures at an

optical density (580 nm) of 0.2.

Culture conditions

The biodegradation tests were performed in 120-ml

flasks closed with Teflon-coated stoppers and sealed

with aluminum caps. 2-EHN was added to 10 ml of

inoculated culture medium in presence of 500 ll of

2,2,4,4,6,8,8-heptamethylnonane (HMN). HMN was

used as a non-aqueous phase liquid (NAPL) to reduce

the toxicity and volatility of 2-EHN. Cultures were

incubated at 30�C with shaking (150 rpm). The

overall aerobic biodegradation kinetics were regu-

larly monitored by GC analysis of CO2 in the flask

headspace. CO2 production was similarly monitored

in control flasks without 2-EHN addition.

Experiments were carried out in duplicate. Abiotic

controls supplemented with sodium azide (1 g l-1)

were performed under similar conditions. At the end

of the incubation period, 2 ml of dichloromethane

were introduced into the flasks and abiotic controls

which were shaken for 1 h and then stored overnight

at 4�C before analysis. The residual 2-EHN was

determined by GC-FID-analysis of dichloromethane

phase.

The abiotic recovery ratio of the substrate was

calculated as 2-EHN recovered in the abiotic flasks

Table 1 Strains used in the

study

a Laboratoire de Chimie et

Biologie des Métaux,

iRTSV—CEA, CNRS,

Université Joseph Fourrier

UMR 5249, 38054

Grenoble, France

Strain Reference or sources

Mycobacterium austroafricanum IFP2012 Francois et al. (2002)

Mycobacterium austroafricanum IFP2015 Lopes Ferreira et al. (2006)

Mycobacterium austroafricanum IFP2138 IFP collection

Mycobacterium austroafricanum IFP2154 IFP collection

Mycobacterium austroafricanum IFP2155 IFP collection

Mycobacterium austroafricanum IFP2173 Solano-Serena et al. (2004)

Mycobacterium austroafricanum Spyr_Ge_1 J. C. Willison a

Mycobacterium austroafricanum BHF004 J. C. Willison a

Mycobacterium austroafricanum C6 Jouanneau et al. (2005)

Mycobacterium austroafricanum ATCC 29678 Johnson et al. (2004)

Mycobacterium smegmatis mc2155 Poupin et al. (1999)

Mycobacterium sp. IFP2009 Béguin et al. (2003)

Mycobacterium sp. 6PY1 Krivobok et al. (2003)

Rhodococcus ruber IFP2006 Chauvaux et al. (2001)

Rhodococcus ruber IFP2007 Chauvaux et al. (2001)

Pseudomonas citronellolis ATCC 13674 Fall et al. (1979)

Pseudomonas putida Gpo1 Smith and Hyman (2004)
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with respect to initial 2-EHN supplied. The 2-EHN

biodegradation yield was the ratio of 2-EHN biode-

graded in test flasks to substrate recovered in abiotic

controls.

The net CO2 production was calculated as the

difference between the final quantities of CO2 in

the test flasks and in the hydrocarbon-free flask.

The mineralization extent was the carbon ratio

between the net CO2 produced and the carbon

content of the substrate at the beginning of the

experiment. Mineralization yield was taken as the

carbon ratio between the net CO2 produced and the

substrate consumed.

Strain isolation

Microbial populations enriched in 2-EHN biodegrad-

ers were obtained from 4-week-old subcultures.

Strain isolation was performed on solid medium

composed of the mineral salts solution (Bouchez

et al. 1995) and 15 g l-1 agar. Petri dishes were

incubated at 30�C in sealed jars saturated with

2-EHN vapor as only carbon and energy source.

Isolated strains were then tested in liquid cultures for

their biodegradation capacity, 2-EHN being provided

either through a liquid HMN phase (8 ll of 2-EHN in

0.5 ml of HMN) or a saturated headspace. Microbial

growth was determined by optical density at 580 nm.

Chromatographic analyses

Carbon dioxide was measured with a Girdel Serie 30

chromatograph equipped with a catharometric detec-

tor and a CTRI column (Alltech). The carrier gas was

helium and the column temperature was 60�C. The

injector and detector temperatures were 100�C.

Samples (250 ll) of the headspace gas in culture

flasks were withdrawn with a gas-tight syringe and

injected into the chromatograph for CO2 analysis.

Residual 2-EHN was quantified with a Varian

model 3400 gas chromatograph equipped with a

flame ionization detector and a CP SIL 5CB capillary

column (Chrompack)

(30 m 9 0.25 mm 9 0.25 lm). The carrier gas was

hydrogen. The injector temperature was 250�C. The

detector temperature was 280�C. The column tem-

perature was first set at 100�C and increased to 125�C

at 4�C min-1. Decaline was used as an internal

standard.

Nucleic acid extraction and strain identification

For each strain, genomic DNA was extracted from

the pellet from a 5 ml Tween 80-grown culture

(Solano-Serena et al. 2004).

The 16S rRNA genes were cloned in pCR2.1 TOPO

vector (Invitrogen) using TOPO TA cloning, according

to manufacturer’s instructions. The sequence of the

forward primer F8 was 50-AGAGTTTGATYMTG

GCTCAG-30, and the sequence of the reverse primer

1492R was 50-CGGTTACCTTGTTACGACCT-30

(Grabowski et al. 2005). The 16S rRNA gene was

sequenced by Genome Express. Strains were identified

using Blast on the NCBI server (http://www.ncbi.

nlm.nih.gov/BLAST/). Sequences have been depos-

ited in the GenBank database under accession numbers

EU544515 for strain IFP 14.1 and EU544516 for strain

S5.

Chemicals

The 2-EHN (CAS Number 27247-96-7) and HMN,

were obtained from Sigma Aldrich Chimie (France).

Mineral salts were from VWR (France).

Results and discussion

Because of its hydrophobic nature (log Ko/w of 5.24),

and slight solubility in water (12.6 mg l-1 at 20�C),

2-EHN biodegradability could not be adequately

estimated by the standard Sturm test which has been

designed for freely-soluble substrates of low volatil-

ity (Battersby et al. 1999). As currently performed for

hydrophobic compounds, a NAPL system involving

HMN was used (Bouchez et al. 1995; Garcia-Junco

et al. 2003; Muñoz et al. 2008; Kirkwood et al.

2008). Our preliminary experiments confirmed that

HMN had no toxic effect on microbial cells (Wod-

zinski and Johnson 1968), that it was not

biodegradable (Schaeffer et al 1979) and that it could

prevent 2-EHN toxicity (data not shown).

Biodegradation of 2-EHN by WWTP microbial

populations

As mainly recommended by the current norms on

chemicals (OECD 1992a, 1992b), biodegradability

was determined using activated-sludge as inoculum.

88 Biodegradation (2009) 20:85–94
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Five samples from distinct urban WWTPs on the one

hand and two samples from oil refinery WWTPs on

the other were used. Biodegradation tests were

performed in HMN-containing medium. CO2

released in the flask headspaces was monitored

during incubation until no additional CO2 was

produced. Final CO2 productions by WWTP micro-

bial populations are indicated in Table 2.

Microbial communities from urban WWTPs 1, 4

and 5 exhibited no biodegradation capacity since the

CO2 evolved in test flasks after about four weeks did

not significantly differ from that of 2-EHN-free flasks.

The CO2 productions from the urban WWTPs 2 and 3

showed only a slight mineralization of 2-EHN. Urban

WWTP microbial populations were therefore not

competent for complete 2-EHN-biodegradation

although they had been previously shown to be able

to degrade both diesel oil (Penet et al. 2006) and

gasoline (Solano-Serena et al. 1999). In contrast to

urban WWTP microbial populations, activated-sludge

samples from refinery WWTPs mineralized 2-EHN

significantly, since up to 67% of carbon in the initial

substrate was transformed into CO2. Their efficiency in

2-EHN biodegradation suggested that they might be

composed of microorganisms having the specific

catabolic ability to biodegrade branched hydrocarbons.

Such a peculiar metabolic trait had already been

observed for branched-hydrocarbon biodegradation

(Solano-Serena et al. 2000b).

Biodegradation of 2-EHN by environmental

microbial populations

Various soil samples were used as inocula in order to

assess the distribution of 2-EHN biodegradation activity

in environmental microbial populations. Soil samples

were taken either from uncontaminated (microbial

populations 1–10) or contaminated (microbial popula-

tions 11–18) soils. The tests were performed in HMN-

containing liquid cultures (Table 3).

The amount of recovered 2-EHN in abiotic flasks

was at least 71% of the amount initially supplied.

Considering the volatility of 2-EHN, such an abiotic

recovery value was quite satisfactory. Actually,

abiotic losses were in the same order of magnitude

as those determined for hydrocarbons of low molec-

ular weight (Solano-Serena et al. 2000a) or for diesel

oil (Penet et al. 2006). 2-EHN biodegradation yield

was found to be variable depending on the soil. Five

microbial populations (no. 6, 10, 11, 12, 13) degraded

2-EHN by less than 10%, confirming the partial

recalcitrance of the molecule. A biodegradation yield

higher than 90% was obtained with six microbial

communities (no. 4, 7, 9, 14, 15, 16) which had

previously been shown to extensively degrade diesel

oil (Penet et al. 2006). Among microbial populations

from polluted soils, the most efficient ones were from

diesel-polluted soils. Although the lag phase was

sometimes long, these results confirm the huge and

varied biodegradation capacity of soil microbial

populations toward xenobiotics. The microbial pop-

ulations origin had no influence on the biodegradation

capacity, since competent populations were found

both in polluted and unpolluted soils. In contrast to

gasoline or diesel oil biodegradation (Marchal et al.

2003), soil-exposure to hydrocarbon contaminants

was not compulsory for the microbial population to

acquire 2-EHN-biodegradation capacity.

Selection of 2-EHN biodegraders

In order to enrich microbial populations in 2-EHN

degraders, microbial populations exhibiting biodeg-

radation capacities were sub-cultured in liquid HMN-

containing medium. Because growth of biomass

could not be measured in soil suspensions, subcul-

tures were monitored by following CO2 production in

the headspace (Solano-Serena et al. 2000c). The lag

period decreased with sub-culturing and disappeared

Table 2 CO2 productions from 2-EHN by WWTP microbial

populations

Microbial

population

Incubation

period

(days)

CO2

produceda

(lmol)

Mineralization

extentb (%)

Urban WWTP 1 35 0 0

Urban WWTP 2 35 37 11

Urban WWTP 3 28 8 2

Urban WWTP 4 28 0 0

Urban WWTP 5 28 -3 0

Refinery WWTP 1 49 192 55

Refinery WWTP 2 35 235 67

WWTP: Waste Water Treatment Plant
a Amount of CO2 produced per flask. CO2 production of

substrate-free flasks has been subtracted. Tests were performed

in duplicate for 28 days with 8 ll of 2-EHN, i.e. 351 lmol C

flask-1. Mean value are indicated
b Carbon molar ratio of production CO2 to initial carbon

introduced
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at the third culture (Fig. 2). Similarly, the time

required for maximal CO2 production to occur

decreased from 30 days in the first culture to 12 days

in the fourth. Total CO2 production was also higher in

the fourth culture than in the third indicating a clear

adaptation of the bacterial community.

In order to isolate 2-EHN biodegraders from the last

subcultures, samples were diluted and spread on solid

mineral medium with 2-EHN provided as vapor. After

three transfers on solid medium, thirteen bacterial

colonies were isolated and tested for their growth

capacity on 2-EHN in the HMN-containing liquid

medium. Only one of them (strain IFP14.1) was able to

grow under these conditions. Using this strain, total 2-

EHN biodegradation was observed, the mineralization

yield reaching 40%. Strain isolation from 2-EHN-

Table 3 2-EHN biodegradation by soil microbial populations

Soil Micro-organisms sourcea Incubation

period

(days)

Lag

time(days)

Abiotic

recoveryb

(%)

Biodegradation

yieldc (%)

Mineralization

yieldd (%)

1 Garden 60 18 82 17e 0e

2 Field 75 0 102 43 34

3 Garden 60 n.d. 96 41 5

4 Pine forest 75 10 71 97e 67e

5 Garden 60 22 78 11 41

6 Garden 60 n.d. 74 0 0

7 Vineyard 86 23 99 100 81

8 Forest 60 18 97 27e 86e

9 Garden 71 23 91 102 62

10 Garden 60 n.d. 84 0 0

11 Polluted site (jet fuel, 2.0) 60 8 89 7 75

12 Polluted site (jet fuel, 2.4) 60 29 107 3 100

13 Polluted site (jet fuel, 2.2) 60 n.d. 84 4 0

14 Polluted site (diesel oil, 10.0) 60 17 89 100 74

15 Polluted site (diesel oil, 2.7) 60 35 89 100 59

16 Polluted site (diesel oil, 4.4) 60 8 107 100 68

17 Polluted site (crude oil, 9.0) 47 10 87 17 25

18 Polluted site (crude oil, 10.0) 43 0 108 59 44

Tests were performed in duplicate unless otherwise stated, at 30�C with 8 ll of 2-EHN, i.e. 7.68 mg flask-1

a Pollution type and amounts of contaminating hydrocarbons in g per kg of soil dry weight are indicated between parentheses
b 2-EHN recovered in the abiotic flasks with respect to initial 2-EHN supplied
c Calculated as the ratio of the amount of substrate biodegraded in test flasks to the amounts of recovered substrate in the abiotic

controls
d Carbon molar ratio of production CO2 to biodegraded substrate
e Only one test was performed

n.d., Not determined
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Fig. 2 Kinetics of CO2 production for 2-EHN-free (d), first

(j), second (D), third (O) and fourth (h) cultures from soil

sample 14 Cultures were incubated at 30�C, with HMN. Flasks

contained 8 ll of 2-EHN, i.e. 351 lmol C flask-1
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degrading microbial populations was therefore rather

complex, probably because of the cooperative pro-

cesses prevailing in the microbial communities. A

similar difficulty in strain isolation was encountered

for cyclohexane and complete biodegradation could

only be obtained using strain association (Beam and

Perry 1974; Solano-Serena et al. 2000a).

The thirteen strains isolated on solid medium were

able to form colonies, which however indicates that

they could use 2-EHN as a growth substrate when

supplied as vapor phase. Thus, liquid cultures with 2-

EHN provided in the gas phase were performed. Only

two isolates were able to produce minor CO2 amounts

in these conditions (Table 4), which were identified

as Aurantimonas altamirensis and Mycobacterium

sp., respectively, by 16S rRNA gene analysis.

Biodegradation of 2-EHN by pure strains

Since strain isolation was not really successful, various

hydrocarbon-degrading-microorganisms from strain

collections were tested for their 2-EHN biodegradation

capacity in liquid cultures. As 2-EHN is an ethyl-

substituted ester, strains with capacities in branched-

alkane biodegradation were chosen. These mainly

belonged to the Corynebacterium-Mycobacterium-

Nocardia (CMN) group. Other strains tested included

P. putida Gpo1, harboring a non hemic system of

alkane hydroxylation (van Beilen et al. 2003), and

P. citronellolis ATCC 13674, a strain capable of

branched-alkane biodegradation (Fall et al. 1979;

Bhattacharya et al. 2003). The kinetics of 2-EHN

mineralization was monitored over 28 days. As

already noted for soil microbial populations, values

of abiotic recovery were satisfactory and reached at

least 70% of the initial substrate (data not shown).

From the CO2 evolved and the substrate consumed in

tests, biodegradation and mineralization yields were

calculated (Fig. 3). Mineralization was not calculated

when the biodegradation yield was below 10%, i.e. for

seven strains. Only one strain not belonging to M.

austroafricanum was able to significantly degrade and

mineralize 2-EHN (R. ruber IFP2007). For nine strains

of M. austroafricanum, the biodegradation yield was

over 90%. With M. austroafricanum C6, IFP2154 and

Spyr_Ge_1, mineralization yields were close to 50%.

Table 4 Mineralization of 2-EHN by two isolated strains

Strain CO2 produceda (lmol) Growth (O.D.580 nm)

2-EHN free flask Test flask 2-EHN free flask Test flask

Mycobacterium sp. S5 0.23 4.67 0.010 0.230

Aurantimonas altamirensis IFP14.1 0.00 1.16 0.001 0.217

a Amount of CO2 produced per flask after 4 days
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Fig. 3 Biodegradation

(open bar) and mineralization

(grey bar) yields for 17

specific axenic bacterial

strains The biodegradation

test was performed at 30�C

for 28 days, with 5 ll of 2-

EHN, i.e. 219 lmol C

flask-1. Calculated as the

ratio of the amount of

substrate biodegraded in test

flasks to the amount of

recovered substrate in the

abiotic controls. Test was

performed in triplicate.

Carbon molar ratio of CO2

production to biodegraded

substrate. Test was

performed in triplicate
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Considering that a significant fraction of the carbon

source was used to produce cell biomass, it could be

inferred that little or no intermediary metabolites

accumulated during growth. In contrast, M. austroaf-

ricanum IFP2012, IFP2015, IFP2173 and IFP2138

displayed mineralization yields close to 30%, suggest-

ing that metabolite accumulation occurred. Only one

strain of M. austroafricanum displayed no biodegra-

dation capacity (M. austroafricanum ATCC29678,

formerly M. vaccae JOB5).

In fact, M. austroafricanum belongs to the fast-

growing Mycobacteria group, which forms a coherent

phylogenetic branch clearly separated from the slow-

growing Mycobacteria. The fast-growing Mycobacte-

ria can be readily isolated from environmental samples

and their biodegradation capacities for various hydro-

carbons such as mono- (Tay et al. 1998) and poly-

(Leys et al. 2005) aromatic hydrocarbons, linear,

branched (Solano-Serena et al. 2000a) and cyclic

(Beam and Perry 1973; Bogan et al. 2003) alkanes,

methyl tert-butyl ether (MTBE) and ethyl tert-butyl

ether (Francois et al. 2002; Lopes Ferreira et al. 2006)

have clearly been demonstrated. Hydrocarbon uptake

is favored by the high hydrophobicity of the cell wall

composed of large amounts of C60–C90 mycolic acids,

contributing up to 60% of the cell wall (Brennan and

Nikaido 1995). The mycolic acid profile in the CMNs

depends on the carbon source and influences the

selectivity of uptake and transport of alkanes (So-

kolovska et al. 2003). Among Gram-positive bacteria,

the huge flexibility of Mycobacteria in terms of both

metabolism and cell wall structure certainly explains

their capacity for 2-EHN biodegradation.

Conclusion

Although 2-EHN is a large-scale commodity that can

be considered as a potential pollutant for soils and

aquifers, little information on its biodegradability is

available. According to the standard procedure of

CO2 Headspace Test (ATC 2006), 2-EHN was

considered as being not readily biodegradable. In

the present study, the biodegradability of 2-EHN was

demonstrated. This was achieved using a NAPL

system involving HMN or silicone oil (data not

shown) and microbial communities derived from

refinery WWTPs. HMN addition to culture system

could remove the inhibition resulting from substrate

excess by gradually releasing 2-EHN into aqueous

phase as it was consumed.

Biodegradation capacities of 2-EHN were not

extensively distributed among microbial populations,

since only refinery WWTP microbial populations and

some of the soil microbial populations were able to

degrade 2-EHN. This molecule has a branched struc-

ture, the biodegradation of which probably requires

particular microorganisms harbouring specific path-

ways such as the so-called citronellol pathway which

removes anteiso methyl groups of branched alkanes

(Fall et al. 1979). The hydrocarbon contaminations

might enrich microbial populations with degraders, but

exposure duration to contaminant had to be long

enough for giving the opportunity for the microbial

population to adapt to degrade xenobiotic, as already

suggested for MTBE (Moreels et al. 2004).

Several microbial populations were able to

degrade 2-EHN. Strains isolation from microbial

populations was, however, quite difficult, as it was

for the biodegradation of gasoline additives such as

MTBE (Francois et al. 2002, Rohwerder et al. 2006).

Only two isolates utilized 2-EHN when provided in

the vapor phase and only one isolate grew slightly

under the conditions of our standard liquid test. In

fact, complex microbial communities appeared to be

efficient for 2-EHN biodegradation, probably because

of the commensalisms phenomenon existing between

microorganisms of the population. Some intermedi-

ary metabolites might be produced by biodegraders

with limited biodegradation capacities. Accumulated

metabolites can then serve as carbon sources for other

organisms, allowing extensive mineralization of the

substrate by complex microbial population.

Most strains of M. austroafricanum were found

capable of extensive 2-EHN biodegradation. These

findings actually highlight the great versatility of

those strains for the biodegradation of hydrophobic

compounds to which 2-EHN belongs.
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