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An environmental isolate Comamonas testosteroni RF2 has been previously described to cometabolize
trichloroethene (TCE), 1,2-cis-dichloroethene (cDCE), 1,2-trans-dichloroethene (tDCE), and 1,1-
dichloroethene (1,1DCE) when grown on phenol and lactate sodium. In this study, three vinyl chloride
(VC) degrading strains, Mycobacterium aurum L1, Pseudomonas putida PS, and Rhodococcus ruber Sm-1
were used to form consortia with the strain RF2 in terms to achieve the removal of VC along with
above-mentioned chloroethenes. Degradation assays were performed for a binary mixture of cDCE and
VC as well as for a mixture of TCE, all DCEs and VC. The consortium composed of C. testosteroni RF2 and
M. aurum L1 showed to be the most efficient towards the removal of cDCE (6.01 mg L�1) in the binary
mixture with VC (10 mg L�1) and was capable of efficiently removing chloroethenes in the mixture
sample at the initial concentrations of 116 mg L�1 for TCE, 662 mg L�1 for cDCE, 42 mg L�1 for tDCE,
16 mg L�1 for 1,1DCE, and 7 mg L�1 for VC with a removal efficiency of nearly 100% for all of the com-
pounds. Although complete removal of VC took a significantly longer time than the removal of other
chloroethenes, the consortium composed of C. testosteroni RF2 and M. aurum L1 displayed strong
bioremediation potential for aquifers with downstream contamination characterized by the presence of
less chlorinated ethenes.
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1. Introduction

Due to a range of different industrial activities, chlorinated
ethenes are among the most common groundwater contaminants
worldwide (Nishino et al., 2013). In general, despite the toxic nature
ining aerobic degradation of chloroethenes mixture in consortium
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and persistence of chloroethenes, these xenobiotics are subject to
various microbial degradations under certain conditions. Tetra-
chloroethene (PCE) and trichloroethene (TCE) can be readily
reduced to less chlorinated ethenes under anaerobic conditions by
bacteria in the genera Dehalobacter (Holliger et al., 1998), Dehalo-
spirillum (Neumann et al., 1996) andDehalococcoides (Fletcher et al.,
2008). Although some Dehalococcoides (Maymo-Gatell et al., 1999;
Ismaeil et al., 2017) and Propionibacterium (Chang et al., 2011)
species were reported to be able to reduce PCE up to ethene, the
tendency of chloroethenes to undergo reductive dechlorination
decreases with a decreasing number of chlorine substituents
(Tiehm and Schmidt, 2011). Hence, significant accumulation of 1,2-
cis-dichloroethene (cDCE) and vinyl chloride (VC) downstream of
reductive dechlorination is a major issue at many sites contami-
nated by PCE and TCE (Cupples et al., 2004). Among others, to a
lesser extent, the process can lead to the formation of 1,2-trans-
dichlorothene (tDCE) and 1,1DCE that along with cDCE and VC form
persistent contamination plumes (Zhao et al., 2010; Tiehm and
Schmidt, 2011).

Conversely to PCE, less chlorinated ethenes are more susceptible
to microbial degradation under aerobic conditions (Mattes et al.,
2010). In fact, plenty of bacteria can degrade such chloroethenes
utilizing cometabolic or metabolic pathways under aerobic condi-
tions; many of which were thoroughly reviewed by Dolinova et al.
(2017). Cometabolic processes are applicable for degradation of a
whole range of chloroethenes except for PCE that is broadly
considered as non-biodegradable under aerobic conditions
although its degradation by Pseudomonas stutzeri OX1 was
described by Ryoo et al. (2000). In comparison, metabolic degra-
dation, also known as direct oxidation, is restricted to VC (Gossett,
2010; Jin et al., 2010), cDCE (Jennings et al., 2009; Cloelle et al.,
2010; Schmidt et al., 2010), and rarely tDCE (Olaniran et al.,
2008). Furthermore, metabolic degradation of DCEs might be
affected by other chloroethenes, as found in the study of Zhao et al.
(2010), where cDCE degradation by an enrichment culture was
significantly slowed down in samples containing a mixture of
chloroethenes. On the other hand, in the case of VC, a metabolic
pathway is believed to be a more efficient process for removing the
compound compared to aerobic cometabolism (Frascari et al.,
2015). Hence, the combination of bacterial direct oxidation of VC
and cometabolism of TCE along with all DCEs offers an interesting
clean-up strategy for certain aquifers characterized by a down-
stream accumulation of less chlorinated ethenes.

While field application of aerobic cometabolism at sites
contaminated by chlorinated ethenes has been thoroughly inves-
tigated using either biostimulation or bioaugmentation as a
bioremediation approach (Steffan et al., 1999; Frascari et al., 2015),
direct bacterial oxidation of the same has been investigated only
under laboratory conditions (Hartmans et al., 1985; Verce et al.,
2000; Tiehm et al., 2008). Most of the field studies have focused
on stimulating the aerobic cometabolism in autochthonous mi-
crobial populations applying different growth substrates along
with various sources of oxygen. Out of these studies, the most
significant results were obtained when applying methane
(Semprini et al., 1990; Kim et al., 2008), phenol (Hopkins et al.,
1993), toluene (Hopkins and McCarty, 1995), and propane (Kim
et al., 2008) as primary substrates. In particular, using phenol as a
biostimulative agent has shown to be an effective strategy to
remove the contaminants. Hopkins et al. (1993) accomplished re-
movals of TCE (45 mg L�1, >90%) and cDCE (45 mg L�1, >90%) by
stimulating phenol utilizing microorganism in a shallow confined
aquifer with phenol and oxygen. Furthermore, the subsequent
study at the same site showed a high degradation capacity of
phenol utilizing microorganisms towards a mixture of chlor-
oethenes, intentionally introduced into the aquifer (Hopkins and
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McCarty, 1995). The study described rapid removals of TCE
(250 mg L�1, >90%); cDCE (125 mg L�1,>90%); tDCE (125 mg L�1, 74%);
1,1DCE (65 mg L�1, 50%); and VC (60 mg L�1, 98%). Hence, the site
application of phenol as well-soluble, non-volatile, biostimulative
agent showed to be highly efficient for the removal of a wide range
of chloroethenes.

However, a treated site may lack autochthonous strains capable
of such process, which can be overcome by pregrown microbial
inoculum, preferably strain(s) possessing degrading capacity to-
wards several chloroethenes. Nevertheless, until now, no study has
described bioaugmentation of aquifers contaminated by chlori-
nated ethenes using pregrown phenol utilizing inoculum, pre-
sumably due to a lack of data available from laboratory
experiments.

A prime candidate for a field applicationmay be phenol utilizing
strain Comamonas testosteroni RF2, which was described to effi-
ciently degrade TCE, cDCE, tDCE, and 1,1DCE in mixed samples
under laboratory conditions (Zalesak et al., 2017). Although the
study showed that strain RF2was fully incapable of VC degradation,
the compound did not influence cometabolic degradation of cDCE
by the strain. Thus, based on these promising findings, we decided
to design a bacterial consortium degrading TCE, cDCE, tDCE, 1,1DCE,
and VC under laboratory conditions, and we investigated three
different consortia, each composed of phenol utilizing strain RF2
along with one of the VC degrading strains, specifically Mycobac-
terium aurum L1, Pseudomonas putida PS and Rhodococcus ruber Sm-
1, which were purchased from German Collection of Microorgan-
isms and Cell Cultures (DSMZ); these strains represent VC de-
graders well available for the whole scientific community. Whereas
M. aurum L1 was described to degrade VC metabolically (Hartmans
et al., 1985), other two strains, R. ruber Sm-1 (Phelps et al., 1991) and
P. putida PS (Castro et al., 1992), were described to degrade VC
cometabolically. The diversity of these strains allows us to assess
the most suitable strain for the purposes of this study.

2. Materials and methods

2.1. Chemicals and nutrient agars

TCE (99%), cDCE (99.1%), tDCE (99.7%), 1,1DCE (99.9%), VC
(99.5%), and sodium lactate were obtained from Sigma-Aldrich.
Ordinary chemicals were purchased from local suppliers.

The composition of a mineral salt medium (MSM, pH 7.4) was
identical to our previous study (Zalesak et al., 2017).

Tryptone yeast extract agar (TYA), Reasoner’s 2A agar (R2A, both
Himedia), and Middlebrook agar were used as solid growth media.
Middlebrook agar was prepared according to a guideline published
by DSMZ that is available online.

2.2. Description of strains

Comamonas testosteroni RF2 was isolated earlier from activated
sludge fed by phenol. It is deposited in the Czech Collection of
Microorganisms under the catalogue number CCM 7350.

Mycobacterium aurum DSM-6695, Pseudomonas putida DSM-
7189, and Rhodococcus ruber DSM-7511 were purchased from
DSMZ.

M. aurum DSM-6695 was isolated from contaminated soil in
Arnhem, Netherlands, and designated as M. aurum L1 (Hartmans
et al., 1985). It is an aerobic strain with an optimum growth tem-
perature of 28 �C; it utilizes ethene and vinyl chloride as the only
carbon and energy source.

P. putida DSM-7189 was isolated from a sample of soil collected
in California, USA, and designated as P. putida PS (Castro and Belser,
1990). It is an aerobic strain with an optimum growth temperature



Table 1
Utilization of carbon sources by the strains.

Strain Carbon source (200 mg L�1)

Benzoate sodium 3-chloropropan-1-ol Phenol

C. testosteroni RF2 þþ þ þþ
R. ruber Sm-1 þþ e þþ
P. putida PS N þþ þ
M. aurum L1 N N e

MSM þ carbon source e e e

N: not tested; (�) no growth, OD600 < 0.02; (þ) slight growth, OD600 0.07e0.09.
(þþ) significant growth, OD600 0.13e0.15.
Initial and final levels of inoculated blanks (MSM þ each inoculum): OD600 < 0.02.
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of 28 �C, which utilizes 3-chloropropan-1-ol and chlor-
oallylalcohols as its carbon sources. The resting cells of the strain
previously grown on the above-listed sources are capable of vinyl
chloride mineralization (Castro et al., 1992).

R. ruber DSM-7511 was isolated from contaminated subsurface
sediments at the Savannah River Site in the USA and designated as
R. ruber Sm-1 (Phelps et al., 1991). It is an aerobic strain with an
optimum growth temperature of 25 �C, which utilizes a variety of
alkanes, benzene, toluene, phenol, benzoate, naphthalene or
biphenyl as its sole carbon source. Further, it degrades comet-
abolically VC, TCE, and other chlorinated aliphatic compounds
(Malachowsky et al., 1994).

Original designations of all strains are used throughout the
study.

2.3. Growth conditions

The strain RF2 was routinely grown on TYA plates enriched with
phenol (200 mg L�1) for three days. M. aurum L1 was cultivated
either onto theMiddlebrook or R2A agar for twoweeks; P. putida PS
and R. ruber Sm-1 were cultivated on R2A agar for three days. All
the strains were incubated at 25 �C. Grown bacterial cells were
harvested and dispersed in sterile saline to obtain the cell density
108 CFU mL�1, and finally utilized in degradation assays.

2.4. Growth of bacterial strains on carbon sources

The tests were performed in 40 mL sterile glass vials sealed with
sterile (UV irradiated) gas-tight septum caps (Wheaton). Each vial
contained 10 mL of MSM, a cell suspension (10 mL), and an appro-
priate carbon source: sodium benzoate, phenol, or 3-chloropropan-
1-ol (200 mg L�1). Prepared samples were incubated either for 3
days (strains RF2, P. putida PS, and R. ruber Sm-1) or 14 days
(M. aurum L1) as described for degradation assays, and bacterial
growth was monitored by the optical density at 600 nm (OD600)
measurements: the portions of 200 mL were pipetted into three
wells of a microplate and measured using TECAN SUNRISE spec-
trophotometer. Blank tests (MSM with carbon source and
MSM þ inoculum) were performed in parallel.

2.5. Degradation assays

All degradation assays were performed as previously described
by Zalesak et al. (2017). Shortly, experiments were conducted in
40 mL glass vials in quadruplicates for each sampling time, in
addition to which abiotic blanks were always carried out. Each vial
contained 10 mL of MSM, cell suspension of selected strains (each
10 mL), 200mg L�1 of appropriate carbon source (described in detail
in Table 2), and different concentrations of chloroethenes, the latter
being added as methanolic solutions. Samples were not further
enriched in the course of incubation. The concentrations of TCE and
all DCEs listed are intended as actual concentrations in the liquid
phase, whilst concentrations of VC are intended as “all in the liquid
phase”.

Degradation assays were performed in three series. (1) In the
first series, three different consortia were tested for their ability to
degrade cDCE (6.09 mg L-1) in the presence of VC (10 mg L�1). (2)
The second series investigated a degradation course of TCE
(115.7 mg L�1), all DCEs (662 mg L�1 of cDCE; 42.01 mg L�1 of tDCE;
16.02 mg L�1 of 1,1DCE), and VC (7 mg L�1) in mixed samples by a
consortium composed of strain RF2 and M. aurum L1. (3) The third
series examined the course of degradation of TCE (117.2 mg L�1),
cDCE (671 mg L�1), tDCE (44.09 mg L �1), and 1,1DCE (16.13 mg L�1) by
the strain RF2 alone.
3

2.6. Analytical methods

Each sample was taken by gas-tight syringe through a septum
and each vial was used for one measurement only. TCE and DCEs
were extracted by the Purge and Trap method (Teckmar LSC 2000)
and monitored on a Hewlett Packard 5890 Series II GC device
equipped with a Quadrex capillary column (Methyl phenyl cyano-
propyl silicone) at 29.87 m in length, 0.53 mm (inner diameter) and
3 mm in film thickness, supplemented with an electron-capture
detector (ECD), as previously described (Zalesak et al., 2017). The
oven temperature was set at 30 �C min�1, up to a maximum of
150 �C, and maintained until all the compounds had eluted.

The loss of VC during the tests was monitored in a gas phase
using GC-MS Shimadzu QP-2010 equippedwith the Equity-1 (30m,
0.32 mm, 1 mm) column, and He as carrier gas at constant linear
velocity (58.8 cm s�1) was used; GC method: 40 �C/10 min,
20 �C min�1 to 250 �C, hold for 14.5 min, IS 200 �C/70 eV; MS
method: acquisitionwas started at 0.41 min and twomass-selected
ions were detected (SIM mode). Propane-2-ol (IPA) was used as an
internal standard and typical ion m/z 62 and 45 were selected as
characteristic ions for VC and IPA, respectively. This approach
enabled unambiguous observation of two peaks with no interfer-
ence with other compounds, which were present in the sample
(other chloroethenes and degradation intermediates). The SIM
mode was stopped at 4.99 min and the full-scan mode was applied
for the residual time of the analysis (m/z 40e450).

3. Results

3.1. Utilization of carbon sources by VC degrading strains and strain
RF2

VC degrading strains along with strain RF2 were examined for
their ability to utilize benzoate sodium, 3-chloropropan-1-ol, and
phenol as carbon sources in terms to find out a potential compe-
tition between strain RF2 and each of the VC degrading strains for
these carbon sources; the results are shown in Table 1.

The results in Table 1 confirmed the suitability of benzoate so-
dium and 3-chloropropan-1-ol for the growth of R. ruber Sm-1 and
P. putida PS, respectively. Also, strain RF2 could utilize both com-
pounds, particularly benzoate sodium was found as a suitable
growth substrate. Further tests with phenol showed that while the
R. ruber Sm-1 efficiently utilized the compound, P. putida PS could
utilize phenol only slightly. Finally,M. aurum L1 showed no signs of
growth on phenol.

3.2. cDCE degradation by three consortia in the presence of VC

Being the predominant chloroethene at many sites affected by
chlorinated solvents, cDCE, the compound previously found to be
efficiently degraded by the strain RF2, was chosen for the first series



Fig. 1. Degradation curves of cDCE in the presence of VC by three consortia; (B)
C. testosteroni RF2 þ M. aurum L1; (,) C. testosteroni RF2 þ P. putida PS; (D) C. tes-
tosteroni RF2 þ R. ruber Sm-1; (£) abiotic blank.
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of assays examining cDCE degradation in a binary mixture with VC.
The assay aimed to investigate the influence of each VC degrading
strain and VC itself (10 mg L�1) on degradation course of cDCE
(6.09 mg L�1) by strain RF2. The assays were performed with three
bacterial consortia, each composed of the strain RF2 and one of the
VC degrading strains. The carbon sources used for the growth of
strains were selected on the base of the preliminary growth tests as
well as the findings of the previous work (Zalesak et al., 2017)
examining cometabolic degradation of TCE and DCEs by the strain
RF2 (Table 2). The results of the degradation courses of cDCE in the
three consortia over a course of 8 days are given in Fig. 1.

Although the results showed that cDCE in a binary mixture with
VC was efficiently degraded in all three consortia, the degradation
courses differed in each consortium as seen in Fig. 1. Whereas a
complete removal of cDCE in consortium containing M. aurum L1
occurred within 4 days of the assay, the removal of the compound
in consortia comprising R. ruber Sm-1 or P. putida PS took 6 days.
Owing to the fastest removal of cDCE in a consortium containing
M. aurum L1, the consortium was chosen for main degradation
assays aiming to examine its degradation potential towards a
mixture of chloroethenes.
3.3. Degradation of TCE, DCEs and VC in a mixed sample

Degradations of TCE, all DCEs, and VC in mixed samples by a
consortium composed of the strain RF2 and M. aurum L1 were
examined. The composition of the mixture and the chloroethene
concentrations were chosen to simulate a groundwater contami-
nation plume with cDCE as a predominant intermediate of TCE
anaerobic dehalogenation. Additionally, the oddly high concentra-
tion of VC, in the context of the other chloroethenes within the
mixture, was intentionally applied in terms to investigate its in-
fluence on degradation efficiency of strain RF2 towards TCE and
DCEs as well as to examine degradation capacity of M. aurum L1
towards VC in the mixture. The assay lasted 21 days and its course
over time is shown in Fig. 2 A,B.

In parallel, degradation of TCE and all DCEs in another mixture
was studied in the strain RF2 alone, i.e. without applying VC and
M. aurum L1. The comparison of the two tests aimed to examine the
influence of VC and its degradation products on the degradation of
TCE and DCEs in the strain RF2. The parallel assay lasted 6 days and
the results are given in Fig. 2C.

While Fig. 2 A shows the percentage removal of highly volatile
VC (7mg L�1), Fig. 2 B tracks the decrease in concentrations of other
chloroethenes within the same mixture. In general, all chlor-
oethenes were completely degraded at the end of the assay.
Whereas cDCE (662 mg L�1) and 1,1DCE (16.02 mg L�1) were fully
removed within the first 2 days of the assay, the removal of TCE
(115.7 mg L�1) took 3 days. Furthermore, tDCE (42.01 mg L�1) was
significantly degraded after two-days lasting lag phase and its
complete degradation was accomplished during the last three days
of the assay. In contrast, despite the rapid percentage removal of VC
in the first two days of the assay, its complete degradation required
a significantly longer time and was achieved after 21 days. The
substantial decrease in removal rate of VC, observed between days
2 and 7, when only 4.32% of the compound was removed, was the
significant phenomenon of the process. Here, the production of a
Table 2
Designed consortia and applied carbon sources used for degradation of cDCE in presenc

Consortium RF2 þ R. ruber Sm-1 RF2 þ P. put

Carbon source(s) phenol (200 mg L�1) phenol (150
3-chloropro
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toxic intermediate chlorooxiranemight be the possible cause of the
temporary slowdown in the degradation rate of the compound that
is discussed further in the paper.

Interestingly, the parallel assay showed that RF2 alone
completely removed TCE and all DCEs one day faster than the
consortium composed of the strain RF2 and M. aurum L1 in pres-
ence of VC (Fig. 2C). In detail to the parallel test, despite the
significantly higher concentration of cDCE (671 mg L�1) compared to
other chloroethenes in the mixture, the removal of the compound
along with 1,1DCE (16.13 mg L�1) lasted just 1 day, whilst degra-
dation of TCE (117.2 mg L�1) took 2 days. tDCE (44.09 mg L�1) was
nearly fully degraded in 3 days; after that, it showed only trace
amounts in GC-ECD chromatograms.

The efficient removals of TCE and DCEs by both the consortium
(Fig. 2 B) and RF2 alone (Fig. 2C) was fostered by abiotic blanks in
which no or negligible reductions in TCE and DCEs concentrations
were observed (data not shown for simplicity).
4. Discussion

The results of this study demonstrated high degradation effi-
ciency of the consortium composed of C. testosteroni RF2 and
M. aurum L1 towards a mixture of chloroethenes containing TCE, all
DCEs, and VC. Further, the study showed that M. aurum L1 did not
utilize phenol for the growth (Table 1) and thus it could not
compete with strain RF2 for the carbon source fundamentally. On
the contrary, P. putida PS or R. ruber Sm-1, growing on 3-
chloropropan-1-ol or benzoate sodium, respectively, could poten-
tially compete for these carbon sources with strain RF2 that was
proven to utilize both compounds (Table 1).

Possible interactions between each VC degrading strain and
strain RF2 as well as the effects of VC on degradation efficiency of
cDCE in strain RF2 were firstly evaluated in samples containing a
binary mixture of cDCE and VC, inoculated with three designed
consortia listed in Table 2. Results showed that cDCE (6.09 mg L�1)
e of VC.

ida PS RF2 þ M. aurum L1

mg L�1)
pan-1-ol (50 mg L�1)

phenol (100 mg L�1) lactate (100 mg L�1)



Fig. 2. A,B: Degradation curves of TCE, all DCEs, and VC in a mixed sample by a con-
sortium composed of C. testosteroni RF2 and M. aurum L1; Fig. 2. C: Degradation curves
of TCE and all DCEs in a mixed sample by C. testosteroni RF2 alone; (,) TCE; (C) cDCE;
(B) tDCE; (◊) 1,1DCE; (D) VC; (£) abiotic blank.
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was completely removed in all three consortia, however, its
degradation courses differed in each consortium (Fig. 1). The fastest
removal of cDCE lasted four days and was seen in a consortium
containing M. aurum L1. This result was accompanied with the
rapid production of 2,2-dichloracetaldehyde, described as the first
intermediate of cDCE transformation in strain RF2 (Zalesak et al.,
2017), which was clearly recorded on all chromatograms between
the second and eighth day of the assay (data not shown). In
5

comparison, complete removal of the same amount of cDCE in
consortia containing either P. putida PS or R. ruber Sm-1 took two
days longer and the initial production of 2,2-dichloracetaldehyde
was less rapid. This phenomenon was particularly distinct in the
consortium encompassing R. ruber Sm-1, where 2,2-
dichloracetaldehyde was recorded no earlier than the fourth day
of the assay. Such a result may be due to initial inhibition of cDCE
degradation by higher phenol concentration (200 mg L�1) applied
for supplying both members of the consortium. Thus, findings of
the first degradation series indicated that the consortium
composed of strain RF2 and M. aurum L1 forms the most suitable
tool for removal of chloroethenes in mixed samples.

Indeed, the consortium could efficiently remove TCE, all DCEs,
and VC in the mixture sample (Fig. 2A and B). However, despite the
initial rapid degradation of VC, complete removal of the compound
lasted 21 days. On the contrary, the consortium was able to
completely remove other chloroethenes within 2e6 days. Longer
degradation time of VC resulted from a temporary slowdown in its
degradation course that occurred between the third and seventh
day of the assay. This could be explained by the temporary pro-
duction of chlorooxirane during the initial rapid degradation phase
of VC, described by Hartmans and de Bont (1992). Although
chlorooxirane may be further transformed by epoxyalkane coen-
zyme M transferase (Coleman and Spain, 2003), it may also be
partially released from the cells of M. aurum L1 in the course of VC
degradation (Hartmans and de Bont, 1992) and eventually affect
other microbial processes. Hence, in the parallel test, cometabolic
degradation of mixed samples containing TCE and all DCEs was
examined in strain RF2 alone. Here it was found that the bacterium
fully removed all the compounds in themixture one day faster than
the consortium in the previous test (compare Fig. 2B and C). The
findings from both degradation tests suggest that chlorooxirane not
only affected VC degradation but also influenced the removal rate
of other chloroethenes in the strain RF2. Besides, further reasons for
the observed temporary slowdown of the VC degradation might
exist, such as the influence of TCE-epoxide and DCE-epoxides,
which could be formed during the cometabolic degradation of
chloroethenes by the strain RF2. Especially 1,1DCE-epoxide, a
transformation intermediate of 1,1DCE, was found to be strongly
reactive and often causing the death of microbial cells (Forkert,
1999). However, some bacteria can break down a certain propor-
tion of this compound without adversely affecting their cells (Verce
et al., 2001). Thus, it might be hypothesized that dissipation of TCE-
epoxide, DCE-epoxides, and possibly other intermediates, in
particular 2,2-dichloroacetaldehyde that showed its peak in the
sixth day of the assay (data not shown), could lead in the restoring
of VC degradation observed after the seventh day of the assay (Fig. 2
A).

Among others, although resting cells ofM. aurum L1were earlier
described to partially degrade all three DCEs (Hartmans and de
Bont, 1992), the results of this study did not show any contribu-
tion of the strain towards the removal of DCEs under growing
condition, as the complete removal of the compounds in strain RF2
alone was notably faster than in the consortium (Fig. 2B and C).

Finally, despite the degradation of chloroethenes in the mixture
by the consortium composed of C. testosteroni RF2 andM. aurum L1
involves a complex of processes potentially influencing degradation
rate of the compounds, the two strains proved substantial suit-
ability for bioremediation applications at sites characterized by the
occurrence of less chlorinated ethenes.

5. Conclusions

The results of this study showed that consortium composed of
C. testosteroni RF2 and M. aurum L1 can degrade TCE, all DCEs, and
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VC in a mixture sample. Each strain in the consortium played a
crucial role in the removal of certain chloroethenes within the
mixture.While TCE and DCEswere primarily degraded by the strain
RF2, the degradation of VC was exclusively ensured byM. aurum L1.
Removal of chloroethenes was accomplished by a combination of
aerobic cometabolism of TCE and DCEs along with metabolic
degradation of VC, which makes it an interesting option for in-situ
bioaugmentation downgradient of reductive dechlorination pro-
cess commonly characterized by the accumulation of cDCE, VC, and
residual TCE.
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