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Abstract. The objective of the study was to investigate composted biogas digestate as a suitable carrier
for the microorganisms to be used in bioremediation of petroleum hydrocarbon contaminated soils. The
survival kinetics of alkane-degrading microorganisms was examined in microcosm experiments by two
means: measuring the number of colony forming units and their ability to produce CO, from alkanes. The
viability of the cells of Rhodococcus strains in the compost lasted longer than those of the tested
Brevundimonas, Chryseobacterium, Pseudomonas strains. The decimal reduction time (D-value) used to
express the survival of the microorganisms depended on their cell structure and biological features. Their
survival was also affected by some abiotic factors: higher temperature (26 °C) decreased the survival of
the microbes while the addition of burned perlite to the compost medium increased it. All of the tested
microorganisms were able to use diesel oil as a sole carbon source both in the pure, unamended compost
and in the compost-perlite mixture. Moreover, the addition of perlite increased the alkane-degrading
activity for the tested Rhodococcus and fungal strains. These results indicate that biogas digestate
composts can be suitable carriers for microorganisms used in bioremediation.
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Introduction

During the composting processes (mainly in their thermophilic phase), the majority
of the starting organic materials become degraded due to microbial activity, pathogens
and parasites perish as a consequence of the high temperature. Humus materials
developing in the course of oxidative reconstruction can be utilized only minimally by
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microorganisms, and their chemical structure becomes stable during the maturation
phase (de Bertoldi et al., 1983; Haug, 1993). The composts control the inner microbial
populations due to a permanent antimicrobial effect. The level and the ratio of the
different microbial populations in the chemically stable compost are determined by the
different reduction of their survival abilities. The amount of microorganisms belonging
to different species and taxa is stabilized at various levels. Autochthonous
microorganism species are permanently present in compost media. However, the
majority of the microorganisms found in the environment, and even those that play a
role in the initial phase of composting belonging to allochthonous species, cannot be
detected in matured compost (Insam and de Bertoldi, 2007). The composts originated
from traditional starting materials (communal solid wastes, agricultural/horticultural
wastes) do not contain pathogens or parasites. Moreover, they resist secondary
colonization by these organisms. On the other hand, they are not suitable for making the
carrier material of microbes for storage and inoculation. Meanwhile, the demand for
soil-compatible organic carrier materials has been growing in numerous soil-
bioremediation areas.

Biogas digestate, a by-product of anaerobic fermentation, is extremely rich in
nitrogen and is microbiologically stable (Elfering et al., 1998; Maurer and Mueller,
2012). Its direct agricultural use as fertilizer is widespread, especially in the European
Union where the amount of biomass degraded anaerobically exceeds 1500 million tons
per year (Weiland, 2010). Recently, digestate can be composted in order to remove
compounds that are chemically harmful or hygienically unacceptable for human and the
environment (Bustamante et al., 2012; Philipp and Hoelzle, 2012; Walker et al., 2009).
These composts may contain some advantageous residual components, such as
stabilizing colloidal factors of biogas digestate but they have not been tested for their
effect on allochthonous microorganisms.

The group of microorganisms that are able to degrade alkanes is extremely diverse.
Bacterial species belonging to various divisions and fungal species belonging to various
taxa can assimilate alkanes as sole carbon source (Das and Chandran, 2010). The
quantitative relation of microbial population is markedly influenced by temperature
among the physical factors (Farrell and Rose, 1967). The viability of steady-state cells
decreases at higher temperature. The integrity of cell membrane can be protected by
some inorganic materials with large surfaces, porous and chemically indifferent
structures, the application of burnt silica rocks. Recently, perlite became particularly
well-known in the field of maintenance of bacterial cells (Daza et al, 2000). Perlite may
also be suitable for the extension of the viability of fungal cells (Homolka et al., 2007,
Homolka and Lisa, 2008).

The objective of this study was to determine the effect of the compost processed
from biogas digestate sourced from the mixture of mycelium residue of oyster
mushroom production and swine slurry on the survival of alkane degrading
microorganisms belonging to different groups. The survival of microbes was followed
not only by direct testing of their activity but also by re-culturing their living cells. The
cell quantity of alkane degrading microorganism was compared at room temperature
and at a lower, storing temperature in the presence or absence of perlite.
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Materials and methods
Compost and microorganisms

The compost medium used in this study was processed in an aerated static pile
composting system from the mixture of biogas digestate (60% dw), vinasse (20% dw),
wheat straw (15% dw), poultry manure (4% dw) and microbial inoculants (1% dw), 6
months before the beginning of the experiments. Physical and chemical parameters of
the applied biogas digestate compost were the following: electric conductivity, 5.62 uS
cm™; pH, 7.2; total organic matter, 59.66%; total nitrogen, 1.6%; and carbon:nitrogen ratio
16:1. The biogas digestate compost used in the experiments was previously sterilized by
chloroform fumigation.

Four Gram-negative (Brevundimonas vesicularis SM-0625, Chryseobacterium
hungaricum CHB-20p, Pseudomonas putida NCP-3, P. putida NC-1494), seven Gram-
positive bacterial strains (Rhodococcus aetherivorans AK-44, R. globerulus AK-36, R.
gordoniae AK-38, R. pyridinivorans AK-37, R. pyridinivorans CHB-15p, R.
rhodochrous AK-40, R. erythropolis AK-35) and five fungal strains (Cladosporium
cladosporoides CP3, Paecilomyces variotii Bd41l, Rhodotorula minuta CP2,
Talaromyces wortmannii KO24, Yarrowia lipolytica Bd22) were used as test microbes.
They originated from different hydrocarbon polluted soils in Hungary.

Microcosm-1 for the examination of survival kinetics

Aliquots of 500 g of the incubation mixtures were placed in glass jars with a bottom
area of 176 cm’ and volume of 3500 cm’. The incubation mixtures consisted of
chloroform-fumigated biogas digestate compost and the cell mass of different alkane-
degrading microbes with population densities of 10° CFU g"' for Gram-negative
bacterial strains and 10° CFU g™ for Rhodococcus and fungal strains, respectively. The
Microcosm-1 systems were incubated for 256 days at 4 °C and 26 °C with permanent
provision of sufficient air supply and moisture content (55%). In parallel experiments,
microcosms with the same media containing burnt perlite of 5% dw were also
investigated.

Reisolation of alkane-degrading bacteria and fungi from the prepared compost
samples

The survival of the investigated hydrocarbon-degrading microorganisms in the compost
samples was monitored with reisolation of their cells in order to determine the decimal
reduction time (D-value), the interval of time during which 90% of the microorganisms
are inactivated at a defined temperature. The populations of Gram-negative and Gram-
positive bacteria were checked 7 times in the 256 day long incubation period (at days 2,
4, 8, 16, 32, 64 and 128). In order to recover the actual CFU of the different alkane-
degrading bacteria or fungi, three different microbiological nutrient media were used.
Gram-negative bacteria were cultured on King’s B agar (King et al., 1954), whilst
Rhodococcus strains (Gram-positive, acid-fast bacteria with highly specific colony
morphology) on CAZ-NB agar (von Graevenitz and Piinter-Streit, 1995). The number
of fungal elements in the incubation mixtures was followed with the use of neomycin
containing potato-dextrose agar (Merck).
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Measurement of alkane degradation by microorganisms

The alkane-degrading activity of the tested microorganisms was examined by the
OxiTop® Control (WTW) manometric system (Microcosm-2). Measurements were
carried out in closed vessels at 26 °C for 96 hours. Each microcosm contained 20 g
experimental mixture, 1% (w:w) diesel oil and the tested microorganism in quantities of
10° CFU g in the case of Gram-negative bacteria, and 10’ CFU g for rhodococci and
fungi. Simultaneously, microcosms supplemented with 5% (w:w) burnt perlite were
also examined. The carbon dioxide production during the degradation of diesel oil
compounds was constantly measured. Incubation mixtures without microorganism were
applied as controls. To measure the diesel oil originated carbon dioxide, the control
carbon dioxide values were subtracted.

Statistical Analyses

All of the experiments were carried out in triplicates. Data were presented as mean
values and standard deviations. Differences between the treatments were determined by
one-way analysis of variance. The D-values for the determination of survival of
different alkane-degrading microorganisms at 26 °C were determined from the negative
reciprocal of the slopes of the regression lines, using the linear portions of the survivor
curves (CFU g versus time of incubation).

Results and discussions
In vitro survival kinetics of alkane-degrading bacteria in biogas digestate compost

The effect of the chemical factors involved in the compost medium were adequately
investigated by the incubation at 4 °C. The initial cell counts (10° CFU g') of the
applied Gram-negative alkane-degrading bacterial strains (Brevundimonas vesicularis
SM-0625, Chryseobacterium hungaricum CHB-20p, Pseudomonas putida NCP-3)
gradually decreased to the value 10° CFU g during the incubation period of 128 days
in the examination system Microcosm-1. Following the process of culturing with
enumeration, the quantity of the cells decreased by 8-28% until day 2 and 32-49% until
day 4 (Fig. 1a).

The examined Chryseobacterium hungaricum strain (CHB-20p) proved to be the
most tolerant towards the physical and chemical factors reducing the quantity of cells. It
was present in the compost in the amount of 9.3 x 10°, 6.2 x 10 and 5.1 x 10° CFU g
on day 2, 8 and 32, respectively. The survivability of Brevundimonas vesicularis SM-
0625 was lower than that of Chryseobacterium hungaricum CHB-20p during the
examination; the amount of its reculturable cells was 9.2 x 10°, 6.8 x 10% but 1.7 x 10
CFU g on day 2, 4 and 64, respectively. Pseudomonas putida NCP-3 survived the least
between the three examined alkane-degrading Gram-negative bacterial strains. Its cells
remained reculturable in the rate of 20.7% and 12.6% on day 32 and 64, respectively.

The survival of the three examined alkane-degrading Gram-negative bacterial strains
showed similar kinetics, the quantity of their cells decreased continuously in the
compost mixture. Nevertheless, approximately 10% (10° CFU g™) of the initial cells
were reculturable until the end of the experiment.

In contrast, the survival of cells of the tested alkane-degrading Gram-negative
bacteria belonging to the division Gammaproteobacteria is very limited since these
bacteria do not form endospores or any other durable cells. However, their metabolism
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including their respiration level is relatively high. They can minimize the harmful
effects of contaminants by their motility and extremely broad spectrum of catabolic
enzymes that make a remarkably fast adaptation possible. These bacteria are not
responsible for composting and they usually do not live in compost. Their long-lasting
survival can be explained by their resistance to the antimicrobial substances of compost
or by the presence of metabolizable residues of the compost mixture.
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Figure 1. In vitro survival of alkane-degrading Gram-negative (a) and Gram-positive bacteria
(b) in biogas digestate compost at 4 °C.
(B.v.: Brevundimonas vesicularis SM-0625, C.h.: Chryseobacterium hungaricum CHB-20p,
P.p.: Pseudomonas putida NCP-3, R.p.: R. pyridinivorans AK-37, R.g.: R. gordoniae AK-38,
R.r.: R. rhodochrous AK-40)
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Colloidal compatibility of glycocalyx covering the Gram-negative bacterial cells with
biogas digestate residues can also be a factor in their survival. The fundamental
biological reason of the very similar survival kinetics of the examined bacterial strains
in the biogas digestate compost can be explained by their close taxonomic relations to
each other and by their similar phenotypic features, especially regarding their cell
structure.

The initial cell count (10° CFU g") of all the three alkane-degrading Rhodococcus
strains, representing Gram-positive prokaryotes in the experiment (Microcosm-1)
decreased moderately to the level of 10’ CFU g during the 256 day long incubation
period at 4 °C. Nevertheless, the survival kinetics of the Rhodococcus strains slightly
differed from each other (Fig. 1b).

The first type of the survival kinetics of the Rhodococcus strains were represented by
R. rhodochrous AK-40 and R. pyridinivorans CHB-15p: 83-88% of their cells could be
recultured on day 4. The cell count of the R. rhodochrous AK-40 decreased by half
during the first 16 days but it was still 1.8 x 10’ CFU g after the 256 day long
incubation period. The survival kinetics of R. pyridinivorans CHB-15p slightly differed
from the previously mentioned AK-40 strain since its cell density halved after day 32
but 0.7 x 107 living cell was found on day 256. The survival kinetics of R. gordoniae
AK-38 represents the second type. The cells of the strain AK-38 are apparently less
viable in the compost: its survival kinetics show a fast decline until day 4, and only the
half and the quarter of the amount of the cells could be recultured on day 8 and day 16,
respectively. Later on, the fast decline slowed down and the level of 10’ CFU g was
still present on day 256.

The longer survival of rhodococci can be connected with the bigger size of their cells
and genomes, the thicker cell wall consisting of more layers and their wide range
catabolic activity. In general, more than 20% of the cells of the Rhodococcus strains
were present at a viable state in the incubation mixture on day 64. Therefore, we suggest
that they contribute to thehydrocarbon degrading activity.

Reduction of the viability of different alkane-degrading bacteria and fungi

In vitro survival of the different alkane-degrading bacteria and fungi during the long-
term incubation in microcosms (Microcosm-1) was characterized by the decimal
reduction time (D-value) in chloroform-fumigated biogas digestate compost (7able 1).

The reduction rate of the cell counts of 4 alkane-degrading strains of Gram-negative
bacteria was examined in the pure compost media stored at 4 °C. The Chryseobacterium
hungaricum CHB-20p strain proved to be the most tolerant (with a D-value of 128.1
days) while Pseudomonas putida NC-1494 strain (D-value: 49.7 days) was the least
tolerant among the examined strains. The effect of incubation temperature on the
survival kinetics of all Gram-negative bacteria was significant. At 26 °C, the D-values
of the examined strains ranged from 3.1 to 5.5 with an average of 3.9 days. The D-
values for all tested Gram-negative bacteria indicated that their survival in biogas
digestate compost were moderate to weak.

Based on their D-values, the tested Gram-positive strains, namely the examined
species of genus Rhodococcus were the most tolerant microorganisms among the
alkane-degrading ones of our collection. The majority of them could tolerate the pure
compost up to the survival ratio of 10 % for approximately 100-250 days (with an
average of 174.6) at 4 °C. The strain R. erythropolis AK-35 was the least tolerant (D-
value: 105.1 days) while the strain R. pyridinivorans AK-37 was the most tolerant (D-
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value: 248.6 days) organism in the examined group. An extraordinary D-value (>256
days) was shown by the strain R. rhodochrous AK-40 due to its unusual survival
kinetics. The effect of incubation temperature on the survival of all examined
Rhodococcus strains was also significant. At 26 °C, D-values for rhodococci ranged
from 6.3 to 12.8 days with an average of 9.7.

The D-values for the 5 alkane-degrading fungal strains ranged from 64.9 to 151.7
days with an average of 109.3 at 4 °C. They were found to be more tolerant to the
ambient compost than the strains of the examined Gram-negative species but less
tolerant than the Rhodococcus strains. The effect of incubation temperature was the
least pronounced on the survival of the tested fungal strains. D-values determined on the
basis of their colony-forming units ranged from 24.4 days (Rhodotorula minuta CP2) to
40.3 days (Talaromyces wortmannii KO24) at 26 °C.

Table 1. Decimal reduction time (D-value) for different alkane-degrading bacteria and fungi
within a long-term incubation in mixtures with biogas digestate compost

D-value (days)
Strains Pure compost Compost-perlite mixture
4°C 26 °C 4°C 26 °C
Gram-negative bacteria
Brevundimonas vesicularis SM-0625 110.6 3.5 93.8 335
Chryseobacterium hungaricuam CHB-20p 128.1 5.5 124.6 48.0
Pseudomonas putida NCP-3 96.3 3.1 68.9 21.5
P. putida NC-1494 49.7 3.6 57.5 23.9
Gram-positive bacteria
Rhodococcus aetherivorans AK-44 176.9 6.3 258.0 187.4
R. globerulus AK-36 124.6 12.4 147.9 121.6
R. gordoniae AK-38 146.8 7.5 203.5 189.5
R. pyridinivorans AK-37 248.6 9.2 >256 >256
R. pyridinivorans CHB-15p 164.5 8.4 197.5 175.0
R. rhodochrous AK-40 >256 11.3 >256 >256
R. erythropolis AK-35 105.1 12.8 137.3 126.7
Fungi
Cladosporium cladosporoides CP3 64.9 27.9 94.7 33.1
Paecilomyces variotii Bd41 96.5 32.7 208.5 182.7
Rhodotorula minuta CP2 83.8 24.4 199.2 50.6
Talaromyces wortmannii KO24 149.4 40.3 196.8 49.0
Yarrowia lipolytica Bd22 151.7 38.4 182.3 68.9

During composting, the easily biodegradable materials are converted to more stable
organic materials,e.g. humic and fulvic acids. These acids are not only slowly
metabolizable compounds but they also have some antimicrobial effect. The tolerance
of the effect of humic materials was a major factor in the selection of our alkane-
degrading test microorganisms. Based on the results, the chosen strains were able to
survive easier for a shorter or a longer period of time in compost. We also suppose that
some special colloid compounds in the biogas digestate compost increased the survival
rate of the tested microorganisms.

The Gram-negative bacteria with smaller cells and thinner cell wall were more
sensitive to different abiotic effects and their survival was shorter than that of the
rhodococci with larger cell size, more extended genome and multilayered cell wall. The
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survival of the fungi can be explained by their big cells, thick cell wall and their the
eukaryote cell structure.

The survival of the alkane-degrading bacteria in the biogas digestate compost
containing burnt perlite was generally longer than in the pure compost. The survival
kinetics of the tested Gram-negative strains in the perlite-containing compost at 4 °C
slightly differed from that in the pure compost at the same temperature. In the perlite-
containing compost media, D-values for the tested Gram-negative bacteria varied
between 57.5 (Pseudomonas putida NC-1494) and 124.6 (Chryseobacterium
hungaricum CHB-20p) days with an average of 86.2 days. While the effect of perlite
was not significant at 4 °C, the perlite contentmarkedly increased the D-values of Gram-
negative bacteria at 26 °C. They ranged between 21.5 and 48.0 days with an average of
31.7 days.

The presence of perlite in compost medium caused a moderately increased survival
of the tested Rhodococcus strains at 4 °C. For 5 isolates, the D-values ranged between
137.3 and 240.0, and in the case of 2 strains the determined value exceeded the
experimental period of 256 days. The most outstanding effect of the perlite content was
found in the case of the survival of rhodococci at 26 °C. D-values for 5 of them varied
between 121.6 and 232.0 with an average of 168.9 and the cell count of the further 2
Rhodococcus strains (R. pyridinivorans AK-37 and R. rhodochrous AK-40) did not
decrease to 10% in the perlite-containing compost during the 256-day long incubation.

In the case of fungal strains, a significant elongation of the survival could be
observed in the compost containing perlite at 4 °C. The D-values of fungal survival
increased with the average of 60% in the presence of perlite in the compost medium.
The effect of perlite in the medium was remarkable at 26 °C, too. Colony forming units
of 4 fungal strains increased in a similar rate in spite of the fact that they are not
strongly related taxonomically. The blastoconidia of Cladosporium cladosporoides
CP3, the phialoconidia of Talaromyces wortmannii KO24 and the budding cells of
Rhodotorula minuta CP2 and Yarrowia lipolytica Bd22 showed an average 65% longer
survival in the presence of perlite than in the pure compost at 26 °C. The survival of the
phialoconidia of Paecilomyces variotii Bd41 in the perlite-containing compost was also
improved by perlite in the compost compared to pure compost at the same temperature.

The increase of the survival of different alkane-degrading microbe strains in biogas
digestate compost containing burnt perlite at proportion of 5% can be considered as a
complex phenomenon. As for the effect on the survival of Gram-negative bacterial
strains, burnt perlite can provide a chemically inert large surface for the immobilisation
of biologically intact cells. Besides, especially for rhodococci and fungi, perlite
stabilizes the optimal humidity and aeration of compost medium.

Carbon dioxide production of the prepared hydrocarbon-containing mixtures

During the degradation of components of the diesel oil added to the biogas digestate
compost, carbon-dioxide produced by the alkane-degrading microorganisms was
constantly measured in microcosm experiments (Microcosm-2). Results are summarized
in Table 2. In the examined aerobic microcosms, high level respiration (9.2-14.6 pg
CO, g h™") was found in the case of Gram-negative bacterial strains with the initial cell
count of 10’ CFU g™'. The highest carbon dioxide production was showed by the strain
Pseudomonas putida NCP-3 while the carbon dioxide production of Chryseobacterium
hungaricum CHB-20p was considerable, too. The respiration level of Rhodococcus
strains introduced into the system at the amount of 10° CFU g™ was also relatively high
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(5.8-9.6 pug CO, g' h'). The highest carbon dioxide production of rhodococci was
found for the strain R. pyridinivorans AK-37. The respiration level of hydrocarbon
degrading fungal strains in the presence of diesel oil was also remarkable. The carbon
dioxide production (9.1 pg CO, g’ h™) of the well known hydrocarbon degrader
Yarrowia lipolytica Bd22 is followed by that of the strain Rhodotorula minuta CP2 (6.0
ng CO, g™ h™). It can be concluded that the different hydrocarbon degrading strains not
only can survive as viable cells in the biogas digestate compost but they can also
degrade the alkanes of diesel oil added to the incubation mixture.

Table 2. Carbon dioxide production of alkane-degrading microbial strains in compost or
compost-perlite composition with the addition of diesel oil

Carbon-dioxide production (ug CO, g" h")
. by alkane degradation
Strains :
Compost-perlite
Compost .
mixture
Gram-negative bacteria
Brevundimonas vesicularis SM-0625 9.2+0.9 10.7+0.9
Chryseobacterium hungaricum CHB-20p 11.9+1.1 9.2+0.8
Pseudomonas putida NCP-3 146+1.2 149+1.0
P. putida NC-1494 10.3£0.9 123=+1.1
Gram-positive bacteria
Rhodococcus aetherivorans AK-44 7.5£0.4 7.1£0.5
R. globerulus AK-36 8.4+0.6 82+0.5
R. gordoniae AK-38 6.7£0.4 10.5+0.7
R. pyridinivorans AK-37 9.6+0.7 14.8+0.9
R. pyridinivorans CHB-15p 74+0.5 13.6+0.9
R. rhodochrous AK-40 5.8+£0.3 12.4+0.7
R. erythropolis AK-35 6.2+0.4 11.7+0.7
Fungi
Cladosporium cladosporoides CP3 44+£08 79+14
Paecilomyces variotii Bd41 5.1+£04 8.0=x£0.5
Rhodotorula minuta CP2 6.0£0.8 7.9+ 0.9
Talaromyces wortmannii KO24 4.8+ 1.1 52+0.8
Yarrowia lipolytica Bd22 9.1+£1.4 9.3+0.9

All representatives of the three examined taxonomic groups of the alkane-degrading
microbial strains produced carbon dioxide during the degradation of diesel oil added to
the compost mixture even in the presence of 5% perlite. The respiration of the applied
Gram-negative bacterial strains incubated in the compost-perlite mixture did not
significantly differ from that incubated in pure compost. However, the majority of the
applied Rhodococcus strains produced significantly more carbon dioxide in the perlite-
containing incubation medium. Similarly to rhodococci, the majority of the applied
fungi showed an increased activity due to the effect of perlite in the compost mixture.

The presence of perlite in the incubation mixture increased the respiration activity of
the applied Rhodococcus strains outstandingly. It was moderately increased for applied
fungal strains while no effect was found concerning that of the Gram-negative strains.
Several physical and chemical factors can be considered as the natural background of
the effect of perlite application. One of the most important factors may be the water
activity stabilizing effect of perlite being advantageous for actinobacteria and fungi.
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Adaptability of the applied bacteria to hydrocarbons

During the 96-hour long incubation period of previously fumigated and diesel oil
containing experimental mixtures inoculated with alkane-degrading bacteria, carbon
dioxide evolved in two different phases (Microcosm-2). At 12-24 hours of the
incubation, the average rate of carbon dioxide production of the cells of the 3 alkane-
degrading Gram-negative bacterial strains (Brevundimonas vesicularis SM-0625,
Cryseobacterium hungaricum CHB-20p, Pseudomonas putida NCP-3) was 8.2, 10.4
and 11.7 CO, g h, respectively. At 84-96 hours the values of 10.1, 12.8 and 15.5 pg
CO, g h were measured as maximal respiration intensity of these strains. The average
carbon dioxide production of the tested 3 Rhodococcus strains (R. pyridinivorans AK-
37, R. gordoniae AK-38, R. rhodochrous AK-40) was only 1.4, 1.2 and 1.8 CO, g h’!
at 12-24 hours. In contrast, at 84-96 hours, the determined values were 10.4, 7.6 and 6.7
CO, g !, respectively (Fig. 2).
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O 12-24 h @ 84-96 h
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Figure 2. Carbon-dioxide production of the experimental mixtures prepared with different
alkane-degrading bacteria at 12-24 and 72-96 hours of incubation.
(B.v.: Brevundimonas vesicularis SM-0625, C.h.: Chryseobacterium hungaricum CHB-20p,
P.p.: Pseudomonas putida NCP-3, R.p.: R. pyridinivorans AK-37, R.g.: R. gordoniae AK-38,
R.7.: R. rhodochrous AK-40, Control: non inoculated experimental mixtures)

In the first phase, the respiration intensity of the Gram-negative strains reached
quickly 75.5-81.5% of their maximum while Rhodococcus strains were able to reach
only 13.7-27.4% of their maximum value at the same time. The difference in the carbon
dioxide production between the examined two groups of bacteria suggests that they
differ markedly in the adaptability to the presence of hydrocarbons.

Conclusions

Based on our results, the cell quantity of the tested 3 alkane-degrading Gram-
negative bacterial strains gradually decreased from the initial 10° CFU g™ to a minimum
value in the compost during the 128-day long incubation at 4°C. Furthermore, 10% of
the cells survived for approximately 50-90 days (D value). The survival kinetics of the
population of the 3 alkane-degrading Rhodococcus strains was longer; it took 100-200
days to decrease to 10% of the initial cell quantity (10 CFU g') at 4 °C. Moreover,
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nearly 20% of the cells of the strain R. rhodochrous AK-40 were present in the compost
even at the end of the 256 days long incubation period. Interestingly, R. gordoniae of
rhodococci represented a different type of survival kinetics: it rapidly decreased its
number in the first week. Furthermore, ten percent of the initial cell quantity (10° CFU
g") of the fungi, representing eukaryote microorganisms with a chitinous cell wall, has
survived for 65-105 days.

The results also indicate that the survival of both the bacterial and fungal strains
depended considerably on the temperature of the compost. At 26 °C, the survival of
Gram-negative bacteria and rhodococci was 94% lower than at 4 °C while the survival
of fungi was 70% lower at 4 °C than at 26 °C. Burnt perlite added to the system in the
volume of 5% to stabilize the porosity and the water activity of the compost increased
the survival of bacteria by 31% and that of fungi by 61% in average.

Based on the carbon dioxide production experiments, we can conclude that the
alkane-degrading microbes not only survived in the compost previously fumigated with
chloroform but also could utilize the components of the diesel oil added to the system.
The Gram-negative bacterial cells of the quantity of 10’ CFU g produced 9.2-14.6 pg
h' carbon dioxide by metabolizing the diesel oil. The rhodococci and the fungal strains,
with the cell count of 10° CFU g™, produced carbon dioxide in less quantity.

While the addition of 5% perlite to the compost-microorganism-diesel oil incubation
mixture did not change significantly the carbon dioxide production of the Gram-
negative strains, rhodococci and fungal strains markedly increased their activity.

The adaptability of Gram-negative bacteria and rhodococci to hydrocarbons was
found to be markedly different. In the phase of 12-24 hours of the incubation, the
quantity of the carbon dioxide produced by Gram-negative bacteria in the course of the
metabolism of diesel oil has already reached 75.5-81.5% of the experienced maximum
of the 84-96 hours experiment, while during the same period, Rhodococcus strains
reached only 13.7-27.4% of their maximum values.

In summary, we suggest further investigations of the survival kinetics of each
microorganism strain in the adequate media, both for experimental and technological
applications.
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