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ABSTRACT

The aim of this study was to investigate the paknf degradation of an autochthonous bacteriahst, isolated
from petroleum derivatives contaminated soil samlgainst jet fuel hydrocarbons. The autochthormarterial
strain was characterized adocardiasp. Evaluation of their degrading abilities was tad out by presumptive
assays as redox indicator test and by observatidrssirface tension decreases in aqueous mediunrabatpn of
jet fuel hydrocarbons was evaluated by chromatobi@methods. Experiments were performed in flagkisva
biostimulation rates. A bacterial strain dfseudomonas aeruginot#PEDA 39 was utilized as a reference
microorganism. The bacterial strain, identified &kcardia sp demonstrate high ability to degrade jet fuel
compounds as well as to produce surface active oamgs when compared to the reference microrganism.
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INTRODUCTION more intensively studied in the last three decades
(Atlas, 1995a). Studies on petroleum hydrocarbon
Contamination of soils and aquatic environment®iodegradation have focused on biodegradability
by petroleum hydrocarbons as a consequence of crude oil, petroleum derivatives or isolated
accidental spillage can cause serious damages hgdrocarbons.
living organisms. Since the spills implies inMicrobial action is directly influenced by several
economical and environmental losses, authoritidgiotic and abiotic parameters, amongst these,
and petrochemical industry have been forced tepecial attention must be given to temperature, pH,
reduce the risk of spillage through thenitrogen and phosphorous sources, as well as
modifications in technical standards andmicroelements (Atlas 1984; Atlas, 1995b; Ruberto
operational procedures (Milne et al, 1998; Oudoet al, 2003).
et al, 1994). Referred as a cost—effective, natur&letroleum derivatives are a complex mixture of
and efficient clean-up treatment of hazardoudydrocarbons and their biodegradability depends
waste, bioremediation technologies have bee@n their bioavailability, which is directly related
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composition, chain length, ramification and stericPernambuco (UFPE), Brazil, was utilized as the

and electronic effects. As a rule, n-alkanes aralochthonous reference microorganism.

more degradable than branched alkanes;

polycyclic aromatics hydrocarbons are lesresumptive assays

degradable than monocyclic aromatics. Jet fuelhe redox indicator 2,6 dichlorophenol indophenol

composition includes, predominantly, n-alkanegDCPIP) was utilized in agueous phase as an

and branched-alkanes, ranging from 15 to 30xidation indicator as indicated by Hanson et al

carbon atoms and few amounts of polycycliq1993) and adapted by Miranda et al, (2007).

aromatics hydrocarbons (PAH) are also observe@ultures were allowed to grow in BlUshnell-Hass

in trace levels (Bernabei et al, 2003). mineral medium (BH) containing 0.02mL of

As reported in literature as hydrocarbon-degradin@CPIP and 1% of jet fuel as the sole carbon

microorganisms, Nocardioforms actinomycetesource, in 250mL conical flasks at 30+1°C and

have been frequently isolated from hydrocarbon200rpm. Abiotic control was utilized in both

contaminated sites. The present work aimed at thexperiments. The required time that promote the

characterization of Alocardiabacterial strain as a changes in colour of medium was registered.

jet fuel-degrading microorganism. Alochthonous and autochthonous cultures were
acclimated in BH modified media by increasing jet
fuel concentrations (from 1 to 15%) at two C:N

MATERIAL AND METHODS ratio (95:1 coded N1 and 23:1 coded N2), at the
same temperature and agitation conditions
Jet fuel samples described previously. Cultures were allowed to

The jet fuel samples used in this work weregrow by 12 days in each jet fuel concentration and,
harvested from the tanks of the Suape Termina$fterwards were re-inoculated in a fresh medium
Pernambuco, Brazil, with the consent of thecontaining a new jet fuel concentration (different
Brazilian Oil Company (Petrobras SA).from the previous one). Initial inoculum

Preliminary analysis of total petroleum population was ca. fcrFu.mL

hydrocarbons (TPH) produced a profile of

hydrocarbons varying from nCto nGs with Biodegradation Assays

predominance of hydrocarbons ranging fromnC After acclimatation period, biodegradation assays
to nGy Polycyclic aromatic hydrocarbons werewere performed in 2,800mL conical flasks,

detected in trace levels. containing 100 mL aliquot of inoculum from the
previuous acclimated culture in the series of
Microorganisms acclimatation experiments, corresponding to

The autochthonous bacterial strain was isolatedpproximately 17% (v/v); 380 milliliters of
from petroleum derivatives contaminated soilmodified BH media, corresponding 8% (v/v)
samples, by utilizing pour plate technique. Jet fueand 80 mL of jet fuel, corresponding to14%v)

was nebulized onto plate dishes containingf total volume. Modified BH media were adjusted
Bushnell-Haas solid mineral medium (KO, at two C:N ratios: 95:1 and 23:1, by adding
1.0g; KHPQO, 1.0g; NHNO; 1.0g; MgSQ.7H,O  ammonium nitrate to the media. The
0.2g; FeCJ 0.05g; CaGl2H,0 0.02g; Agar 15.0g approximated carbon mass was calculated
and HO 1000 mL). Colonies were transferredconsidering the range of hydrocarbons in the jet
to the complex medium Tryptic Soy Agar - TSA™ fuel. The majority of hydrocarbons in the jet fuel
(Oxoid). The selected culture was identified on thesamples were straight-chain[02.15%) and
basis of its composition in terms of Fatty Acidsbranched-alkanes [l{.8%). Since the general
Methyl Ester (FAME) profile by gas formula of these compounds is HG... the
chromatography using a CG 5890 (Hewlettpondered average of carbon in the samples was
Packard, series 1l) equipped with a flame0.8495, and the approximated carbon mass was
ionization detector, employing the microbialgiven as: mC=pvf, were, mC was the

identification system (MIDI™). approximated carbon masg was the jet fuel
A known bacterial strain of Pseudomonas

aeruginosaDAUFPE 39 from the Department of density;V was the jet fuel volume and was the
Antibiotics of the Federal University of factor considered as the average of all C-
compounds ranges proportion (0.8495).
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Ammonium nitrate mass was adjusted to composRESULTS AND DISCUSSION
the desired C:N ratio as follows:

( d) Selected culture
mC x80,05 High pH and surface tension reduction were
C ' ,
mNH,NO, :%nzs’ where, mNH,NG, observed to the autochthonous culturélotardia
sp, when compared to those reported by Neufeld et

was the ammonium nitrate utilized mass td (1980), who have worked with other species of

compose the C:N ratianC was the approximated actinomycetes.

bp -mCdcm h Ep desi dAs reported by Ron and Rosemberg (2001),
caroon mass, was the carbon desired o riactants allowed the uptake and utilization
proportion to compose the C:N ratio. The

S , of hydrocarbons, leading to an increase in
calculated NB{NO;) mass to 95:1 C:N ratio, Was microhial growth and a decreasing in surface
1.719g, and to the 23:1 C:N ratio, was 6.99g.

: . . . tension and pH in aqueous media. Surface tension
During biodegradation experiments, pH, surfacenq oy are indirect parameters to investigate the

tension and microbial growth were measured gli,qegradability of hydrocarbons. Reduction in

f|ve-day mterva_lls. Surfa(_:e tension was measuredface tension and pH observed to the cultures
in an analogical tensiometer (DUNOY™), aSpgjcated the presence of biosurfactants and
recommended by ASTM (1999); pH was, 4 ction of acid metabolites as an evidence of
measured in a d'g.'t.al pH-meter gnd m'crop'aﬁiodegradation occurrence. Evaluations of these
growth was quantified by counting Coloniesy, o meters associated to the DCPIP screening

Forrrlih?g Unities (CFU) in plates containing tochnique are important tools in the investigation
TSA™ medium. Samples of 1 mL were withdrawng¢ joqrading capabilities of microorganisms.

from biodegradation conical flasks and serially
diluted from 10 to 10°. Thereafter, 0.1 mL of an Biodegradation

appropriate dilution was spread onto the mediuine most significantly compounds were selected
surface (s_pread plat_e technique) a_nd m_cubated %sed on their chromatographic peaks. Mass
24 h. Biodegradation assays, microbial grOWt%pectrometric analysis identified the straight-ohai
and all analytical measurements were made Dkanes: n-decane. n-undecane. n-dodecane. n-
tr|p||cat_e. _ _— tridecane, and the branched alkanes: 4-
Reduction on jet fuel_ (most  significantly etildecane, 3-etil 2, 7-dimetiloctane, 6-
hydrocarbons) was estimated by means Qfeigodecane, 2,6,10,14-tetrametilheptadecane,
comparing the peaks of abiotic control to those o 6,11-trimetildodecane (Table 1).

the treated samples, and results were reported Nj,chhonous culture eliminated the straight-chain
terms of percentage of reduction of hydrocarbons; ane n-decane and the branched-alkanes 4-

Samples were centrifuged at 10,000rpm at S°Gpeiigecane and 3-etil 2,7-dimetiloctane, after 60
followed by heptane extraction. Chromatographig ys in the 23:1 C:N ratio (Table 1). Several
and mass-spectrometric analyses were performedi,is have showed that straight-chain alkanes
by Gas Chromatograph coupled to theé masgaye often been found to be readily degraded in

spectrometer  (Shimadzu™,  GC-MS  Model'o|q ang jaboratory studies, by a large diversity

17AIQP5050) utilizing & 30m x 0.35um X 0.25UMy 5 aria (De Jong et al, 1997). The most evidenced
chromatographic column DB-5 (5% diphenyl an

% dimethvinolvsil echanism to describe the straight-chain alkanes
95% dimethylpolysiloxane). Oven temperaturé,;,qeqradation is the terminal oxidation which

was programmed from 60 to 280°C at 10°C:MiN |6aqs 10 the conversion of hydrocarbons into the

and held for 35min. Helium was utilized as th,ecorresponding more stable compounds, following

carrier gas. The Thermal Conductivity Doetector She sequence of oxidation of the terminal carbon,
(TCD) temperature was adjusted to 280°C. Areag,n the more reduced to the more oxidized
of the most significantly peaks of chromatograms,,mnqund, such as alcohols, aldehydes, carboxylic
were automatically calculated and peaks wergqjys and fat acids (Alexander, 1994; Atlas 1984
integrated considering the height. Individualg|a,er and Nikaido, 1995; Seeger et al, 1997).
compounds were identified by mass spectrometryjhq gh it is generally true that branched alkanes
utilizing electron impact ionization system (El).  5re more recalcitrant than their equivalent straigh
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chain alkanes, studies have demonstrated thegported (Geerdink et al, 1996). Present results
many of these branched compounds were momhowed that this occurrence was shown by
degradable than they have previously beenutochthonous culture.

Table 1 - Degradation in jet fuel hydrocarbons after 60-daycpss by pure and mixed cultures in both 95:1 and
23:1 C: N ratio.

C:N ratio Hydrocarbon Degradation (%)

95:1 Sterile control Nocardia sp DAUFPE 39
n-decane 0 93,80 98,60
4-metildecane 0 92,00 98,40
3-etil-2,7-dimetiloctane 0 88,90 99,10
n-undecane 0 99,50 96,40
Dodecane 0 97,00 88,60
6-metil-dodecane 0 96,30 92,40
2,6,10,14-tetrametilheptadecane 0 84.60 97,00
n-tridecane 0 94,30 87,20
2,6,11-trimetildodecane 0 80,80 88,60

231 Sterile control Nocardia sp DAUFPE 39
n-decane 0 100 99,00
4-metildecane 0 100 99,90
3-etil-2,7-dimetiloctane 0 100 99,99
n-undecane 0 99,60 99,10
Dodecane 0 99,80 97,20
6-metil-dodecane 0 99,99 99,40
2,6,10,14-tetrametilheptadecane 0 99,90 98,20
n-tridecane 0 99,80 96,30
2,6,11-trimetildodecane 0 99,80 97,90

Branched alkanes, such as 2,6,10,14eultures (Table 1). The influence of carbon-
tetrametilheptadecane and 2,6,11 trimetildodecangitrogen ratio (C:N) and carbon-nitrogen-
were the most recalcitrant compounds (Table 1phosphorous ratio (C:N:P) on biodegradation has
This low biodegradability could be associated tdeen well reported (Walworth et al 1997).
the structure of these compounds. Generally, albecreases in hydrocarbon concentration are
kinds of bacteria oxidize compounds with a lowetexpected when nitrogen supply is augmented.
molecular mass more easily. Amongst therhe alochthonous bacterial straiPseudomonas
hydrocarbons, aliphatic compounds are likely to baeruginosa DAUFPE 39 demonstrated high
more easily degraded. Also, between branched ardlaptation to the carbon source, which could be
straight-chain alkanes, bacteria preferentiallconfirmed by the microbial growth curve (Fig. 1a),
degrade straight-chain alkanes hydrocarbonsind the percentage of remaining hydrocarbons (as
Bacteria will utilize compounds that are moresummarized in Table 1). Owing to acclimatation
difficult to degrade only if they are exposedperiod, using increasing concentrations of jet,fuel
previously to such compounds to allow thethe lag phase was diminished (Fig. 1b). High
development of an adapted population. Theurface tension and pH reduction were observed
autochthonous pure culture presented highesdr autochthonous culture (50.7 and 30.4%,
reduction in all the investigated compounds eitherespectively) as showed in Table 2. These results
with 95:1 and 23:1 C:N ratios. The 23:1 C:N ratioconfirmed the production of biosurfactants by the
promoted higher biodegradation efficiency thardegrading bacteria. In general, bacteria growing in
95:1 for both autochthonous and alochthonoubydrocarbon environments produce biosurfactants
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although some bacteria are not capable to produtgsurfactant. This feature depends on the
these molecules, and others are capable to redutechanism of assimilation of hydrocarbons
the surface tension by means of cell surfacatilized by each bacterial group (Alexander, 1994;
hydrophobicity, acting the cell itself as aRon and Rosemberg, 2001).
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Figure 1 - Microbial growth and surface tension (ST) Nbcardia sp and Pseudomonas

aeruginosa(DAUPE 39) - (a) 95:1 C:N ratio (b) 23:1 C:N ratio

Table 2 - Surface tension and pH reduction percentage ofagumedia after 60 days by cultures in both 95d. an
23:1 C:N ratio.

Culture pH reduction (%) Surface tension reduction (%)

95:1 23:1 95:1 23:1
Nocardia sp 31.4 30.4 51.7 50.7
DAUFPE 39 26.8 21.3 40.0 37.9
CONCLUSIONS RESUMO

The studied bacterial strain oNocardia sp O presente estudo objetivou a investigacdo da
demonstrated high abilites to degrade the&apacidade degradadora de uma linhagem
analyzed constituents of jet fuel. No significantbacteriana autéctone (isolada de amostras de solo
difference were observed between the C:N ratiogontaminadas com derivados de petrdleo) contra
and further investigations must be conducednidrocarbonetos de querosene de aviagdo. A
towards the optimization of this parameterlinhagem foi caracterizada conidocardia sp A
Pseudomonas aeruginosa DAUFPE 39 avaliacdo do seu potencial degradador deu-se
demonstrate high adaptation to the carbon sourcegalizada mediante testes com indicador redox e
as shown by the cell growth and reduction of th@bservacées na reducédo da tensao superficial na
surface tension. fase aquosa. A degradacdo do querosene foi
avaliada por métodos cromatograficos. Os
experimentos foram realizados utilizando-se duas
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