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Studies on biodegradation of crude oil by Aspergillus niger
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Abstract
Hydrocarbon degrading microorganisms play a major role in the environment. In the present study crude oil degrading
fungal strain Aspergillus niger was isolated from oil contaminated soil near crude oil production well (Lingala) Andhra
Pradesh. The rate of reduction in some petroleum hydrocarbon fractions, such as n-alkanes, aromatics, nitrogen, sulfur
and oxygen (NSO)-containing compounds and polycyclic aromatic hydrocarbons (PAHS), were monitored by means of gas
chromatography. The nC,-/Pristine and n Cyg/Phytane ratios, extrapolated from the GC profiles decreased from the initial
value of 2.510 and 7.289 to 0.132 and 0.474 respectively at day 60.
Keywords: Crude oil, Aspergillus niger, Biodegradation, nC,/Pristane, n Cig/Phytane.
. Pradesh. A fungal isolate designatedAagergillus niger,
1. Introduction was isolated from oil contaminated soil by platmg low
As the oil dependency is increasing the allied [gnois  dilutions (10" to 10% of sample on to mineral salt medium
are becoming more and more cumbersome. Since 1920°'aViills et al., 1978). The medium has the following
oil and gas exploration and production have in@da® composition [in (g/l)]: NaCl (10), MgS£7H,0 (0.42),
enormous proportions in developed and developingKCl (0.29), KH,PQ, (0.83), NaHPQO, (1.25), NaNQ
countries (United States, Europe, Middle East, Fast, (0.42), Agar (15), distilled water (1000 ml), and §7.2).
Africa and South America). World crude oil prodectiis ~ The medium was autoclaved (subject to pressurdizter
about 60 million barrels/day (b/d). In 1990’s it sva at 12PC) at 1.1 kg/cm2 for 15 min. The inoculated
estimated that 16.4 million barrels or 0.07 % d& total mineral agar plates were then inverted over sterile
world oil production (21.9 billion barrels/year) ghit have  membrane filters, moistened with crude oil (Lingelall)
spilled from all sources, including natural seepageand held in the lid of the petri dishes. The peishes were
production, storage, transportation, and manufamduof  wrapped with masking tape so as to increase thervap
oil and oil products (Salanitro, 1992). pressure within the dishes during incubation of pleri
The use of fungi as a method of bioremediationdishes at 29° C for 7 days. After incubation, theggl
provides an option to clean up environmental pahtd. cultures were stained with methylene blue and oleskr
Bioremediation using fungi have drawn little attentin  under a high-power resolution microscope (x 40ydal
the past two decades since most of the bioremediati culture was identified based on its morphological
researches focused mainly on the use of bacterizgharacteristics. It was maintained on Czapek doar ag
Nevertheless, recently fungi have received conaller medium at 2 °C with sub-culturing every two months.
attention for their bioremediation potential thas i To identify the fungi, firstly, morphological stued,
attributed to the enzymes they produced that arelved  that is examination of the size, shape, colour epor
in lignin breakdown which degrade a wide range offormation and the number of days taken for the fisntp
recalcitrant pollutants such as polyaromatic hydrbons, reach the maximum diameter (9 cm) of the petri dist
chlorophenols, and pesticides (Bumpas al., 1985). the texture of fungal growth were observed. Aftet @ays
Bartha and Atlas (1977) listed 22 genera of baafeti of the growth of the fungi the spore bearing myeliere
algal genus and 14 genera of fungi which had beethen carefully sectioned teased out and stained sikide
demonstrated to contain members which utilize petra ~ and then observed with a light microscope. The ifung
hydrocarbons. Batelle (2000) showed that fungi werédentified were confirmed by comparing their morfayy
better degraders than traditional bioremediatichméues and cultural characteristics with descriptions givey
including bacteria. Talbot (1971), Deacon (1980), Domoscleetal. (1980)
Elshafieaet al. (2007) showed thatAspergillus and  and Bryce (1992).
Penicillium species were more active than the others Molla ) . )
et al. (2002) reported that the strains/isolataspergillus ~ 21 Biodegradation Studiesand TPH (Total Petroleum
niger , SS-T2008, WW-P1003 and RW-PI 512 produced ~ HYdrocarbons) Extraction
the highest dry biomass at higher sludge supplesdent Growth and degradation studies over a time course
culture media from their respective groupsergillus, were carried out using crude oil of the Lingala lvesl the

Trichoderma, Penicillium and Basidiomycetes, sole carbon and energy source. The crude oil usethé
respectively). study had an initial composition of Sat % 67.3; #réo

. 21.2 %; NSO % 11.2; Asp % 0.3. Mineral salt medium
2. Materialsand Method (200 mL) was prepared in 4 Erlenmayer flasks (1600
2.1 Sample Collection and I solation capacity). Starter culture (CDB-grown mycelium, 96h

30°C, 3.4g dry weight) was harvested by centrifiogaat
6000xg for 20 min, suspended in mineral salt mechunah
crude oil (2.4 g) as the sole carbon and energgceonas
added in each mineral salt medium (200 mL) flaskhe T
flasks were covered with non-absorbent cotton varal

The organism used in this study was isolated froih s
contaminated with crude oil at crude oil productsite of
O.N.G.C. from oil well of Lingala oil field projecAndhra
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placed in a slanted position to allow air passdgeugh been reported in the literature that a significamtinber of
the pores of cotton wool. The flasks were shakersoil fungi utilize petroleum hydrocarbons very eiéintly,
manually at regular intervals to allow adequate ingx though slowly (Cernigliaet al., 1980). The filamentous
and homogeneity of the contents. The experimeetaips fungi can grow on hydrocarbons, witlspergillus and
was monitored for a period of 60 days. After 15day  Penicillium species being the most frequently reported
time interval, the flask was taken out and micrbbia (Colomboet al., 1996; April et al., 2000; Chaillaret al.,
activities were stopped by adding 1% 1N HCI. For2004).

extraction of crude oil 50 mL culture broth was edx Aspergillus niger when grown on Czapek dox agar
with 50 mL petroleum ether : acetone (1:1) in aasafing  medium shows dark brown velvety growth with black
funnel and was shaken vigorously to get a singleconidial heads. On reverse side colony is paleowyedh.
emulsified layer. Acetone was then added and shakewhen observed under light microscope, the conidia
gently to break the emulsification, which resultedhree  appeared to be well arranged and spore chains were
layers. Top layer was a mixture of petroleum etberde  formed after incubated for a period of 1 week.

oil and acetone; clumping cells make the middletand The ability of the fungal isolates in degradingdsoil

the bottom aqueous layer contains acetone, water iwas determined by the morphological changes on the
soluble form. The lower two layers were separated o fungal isolates, the enzymatic activities of ligvlitic
while top layer containing petroleum ether mixedhwi enzymes secreted by the fungal isolates (data hawrs)
crude oil and acetone was taken out in a cleandsedke as well as the gas chromatography with flame idiuna
extracted oil was passed through anhydrous sodiurdetector (GC-FID) for their ability to degrade hgdarbon
sulphate to remove moisture. The petroleum ether anin minimal salt medium amended with 1% (v/v) cruade
acetone was evaporated on a water bath. The gridme The untreated crude oil of Lingala was used adeagece,
estimation of residual oil left after biodegradatizvas had an initial n@/Pristane and nfgPhytane ratios of
made by weighing the quantity of oil in a taredlviehe 2.510 and 7.289, respectively. Figure 1 (a) shohes t
biodegraded crude oils were further fractioned tfwgir  results of GC-FID of control using untreated crwileand

gross and molecular composition. Figure 1 (b)shows the GC profile of residual crude oil for
Apergillus niger isolate conducted after incubation period
2.1 Fractionation of TPH and Analysis of 2 months. The saturate profiles of the fractteda

TPH was fractionated into alkanes, aromatic,residual oil showed that n-alkanes have been rethove
asphaltene and NSO fractions on silica gel colué@120 from crude oil incubated with isolate. They show
mesh). The column was washed with petroleum efftes. predominance of odd and even normal alkanes bet@gen
oil sample (approx. 100 mg/known weight) was digsdl and Gs. By comparing the GC profiles for the different
in chloroform, adsorbed on silica gel and evaparatee  days, it was observed that there was a signifidentease
excess chloroform at 80 °C. The adsorbed sample wayven at 10% probability level in the peaks corresjieg
charged at the top and eluted saturates with 60 mto aliphatic hydrocarbon fractions of the oil. Acding to
petroleum ether (40-60 °C), aromatics with 90 mhzmme  April et al. (2000), the reduction in peak heights of the
and NSO with 60 mL methanol respectively. The safse Ppristane and pyrene indicates the degradation ef th
were evaporated in rotary vacuum evaporator at @0 ° branched alkanes isoprenoids components. This 1§ we
The alkane and aromatic fractions of fresh and atégpt  observed in all of the saturate profiles showingt tthe
oil were analyzed by gas chromatography using cteemi fungal isolates are capable of degrading the bruhch
1000 gas chromatogram, equipped with a single flamélkanes isoprenoids. This study supports the fusliby
ionization detector (FID). For alkane fraction BP-5April et al. (2000) that reported 22 speciesRahicillium
capillary column of 30 m length and an internalndiger ~ and 5 species dspergillusisolated from the flare pit soils
of 0.25 mm wide bore of 1 p film thickness werecus&  in Northern and Southern Canada showed the alidity
temperature program of 80-300 °C, increasing & #€&r  degrade hydrocarbons on solid medium amended with
minute for 30 min was employed. Nitrogen with awlo crude oil.
rate of 40ml/min was used as a carrier gas. Tletion The biomarker parameter, pPristane decreased
port temperature was 310 °C. The oil extracts dfuces  from 2.510 to 0.132 after 60days of treatment. Birlyi,
supernatants were dissolved in methylene chlovidile a  nNCig/Phytane ratio is also decreased from 7.289 tod0id7
sample volume of 0.2 pl was injected. The,#®istane 60d. The ratio of Pr/Ph has not changed drasticatig
and nGg/Phytane ratios were subsequently calculated fronshows a meager degradation of pristane. The GGlgsof
the height of various chromatograms. Conditions forand the biomarkers such as the js#@istane and
aromatic analysis, Column, BP-5 (60 m X 0.25 mm);nCig/Phytane ratios which showed significant reductions
Initial temperature, 80°C; Final temperature, 300; ° over the period are evidence indicating gradual
Ramp rate, 3 °C per min; Carrier gas, Nitrogen (30decontamination hence recovery of the site (Tetadl.,

mL/min); Injection temperature, 310 °C. 1992; Wanget al., 1994; Yvelineet al., 1997; Nwachukwu
etal., 1998).
3. Resultsand Discussion Gas chromatogram of alkane fraction of crude oil

biodegraded byAspergillus niger indicate extensive
biodegradation in 60 d periodThe ratios of the
isoprenoids, pristane and phytane increase to thehN
West suggesting depletion of normal paraffins (1@as
chromatograms of aromatic fraction A$pergillus niger.

The fungal isolate used in this studlyniger was the
predominant fungal isolate found in soil contamécktvith
crude oil at crude oil production site of O.N.Gftam oll
well of Lingala oil field project, Andhra Pradesh.has
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Figure 1. Gas chromatographic fingerprinting of (a) initiaéto day) saturate fraction of crude oil and (b§ra80days of
bioremediation of saturate fraction of crude oilAspergillus niger.

revealed that the lower aromatic fractions havenbeehave a greater capacity and enzymatic capability to
removed over a period of time and higher aromatiaddegrade the recalcitrant PAH than bacteria. Other
hydrocarbon abundance is seen. It is evident thagif researchers, (e.g. Andrest al., 2001; Cerniglia, 1992;
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Gadd, 2001 and Sutherland, 2004) have reporteduhgt microorganisms by the most probable number method.

are good PAH degraders. Can J Microbiol., 24, 552-557.

In conclusion, the result here shows that fungiaisal Mittal, A., Sudies on biodegradation of Onland ail spill.
can be exploited in the biodegradation of crudegbeim Ph. D.Thesis, Gurukul Kangri University, Haridwar,
oil spill and bioremediation of the environment. India, 2005.
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