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Abstract: Bioremediation, a process that utilizes the capability of microorga-
nism to degrade toxic waste, is emerging as a promising technology for the
treatment of soil and groundwater contamination. The technology is very ef-
fective in dealing with petroleum hydrocarbon contamination. The aim of this
study was to examine the composition of the microbial consortium during the
ex situ experiment of bioremediation of soil heavily contaminated with crude
oil and its products from the Oil Refinery Pancevo, Serbia. After a 5.5-month
experiment with biostimulation and bioventilation, the concentration of the to-
tal petroleum hydrocarbons (TPH) had been reduced from 29.80 to 3.29 g/kg
(89 %). In soil, the dominant microorganism population comprised Gram-posi-
tive bacteria from actinomycete-Nocardia group. The microorganisms which
decompose hydrocarbons were the dominant microbia population at the end of
the process, with a share of more than 80 % (range 107 CFU/g). On the basis of
the results, it was concluded that a stable microbial community had been for-
med after initial fluctuations.

Keywords. bioremediation; microbial consortia; petroleum contamination.

INTRODUCTION

Bioremediation is a modern method in which the natural ability of micro-
organisms is employed for the reduction of the concentration and/or toxicity of
various chemical substances, such as petroleum derivatives, aiphatic and aro-
matic hydrocarbons, industrial solvents, pesticides and metals.!

Some microorganisms can decompose or transform the chemical substances
present in petroleum and petroleum derivatives. Hydrocarbons from crude oil re-
present substrates for microorganisms, hence, when an accidental oil spill occurs,
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the number of hydrocarbon degrading microorganisms in the ecosystem in-
creases. A single microorganism can degrade only certain types of petroleum
compounds, but a mixed population — microbial community enables a higher le-
vel of degradation. Moreover, some substances can be decomposed only by co-
metabolism. In natural conditions, the presence of microorganisms that use the
products of primary degradation is of particular importance. Further decompo-
sition of crude oil is stimulated by the removal of its degradation products.

The speed and efficiency of bioremediation of a soil contaminated with pet-
roleum and petroleum products depends on the number of hydrocarbon-degra-
ding microorganisms in the soil. The most important factors for population
growth are temperature, oxygen, pH, content of nitrogen and phosphorus, hydro-
carbon class and their effective concentration. The degree and rate of biodegra-
dation are influenced by the type of soil in which the process occurs.23

The specific metabolic activity of microorganisms in biodegradation experi-
ments could be monitored by molecular biological methods, fatty acid profiling
and by classical microbiological methods.# The first two methods enable an in
detail taxonomical identification and an estimation of the non-cultivatable micro-
organisms. Despite being time consuming, classical methods are often used not
only as a community characterization method but also as a tool for the isolation
of microorganisms with the desired characteristics, particularly with substrates of
low degradability.

Various authors studied metabolically active microbial communities — con-
sortia during petroleum bioremediation under laboratory condition or as field ex-
periments.>8 For example, Groudevad studied the composition of a metaboli-
cally active consortium during bioremediation of water and wetlands contami-
nated with crude oil and heavy metals.

This work represents a continuation of our research in the area of the bio-
degradation of hydrocarbons in water and sediments on the area of the Panc¢evo
Oil Refinery, Serbia.%-12 This paper examines the composition of the microbial
consortium during the ex situ experiment of bioremediation of 150 m3 of soil
heavily contaminated with petroleum and petroleum products from the oil refi-
nery complex. The experiment was performed from May to October 2006.

EXPERIMENTAL

In the complex of the Oil Refinery Pancevo, a 150 m? in volume bioremediation pile
(“open bioreactor”) of a watertight base of soil contaminated with petroleum and petroleum
derivatives was made. The natura aeration was stimulated by a system of perforated pipes.
Bioremediation was performed by adding organic amendments — poultry manure as an N and
P source and sawdust to improve the soil texture. The pile was protected from direct external
influences by a*“ green house”.

Every 15 days, six composite samples were prepared by the zigzag technique and used
for al determinations.
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The number of microorganisms was determined by the method of seria dilution on agar
plates incubated on 26 °C. For the total count of bacteria, Nutrient agar was used; for fungi,
Malt agar with streptomycin; for Gram-negative bacteria, McConkey agarl3 and for micro-
organisms which decompose hydrocarbons, mineral base medium!4 with different carbon
sources: 2000 ppm diesel fuel, 375 ppm toluene or 200 ppm phenanthrene.1®> Actinomycetes,
Nocardia and Pseudomonas as well as cellulose decomposing bacteria and fungi were deter-
mined using selective media. 1617

The content of total petroleum hydrocarbons (TPH) in the soil was determined according
to DIN EN 14345:2004. Gas chromatography was performed using an Agilent 4890D instru-
ment with an FID detector (column: HP-1IMS 30 mx0.25 mm; carrier gas. hydrogen; injector
temperature: 250 °C; initial temperature 40 °C, isothermal at 285 °C for 12 min).18

RESULTS AND DISCUSSION

The examined soil contaminated with petroleum and petroleum derivatives
originated from the Oil Refinery Pan¢evo, where pollution is high and chronic.
The sail initially contained 29.99+1.88 g TPH/kg. Since preliminary experiments
(the results are not given) revealed the presence of hydrocarbon degraders in the
soil, the growth of microorganisms was stimulated by the addition of N and P
sources, aeration and mixing. In this way by application of bioremediation tech-
niques, the concentration of total petroleum hydrocarbons (TPH) was reduced to
3.29 g/kg (89 %) during the five-and-half month experiment. The changes of the
TPH as well as the GC chromatogram of the initial and the last sample are shown

inFig. 1.
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Fig. 1. Time course of the hydrocarbon concentration during the biodegradation process
(al results are expressed on the basis of dry weight; meantSD, n = 6).
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It is noticeable that the highest reduction of TPH occurred in the period from
the 49t to the 96t" day. Apart from that, it should be pointed out that until the
63'd day, practically 50 % of the hydrocarbons had been decomposed. In initial
sample, the hydrocarbons were partialy biodegraded so that the part of easily
degradable alkane fraction of crude oil was removed, which generally reduces the
rate of further degradation.3.6.12

As mentioned in the introduction, studies of microbial consortia are of great
importance for the best understanding of the biodegradation process. In this stu-
dy, specific microorganisms groups were chosen on the basis of the genera role
of microorganisms in the cycling of carbon, nitrogen and phosphorus in soil. In
addition, it is well known that the best hydrocarbon degraders are bacteria from
the genera Nocardia, Pseudomonas, Acinetobacter, Flavobacterium, Micrococ-
cus, Arthrobacter, Corynebacterium, Achromobacter, Rhodococcus, Alcaligenes,
Mycobacterium and Bacillus and the fungi Rhodotorulla, Fusarium, Aspergillus,
Mucor, Penicillium, Candida and Sporobolomyces. 19
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The changes in the number of microorganisms in specific physiological-bio-
chemical groups are given in Fig. 2. Most of these microorganisms were mem-
bers of the indigenous microflora and some were introduced into the system with
the organic amendments added to the soil in order to stimulate biodegradation.

The highest number of microorganisms was attained between 7—14 weeks of
the process. The total number of bacteria in the soil during bioremediation wasin
range 107108 CFU/g dry soil, and yeast and molds 104-10° CFU/g. The number
of hydrocarbon-degrading bacteria was 106-107 CFU/g, and hydroarbon-degra-
ding fungi 105-106 CFU/g (Fig. 2a). The number of toluene and pheanthrene de-
graders was 10°-106 CFU/g (Fig. 2c). The dominant population in the soil com-
prised Gram-positive bacteria from the actinomycete-Nocardia group (108-107
CFU/g), while the total number of Gram-negative bacteria (105106 CFU/g) and
members of genus Pseudomonas (104-10° CFU/g) was slightly smaller (Fig. 2b).
The number of cellulolytic bacteria was in the range 10°-106 CFU/g, and that of
cellulolytic fungi was 104-10° CFU/g (Fig. 2¢).

On the basis of the results presented in Fig. 2, it is apparent that a stable
microbial community was formed during the bioremediation experiment.

CONCLUSIONS

The metabolically active microbial community played the key role in the hy-
drocarbon biodegradation. The maximum number of microorganisms in the con-
sortium was achieved from the 49t to the 96th day of the experiment and si-
multaneously, the highest rate of hydrocarbon degradation occurred. During the
bioremediation experiment, there were no significant changes in the relationships
between particular microbial populations, probably because the soil used in the
experiment had a high hydrocarbon content and the contamination was aged and
chronic.
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BUOPEMEJIMJAIINJA 3EMJBMIITA TEHLIKO KOHTAMUHNWPAHOI' HA®TOM 1
HA®THUM JEPUBATUMA: CACTAB KOH30PLIMJYMA MUKPOOPI'AHU3AMA

JEJIEHA C. MJTRY, BIAZIMMUP 1. BELIKOCKHY, MIJIA B. MJTHRY, SAMIRA A. M. ALI%,
TOPJIAHA B. TOJTUR-IIBUJOBUR! u MUPOCJIAB M. BPBUR?

Ulenitiap 3a xemujy, Mnciiudiyiti sa xemujy, iiiexHoaoZujy u mefiaaypzujy, Ynusepauitieiii y Beozpady, Hezowesa 12,
Beozpao u > Xemujcku paxyaitiei, Ynusepauitieii y Beozpady, Citiydeniticku imipz 12—16, Beozpad

Buopemenujanuja, mporec Koji KOPUCTH CIIOCOOHOCT MUKPOOPTraHu3aMa Ja pas3jiaKy TOKCHY-

HH OTNAaj, IpeJCcTaB/ba CaBPEMEHH TpeHA y mpeuninhaBamy 3ara)eHOT 3eMJBHINTA W MOA3EMHHX

Boga. OBa TexHoJIOTHja je BeoMa euKacHa y yKiamaikby KOHTaMHHauuja HadTHOr 3arahuBaua.

Llusb oBOT pajia je OMo KapakTepH3aluja KOH30pIHjyMa MUKpOOpraHu3ama rpH eX Citu 6uopeme;u-

jalMju 3eMJBHINTA TEIIKO KOHTAMHHUPAHOT Ha()TOM M HeHHM aepuBatuMa n3 Padunepuje Hadre,
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[Nanuero. [Tocne 5,5 mecenu ekcriepuMenTa y3 OHOCTHMyNanujy ¥ OHOBEHTWIAIN]Y KOHIIEHTpa-
Mja YKyITHHX YIJbOBOMOHHKA HadTe je cMamena ca 29,80 ua 3,29 g/kg (89 %). [lomunaHTHa TIOITY-
nan@ja y 3eMJBHINTY YKJbydyje ['pam-nosutuBHe Oakrepuje u3 rpymne akrunomuiera-Nocardia.
Mukpoopranu3mMu Koju pasrpaljyjy yribOBOJOHHKE Ha Kpajy mpoleca ¢y OWiIM JOMHHAHTHA MH-
KkpoGHa Tonyaumja ca yaenom npeko 80 % (pex Bemmunne 107 CFU/g). Ha 0CHOBY 0BHX pesyil-
Tara ce MOXE 3aKJbyUYHTH Ja je, HAaKOH IOYETHUX MPOMEHa, JOLLIO 10 GopMupama cTabuiIHe MUK-
poGHe 3ajenHuIe.

(Ipumbeno 23. jyna, pepuaupano 16. jyma 2008)
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