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Streszczenie. Celem prowadzonych badań było określenie wpływu obecności paliw w glebie na
liczebność wybranych grup mikroorganizmów glebowych, w tym bakterii, promieniowców,
grzybów, kopiotrofów i oligotrofów. W doświadczeniu wykorzystano olej napędowy (ON),
biodiesel (BD) oraz mieszaninę obu paliw, w której udział biodiesla wynosił 10% (BD10).
–1
Zastosowano dwa poziomy skażenia: 10 i 100 g · kg s.m. gleby. Liczebność mikroorganizmów
oceniano metodą posiewu rozcieńczeń glebowych z zastosowaniem podłoży hodowlanych
odpowiednich dla poszczególnych grup drobnoustrojów. Na podstawie otrzymanych wyników
badań stwierdzono zróżnicowaną wrażliwość badanych mikroorganizmów na obecność paliw
w glebie. Rodzaj paliwa i jego dawka miały istotny wpływ na liczebność bakterii, promieniowców
i grzybów. Nie stwierdzono zależności pomiędzy tymi czynnikami doświadczenia a liczebnością
mikroorganizmów kopiotroficznych i oligotroficznych.
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INTRODUCTION
Soil is a natural habitat for microorganisms whose activity is essential for maintaining the
continuity of transforming matter in the environment (Winding et al. 2005). Microorganisms
are involved in shaping fertility of the soil, providing nutrients to plants, and participate in
detoxification of harmful chemical substances (Galus-Barchan and Paśmionka 2014). Among
the many pollutants that enter the soil environment, the most common are petroleum
products. Their presence in the soil can be associated with the processes of mining, processing
in refineries or failures that occur, for example, during fuel storage (Jansson et al. 2000, Pena
et al. 2007, Nowak 2008). Fuel influences physical, chemical, biochemical and microbiological
properties of soil, it may be toxic to plants, it is also a source of groundwater pollution, which
in consequence may negatively affect the health and lives of people (Hawrot-Paw 2011).
Soil microorganisms are very sensitive to changes occurring in the soil (Schloter et al. 2003,
Andreoni et al. 2004) and may be used as indicators of its health (Hayat et al. 2002,
Eibes et al. 2006). Petroleum substances may limit the number of microorganisms or
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eliminate them from the contaminated environment (Wyszkowska and Kucharski 2001,
Kucharski and Jastrzębska 2005, Hawrot-Paw and Ryłów 2008), but may also stimulate their
growth and development (Michalcewicz 1995, Nowak et al. 2008, Hawrot-Paw 2011).
In recent years, much attention has been given to issues related to enriching diesel oil
with bio-components of plant origin (Mańczak et al. 2010). One of such additives is biodiesel,
prepared in the process of trans-esterification, which can also be used as a stand-alone fuel.
Although biodiesel is considered to be an easily biodegradable substance, it does not occur
naturally in the environment (Hawrot-Paw 2011), and its presence in the soil can affect its
biological balance and modify the activity of the resident microorganisms.
The aim of the study was to specify changes in the population of selected groups of soil
microorganisms in soil contaminated with biodiesel, diesel and a mixture of these fuels.
MATERIAL AND METHODS
The study was conducted in loamy sand. The material was obtained in the Experimental
Station in Lipnik belonging to the West Pomeranian University of Technology in Szczecin,
from a depth of 0–15 cm up to the level of hummus/arable land. At the laboratory the soil was
dried with air and then sieved through a sieve with apertures of 2 mm. Based on current
humidity, as determined by the drying-weighing method, moisture content of the soil was
brought to the level corresponding to 60% capillary water capacity, and such humidity was
maintained throughout the study.
During the experiment biodiesel (BD100) and diesel (DO) from the distributor of a gas
station, and mixture of the two fuels was also prepared in a laboratory by introducing
a 10 per cent biodiesel additive (BD10) to conventional fuel. The soil material has been
divided into samples of 500 grams, and then the appropriate amount of fuel was added: dose
1 – 10 g · kg–1 d.m. of soil, dose 2 – 100 g · kg–1 d.m. of soil. Soil uncontaminated with fuel
was the control object (K). The experiment was conducted for 28 days. Scheduled
microbiological analyses were performed on the day when the soil was contaminated with
fuels, and then after 14 and 28 days of incubation.
Microbiological analyses included determination of the number of selected groups of soil
microorganisms by the method of inoculating soil dilutions, which were repeated three times.
Results were converted to 1 g dry mass of the soil and are given as colony forming units (CFU).
The scope of the study included determining the number of:
─ bacteria on the medium of Bunt and Rovira (1955) at 20ºC after three days of incubation,
─ actinobacteria on the medium of Cyganow and Žukov (1964) at 20ºC after 7 days of incubation,
─ fungi on Martin’s medium (1950) at 20ºC after 5 days of incubation,
─ copiotrophs on NB (nutrient broth) medium after 7 days incubation at 28ºC (Ohta and
Hattori 1980),
─ oligotrophs on the DNB (dilution nutrient broth) medium after 14 days incubation at 28ºC
(Ohta and Hattori 1980).
The results were statistically analysed using the analysis of variance and significance tests
of Newman-Keuls. The analysis programme used was Statistica v. 10.0 by StatSoft Poland.
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RESULTS AND DISCUSSION
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Petroleum substances that leak into the soil environment can interfere with the natural
cycle of matter and energy circulation and thus affect the biological composition of the soil
(Kołwzan 2005, Hawrot-Paw 2011). The dynamics of change in the number of individual
groups of microorganisms under the influence of fuels is shown in Figs. 1–5, and the average
values of the entire incubation period in Fig. 6 A–E. Basing on these results we can say that
applying contamination to the soil caused shifts in the quantitative composition of microflora.
Depending on the group of microorganisms, the number increased or decreased. For
selected groups of microorganisms, significant effects of the type of contamination and the
dose, as well as the time of inspection were reported. The relationship between the dose of
contamination and number of soil microorganisms is also supported by previous studies of
Hawrot-Paw (2011). In general, the number of microorganisms in soil contaminated with
petroleum products varies in time (Song and Bartha 1990). When the experiment was
performed, fluctuations in the number of microorganisms were observed. Significant changes
in individual testing sites regarding bacteria, actinobacteria and fungi were marked after
14 days of incubation. A transient increase in the number of the number of copiotrophs and
oligotrophs was observed, however, the observed stimulation was not statistically significant
and, as in the case of other groups of microorganisms, limited in time.

Day of measurement
Dzień pomiaru

Fig. 1. The number of bacteria in soil of particular objects
Rys. 1. Liczebność bakterii w glebie poszczególnych obiektów
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Fig. 2. The number of actinobacteria in soil of particular objects
Rys. 2. Liczebność promieniowców w glebie poszczególnych obiektów

Day of measurement
Dzień pomiaru

Fig. 3. The number of fungi in soil of particular objects
Rys. 3. Liczebność grzybów w glebie poszczególnych obiektów
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Fig. 4. The number of copiotrophics microorganisms in soil of particular objects
Rys. 4. Liczebność kopiotrofów w glebie poszczególnych obiektów

Day of measurement
Dzień pomiaru

Fig. 5. The number of oligotrophics microorganisms in soil of particular objects
Rys. 5. Liczebność oligotrofów w glebie poszczególnych obiektów

Considering the mean values throughout the incubation period it has been found that
diesel oil stimulated the growth of bacteria and oligotrophic microorganisms, and in a dose of
100 g · kg–1 d.m. of soil, also of fungi. This may mean that they found fuel to be an easily
digestible nutrient. This stimulating effect of conventional fuel was also observed by other
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authors (Molina-Barahona et al. 2005, Hawrot-Paw 2012). The increasing amount of fuel
limited the number of actinobacteria. There has also been a negative impact on copiotrophs,
and in research of Kucharski and Wyszkowska (2001) the number of these microorganisms
under the influence of diesel increased. Kucharski and Jastrzębska (2005) observed a stimulating
effect on both fuel oil copiotrophs and oligotrophs.

Fig. 6 A–E. The average number of microorganisms as percent of control
Rys. 6 A–E. Średnia liczebność mikroorganizmów jako procent kontroli

Favourable effects of the mixture of both tested fuels (objects BD10) were observed as
regards bacteria, and as to actinobacteria and oligotrophs – their numbers further increased
with increasing the level of contamination. The stimulatory effect of the dose of 100 g · kg–1 d.m.
of soil was also recorded for fungi. In object BD102 their numbers increased by over 500%
compared to the control object.
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In the presence of pure biodiesel, regardless of the dose, an increase in the number of
fungi and to a lesser extent, oligotrophic microorganisms was observed. Increased fuel
concentration in the soil negatively affected bacteria and actinobacteria, reducing their
numbers by approx. 30–35%, compared to the control object. The negative reaction of some
microorganisms could be a response to biodiesel additives, for example, antioxidants.
However, studies carried out by Lapinskiene et. al. (2006) showed that up to 12 per cent
dose of biofuel did not impair the activity of microorganisms. Differences in results may result
from, among others, variable composition of vegetable oils, out of which biodiesel is
produced (Srivastava and Prasad 2000, Pinto et al. 2005, Hawrot-Paw 2011). In the case of
conventional fuel, hydrocarbons present in them may be a source of carbon and energy for
some microorganisms, and other may be toxic (Hawrot-Paw et al. 2015). The reaction of
microorganisms may be the result of the effect of pollutants on their cells or an indirect result
of changes caused by the presence of fuel in the soil environment.
CONCLUSIONS
Soil contamination caused by biodiesel, a mixture of diesel with biodiesel disrupts the
biological balance of the soil. Microorganisms have different sensitivity to the presence of
fuel, depending on their type. The dose of contamination is also important – in studies, the
increasing the level of pollution caused an increase or reduction in the number of particular
groups of microorganisms.
REFERENCES
Andreoni V., Cavalca L., Rao M.A., Nocerino G., Bernasconi S., Dell’amico E., Colombo M., Gianfreda L.
2004. Bacterial communities and enzyme activities of PAH’s polluted soils. Chemosphere 57(5),
401–412.
Bunt J.S., Rovira A.D. 1955. Microbiological studies of some subantarctic soil. J. Soil Sci. 6(1), 119–128.
Cyganov V.A., Žukov R.A. 1964. Morfologobiochimiciskie osobennosti novowo vida actionomiceta.
Mikrobiologija 33(5), 863–869.
Eibes G., Cajthaml T., Moreira M.T., Feijoo G., Lema J.M. 2006. Enzymatic degradation of anthracene,
dibenzothiophene and pyrene by manganese peroxidase in media containing acetone.
Chemosphere 64, 408–414.
Galus-Barchan A., Paśmionka I. 2014. Występowanie wybranych mikroorganizmów w glebie na
obszarze Puszczy Niepołomickiej ze szczególnym uwzględnieniem grzybów pleśniowych [The
occurrence of selected microorganisms in the soil in the area of the Niepołomice Forest with
particular regard to fungi]. Pol. J. Agr. 17, 11–17. [in Polish.]
Hawrot-Paw M. 2011. Biologiczna aktywność gleb zanieczyszczonych biodieslem oraz możliwości ich
rekultywacji [Biological activity of soils contaminated by biodiesel and the possibilities for their
recultivation].Wydawnictwo Uczelniane Zachodniopomorskiego Uniwersytetu Technologicznego
w Szczecinie. Szczecin, 108. [in Polish.]
Hawrot-Paw M. 2012. Wpływ oleju napędowego na liczebność wybranych grup mikroorganizmów
glebowych [Effect of diesel oil on the number of selected groups of soil microorganisms]. Rocz.
Państ. Zakł. Hig. 63(3), 367–372. [in Polish.]
Hawrot-Paw M., Ryłów M. 2008. Microbial properties of soil contaminated with benzene. Ecol. Chem.
Eng. 15(6), 565–571.

64

M. Hawrot-Paw and M. Izwikow

Hawrot-Paw M., Wijatkowski A., Mikiciuk M. 2015. Influence of diesel and biodiesel fuel-contaminated
soil on microorganisms, growth and development of plants. Plant Soil Environ. 61(5), 189–194.
Hayat S., Ahmad I., Azam Z.M., Ahmad A., Inam A., Samiullah S. 2002. Effect of long-term application
of oil refinery waste water on soil health, with special reference to microbial characteristic. Biores.
Technol. 84, 159–16.
Jansson J.K., Björklöf K., Elvang A.M., Jørgesen K.S. 2000. Biomarkers for monitoring efficacy of
bioremediation by microbial inoculants. Environ. Pollut. 107, 217–223.
Kołwzan B. 2005, Bioremediacja gleb skażonych produktami naftowymi wraz z oceną ekotoksykologiczną
[Bioremediation of soils contaminated with petroleum products including of ecotoxicological
assessment]. Oficyna Wydaw. Politech. Wroc., Wrocław. [in Polish.]
Kucharski J., Jastrzębska E. 2005. Effects of heating oil on the count of microorganisms and
physico-chemical properties of soil. Pol. J. Environ. Stud. 14(2), 189–198.
Kucharski J., Wyszkowska J. 2001. Microbiological properties of soil contaminated with diesel oil.
Acta Agrophys. 51, 113–120.
Lapinskiene A., Martinkus P., Rėbždaitė V. 2006. Ecotoxicological studies of diesel and biodiesel
fuels in aerated soil. Environ. Pollut. 142, 432–437.
Mańczak K., Cyplik P., Marecik R., Szulc A., Lisiecki P., Ławniczak Ł., Owsianiak M.,
Chrzanowski Ł. 2010. Biodegradacja mieszanin oleju napędowego i biodiesla w środowisku
glebowym [Biodegradation of mixtures of diesel and biodiesel in the soil environment]. Ochr. Śr.
Zasobów Nat. 3, 126–135. [in Polish.]
Martin J.P. 1950. Use of acid rose bengale and streptomycin in the plate method for estimating soil
fungi. Soil Sci. 6, 215–233.
Michalcewicz W. 1995. Wpływ oleju napędowego do silników Diesla na liczebność bakterii, grzybów,
promieniowców oraz biomasę mikroorganizmów glebowych [The impact of diesel oil for diesel engines
on the numbers of bacteria, fungi, actinomycetes and soil microbial biomass]. Rocz. PZH 46(1),
91–97. [in Polish.]
Molina-Barahona L., Vega-Loyo L., Guerrero M., Ramirez S., Romero I., Vega-Jarquin C.,
Albores A. 2005. Exotocicological evaluation of diesel-contaminated soil before and after a
biodiesel remediation process. Environ. Toxicol. 20(1), 100–109.
Nowak A., Nowak J., Hawrot-Paw M., Telesiński A., Błaszak M., Kłódka D., Przybulewska K.,
Smolik B., Szymczak J. 2008. Biodegradation of diesel fuel in soils modified with compost or
bentonite and with optimized strains of bacteria. Part II. Changes in microorganisms counts and
activity. Ecol. Chem. Eng. 15(7), 607–622.
Nowak J. 2008. Bioremediacja gleb z ropy i jej produktów [Bioremediation of soils from crude oil and
its products]. Biotechnologia 1(80), 97–108. [in Polish.]
Ohta H., Hattori T. 1980. Bacteria sensitive to nutrient broth medium in terrestrial environments. Soil
Sci. Plant Nutr. 26, 99–107.
Pena W., Trasar-Capeda C., Gil-Sotres F., Leirós M.C. 2007. Modification of the degradative capacity of
a soil artificially contaminated with soil. Chemosphere 67, 1057–1063.
Pinto A.C., Guairieiro L.L.N., Rezende M.J.C., Ribeiro N.M., Torres E.A., Lopes W.A., Pereira P.A.,
De Andrade J.B. 2005. Biodiesel; an overview. J. Braz. Chem. Soc. 16(6B), 1313–1330.
Schloter M., Dilly O., Munch J.C. 2003, Indicators for evaluating soil quality. Agric. Ecosyst. Environ. 98,
255–262.
Song H., Bartha R. 1990. Effects of jet spills on the microbial community of soil. Appl. Environ.
Microbiol. 56(3), 646–651.
Srivastava A., Prasad R. 2000. Triglycerides – based diesel fuels. Renew. Sustain. Energy Rev. 4(2),
111–133.
Winding A., Hund-Rinke K., Rutgers M. 2005. The use of microorganisms in ecological soil
classification and assessment concept. Ecotoxicol. Environ. Saf. 62, 230–248.

Microbiome of soil contaminated

65

Wyszkowska J., Kucharski J. 2001. Correlation between number of microbes and degree of soil
contamination by petrol. Pol. J. Environ. Stud. 15(3), 501–506.

Abstract. The aim of the study was to determine the influence of the presence of fuels in the
soil on the number of selected groups of soil microorganisms, including bacteria, actinobacteria,
fungi, copiotrophs and oligotrophs. In the experiment, diesel oil (DO), biodiesel (BD) and
a mixture of both fuels, in which the share of biodiesel was 10% (BD10), were used. Two levels
–1
of contamination were applied: 10 and 100 g · kg d.m. of soil. The number of microorganisms
was assessed with the method of plating dilutions of the soil on culture media suitable for
particular groups of microorganisms. Based on the obtained results, varying sensibility of
microorganisms to the presence of fuels in the soil was discovered. The kind of fuel and its dose
had a significant impact on the numbers of bacteria, actinobacteria and fungi. There was no
correlation between these factors and copiotrophic and oligotrophic microorganisms.

