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Abstract: Petroleum substances are widely used in many industries and are used as lubricants and fuels in

motor vehicles. Due to the pipeline failure, lost of substances on the loading stations area and traffic crashes,

petroleum contamination of soils are very common. High concentration of petroleum pollutants in the soil,

leads to reduced activity of the indigenous microflora and extends their fate in the environment. However

solubility in water of petroleum products is low, contamination could easily move from accident site to other

places with surface and groundwater streams. It is especially important on water resources or agriculture

areas. The high costs of removal of oil spills to the soil and ground, forces to search for low-cost and effective

methods of soils decontamination by “in situ” methods. The aim of this study was to compare the

effectiveness of biodegradation of diesel fuel and mineral oil in the soil contaminated with petroleum

substances, after “Fyre-Zyme” enzyme reagent stimulation and / or hydrogen peroxide. Obtained results

indicate on stimulation of degradation process of diesel fuel and mineral oil, either by used enzyme and

hydrogen peroxide compared with the control samples in 60 days period of experiment. This indicates the

possibility of use of tested additives for soils bioremediation processes as a cheap alternative for ex-situ

methods.
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Introduction

Petroleum substances are widely used in many industries and are used as lubricants

and fuels in motor vehicles. Special care of transport containers is essential in order to
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limit the detrimental effects of diesel oil, mazout or petrol leakages to the natural

environment. Nevertheless, these leakages still occur as a result of land or sea transport

catastrophes or damaging transmission routes, causing water degradation and prevent-

ing arable lands from producing [1]. To absorb these petroleum by-products sorbents

are commonly used. However, in spite of their multiple merits, mineral and organic

sorbents have a few notable drawbacks: their production usually requires considerable

expense in order to obtain natural rock sources and other organic material [2].

Moreover, used mineral and organic sorbents are hazardous waste and, therefore, in

accordance with actual law regulations must be converted thermally or deposited in the

special landfill for hazardous waste. Due to the significant pipeline failure, lost of high

loads of substances on the loading stations area and traffic crashes, when sorbents were

not used, the petroleum contamination of soils are very common. High concentration of

petroleum pollutants in the soil, leads to reduced activity of the indigenous microflora

and extends their fate in the environment [3, 4]. In case of low amount of hydrocarbons

contamination, it is possible use of compost and lime for improve natural degradation

processes and plants growth conditions [5]. But high load of diesel fuel or lubricants

lead to very long time of natural bioremediation, as an effect of the significant decrease

of the colony forming units [6]. The high costs of removal of oil spills to the soil and

ground, forces to search for low-cost and effective methods of soils decontamination by

“in situ” methods [7]. In order to elimination of organic compounds (mostly hydro-

carbons but also alcohols) present in soil, are widely used microbiological purification,

oxygenation, phytoremediation of contaminated soils or rinsing with detergents [8–13].

Remediation processes are dependent on many factors where climate conditions play a

crucial role [14].

The aim of this study was to compare the effectiveness of biodegradation of diesel

fuel and mineral oil in the heavily contaminated with petroleum substances soil, after

stimulation of Fyre-Zyme enzyme preparation and / or hydrogen peroxide.

Material and methods

Soil samples for experimental purposes were collected from hard contaminated area

after long-term contamination with different petroleum products. Determination of the

degree of degradation of diesel fuel and mineral oil in contaminated soil was conducted

in the laboratory conditions by use:

– Fyre-Zyme enzyme preparation (S + FZ);

– hydrogen peroxide (S + H);

– Fyre-Zyme enzyme preparation and hydrogen peroxide (S + FZ + H).

Each experimental pot was fed by 1 kg of contaminated soil, and then the Fyre-Zyme

enzyme preparation was added in an amount of 10 % (m/m). Hydrogen peroxide was

added in an amount of 0.5 gO2/dm3. Control samples (S) without the addition were

incubated. Humidity was maintained at 60 % and at 2 days periods weight loss of water

was replenished. The prepared soil in pots were incubated at room temperature 22 oC

(± 2 oC). The duration of the experiment was 60 days. Pot experiments established in 3

replications. The kinetics of the chemical changes were monitored by taking 1 g soil
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samples from each objects, and then averaged and at 0, 30 and 60 days was determined

changes in the concentration of oil products (diesel fuel and mineral oil) in the soil.

Also only aliphatic hydrocarbons with carbon chain from C8 to C40, were determined.

These compounds were divided on two groups (C8–C21 and C22–C40) connected to

boiling temperatures characteristic for diesel and mineral oil (126–343 and 344–522

respectively).

All soil samples were extracted for 6 hours in fexIKA® automatic extractor after

drying with anhydrous sodium sulphate (POCH). Mixture of hexane and dichloro-

methane (9/1 v/v) was use for extraction. After extraction sampes were dried,

evaporated and stored in amber glass vials for analysis. Aliphatic hydrocarbons, diesel

fuel and mineral oil were determined by GC-FID method on apparatus Varian CP-3800

with Varian capillary column VF1-ms (30 m × 0.53 mm × 1.50 �m). For analysis

purposes, the chromatograph injector heated to 305 oC, and the FID detector to 325 oC.

GC oven temperature program was started at 100 oC hold for 1 minute, then heated to

320 oC at a rate of 12 oC per minute, and keeping it at the end of the analysis for 12 min.

During all tests the flow of carrier gas (He), through the column was 3 cm3 per minute.

Calibration curves were made on the basis of standard RGO 610 and RGO 722 ® from

LGC Promochem and 31630 from Restek ® company. The presented results are the

mean of 3 replicates. Diesel fuel and mineral oil were calculated as summary peaks of

all detected organic compounds in specific boiling temperature ranges: 126–369 oC for

diesel and 372–522 oC for the motor oil.

Results and discussion

In this work was conducted a purification process of a mixture of soil and mineral

oil with different pacing techniques (S + H, S + FZ, FZ + S + H) in 60 days’ time

period. These samples were analyzed in parallel for changes of the content of

aliphatic hydrocarbons in diesel and mineral oil to identify trends (directions) of

the degradation. To demonstrate the effectiveness of the stimulation technique (de-

gradation processes), in this paper shows the relative changes in the concentrations of

individual hydrocarbons in relation to the control sample – (S), ie soil without additions,

in which the processes take place only with the involvement of autochthonic

microorganisms.

However, hard polluted soil used in experiment, which contain 66.07 g/kg d.m. of

petroleum products, is not a good environment for natural bioremediation process,

obtained results indicate on stimulation effect of used additions on petroleum products

decomposition in investigated soil. In the first group (diesel range) an increase of

amounts of analyzed hydrocarbons was observed (Fig. 1–3). On the other hand, in case

of object S + FZ this phenomenon was noted only for C8, C13 and C14 after 30 days,

and additionally for C9, C10, C15 and C16 on the end of experiment (Fig. 1). In fact of

high contents of C8 and C14 mean value of degradation process speed (in comparison

with control sample) was positive (0.97 %) after 30 days and 4.11 % after 60 days. In

the experimental pots S + FZ + H these values were higher: 49.6 and 15.9 %

respectively for 30 and 60 days. Diesel fuel concentration was different in case of
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hydrogen peroxide use – in S + H group. In the halftime mean value was almost twice

higher than in control (90.2 %), but after 60 days a slight decrease (–12.3 %) was

observed. The highest affectivity was noted for C11 (–58.4 %). Rise of hydrocarbons

content in experimental series in comparison with natural degradation process in control

samples is noted as natural phenomenon in effect of long-chain aliphatic compounds

degradation (bio-cracking). So, in experimental series the most effective process was
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Fig. 1. Relative changes of aliphatic hydrocarbons (diesel range) content in object S + FZ in comparison with

control additive-free sample (S) after 30 and 60 days of incubation
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Fig. 2. Relative changes of aliphatic hydrocarbons (diesel range) content in object S + FZ + H in comparison

with control additive-free sample (S) after 30 and 60 days of incubation



observed in S + FZ objects. The most sensitive compound (from diesel range

hydrocarbons) in all testes series was undecane (C11) with values from –35.7 to

–58.4 % in comparison with control.

Long-chain hydrocarbons (mineral oil range) degradation had different characteristic

than diesel. In S + FZ objects (Fig. 4) during first 30 days, all tested compounds

(C22–C40) were degraded in 38.7 % (mean value). In second part of experiment mostly
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Fig. 3. Relative changes of aliphatic hydrocarbons (diesel range) content in object S + H in comparison with

control additive-free sample (S) after 30 and 60 days of incubation
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Fig. 4. Relative changes of aliphatic hydrocarbons (mineral oil range) content in object S + FZ in comparison

with control additive-free sample (S) after 30 and 60 days of incubation



was degraded long-chain hydrocarbons (C28–C40), however in first 30 days the most

effective process was noted for C22, C24 and C40.

In series S + FZ + H pots (Fig. 5), process of decomposition had similar profile like

in case of S + FZ objects. After 30 days the most degraded compounds were also C22,

C24, C40, but in case of C26 and C28 degradation was slower than in control what was

not present in S + FZ objects. In effect mean value of degradation speed was only
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Fig. 5. Relative changes of aliphatic hydrocarbons (mineral oil range) content in object S + FZ + H in

comparison with control additive-free sample (S) after 30 and 60 days of incubation
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Fig. 6. Relative changes of aliphatic hydrocarbons (mineral oil range) content in object S + H in comparison

with control additive-free sample (S) after 30 and 60 days of incubation



–5.1 %. On the end of experiment the highest decomposition efficiency was noted for

C28–C40, and mean value was better than in control (–28.2 %). In objects with

hydrogen peroxide addition (S + H), decomposition was similar than in S + FZ + H

objects (Fig. 6). In first part of experiment only two compounds (C22 and C40) were

effective degraded, but for n-alkanes C24–C28 in comparison to control samples, worst

results were noted. In effect mean decomposition process was slightly better than in

control but low (–3.3 %). In second part, process was faster (like in case of S + H diesel

range hydrocarbons) and total effectiveness (–36.8 %) was close to noted in S+FZ

objects.

Degradation of n-alkanes was different in all tested samples. In case of “diesel range”

compounds, the best results (54.0 % of biodegradation) was obtained in sample with

hydrogen peroxide addition (similar to total diesel fuel content). Worst results for these

compounds (only 18.1 %) was observed in samples with enzyme preparation. In case of

“long-chain” n-alkanes (C22–C40), the highest degradation intensity (46.5 %) was

observed in samples with Fyre-Zyme enzyme preparation. Similar to diesel fuel in

samples with Fyre-Zyme preparation and H2O2 addition and only with hydrogen

peroxide was observed good results (41.2 and 40.3 % respectively). Better results

(degradation 89–92 % in 112 days) were noted in experiment on light and heavy soils

modified with compost or bentonite and specific microflora consortium, however diesel

fuel concentration was 10 times lower than in this work [4]. So it is possible to choose

precisely an optimal method in case of pollution type.

Obtained results from experiments conducted with composts as a matrix and motor

oil degradation intensity were different than noted in this work. Intensity of decomposi-

tion after 60 days was high (62.9–76.4 %).

However oil content was high but experimental composts containers were well vented,

and composts were prepared 6 months before this experiment by diesel oil spreading for

microbial consortium adaptation. Additionally organic pollution was mixed with com-

posts 1 hour before experiment. Results obtained in this work show that in case of high

contamination by petroleum products (above 10 g/kg d.m. of soil), it is necessary to

increase degradation speed with enzyme preparation or hydrogen peroxide additions [6].

Conclusion

Petroleum products in soil lead to multidirectional long-time degradation polluted

areas. A quick and cheap methods of ground reclamation are the most wanted to

introduce in practice. Use of different sorbents is expensive because used sorbents have

to be incinerated or deposited in the special landfill for hazardous waste. Moreover in

many accidents it is too late for sorption process. Obtained results indicate on

stimulation of natural degradation process of diesel fuel and mineral oil in heavily

contaminated soil. The best results was obtained either for samples with Fyre-Zyme

enzyme preparation (in case of motor oil range n-alkanes) or hydrogen peroxide (in case

of diesel oil range n-alkanes) compared with the control samples in 60 days period.

Used mixture of FZ enzyme preparation and hydrogen peroxide also was effective but

especially for heavy compounds (eg mineral oil fraction). This indicates the possibility
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of use of tested additives for environmentally friendly, highly effective soil bioremedia-

tion processes. Moreover this “in-situ” method is cost-effective, what could be a reason

for wide use in many cases.
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Abstract: Substancje ropopochodne znajduj¹ szerokie zastosowanie w wielu ga³êziach przemys³u, a tak¿e s¹

stosowane jako œrodki smarne i pêdne w pojazdach mechanicznych. Z uwagi na awarie sieci przesy³owych,
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obrót tymi substancjami na stacjach prze³adunkowych, a tak¿e katastrofy w ruchu l¹dowym, zanieczyszczenia

ropopochodne gleb s¹ czêstym zjawiskiem. Du¿a koncentracja zanieczyszczeñ naftopochodnych w glebie

prowadzi do zmniejszenia aktywnoœci mikroflory autochtonicznej i poprzez ograniczenie dop³ywu tlenu do

profilu glebowego, wyd³u¿a czas ich zalegania w œrodowisku. Wysokie koszty likwidacji skutków wycieków

ropopochodnych do gleb i gruntu zmuszaj¹ do poszukiwania tanich i efektywnych metod usuwania

zanieczyszczeñ metodami „in situ”. Celem niniejszej pracy by³o porównanie efektywnoœci biodegradacji

n-alkanów rozpatrywanych w podziale na 2 grupy: oleju napêdowego oraz oleju silnikowego w glebie silnie

zanieczyszczonej substancjami ropopochodnymi, po stymulacji preparatem enzymatycznym Fyre-Zyme lub/i

nadtlenkiem wodoru. Uzyskane wyniki wskazuj¹ na stymulowanie rozk³adu oleju napêdowego oraz

silnikowego zarówno poprzez zastosowany preparat enzymatyczny (który najwy¿sz¹ efektywnoœæ wykazywa³

w przypadku wêglowodorów o d³ugoœci ³añcucha wêglowego C22–C40), jak i nadtlenek wodoru (najbardziej

efektywny do stymulacji rozk³adu wêglowodorów C8–C21) w porównaniu do grupy kontrolnej w okresie 60

dni. Wskazuje to na potencjalne mo¿liwoœci zastosowania badanych dodatków do przyspieszania procesu

bioremediacji gleb.

S³owa kluczowe: ropopochodne, bioremediacja, gleba, enzymy, nadtlenek wodoru
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