
American-Eurasian Journal of Sustainable Agriculture, 2(1): 54-60, 2008

ISSN 1995-0748

© 2008, American Eurasian Network for Scientific Information
This is a refereed journal and all articles are professionally screened and reviewed

ORIGINAL ARTICLE

54

Corresponding Author: Miroslaw Wyszkowski, Department of Environmental Chemistry, University of Warmia and
Mazury in Olsztyn, Plac £ódzki 4, 10-718 Olsztyn, Poland.
E-mail: miroslaw.wyszkowski@uwm.edu.pl

Effect of Petrol and Diesel Oil on Content of Organic Carbon and Mineral
Components in Soil

M. Wyszkowski  and A. Zió³kowska

Department of Environmental Chemistry, University of Warmia and Mazury in Olsztyn, Plac £ódzki 4, 10-
718 Olsztyn, Poland. 

Wyszkowski M. and Zió³kowska A.: Content of Organic Carbon and Mineral Components in Soil
Contaminated with Petroleum-derived Subs, Am.-Eurasian J. Sustain. Agric., 2(1): 54-60, 2008

ABSTRACT

This study was conducted to determine the effects of soil contamination with petroleum and diesel oil on
the content of organic carbon and available forms of phosphorus, potassium and magnesium in the soil.
Compost, bentonite and calcium oxide were applied in order to neutralize the anticipated negative effects of
these substances. Petroleum-derived substances brought about a decrease in the content of organic carbon in
the soil, following the harvest of the plants. Diesel oil resulted in an increase in the content of available
potassium and magnesium in the soil. The influence of petroleum on the content of macroelements was
definitely lower than that of diesel oil. It was negative in the case of phosphorus and potassium, while in the
case of magnesium it was positive. Among the neutralization additives applied, bentonite had the most
favourable effect on the content of the examined macroelements. The influence of compost and calcium oxide
was also generally positive, although to a lower degree than bentonite. 
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Introduction

Soil constitutes the living environment not only for people, but also for plants and animals and through
its functions provides for the needs of the natural environment. Due to its sorptive and retention properties,
it also fulfils the role of a natural filter against contaminants circulating in the environment (Piaœcik, 2002).
The contamination of the natural environment by petroleum-derived substances contributes to the degradation
of land, and the occurrence of many spot and area sources of contamination over time results in the creation
of various integrated underground environments contaminated with these substances (Sztompka, 1999).
Particularly dangerous soil contaminations include pollution with petroleum derivatives, which is very often
observed in municipal soils, around industrial plants and in areas where petroleum and natural gas are obtained
(Adam et al., 2002; Clark, 2003). Soil pollution through many small, common sources of these products pose
a large environmental threat. 

Bearing that in mind, this study was conducted to determine the effects of soil contamination with
petroleum and diesel oil on the content of organic carbon and available forms of phosphorus, potassium and
magnesium in the soil. Compost, bentonite and calcium oxide were applied in order to neutralize the
anticipated negative effects of these substances.

Materials and methods

Conditions and methods of the vegetative experiment

The study was conducted in the vegetation hall of the University of Warmia and Mazury in Olsztyn
(Poland), on typical Eutric Cambisols soil according to WRB (1998) formed from sandy loam (1.0-0.1 mm -
50%; 0.1-0.02 mm - 39%; <0.02 mm - 8%), which with the following properties: pH in 1 mol KCl/dm - 5.10;
hydrolytic acidity (HA) - 30.8 mmol (H ) kg ; exchangeable cation bases (ECB) - 88.0 mmol(+) kg ; cation+ -1 -1
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orgexchange capacity (CEC) - 118.8 mmol(+) kg ; base saturation (BS) - 74.1%; C  content - 8.48 g kg ,-1 -1

content of available: phosphorus (P) - 34.1 mg kg , potassium (K) - 75.2 mg kg  and magnesium (Mg) - 36.7-1 -1

mg kg . During the study, increasing doses of petrol and diesel oil were applied in the following amounts:-1

0; 2.5; 5 and 10 cm  kg  d.m. of soil. In order to limit the effects of petroleum-derived substances on the soil,3 -1

the following were applied: compost - 30 g (3%), bentonite - 20 g (2% in relation to the mass of the soil) and

50% calcium oxide - 1.47 g Ca kg  soil, in a dose corresponding to one full hydrolytic acidity. Compost was-1

prepared from leaves (about 44%), manure (about 33%) and peat (about 23%) and was composted for six

months. It was characterized by a high amount of calcium (15.86 g kg  d.m.) and a lower amount of-1

phosphorus (2.32 g kg  d.m.), magnesium (1.47 g kg  d.m.) and potassium (1.33 g kg  d.m.). Bentonite was-1 -1 -1

rich in calcium (26.72 g kg  d.m.), sodium (12.11 g kg  d.m.), magnesium (5.03 g kg  d.m.) and potassium-1 -1 -1

(2.43 g kg  d.m.), and poorer in phosphorus (0.47 g kg  d.m.). Calcium oxide was characterized by a high-1 -1

content of Ca (347.99 g kg  d.m.), but also by a significant amount of magnesium (2.65 g kg  d.m.), and a-1 -1

relatively low amount of potassium (0.77 g kg  d.m.) and phosphorus (0.10 g kg  d.m.). The experiment was-1 -1

conducted  in four replications. Additionally, macro- and microelements were added to all pots, in the

2 2  2 4 2 4following  amounts  (in  mg  kg  of soil): N - 150 CO(NH ) ; P - 30 (KH PO ); K - 70 (KH PO  + KCl);-1

4  2 2  2 4 6 7 24 2 3 3Mg - 50 (MgSO · 7H O); Mn - 5 (MnCl · 4H O); Mo - 5 [(NH ) Mo O  · 4H O]; B - 0.33 (H BO ).

Petroleum-derived substances, compost, bentonite and calcium, as well as macro- and microelements in the

form of water solutions, were mixed with 9.5 kg of soil at the moment of establishing the experiment, and

placed in polyethylene pots. Afterwards, spring rape (Brassica napus var. oleifera) Polish cv. Mazowiecki was

sown and, after its harvest, a secondary plant - oat (Avena sativa L.) Polish cv. Borowik. During the

experiment, the humidity of soil was maintained at the level of 60% capillary water capacity. Samples of soil

for examination were collected 110 days after establishing the experiment, during the harvest of oat at the stage

of panicle extraction.

Soil analysis

The soil was dried and sieved through a sieve of 1 mm mesh diameter. The following analyses were

orgperformed on the soil samples: content of organic carbon (C ) - by the Tiurin method using potassium

dichromate with diluted sulphuric acid (Lityñski et al., 1976), the content of available phosphorus and

potassium - by the Egner-Riehm method (Lityñski et al., 1976), the content of available magnesium - by the

Schachtschabel method (Lityñski et al., 1976), pH (exchangeable acidity) with potentiometrical method with

the use of aquatic solution of KCl at the concentration of 1M KCl  dm  (Lityñski et al. 1976), hydrolytic-3

acidity - exchangeable H  and Al  (HA) and exchangeable cation bases - Ca , Mg , K  and Na  (ECB) with+ 3+ 2+ 2+ + +

Kappen method (Lityñski et al., 1976). Based on the hydrolytic acidity and exchangeable cation bases, the

cation exchange capacity (CEC) and base saturation (BS) were calculated with the following formulas: CEC

= ECB + HA, BS = (ECB/CEC)·100. 

Statystical analysis

The results obtained were statistically analysed using ANOVA three-factor analysis of variance in Statistica

software (StatSoft, Inc., 2005).

Results and discussion 

Effect of petroleum-derived substances on content of organic carbon and mineral components in soil 

The contamination of the soil environment can undoubtedly limit its protective function, upset metabolic

activity, unfavourably affect its physico-chemical characteristics, reduce fertility and negatively influence plant

production (Gong et al., 1996, Wyszkowski et al., 2004, Wyszkowski and W yszkowska, 2005). The above

features are very much influenced by anthropogenic factors, which include the contamination of soil with

petroleum-derived products. Changes in some soil properties resulting from contamination with petroleum-

derived substances, and particularly those related to physico-chemical composition, brings about some changes

in the biological composition of soil which, in consequence, can lead to water and oxygen deficits, as well

as to a shortage of available forms of nitrogen and phosphorus (Wyszkowska and Kucharski, 2000). 

In the authors’ own studies the contamination of soil with petroleum-derived substances significantly

influenced  the  content  of  examined macroelements in the soil after the harvest of spring rape and oat

(Table 1). In the soil on which the tested plants were cultivated, in a series without additives, the increasing

doses of petroleum and diesel oil resulted in a significant reduction of organic carbon, which was particularly
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Table 1: Content of organic-C  and available form  of phosphorus (P), potassium (K) and magnesium (M g) in soil after plants harvest,

in mg  kg-1

Dose of Por DO Kind of contamination

in cm  kgG  of soil ----------------------------------------------------------------------------------------------------------------------------------------------3 1

Petrol (P) Diesel oil (DO)

----------------------------------------------------------------------------------------------------------------------------------------------

                         Kind of substance neutralizing effect of P and DO

------------------------------------------------------------------ -------------------------------------------------------------------

Without Compost Bentonite CaO Without Compost Bentonite CaO

additions additions

Organic-C

0 11.40 10.28 8.03 9.30 11.40 10.28 8.03 9.30

2.5 9.15 11.10 8.62 10.65 11.10 12.60 8.25 9.30

5.0 9.00 9.60 10.05 9.30 10.35 11.25 8.85 9.97

10.0 9.07 8.85 10.95 8.40 7.65 10.35 10.88 10.13

r -0.696 -0.814 0.973 -0.639 -0.968 -0.242 0.970 0.907* ** ** * ** ** **

LSD a - 0.15 , b - 0.22 , c - 0.22 , a C b - 0.31 , a C c - 0.31 , b C c - 0.44 , a C b C c - 0.62 ** ** ** * ** ** **

Phosphorus (P)

0 114.30 117.00 132.20 143.10 114.30 117.00 132.20 143.10

2.5 112.10 133.40 138.20 145.20 101.60 119.30 132.60 129.00

5.0 106.70 130.20 135.00 139.30 97.10 127.30 116.90 133.30

10.0 101.80 102.30 106.30 133.50 118.30 161.20 107.50 133.20

r -0.987 -0.579 -0.829 -0.917 0.275 0.956 -0.949 -0.462** ** ** ** **

LSD a - 0.16 , b - 0.23 , c - 0.23 , a C b - 0.33 , a C c - 0.33 , b C c - 0.46 , a C b C c - 0.65** ** ** ** ** ** **

Potassium (K)

0 52.90 39.60 55.30 51.70 52.90 39.60 55.30 51.70

2.5 75.10 45.70 65.90 38.40 68.20 68.20 114.20 69.30

5.0 40.30 49.30 85.20 45.70 113.20 100.50 137.20 118.30

10.0 37.10 84.10 137.20 66.10 148.60 143.00 226.10 150.50

r -0.627 0.955 0.986 0.679 0.981 0.995 0.993 0.974* ** ** * ** ** ** **

LSD a - 0.38 , b - 0.53 , c - 0.53 , a C b - 0.75 , a C c - 0.75 , b C c - 1.07 , a C b C c - 1.51** ** ** ** ** ** **

M agnesium  (Mg) 

0 9.75 10.94 13.11 9.56 9.75 10.94 13.11 9.56

2.5 10.35 11.53 14.89 9.16 13.31 14.69 15.88 10.74

5.0 11.33 13.51 16.07 10.54 14.89 13.70 16.27 11.93

10.0 12.12 14.10 17.46 10.74 16.27 14.89 17.06 12.32

r 0.982 0.938 0.973 0.821 0.923 0.725 0.864 0.926** ** ** ** ** * ** **

LSD a - n.s., b – 0.22 , c – 0.22 , a C b – 0.32 , a C c – 0.32 , b C c – 0.47 , a C b C c – 0.93 ,** ** ** ** ** **

LSD for: a - kind of petroleum substance,   b - petroleum substance dose,  c - kind of neutralizing substance

 - significant for p=0.01,  - significant for p=0.05,  n.s. non-significant,   r - correlation coefficient** *

Fig. 1: Average content of organic-C in 1 kg d.m. of soil after plants harvest, in g

LSD for: a - kind of petroleum substance, b - petroleum substance dose, c - kind of neutralizing

substance, ** - significant for p=0.01

evident in the case of diesel oil (r=-0.968). On the other hand, the content of available phosphorus was

negatively correlated with increasing doses of petroleum-derived products, except from the series without

additives and with the application of compost in samples contaminated with diesel oil. In the series without

additives, diesel oil had no specific influence on the content of phosphorus in the soil. The soil following oat

harvest (in the series without additives) had a significantly higher content of available potassium (by an average

of 86%) in diesel oil-contaminated pots compared to petroleum-contaminated pots. In the above series, the

lowest dose of petrol (2.5 cm  kg  of soil) resulted in a 42% increase in the accumulation of potassium in the3 -1
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examined soil; however, its subsequent doses resulted in a successive decrease in the content of this component

(r=-0.627). A reverse dependency was observed in the analogous series contaminated with diesel oil (r=0.981).

Both petrol and diesel oil resulted in a successive increase in the accumulation of available magnesium in the

soil after harvesting spring rape and oat. In samples contaminated with 10 cm  of petrol and diesel oil per kg3

of soil, the highest amount of this macroelement was observed, which was by 24% (r=0.982) and 67%

(r=0.923), respectively, higher than in control samples (uncontaminated). 

In the examined soil, on which spring rape and oat was cultivated, the effect of petroleum-derived

contaminations on the chemical composition of the soil was related to the conditions of the soil environment

and to its properties. Data in literature indicate that the contamination of soils with petroleum-derived

substances mostly influences organic carbon content (Kucharski and Jastrzêbska, 2005; Caravaca and Roldán,

2003; Riffaldi et al., 2006). As a result of the occurrence of large amounts of oxidizable organic substances,

the oxidation-reduction potential of the soil changes, and its biological activity declines. This manifests itself

by a significant extension of the C:N:P ratio, which is 100:10:01. A large increase in the organic carbon

content in the soil under the influence of heating oil was also established by Kucharski and Jastrzêbska (2005).

Similar results were obtained by Caravaca and Roldán (2003) and Riffaldi et al. (2006). However, a

significant increase in the organic carbon content occurs after contaminating the soil with large amounts of

petroleum-derived substances. In smaller amounts, the growth of soil microorganisms using carbon and the

cultivation of plants can even reverse the direction of these changes. The authors’ own research showed that

the contamination of soils with petroleum-derived products had rather negative effects on the C-organic content

in the soil after harvesting plants, which confirms the results obtained by Wyszkowska and Kucharski (2000)

and Wyszkowska et al. (2002). Proper growth of cultivated plants is undoubtedly dependent on the content

of nutrients in the soil. According to Baran et al. (2002), the degrading effect of petroleum-derived compounds

on the soil consists only in producing a severe nitrogen and phosphorus shortage, disruption of water balance

and biological equilibrium. Dimitrow and Markow (2000) proved that the presence of petroleum in the soil

significantly decreased the content of available forms of phosphorus and potassium, which was partially

confirmed by previous research of the current authors.

Role of compost, bentonite and calcium oxide in modification of effect of petroleum-derived substances on

content of organic carbon and mineral components in soil 

orgThe content of C  and of available forms of phosphorus, potassium and magnesium in the soil was also

conditioned by the type of neutralizing substances applied to the soil in order to alleviate the effects of soil

contamination with petroleum-derived products (Figures 1 and 2). Among the applied alleviating additives,

orgbentonite proved the most effective as regards the C  content in samples contaminated with petrol, and in the

case of pots contaminated with diesel oil – both compost and bentonite. In samples treated with the highest

dose (10 cm  kg  of soil) of petroleum-derived substances, a 21%, 35% and 42% increase, respectively, was3 -1

orgobserved in C-organic in the soil, in comparison with the control variant. Any average content of C  in a

series with the application of the above alleviating additions was significantly lower than in the samples

without them. 

The content of available phosphorus was affected most by the addition of CaO to the soil in both series

of research, which resulted in an increase in the content of this macroelement in the soil, on average by 29% -

in samples with petrol (r=0.540) and 25% - with diesel oil (r=-0.642), in comparison with the series without

additives. The application of bentonite proved much more effective than the application of compost or CaO

as regards the content of available potassium in the soil after the harvest of spring rape and oat, resulting in

a significant increase in the accumulation of this macroelement, both in samples with petroleum and with diesel

oil. On the other hand, the increase in the content of available magnesium in the examined soil was most

significantly influenced by compost and bentonite. 

According to Vouillamoz and Milke (2001) and Riffaldi et al. (2006), unfavourable changes that occur

in the soil environment following, for instance, contamination with petroleum-derived substances, can be

alleviated by an organic substance. According to Quintern et al. (2006), compost can increase the content of

organic matter that occurs in soils and plays a very important role in the circulation cycle of nutrients, which

is indispensable for plant production and which determines the quality of soil environment. An increase in the

organic matter content in the soil can be achieved through the use of composts (Vouillamoz and Milke, 2001;

Riffaldi et al., 2006), as they contain all nutrients essential for plants and provide a perfect substratum for

creating humus. The results indicate that the application of compost brought about an increase in the content

of organic carbon, phosphorus and magnesium following the harvest of oat, in both cases of contamination with

petroleum and diesel oil. 
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Fig. 2: Average content of available forms of phosphorus (P), potassium (K) and magnesium (Mg) in 1 kg

d.m. of soil after plants harvest, in mg

LSD for: a - kind of petroleum substance, b - petroleum substance dose, c - kind of neutralizing

substance, ** - significant for p=0.01, n.s. non-significant

As regards the substances introduced to the soil in order to alleviate the effects of contamination with

petroleum and diesel oil, the role of bentonite should be emphasized, since it is applicable in many branches

of industry due to its physico-chemical proprieties, and particularly due to its capacity of swelling and

absorbing water (Ito, 2006). Boskovic-Rakocevic et al. (2004) showed in their research that the addition of

bentonite to the soil changed its chemical properties, causing, among others, the increase in the content of

available forms of phosphorus and potassium. The authors’ own research partially confirms these dependencies,

as the application of bentonite resulted in the increase in the content of available forms of potassium and
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magnesium. Satisfactory effects, as regards recultivating soils contaminated with petroleum-derived substances,

can be obtained by liming, which to a significant degree limits their toxicity (Wang and Bartha 1990).

According to Boskovic-Rakocevic et al. (2004), calcium oxide can favourably influence the proprieties of soil,

increasing the content of components available for plants. The results of own previous research also show that

calcium oxide used for the neutralization of the contamination with petroleum-derived substances influenced,

to a significant degree, the physico-chemical properties of the soil in which spring rape and oat were cultivated.

Conclusions

The content of organic carbon and the content of available forms of phosphorus, potassium and magnesium

in the soil depended both on its contamination with petrol and diesel oil and on the application of

neutralization additives. Petroleum-derived substances brought about a decrease in the content of organic carbon

in the soil, following the harvest of the plants. Diesel oil resulted in an increase in the content of available

potassium and magnesium in the soil. The influence of petroleum on the content of macroelements was

definitely lower than that of diesel oil. It was negative in the case of phosphorus and potassium, while in the

case of magnesium it was positive. Among the neutralization additives applied, bentonite had the most

favourable effect on the content of the examined macroelements. The influence of compost and calcium oxide

was also generally positive, although to a lower degree than bentonite. The content of the examined indices

demonstrated a correlation with other soil properties, most frequently in samples with petrol affecting

potassium, magnesium and phosphorus.
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