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INTRODUCTION

Phytoremediation has long been 
applied as a treatment technology 
that is cost-effective, ecologically 
friendly and efficient for the decon-
tamination of hydrocarbon pollu-
tion. In the Republic of Macedo-
nia, 16 sites with soil contamina-
tion have been identified as 
hotspots. One of them is OKTA 
refinery located in a vicinity of 
Skopje. The refinery has oily slud-
ges as a waste product generated 
during the 30 years period of crude 
oil processing.

OBJECTIVES

Main objective was selection of 
plants with best potential for phy-
toremediation of soil mixed with 
petroleum hydrocarbons and 
determination of reduction of 
hydrocarbons presence in soil. 

METHODOLOGY

Preparation of soil mixed with 
hydrocarbons
Soil was mixed with petroleum 
hydrocarbons in concrete basins 
with three layers providing high 
hydrophobic protection.

Plant material
Rye (Secale cereale L.), barley (Hor-
deum vulgare L.) and wheat (Triti-
cum aestivum L.) were selected in 
order to identify plants that can 
enhance the remediation of soil mixed 
with petroleum hydrocarbons.

Field trials
Field trials were established at oil 
refinery near Skopje, in randomized 
block system with three replica-
tions, in eighteen trial microplots. 
Soil samples were taken at 0-30 cm. 

Laboratory trials
Laboratory trial was established 
at Faculty of Agricultural Scienc-
es and Food. Laboratory experi-
ment was designed in four vari-
ants with two replications (con-
trol, 3% of soil/oil sludge, 5% of 
soil/ oil sludge, soil from the pre-
pared basin). 

Laboratory Analysis
Laboratory analysis were performed 
to identify petroleum hydrocarbons 
content, some chemical and physi-
cal properties of the soil. 

MAIN RESULTS

The fixation/mobilization potential 
of the soil with respect to petro-
leum hydrocarbons depends on 
pH, organic matters and clay con-
tent. Mechanical composition and 
chemical properties of the petro-
leum hydrocarbons-mixed soil 
used in the laboratory experiment 
and in the field trial were analyzed. 
Analysis detected 65,973.3 mg/kg 
total hydrocarbon content in dry 
soil sample. The given value far 
exceeds soil remediation value of 
5,000 mg/kg, as given in Dutch 
Target and Intervention Values, 
2000 (the New Dutch List). 

CONCLUSION

Selected plants with high poten-
tial and plants with demonstrated 
potential to tolerate petroleum 
hydrocarbons-mixed soil were 
planted on prepared soil mixed 
with petroleum hydrocarbons. 
Preliminary result were obtained 
of chemical properties and texture 
of soil used for field trial and lab-
oratory experiment. Analysis of 
total hydrocarbon in soil mixed 
with oil sludge indicated higher 
value than proposed in legislation. 
Lab experiment was intended to 
study the best ratio of soil and oil 
sludge for planting various crops. 

Fig. 1: Preparation of petroleum 
hydrocarbons-mixed soil

Fig. 2: Field trial planting

Fig. 3: Field trial design

Fig. 4: Crops germination at the field trial

Fig. 5: Initial germination in 
lab pot

Fig. 6: Rye germination Fig. 7: Barley germination Fig. 8: Wheat germination

Fine soil separates in % 
Coarse sand 

0.2-2mm 
Fine sand 

0.02-0.2mm 
Total sand 
0.02-2mm 

Silt 
0.002-

0.02mm 

Clay 
<0.002mm 

Silt+clay 
<0.02mm 

Texture 

x  % SD x  % SD x  % SD x  % SD x  % SD x  % SD Sandy 
loam 20,21 2,35 47,9 3,49 68,11 3,56 18,85 0,92 13,2 0 32,05 1,13 

  Table 1: Texture of the soil used for the laboratory experiment

Chemical properties 
Humus (%) N (%) pH in H2O CaCO3 (%) P2O5 (mg/100g) K2O (mg/100g) 

x  SD x  SD x  SD x  SD x  SD x  SD 

3,1 0,06 0,14 0 7,57 0,01 4,79 3,01 41,95 0,21 24,03 1,1 

  Table 2: Chemical properties of tested soil used for laboratory experiment

Fine soil separates in % 
Coarse sand 

0.2-2mm 
Fine sand 

0.02-0.2mm 
Total sand 
0.02-2mm 

Silt 
0.002-

0.02mm 

Clay 
<0.002mm 

Silt+clay 
<0.02mm 

Texture
  

x  % SD x  % SD x  % SD x  % SD x  % SD x  % SD Clay 
loam 5,01 0,08 30,95 5,51 35,96 5,39 29,59 5,61 34,46 0,08 64,05 5,59 

  Table 3: Texture of the petroleum hydrocarbons-mixed soil used for the field trial

Chemical properties 
Humus (%) N i(%) pH in H2O CaCO3 (%) P2O5 (mg/100g) K2O (mg/100g) 

x  SD x  SD x  SD x  SD x  SD x  SD 

2,45 0,05 0,12 0 7,3 0,04 0 0 22,94 0,28 30,38 0,03 

  
Table 4: Chemical properties of petroleum hydrocarbons-mixed soil used for field trial


