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Abstract

Crude oil affects soil ecosystems, resulting in significant losses in soil quality. The objective of the present 

study was to evaluate the effects of hydrocarbon pollution (crude oil) on soil enzyme activities and determine 

the removal of total petroleum hydrocarbons (TPH) during an incubation period of 150 days. The potential 

use of wastewater sludge as a biostimulating agent in petroleum-contaminated soils was also evaluated. The 

degradation of crude oil in contaminated soil was significantly enhanced after the addition of wastewater sludge. 

The results also indicated that significant TPH degradation in crude oil-contaminated soils (80% for dose of 

0.5% and 83% for dose of 5% at 18 °C) (94% for dose of 0.5% and 92% for dose of 5% at 28 °C) occurred 

after an incubation period of 150 days. Enhanced enzyme activity levels in contaminated soils indicated that 

crude oil (0.5% and 5%, w/w) stimulated microbial growth and enzyme activity in the soil environment. Urease 

activity (UA) levels in crude oil contaminated soils were generally higher than initial UA levels in soil during the 

incubation period. Soil UA exhibited a stronger response to petroleum treatment. Alkaline phosphatase (APA) 

and β-Glucosidase (BGA) activities were not affected crude oil pollution. However, contamination of crude oil 

had a negatively effect on soil dehydrogenase activity (DHA).
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1. Introduction

Crude oil pollution is the most prevalent problem in 
the environment. The release of crude oil into the en-
vironment after oil spills has received much attention 
worldwide. Crude oil occurs naturally as a complex 
mixture of hydrocarbon and non-hydrocarbon com-
pounds, containing measurable toxicity towards liv-
ing organisms (Marinescu et al., 2011). The incidence 
of oil spillage in different parts of the world leads to 
serious problems and increases hazards to the envi-
ronment. Crude oil pollution also leads to the dete-
rioration of soil structure, loss of organic matter con-
tents, loss of soil mineral nutrients, and also exposes 
soil to leaching and erosion (Palese et al., 2003). The 
activities of soil enzymes such as dehydrogenases, 
oxidases, lipases, ureases and alkaline phosphatase 
are reduced or inhibited. The use of organic amend-
ments to improve soil quality and fertility dates back 
to thousands of years ago. Nowadays the most com-
mon soil organic amendments are compost, animal 
manure or wastewater sludge are used.  Wastewater 
sludge contains organic matter and nutrients. Crude 
oil spillage is one of the factors that affect biological 
activities in the soil. A range of physicochemical and 
environmental parameters and perturbations influence 
soil biological activity, including soil microbial bio-
mass and enzymatic activity. Therefore, soil micro-
bial activity is commonly used to assess disturbed soil 
(Alrumman et al., 2015). 
Enzyme activities have been demonstrated as indi-
cators of biogeochemical cycles, the degradation of 
organic matter and soil remediation processes; thus, 
these enzymes can determine, together with other 
physical or chemical properties, the quality of the soil 
(Gianfreda 2015). Dehydrogenase oxidises soil organ-
ic matter through the transfer of protons and electrons 
from substrates to acceptors. These processes are part 
of the respiration pathways of soil microorganisms 

and are closely associated with the type of soil and 
soil air-water conditions. Because these processes are 
part of the respiration pathways of soil microorgan-
isms, studies on the activities of soil dehydrogenase 
are important, as the results might provide informa-
tion concerning the potential of the soil to support bio-
chemical processes that are essential for maintaining 
soil fertility (Makoi and Ndakidemi 2008).
Phosphatase is an enzyme of great agronomic value 
because it hydrolyses and transforms organic phos-
phorus compounds into different forms of inorganic 
phosphorus, which can subsequently be assimilated 
by plants (Pascual et al., 2002). In soil ecosystems, 
phosphatase play critical roles in P cycles, as these 
enzymes have been associated with P stress and plant 
growth. β-Glucosidase is characteristically useful as 
a soil quality indicator and might reflect past bio-
logical activity and the capacity of soil to stabilise 
soil organic matter. β-Glucosidase can also be used 
to detect management effects on soils, which has 
greatly facilitated the adoption of this enzyme for soil 
quality testing (Bandick and Dick 1999). Generally, 
β-glucosidase activities provide advanced evidence of 
changes in organic carbon long before it can be accu-
rately measured using other routine methods.
Urease is involved in urea hydrolysis into CO2 and 
NH3 and, consequently, with soil pH increase and N 
losses through NH3 volatilisation. Urease has been 
widely used to evaluate changes in soil quality associ-
ated with management, as the activity of this enzyme 
increases with organic fertilisation and decreases with 
soil tillage. Urease is primarily an extracellular en-
zyme, representing up to 63% of the total activity in 
soil (Martinez-Salgado et al., 2010).
The use of indigenous microorganisms in bioreme-
diation processes can reduce the risks associated with 
hydrocarbon-contaminated soils. Several soil enzyme 
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activities have been proposed to evaluate and 
monitor the remediation of hydrocarbon-
contaminated soil. In the present study, the 
enzyme activities of dehydrogenase, alkaline 
phosphatase, β-glucosidase and urease were 
used as indicators to assess the recovery of 
hydrocarbon-impacted soils. 
The objective of the present study was to ex-
amine the levels of total petroleum hydrocar-
bons (TPH) and the effects of hydrocarbon 
pollution (crude oil) on soil enzyme activities 
during 150 days. 

2. Materials and Methods

2.1. Materials

Soil samples were collected from the top 20 
cm of an agricultural field located in Bursa-
Balabancık Village (latitude, 40° 15’ 55.1’’ 
N; longitude, 28° 47’ 07.55’’ E).  The soil 
chemical properties are shown in Table 1. The 
canned food wastewater sludge samples were 
obtained from a food company treatment plant 
in Bursa, Turkey. The general characteristics of 
the canned food sludge are presented in Table 
1. Light crude oil was collected from a refinery 
in Izmir, Aliağa, showing a specific gravity of 
0.86 (60 F/60 F), gravity of 33.4 API, viscosity 
of 10.20 cs (70 F), total sulphur of 1.79% (wt), 
vanadium of 20.50 ppm, nickel of 4.40 ppm, 
and total nitrogen of 0.0980% (wt).  

2.2. Determination of soil and wastewater 
sludge physical and chemical properties

Soil and wastewater sludge samples were 
prepared and analysed using the same proce-
dures. The EC and pH of the samples were 

Table 1. The chemical properties of soil and wastewater 
sludge from canned food industry. 

measured using a conductivity meter and pH meter, respec-
tively, and the extracts were analysed after shaking the soil 
or wastewater sludge samples with distilled water (1:5,w/v) 
(Rhoades 1982; McLean 1982). 
The Kjeldahl digestion method was used to measure the to-
tal nitrogen concentration (Bremner and Mulvaney 1982). In 
addition, dichromate oxidation was used to measure the total 
organic carbon (Nelson and Sommer 1982). Total phosphorus 
(P) was colourimetrically measured using a UV/VIS spectro-
photometer (Anonymous 1985). The total concentrations of 
metals (Cr, Ni, Cu and Zn) were determined after microwave 
digestion of the samples with HNO3 using an ICP OES (Perkin 
Elmer 2100 DV Optima) (Isaac and Johnson 1998). 

2.3. Determination of soil enzyme activities

The alkaline phosphatase (APA), β-glucosidase (BGA), dehy-
drogenase (DHA) and urease (UA) enzymatic activities were 
determined according to the methods of Tabatabai (1994).



Journal of Soil Science and Plant Nutrition, 2017, 17 (1),  180-193

183Effect of wasterwater sludge application on enzyme activities in soil

The alkaline phosphatase activities were determined 
after adding a modified universal buffer (pH=11), 
0.025 M toluene and p-nitrophenyl phosphate so-
lutions to the soil. β-Glucosidase activities were 
measured after adding a modified universal buffer 
(pH=6), 0.025 M toluene and p-nitrophenyl-β-D-
glucoside (PNG) solutions to the soil. Samples from 
both analyses were subsequently incubated at 37 
°C for 1 h. The released p-nitrophenol (PNP) was 
quantified using a spectrophotometer at 410 nm. 
The β-glucosidase activity test was based on the 
colourimetric determination of PNP. Similarly, the 
assay for urease activity was based on the determi-
nation of NH4

+ released from urease when the soil 
was incubated with THAM (Tris (hydroxymethyl) 
aminomethane) buffer (pH=9), a 0.02 M urea solu-
tion and toluene at 37 °C for 2 h. The formation of 
ammonium was determined using steam distillation. 
The steam distillation was performed with MgO and 
Devarda alloy (automatic distillation system-Velp) 
to analyse the nitrate and ammonium nitrogen con-
centrations in samples extracted with 2 M KCl (Kee-
ney and Nelson 1982).
The dehydrogenase activities were determined by 
adding a triphenyl tetrazolium chloride solution 
(3%) to soil samples prior to incubating the suspen-
sions at 37 °C for 24 hours. The formation of TPF 
(triphenyl formazan) was determined with a spectro-
photometer at 485 nm. 

2.4. Determination of total petroleum hydrocarbons 
in soil

The TPH concentration was determined using ISO 
16703:2004. Petroleum-contaminated soil, 20 g, was 
weighed and put into a glass extraction vessel with 
40 ml of acetone. After briefly shaking by hand, 20 
ml of the RTW (Retention Time Window)-standard 
solution was added. The specimens were extracted 

for 60 min using mechanical shaking. After the solid 
material settled, the supernatant was transferred into 
a separatory funnel. The acetone was removed after 
washing the organic phase twice by thorough shak-
ing (5 min) with 100 ml of water. The organic layer 
was collected in a glass tube. Subsequently, sodium 
sulphate was added, and 10 ml of extract was trans-
ferred to a clean-up column filled with Florisil. An 
aliquot of the purified extract was placed in a GC-
vial and analysed using GC-FID. The extracts were 
analysed in random order within a single batch using 
gas chromatography with an HP Agilent 7890A gas 
chromatograph (Agilent Technologies, www.agilent.
com) equipped with a FID detector, an Agilent 7693 
autosampler and a low-bleed HP-5MS (Agilent part 
no: 19091S-433) capillary column (30 m x 0.25 mm 
i.d.) with a nominal film thickness of 0.25 mm. Split-
less injection method was used with a deactivated, 
splitless inlet liner with adsorbent material and ta-
per (Agilent Technologies, P/N 5183-4711). The 
injection temperature was 350 °C, and the injection 
volume was 2 µl. Helium (2 ml min-1) was used as 
the carrier gas. The final GC oven program started at 
35 °C, was held for 1.5 min, subsequently increased to 
60 °C at 5 °C min-1, followed by an increase to 350 
°C at 15 °C min-1 and a final hold at 350 °C for 10 
min. According to the standard methodology (ISO 
16703:2004), the amount of total petroleum hydrocar-
bons (TPH) was subsequently determined as the sum 
parameter of resolved and unresolved components 
eluted from the GC capillary column between the re-
tention times of “n-decane” and “n-tetracontane”.

2.5. Incubation procedure

The soil samples were air-dried in the laboratory and 
sieved through 2 mm screens. Subsequently, 40 g of 
soil was placed in cylindrical glass pots and contami-
nated with 0.5% and 5% (w/w) crude oil, followed 
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by thorough mixing. Soil with no crude oil addi-
tion served as a control. After the oil addition, the 
wastewater sludge was thoroughly mixed with the 
soils at ratios equivalent to 40 g kg-1 based on dry 
weight. The pots were incubated for 150 days in 
the dark at 18 and 28 ± 0.5°C. The moisture con-
tent in soil was maintained at 70% field capacity 
throughout the incubation period. 
The sacrificial soil samples were analysed once a 
month during the incubation period.

2.6. Statistical analysis

All statistical calculations were performed using STA-
TISTICA 12.0 software (StatSoft Software 2013). 
Two-way analysis of variance of ANOVA was con-
ducted to test the effect of sludge amendment and 
incubation time (Tables 2). The effect of temperature 
on enzyme activities was further tested using one-way 
ANOVA for each contaminant dose. When significant 
effects were indicated, post hoc analysis was per-
formed using Tukey’s HSD multiple comparison test.

Table 2. Summarized results of ANOVA with repeated measures for enzymatic activities of crude oil contami-
nated soil amended with wastewater sludge.

3. Results

The results for the physical and chemical proper-
ties of the soil and the wastewater sludge are pre-
sented in Table 1. Chemical properties varied among 
the sludge. The sludge was slightly acidic, with pH 
value 6.97. The EC of the wastewater sludge was 
5040 dS/m-1. In addition, the results showed that the 
sludge was an important potential source of plant nu-

trients. The total N and P contents of the wastewater 
sludge was 3.5% and 0.15%, respectively. 
The sludge contained relatively low extractable 
quantities of mineral N compared with the total N 
content (201.93 and 171.64 mg kg-1 ammonium-N 
and nitrate-N, respectively). The organic carbon 
content of the wastewater sludge was 33.50% and 
could provide organic matter to soil if high rates are 
applied. 
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Total concentrations of Cd, Cr, Ni, Pb, Cu and 
Zn in the sludge samples are also shown in Table 
1. With regards to the concentration of heavy 
metal levels in sludge were lower than the per-
missible levels for agricultural use. The soil used 
in the experiment had a clay loam texture and 
the pH indicated that the soil was slightly alka-
line, which is common for soils in Turkey. The 
soil had moderate lime and organic matter con-
tents and a low salt content. According to Table 
2, statistical results indicated that sludge and in-
cubation time significantly affected the enzyme 
activities. It has been determined that there is an 
interaction between sludge application and time. 

3.1. Variations in total petroleum hydrocarbons 
in crude oil-contaminated soils

The variation of total petroleum hydrocarbon 
(TPH) levels in oil-contaminated and oil-contam-
inated + sludge-amended soils during the incuba-
tion period of 150 days is illustrated in Figure 1 
and Figure 2. The application of 0.5% and 5% 
crude oil resulted in an initial TPH concentra-
tion of 4735 and 42860 mg kg-1 in contaminated 
soils, respectively. The results showed that the 
addition of wastewater sludge positively affected 
the removal of TPH from soil contaminated with 
crude oil. During the incubation period, the TPH 
levels in crude oil-contaminated soil significantly 
decreased.
As shown in Figure 1 and Figure 2, much of the 
TPH removal was realised during the 30-60 days 
of incubation. For 18°C and 28 °C, approximately 
60% and 86% of TPH, respectively, was removed 
at the end of 60 days, and thereafter, only slight 
removal was observed. The TPH removal per-
centage in crude oil-contaminated (0.5% and 5%) 
soil was calculated as 80% and 83%, respectively, 

at the end of the incubation period for 18 °C. As shown 
in Figure 1a and 1b, the TPH levels in crude oil-contami-
nated and sludge-amended soils were lower than those in 
contaminated soil. As indicated in Figure 1a, variations in 
the TPH levels in crude oil-polluted (0.5% and 5%) and 
sludge-amended soils during the incubation period indi-
cated that 80% removal of TPH was achieved within a 
150 days period.

Figure 2 shows variations in the TPH levels in soils con-
taminated with crude oil (0.5% and 5%, w/w) after an in-
cubation period of 150 days. At the end of the incubation 
period, the TPH levels in crude oil-contaminated soil sig-
nificantly decreased at 28 °C. 

Figure 1. Changes in TPH levels in soil contaminated with 
crude oil (0.5% and 5%) and canned food industry sludge-
amended soil during the incubation period at 18 °C. 
(WS: wastewater sludge)
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3.2. Variations of soil enzyme activities in crude 
oil-contaminated soils 

Variations in urease activity (UA) levels in oil-
contaminated and oil-contaminated+sludge-
amended soils during the 150-days incubation 
period are illustrated in Figure 3.
In the case of crude oil contamination (0.5%), 
UA levels were significantly lower than the lev-
els of oil-contaminated+sludge-amended soils 
after all incubation periods. For the high dose 
of contamination (5%), the results of the incu-
bation study indicated that wastewater sludge 
amendment further increased the UA levels in 
contaminated soils for the last 60 days of in-
cubation. This delayed increment in urease 
activity likely reflected the delayed minerali-
sation of wastewater sludge. UA levels in soil 
contaminated with a high dose of crude oil 
(5%) and treated with wastewater sludge were 
higher than those in other applications for the 
last three months of the incubation period. The 
enzyme activity levels were generally higher at 
high temperatures (28 °C). The application of 
crude oil (0.5% and 5%) resulted in an initial 
UA concentration of 60 mg kg-1 in contaminat-
ed soils, showing that the UA levels in crude oil 
contaminated soils were generally higher than 
initial UA levels in soil during the incubation 
period. As the incubation time increased, the 
UA levels in soil contaminated with crude oil 
decreased at both contamination doses. The de-
layed stimulating effect of crude oil on soil UA 
was observed after incubation at 28 °C for 30 
days.  The  observed  increment  in  UA  levels 

Figure 2. Changes in TPH levels in soil contaminated with 
crude oil (0.5% and 5%) and canned food industry sludge-
amended soil during the incubation period at 28 °C. 
(WS: wastewater sludge)

The results showed that high temperatures (28 °C) signifi-
cantly contributed to the removal of TPH in soil contami-
nated with crude oil. As shown in Figure 2, the addition of 
wastewater sludge positively affected the removal of TPH 
in soil contaminated with crude oil. 
The results showed that the TPH levels in crude oil-
contaminated and sludge-amended soils were apparently 
lower than those in contaminated soil. After incubation 
at 28 °C for 150 days, the removal rate for soil samples 
contaminated with crude oil (0.5%) was 91%, whereas 
treatment with wastewater sludge increased this ratio to 
94%. For soil contaminated with crude oil (5%) at 28 °C, 
the TPH biodegradation rate was 87%, which increased to 
92% after treatment with wastewater sludge. The highest 
biodegradation rate was observed for soil contaminated with 
crude oil and treated with wastewater sludge at 28 °C.  
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might have important implications in terms of 
the ability  of  microorganisms  to use  ammo-
nium  as a nitrogen source for biodegradation 
under the experimental conditions. Figure 4 
shows the variations of APA in crude oil-con-
taminated and crude oil-contaminated + sludge-
amended soils.   
The application of wastewater sludge to soils 
contaminated with crude oil apparently in-
creased APA levels at both levels of pollution. 
After incubation at 28 oC, the APA levels were 
generally similar in soils contaminated with high 
and low doses of crude oil.   The highest level of 
APA was observed in sludge-amended soils with 
high levels of crude oil pollution (5%).  How-
ever, the APA levels increased in all amendments 
throughout the entire incubation period, and the 
most pronounced increments were observed af-
ter the first two months of incubation.
As indicated in Figure 4, after incubation at 
18 oC, no significant difference with respect to 
APA levels was determined between soils con-
taminated with high and low doses of crude oil.  
However, wastewater sludge amendments were 
more efficient for soils contaminated with 5% 
crude oil. While an apparent increasing activity 
trend was observed in all heavily contaminated 
soils, the APA levels in soils contaminated with 
a low dose of crude oil did not significantly 
vary throughout the incubation period.  The re-
sults indicated that the highest APA level was 
determined in contaminated (5% crude oil) and 
wastewater sludge-amended soil pots after in-
cubation for 60 days. 
The application of crude oil (0.5% and 5%) 
resulted in an initial APA concentration of 
1512 mg kg-1 in contaminated soils. The re-
sults showed that the APA levels in crude oil-
contaminated soils were apparently higher than 

Figure 3. Changes in urease activity in contaminated and 
sludge-amended soil during the incubation period (WS: 
wastewater sludge)

Figure 4. Changes in APA in contaminated and sludge-
amended soil during the incubation period (WS: wastewa-
ter sludge)
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the initial levels in soil during the incubation 
period. At 18 °C, the addition of crude oil in-
hibited soil APA only at the end of the 60-day 
incubation period. 
Variations in the β-glucosidase activity levels in 
crude oil-contaminated and crude oil-contami-
nated + sludge amended soils during the 150-day 
incubation period are shown in Figure 5. The re-
sults showed that the β-glucosidase activity lev-
els in crude oil-contaminated soils (0.5%) were 
apparently higher than those in sludge-amended 
soil at 28°C for 90 days. The level of BGA in 
soils contaminated with crude oil was negatively 
affected after the addition of wastewater sludge. 
After the application of 5% crude oil, wastewater 
sludge amendment showed no significant varia-
tions during incubation period. The BGA levels 
in soils contaminated with crude oil decreased 
with increasing incubation time. The enhance-
ment effect of wastewater sludge application on 
soil with crude oil was observed after the 90-day 
incubation period.
The application of crude oil (0.5% and 5%) 
+sludge amended resulted in an initial BGA 
concentration of 966 mg kg-1 in contaminated 
soils. The results showed that the BGA levels 
in crude oil-contaminated soils were apparently 
lower than those in control soil at the end of the 
incubation period. This decrease indicated that 
the contamination of crude oil had detrimental 
effects on BGA for both contaminant doses. 
Wastewater sludge amendment slightly in-
creased the BGA of both oil-contaminant doses. 
The increased BGA levels in oil-contaminated 
soil might also reflect the enhanced microbial 
activity under the experimental conditions. 
At 18 °C, the results of the incubation study 
indicated that wastewater sludge amendment 
further increased the BGA levels of 0.5% oil-

contaminated soils at the initial stage (30-60 days) of 
incubation. Following the first 60-day period, the BGA 
levels in oil-contaminated+sludge-amended soil samples 
were significantly lower than those  in  oil-contaminated  
soil  (p<0.05). 

Figure 5. Changes in BGA in contaminated and sludge-
amended soil during the incubation period (WS: wastewa-
ter sludge)

However, the BGA levels in crude oil-contaminated soils 
(0.5% and 5%) were similar to or lower than the control lev-
els during the first 90 days of incubation. As the incubation 
time increased, the BGA levels in soil contaminated with 
crude oil increased.
The results of the incubation study indicated that BGA lev-
els in 5% oil-contaminated+sludge-amended soil samples 
were significantly higher than those in oil-contaminated soil 
(p<0.05). Wastewater sludge application enhanced BGA 
levels in soil contaminated with crude oil. At the end of the 
incubation period, the maximum BGA levels were observed 
in 5% oil-contaminated+sludge-amended soil. Variations of 
dehydrogenase activity levels in crude oil-contaminated and 
crude oil-contaminated + sludge-amended soils during the 
150-day incubation period are shown in Figure 6. 



Journal of Soil Science and Plant Nutrition, 2017, 17 (1),  180-193

189Effect of wasterwater sludge application on enzyme activities in soil

Figure 6. Changes in DHA in contaminated and sludge-
amended soil during the incubation period (WS: wastewa-
ter sludge)

The results showed that wastewater sludge application 
stimulated DHA levels in crude oil-contaminated soil. 
According to Figure 6, a high dose of crude oil (5%) con-
tamination further inhibited DHA compared with the ap-
plication of a low dose of crude oil (0.5%). The DHA lev-
els in all treatments decreased with increasing incubation 
time at 28 °C. The application of crude oil (0.5% and 5%) 
resulted in an initial DHA concentration of 11 mg kg-1.h in 
contaminated soils. The results showed that the DHA lev-
els in crude oil-contaminated soils were apparently lower 
than those at the end of the incubation period.  
At 18 °C, DHA levels in all treatments increased as the 
incubation time increased during the first 90 days. Maxi-
mum DHA levels in all treatments were observed on the 
90th day. For other incubation periods, the DHA levels in 
the soil were apparently lower than the initial DHA level. 
In general, the DHA levels were higher in soils contami-
nated with a low dose of crude oil, indicating the inhibi-
tion effect of higher doses of crude oil on DHA. 

4. Discussion

4.1. Total Petroleum Hydrocarbons

Biodegradation by natural populations of micro-
organisms represents one of the primary mecha-
nisms by which petroleum and other hydrocar-
bon pollutants can be eliminated from the envi-
ronment. In this study, natural biodegradation 
of hydrocarbons was significant in soils without 
wastewater sludge. Besides, the addition of or-
ganically rich wastewater sludge amendment fa-
cilitated the degradation of crude oil. The result 
showed that Hur and Park (2003) also stated that 
the amendment of wastewater sludge increased 
the degradation rate of the crude oil. Supplemen-
tation of the soil with organic matter, as a reposi-
tory of an available pool of organic compounds, 
is key during the adaptation of the ecosystem 
to unfavourable environmental conditions. Our 
result showed that wastewater sludge applica-
tion was not significant affect at 18 °C for TPH 
removal. Walworth et al., (2001) reported that 
hydrocarbon degradation is increased at higher 
temperatures. TPH levels in soil were found de-
creased when incubation time increased. Bastida 
et al., (2016) reported that the long-term respi-
ration was lower in the contaminated samples 
in comparison to controls, probably as a conse-
quence of extended exposure of microorganisms 
to pollutants.

4.2. Soil enzyme activities 

Enzyme activities are commonly used as indica-
tors of soil health because they play an important 
role in nutrient cycling, and can be sensitive in-
dicators of pollution with hydrocarbons, heavy 
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metals or pesticides (Wolińska et al., 2015). Thus, in 
the current study, we established soil biological ac-
tivity by measuring UA, APA, BGA and DHA. The 
results obtained confirm that soil enzyme activity is 
determined by the degree of crude oil pollution.
Urease activity plays an important role in the miner-
alisation of nitrogen compounds. This enzyme forms 
stable complexes (urease-humus) and markedly 
contributes to soil fertility (Nannipieri et al., 2002). 
Soil urease activity is a good indicator, reflecting the 
mineralisation potential of organic nitrogen com-
pounds in soil.
The results showed that wastewater sludge applica-
tion stimulated UA levels in crude oil-contaminated 
soil. This result suggested that the high carbon content 
in oil was used as a substrate. Studies have reported 
that an increase in the number of hydrocarbon utilis-
ers is positively correlated with hydrocarbon con-
centration. The increase in the numbers of culturable 
hydrocarbon-degrading bacteria demonstrates how 
rapidly indigenous soil microorganisms adapt to new 
substrates (Margesin et al., 2000).
The UA levels in soils with high levels of oil con-
tamination (5%) were higher than low levels of oil 
contamination both incubation temperatures. Crude 
oil may well provide as organic carbon sources, and 
an upgrading of oil degrading microbial populations 
(Margesin et al., 2000).Various factors may limit the 
rate of degradation including a deficiency of essential 
nutrients such as nitrogen. Many studies have previ-
ously demonstrated that the application of
nitrogen to soil can improve microbial activity, mea-
sured using a variety of methods including enzyme 
assays and biomass (Lee et al., 2007). The impact of 
the nitrogen fertilizers on soil microflora could be ex-
plained by the temporary enrichment of the soil with 
a readily available N source. Our result indicated that 
crude oil contamination did not adversely affect UA 
levels. Soil urease activity exhibited a stronger re-

sponse to petroleum treatment (Emami et al., 2014). 
Phosphatase is an enzyme of great agronomic value 
because it hydrolyses and transforms organic phos-
phorus compounds into different forms of inorganic 
phosphorus, which can subsequently be assimilated 
by plants. Phosphatase activity (PA) is important to 
soil P cycling. PA is sensitive to environmental per-
turbations and might therefore be a suitable selection 
for inclusion in the soil quality index (Turgay et al., 
2010). This study clearly demonstrated the application 
of wastewater sludge in biodegradation of TPH by na-
tive microbial consortium not only as biostimulant, 
but also as inducers of degrader enzymes released by 
the microorganisms. Various authors (Amenaghawon 
et al., 2014) reported the positive effect of inorganic 
and organic fertilizers in the degradation of petroleum 
hydrocarbon in soil.
The present work results indicated that crude oil con-
tamination did not affect adversely APA levels in soil. 
Turgay et al., (2010) reported that some enzymes, in-
cluding phosphatase, are involved in N and P cycling 
and might not directly influence hydrocarbon presence.
Enzyme induction during the degradation of crude 
oil depends on the crude oil composition and their 
metabolic products. Therefore, Kumari et al., (2016) 
supported the views that consortia with broad enzy-
matic capacities are more effective in the degradation 
of hydrocarbons in soil environment. β-Glucosidase 
activity (BGA) in soil might be particularly useful for 
soil quality monitoring because of the central role of 
this enzyme in soil organic matter cycling, which is 
generally regarded as an important component of soil 
quality (Turner et al., 2002)
In the present study, crude oil contamination did not 
affected negatively. The contamination with crude oil 
increased the amount of total organic and water-sol-
uble C. Some compounds within these fractions may 
serve as energy sources for microbial populations 
(Bastida et al., 2016). However, the level of BGA in 
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soils contaminated with crude oil was negatively af-
fected after the addition of wastewater sludge. The 
amendment of wastewater sludge (reflecting the 
nitrogen content) can have deleterious effects (Wal-
worth et al., 2007). Wastewater sludge mineralisa-
tion might inhibit the decomposition of less-biode-
gradable compounds. 
Soil dehydrogenase enzymes are one of the main 
components of soil enzymatic activities participating 
in and assuring the correct sequence of all of the bio-
chemical routes in soil biogeochemical cycles. Mea-
suring the changes in soil enzyme activities might 
provide a useful index of the changes in soil qual-
ity. The soil dehydrogenase activity in soils provides 
correlative information on the biological activity and 
microbial populations in soil. Soil dehydrogenase 
activity exists in soils as an integral part of intact 
cells. As these enzymes do not reside in extracellular 
locations in the soil, dehydrogenases play a signifi-
cant role in the biological oxidation of soil organic 
matter through the transfer of protons and electrons 
from substrates to accepters. Thus, the activity of 
dehydrogenases reflects the rate of transformations 
occurring in the soil (Kaczyńska et al., 2015).
The results obtained confirm that DHA is strongly 
determined by the degree of crude oil pollution. 
DHA levels in the soil were more affected by high 
dose of crude oil contamination. Malachowska et 
al., (1997) also reported low levels of dehydroge-
nases in soils polluted with petroleum spillage. The 
concentration of petroleum hydrocarbon had a sig-
nificant effect on soil dehydrogenase activity. The 
negative influence of polycyclic aromatic hydrocar-
bons on the activity of dehydrogenases was reported 
in Gianfreda et al., (2006). They proved this on the 
basis of studies on samples of soil exposed to con-
tamination by crude oil for 50 years.

This report emphasises the particular susceptibility of 
dehydrogenases to the presence of petroleum products 
in the soil. Our studies lasted for only 150 days, but 
even during this period, significant changes in the in-
fluence of the individual crude oil on dehydrogenase 
activity could be observed. The results showed that 
wastewater sludge application stimulated DHA levels 
in crude oil-contaminated soil. This result might re-
flect differences in the nutrients in wastewater sludge, 
particularly N and P, which stimulate indigenous mi-
croorganisms. The addition of N and P to oil-polluted 
soil accelerates the biodegradation of the petroleum 
in soil. In another research, it was proved that biosolid 
was useful in the biostimulation of soils contaminated 
with petroleum products (Kaczyńska et al., 2015).

5. Conclusions

The results of the present study indicated that enzyme 
activity levels in crude oil polluted soils varied with 
the level of contamination, time, temperature and 
the enzyme studied. The measured enzyme activities 
(UA, DHA, APA and BGA) were generally higher in 
soils contaminated with 0.5% crude oil, indicating 
the possible inhibition effect of heavy pollution with 
crude oil. On the other side, the removal of TPH in 
soil contaminated with crude oil was positively af-
fected by the addition of wastewater sludge. High 
temperature contributed to the removal of TPH in soil 
contaminated with crude oil.  Wastewater sludge ap-
plication also showed a stimulating effect on crude 
oil-contaminated soil with respect to enzyme activi-
ties. The application of wastewater sludge to soils 
contaminated with crude oil generally increased APA, 
DHA, UA and BGA levels of soil. The increment in 
activity levels were more pronounced in case of heavy 
pollution. According to the obtained results, it may be 



Journal of Soil Science and Plant Nutrition, 2017, 17 (1), 180-193

192       Dindar et al.

concluded that measuring soil enzymatic activities 
can provide information concerning the function and 
structure of soil microbial communities in crude oil-
contaminated soils. 
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