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Introduction

Oil contamination affects the biological, physical, and chemical properties of soil. The abundance and diversity
of soil microbial communities can significantly be influenced by petroleum hydrocarbons. Soil biological
indicators including microbial population and enzyme activity, are highly sensitive to environmental stresses and
respond to them quickly. Measuring the microbial population is one of the most common biological indicators
which is used to study the quality and health of the soil. Also, measuring the activity of enzymes such as urease is
one of the most sensitive indicators of oil-contaminated soils. There are some studies on the effects of oil
contamination on microbial population and soil enzyme activity. Most of the studies have tested non-natural and
short-term oil pollution and reported the adverse effects of oil hydrocarbons on microbial activities in soil. While
the soil sample used in this research had natural and long-term contamination and the microorganisms are
compatible with polluted conditions. The aim of this study was to investigate changes in the microbial population
and urease activity in the presence of different levels of oil contamination, and how petroleum hydrocarbons can
affect them. Petroleum hydrocarbons are toxic and persistent in soil, so it is necessary to study the pattern of
changes in soil biological characteristics in effective soil management.

Material and Methods

In this study, 120 samples of oil-contaminated soils were collected from the oil-rich area of Naft-Shahr (located
in the west of Kermanshah province) which had natural and long-term oil pollution. A nested design was used to
analysis data in this research. The test factors included locations (4 locations) and 3 different levels of oil pollution:
low (L), moderate (M), and high (H). Also, 10 replications were considered in the three levels of oil contamination.
The collected soils were analyzed for physico-chemical (pH, EC, ©m, CCE, OC, soil texture) and biological
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properties (including urease activity, BR and SIR) using standard methods, and the concentration of oil pollutants
was determined by the Soxhlet extractor. To determine the abundance of the culturable microbial population,
bacterial counting was performed using nutrient agar (NA) and carbon-free minimal medium (CFMM)
supplemented with crude oil as the media. Urease activity was measured by the indophenol blue method and
finally, the results of measuring chemical, physical and biological properties were analyzed using principal
component analysis (PCA).

Results and Discussion

The average percentage of oil measured by Soxhlet method was 4.03%, 9.95% and 22.50% respectively for
L, M and H levels. The results showed that the microbial population increased with the increase of contamination
intensity. The highest microbial population counted in NA culture medium was 9.54 x10° CFU/g in H soils and
the lowest population was 3.25 x 10° CFU/g in L soils. In the CFMM culture medium, the highest population in
H soils was 11.3 x 105 CFU/g and the lowest population in L soils was 11.8 x 10* CFU/g. For both NA and CFMM
mediums, location 1 had the highest population and location 4 had the lowest microbial population. Qil
contamination of soil samples led to a decrease in urease activity in such a way that the highest enzyme activity in
soils was obtained with low contamination (594.90 ugNH4/g.h) and the lowest activity in heavily contaminated
soils (176.11 pgNH./g.h). Also, the lowest urease activity was observed in location 1 and the highest in location
4. Principal components analysis (PCA) was also performed and 71% of the variance of the samples could be
explained by the first two components (biochemical component and physical component). The results of this
research indicated an increase in the microbial population with an increasing of the intensity of oil pollution. It
seems that the results obtained from the studies conducted on man-made pollution and natural pollution have
differences in terms of the type of biological responses. Aged, long-term and natural oil pollution has caused the
selection of oil-resistant microbial community, and therefore we see their positive response to the presence of oil
compounds. Conversely, urease enzyme activity was found to be higher in soils with low pollution. This suggests
that microbial activity, while influential, is not the sole determinant of urease activity, and various factors
contribute to Soil Enzyme Activity (SEA). The type of petroleum pollutant, the direct effect of petroleum
compounds on urease-producing microorganisms, as well as the non-microbial origin of urease in soil can be
possible reasons for reducing urease activity in contaminated soils.

Conclusion

In areas where petroleum pollutants are naturally and long-term present in the soil, some oil-decomposing
microbial groups use petroleum hydrocarbons as a source of carbon for their nutrition, so the abundance of oil-
decomposing communities increases. The results showed an increase in the microbial population with an increase
in the intensity of oil pollution. On the other hand, the activity of urease enzyme measured in soils with low
pollution was higher because non-microbial factors may affect the activity of this enzyme and the increase in the
microbial population is not related to the increase in the population of urease-producing microbes.
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Table 1- Some physicochemical and biological characteristics obtained from soil samples with three levels of high, moderate
and low pollution

saiy ¥l calé " e clile o oWl
Cagb, . . s O e ey Gl Al
ot Moisture T o N Sand Silt Clay
oil H C oc e oil BR SIR
il o, (%) P E O Js ©) (% (%) O (mgcoJ  (mgCO
concentration (dS/m) (%) CCE (%) (%) a.h) a.h)
5.57 7.05 7.5 5.05 5 44, .67 .67 4. . 14
st ¢ 05¢ 92 05°¢ 9.56° 96° 28.672 23.67° 03¢ 0.023¢ 0.142°¢
ow
bagie 11.84° 7.26° 3.24° 12.31° 9.09° 44222 30.172 24.30° 9.95° 0.041° 0.205°
Moderate
:'\T] 15.79* 7.36% 1.71¢ 20.84° 8.74° 49.35% 28.2% 20.79° 22.5° 0.053? 0.234%
19

2oy {Clay) Ly 1o (Sand) o6 1oy (Substrate Induced Respiration:SIR) «sXil,, uas (Basal Respiration:BR) 4l was (Oil) cés 1oy
.(Organic Carbon:OC) JI ;)5 10, (Carbonate Calcium Equivalent:CCE) sl qulS @l S 3oy ¢(Silt) e
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Table 2- Some physicochemical and biological characteristics of soil samples in four sampling locations

QUJ P Seee
diges 3blio Cusb, Culad ] 24 X i} el o 18
i ; s s o o) s Al asSly
Saldm Moisture S ocC Sand Sil 1 [t H] * .
X o pH Jolre an ilt Clay . BR SIR
?amp}mg (0/:,“) EC (%) CCE (%) (%) (%) ?ll (mgC  (mgCO,/g.
ocations (dS/m) %) (%) 0,/g.h) h)
\ aakais
. 6.91° 7.22° 2.94b 15.962 8.49¢ 5945a  21.44c 17.73" 15952 0.042° 0.2102
Location 1
Y aibie
. 10.31° 7.20° 2.67° 14.632 9.912  48.69® 30.29° 16.32® 12.62° 0.030¢ 0.200?
Location 2
Y adleio
. 13.012 7.442 5.432 12.57° 9.44b 43.92b 27.02bc 27.432 1237 0.0522 0.184°
Location 3
¥ askio
. 14.242 7.07¢ 5.312 8.83¢ 8.69¢  33.31° 37.012  29.68% 8.78° 0.034¢ 0.186°
Location 4
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Table 3- Microbial population counted in NA and CFMM mediums in 4 sampling locations and at different levels of oil
pollution (Low, Moderate and High)

L sai YT cdale
Qil concentration
Sl paiged bl CuiSluxe oS buwgio S ole
Sampling locations ~ Medium Low Medium High Mean
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Location 1
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Location 2

v MM NA 2.85x105¢ 7.07x10% 8.12x105 be 6.25x10%¢
Location 3

Y MM 1.60x105f 3.67x10% 6.98x105¢ 3.31x10°P
Location 4

e 328x105C  6.48x10% 9.54x105

Mean

! MIM 6.06x104f 2.93x105b¢ 4.54x1050¢ 2.98x105A
Location 1

Y MM 1.81x10°%¢ 6.61x1052 2.52x10°%¢ 3.34x105A
Location 2

ko CFMM 5 gax10¢1 1.05x105¢ 1.93x105¢  1.26x1058
Location 3

Y MM 2.97x1049 1.42x105¢% 2.97x105b¢ 1.20x10%¢
Location 4

e 8.11x104¢ 2.53x1058 3.11x1054
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Table 4- Average activity of urease in 4 sampling locations and different levels of oil pollution
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Figure 2- Interaction of sampling location and oil pollution levels on urease enzyme activity
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Table 5- Correlation coefficients between physicochemical and biological indicators measured in soil samples
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chohe  NAbew  ER s © - o o ol edS Culas “;’,s
. LSS > 31859 0 o, 0/ Qi H
Oil BR %Sand %Cla, %Silt P -
SIR UA ’ I ol A e
CCE EC
oil 1
NA 0.766 1
CEAM 0.707" 0.829" 1
BR 0.766™ 0.684™ 0.502 1
SIR 0847 0.774" 0.845™ 0.667" 1
UA  -0697" 0756  -0.622"  -0.549" 0.562" 1
sand 0041 0.223" 0.124 -0.072 0.104 -0.131 1
Clay  -0.127 0370%  -0.441" 0.163 -0.230" 0.209" -0.644" 1
silt 0.009 -0.146 -0.027 0.013 -0.023 0.004 0875% 03707 1
CCE  -0361" -0.158 -0.003 0257%  -0.254" 0.186" -0.004 0070 0025 1
pH 0.418"™ 0.478"™ 0371 0.615™ 0.350" -0.441" 0.016 0032 0. 0150 1
EC  -0769"  -0.728" -0.664 552"  -0.702" 0.718" 0167  0201%* 0097 0160  -0.502" 1
oc 0.853 0.750 0.660 0.611 0.731 -0.685 0153 (oes  oogy 02997 03747 0740 1
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Figure 3- Cumulative and eigenvalues diagram for 120 soil samples from 4 sampling locations
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Table 6- PCA analysis for soil samples of 4 sampling locations

Ladlse o515 wilylg aoyd owilyly oy
Factors Cumulative Variance (%)
F1 57.63 57.63
F2 71.32 13.69
F3 79.99 8.67
F4 88.71 5.72
F5 90.31 4.60
F6 93.43 312
F7 95.86 2.43
F8 97.38 151
F9 98.76 1.38
F10 99.40 0.64
F11 100 0.60
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Figure 4- Distribution of investigated parameters based on the first and second components in principal components analysis
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Table 7- The values of the eigenvectors of the investigated parameters in the analysis of the PCA analysis
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