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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. Oil
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

sai ¥ calé " e clile o oWl
Cagb, . . s O e ey Gl Al
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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
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Table 2- Some physicochemical and biological characteristics of soil samples in four sampling locations
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\ aakais
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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)
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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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SIR UA ’ I ol A e
CCE EC
oil 1
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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
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EC  -0769"  -0.728" -0.664 552"  -0.702" 0.718" 0167  0201%* 0097 0160  -0.502" 1
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Figure 3- Cumulative and eigenvalues diagram for 120 soil samples from 4 sampling locations

s ol adlio 2 255 o0 sdbline £ Jod> > &S jshailen
G &S (g piio b g Cunl (0305 gloyldy) calidee Culps b yuxio
(Cox et al., 2003) s4u5 08,5 a5 p> wisl aslsy «/0 31 YL

DI (B g e capd S by ol I (S PCA o 5
O wssee dlaly odimd Ll b Codle dS Siud Cute Lo b

Ol Jhde dopn g Cusl adlie )3 320 slajuste plu b e 0
O Ay S sladiges o B g (5 00,8T il Sl puiie
dayly oamd ol Cute coodle &S b 3 b e il e
S e slade Gl L 00 )ledy Cunlapiite plo b pudtns
1 5 SB ladiges o BN 5 (6l il )15 o oy



£y

S 5To 590 w31 Cadlad g (19,500 Camonr p Sso SV g (b (1 (Sogll dolyy ()l 0p g (5010

02l olaid] g8 4 ) )JL oYL (Silt) cluw as s 4 (Clay)
Mo 15 20l (pladgn adlie plgica 1y Jol adlhe SV Jou)
Osxen 9 19 YU olend 5 (Siodom sl yiel)l oy (sl
alye Glyie o g ) 223 0y 5l slade (39 VU & d255L,
Sbyiell 2980 odalio &S polailen pols (S35 adlhe | pgd
2 5 (ol puie (29)Su0 Cumer g L lio ) 0294 (plandis
S5 (o3l slaimgs 3 PCA JJUT (Y Jgis) s laosls
pr i doy Wl cdel 3 a8 Wb plul cis @ oxgll sl
Xiao et «Nie et al., 2009) 3g; odls o £oi5 048 yuuns Jole

(al., 2016

sl 5l pgate €S g ly 3 e G o it
oS el Giliseo SlacS1S )5 o pite pp3lis e yiibe M ol
(Y Jsia) Cuol (s pdiges calises bl oy cogls (Sl
(BR) a3l w5 (Oil) e doy> codal cawdats guls bl 5
Sloygl cllsd 5 (OC) I S 2oyy EC PH J300 CFMM
2L b e 9 S35 0hg op Olise YL Gl (UA)
G UA 5 EC jl i & it oyl dad o8 zls ol adlso
b yusio cpl iol38l L a8 8,8 dons ylg5 o 1) W04y Cute ) i
ailhe 3 (V Jsis) e LialsEl 35 B cladiges oy V]
00 oy GPmed 03b (6Soilul (3 Sla SRy (B e

&3 pigos allaio £ LS B diged gl ol allio 4 4550 - Jgs
Table 6- PCA analysis for soil samples of 4 sampling locations

Ladlse o515 wilylg aoyd owilbylg o >
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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