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ABSTRACT

Background:A critical environmental impact of the petroleum industry is the contamination of
soil by oil and other related products which are highly toxic and exhibit molecular recalcitrance.
Therefore, this study focused on investigating the total amount of petroleum hydrocarbons
(TPHSs) in soil of urban fuel stations in Hamedan City, Iran.

Methods:Thirteen high traffic urban fuel stations were selected and random soil samples
were collected from surface soils at selected fuel stations. The physical and chemical proper-
ties of the soil samples were determined in the laboratory. The concentration of TPHs in soils
was determined by GC/MC.

Results: Results showed that concentration of TPHs in all stations was more than the stand-
ard level in soil (2000 mg kg™). The minimum and maximum TPHs concentration observed in
No. 5 and No.13 fuel station, respectively.

Conclusion: The results showed that spillage in urban fuel stations has clear effect on the
content of TPH in soil, as concentration TPH in all of fuel stations was in the upper limit of the
standard levels in soil. .Soil pollution with petroleum hydrocarbons has clear effects on soil bio-
logical, chemical and physical characteristics and results in decreasedg food elements,

productivity and soil plant productions.
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INTRODUCTION

Environmental pollution with petroleum
and petrochemical products has attracted much
attention in recent years. The presence of various
kinds of automobile and machinery vehicles has
caused an increase in the use of motor oil. Spill-
ages of used motor oils such as diesels or jet
fuels contaminate our natural environment with
hydrocarbon [1]. Pollution of soil with petrole-
um derivatives is often observed in soils around
industrial plants and in areas where petroleum
and natural gas are obtained [2,3], processed or
distributed [4]. Processes such as oil exploration,
drilling, refinement, transportation, oil pro-
cessing and storage are accompanied by envi-
ronmental contamination. Oil spillage occurs
through tanker accidents, well blow outs, sabo-
tage and accidental rupture of pipelines, result-
ing in the release of crude and refined oil into
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terrestrial and aquatic environments [5]. Organic
pollutants differ in charge and solubility. Non-
polar compounds such as hydrocarbons are poor-
ly soluble in water and absorb readily into hy-
drophobic soil particles and soil organic matters
[6]. The most common products of petroleum
distillation are fuels which include: ethane and
other short-chain alkanes, diesel fuel (petro die-
sel), fuel oils, gasoline (petrol), jet fuel, kerosene
and liquefied petroleum gas (LPG). Certain
types of resultant hydrocarbons may be mixed
with other non-hydrocarbons, to create other
endproducts such as alkenes (olefins) which can
be manufactured into plastics or other com-
pounds, lubricants which produce light machine
oils, motor oils and greases, wax (used in the
packaging of frozen foods), sulfur or sulfuric
acid useful as industrial materials, petroleum
coke used as solid fuel, and paraffin wax etc [7].
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Petroleum and its products are of major concern
in pollution studies due to their structural com-
plexity, slow biodegradability, biomagnification
potential and above all, serious health hazards
associated with their release into the environ-
ment [7]. The use of petroleum products lead to
contamination of soil and changes in soil proper-
ties with petroleum-derived substances which
can lead to water and oxygen deficit as well as to
shortage of available forms of nitrogen and
phosphorus [8]. Contamination of the soil envi-
ronment can also limit its protective function,
unfavorably affect its chemical characteristics,
reduce fertility of animals and negatively influ-
ence plant production [9-11]. This threatens hu-
man health and that of the organisms that are
dependent on the soil [12,13]. Crude oil in the
soil makes soil condition unsatisfactory for plant
growth due to the reduction in the level of avail-
able plant nutrient or a rise in toxic levels of cer-
tain elements such as iron or zinc [14]. Soil con-
taminated with petroleum has serious hazards
and causes organic pollution of underground wa-
ter, which limits its use, causes economic loss,
environmental problems and decreases the agri-
cultural productivity of the soil. The concern
stems primarily from health risks, from direct
contact with the contaminated soil, vapors from
the contaminants and from secondary contami-
nation of water supplies within and underlying
the soil. The toxicity of petroleum hydrocarbons
to microorganisms, plants, animals and humans
is well established. The toxic effects of hydro-
carbons on terrestrial plants and their use as
weed killers have been ascribed to the oil dis-
solving the lipid portion of the cytoplasmic
membrane, thus allowing the cell contents to es-
cape [15]. Prolonged exposure to high oil con-
centration may cause the development of liver or
kidney disease, possible damage to the bone
marrow and an increased risk of cancer [16]. The
fate and effects of spilled crude oil and its prod-
ucts in soils have already been the subject of
several studies [5, 17-19]. The presence of inor-
ganic ions, carcinogenic and growth inhibiting
chemicals in crude oil, its effects on microorgan-
isms and on human beings is well documented
[20]. Total petroleum hydrocarbons (TPHs) are
classified into different fractions: Fractions 1
(C6-Cyo) and 2 (Cy9-Cj6) are volatile or semi-
volatile, whereas fractions 3 (Ci6-C33) and 4
(C34-Csp) are hydrophobic and recalcitrant.
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Compounds from fractions 3 and 4 can be highly
toxic and are regulated due to their mutagenicity
and carcinogenicity [6]. Total petroleum hydro-
carbons are one of the most common groups of
persistent organic contaminants [21]. During the
last decade, concerns about hydrocarbons in the
environment have considerably increased.
Among them, TPHs are of great interest as the
accumulation of these compounds in soil might
lead to significant risks to human through differ-
ent exposure pathways [22]. Hydrocarbon pollu-
tion of the subsurface, especially in unsaturated
soils, has become a big problem with the devel-
opment of the petrochemical industry and instal-
lation of numerous petrol stations and under-
ground pipes [23].Therefore, with attention to
the specific effects of petroleum contaminants
on soils, this study was focused on investigating
the effect of urban fuel stations on accumulation
of TPHs in surface soil.

MATERIALS AND METHODS
Sample Collection and Soil Preparation

In order to investigate the effect of urban
fuel stations on soil contamination and accumu-
lation of TPHs in surface soil, thirteen urban fuel
stations in Hamedan City were selected. From
each station five samples were taken from 0-20
cm depth. Then the soils were mixed thoroughly
and sieved through a 2 mm sieve to attain an al-
most homogenous fine earth mixture. All sam-
ples were collected in September, 2012. Fig 1
shows the sampling stations.

Figure 1. The map of sampled urban fuel sta-
tions in Hamedan, Iran.
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Physicochemical Properties of Soil

Soil samples were transferred to the labor-
atory for testing and measuring soil physical and
chemical properties. Particle size was deter-
mined by the pipette method [24], soil pH and
EC were determined in a soil-solution ratio 1:1
using a combination electrode and electrical
conductivity meter. Olsen-P was determined us-
ing a soil to solution ratio 1:20 and 30 min shak-
ing [25]. Phosphorus in the extracts was deter-
mined using the ammonium molybdate-ascorbic
acid method described by Murphey and Riley
(1962) [26]. Cation exchange capacity (CEC)
was determined by saturation with 1 M NH;,OAc
pH 7. Exchangeable sodium and potassium were
measured by flame photometry in ammonium
acetate extracts. Calcium carbonate equivalent
was determined by the acid neutralization meth-
od and total nitrogen determined by Kjeldahl
digestion as described by Rowell (1994) [24].

Soil moisture content was evaluated by
gravimetric method as described by Schneekloth
et al(2002) [27]. In gravimetric method soil
samples are dried at 105°C to a constant weight.
The moisture content in dry weight basis is cal-
culated using the following formula:

Water Content (%) = M“A;—w“] X100 (1)

a

where M,, andM, are mass of wet and dry
soil samples respectively.

Total C was measured as described by Al-
lison (1965) [28].

Total Petroleum Hydrocarbon Determina-
tion

In order to extract the oil matter from the
soil, 5 g of the sampled soil was placed in a 45
cm’ test tube. N-hexane (10 cm’) was poured
into the test tube and the contents in the test
tubes were shaken laterally in a shaker for 5 min.
The oil/n-hexane extract was removed and the
absorbance of the solution was measured at 400
nm with HACH DR/2000 Spectrophotometer.
This process was repeated again with another 10
cm’ of n-hexane in the test tube containing the
contaminated soil. The extracted crude oil/n-
hexane solution was also measured for absorb-
ance. At the fourth 10 cm® extracts, the absorb-
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ance reading was zero (the same as the control
pure n-hexane) indicating no contaminants were
present. Also, for each consecutive n-hexane ex-
traction the absorbance reading of the extracted
solutions reduced. Total n-hexane extraction was
collected together in a 50 cm® standard volumet-
ric flask, and pure n-hexane was added to the
graduated mark. The sample from the 50 cm’
extractions was centrifuged for about 20 min at
3000 rpm and was used for gas chromatography
(GC/mass) studies [29,30].

The GC/MS study was conducted using a
VG Quattro Tandem Mass Spectrometer (Wa-
ters, Manchester, England) with the following
operating conditions: Electron impact ionization,
electron energy 70 eV, scan range 40-500 amu at
one scan 1 second. Helium at a flow rate of 1.5
cm’ min"' was used as carrier gas. Samples were
injected on-column onto a 30 m HP5 fused silica
capillary column, 0.25 mm i.d. (Agilent, Eng-
land) and the temperature was held at 55 C for 2
min and then was increased from 55 °C to 300 'C
at 5 C min” thereafter, was held at 300 "C for 40
min. One pL of the crude oil/n-hexane extract
was injected into the equipment for each investi-
gation [31].

Statistical Analysis

All statistical analyses were performed us-
ing the SPSS 15.0 (SPSS Inc., Chicago, IL,
USA) statistical package.

RESULTS

Results of physical and chemical analysis
of fuel station soils are presented in table 1. The
content of clay ranged from 19.5-39.2%, silt
from 20.2 -35.1% and sand 0.28-60.3%. Based
on particle size distribution in studied soils, the
texture of most soils was loam. The pH value
was generally near neutral and alkaline (pH
ranges from 7.01-8.5). The water content of soil
varied between 5-33%, electrical conductivity
from 0.1-0.63 dsm™, organic matter from 0.83-
3.53%, total carbon from 0.48-2.05%, potassium
from 18.2-28.29 mg kg, sodium from 12.45-
29.6 mgkg', calcium carbonate from 34.37-
15.01%, total nitrogen from 0.12-1.32%, phos-
phorpus from 14.12-57.2 mg kg, cation ex-
change capacity from 10-29 cmol. kg™
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Table 1. Results of soil physical and chemical analysis of fuel stations in Hamedan City.

Parameter Unit Fuel stations

1 2 3 4 5 6 7 8 9 10 11 12 13
EC dSm' 031 022 045 0.5 010 026  0.19 0.2 0.63 034 025 046 0.23
pH - 7.5 8.3 74 7.1 8.5 7.9 7.3 7.8 8.1 75 7.9 74 7.7
gﬁim A 199 277 170 33.0 260 8.0 15.0 6.0 140 180 220 5.0 20
I?Ara%i‘:rlc A 0.98 2.07 1.14 1.52 1.76 1.56 1.03 1.41 0.83 3.53 1.86 0.86 1.65
ngggf A 0.57 120 066  0.88 .02 0091 0.60 0.82 048  2.05 1.08 0.5 0.96
Clay / 195 263 302 329 201 350  31.0 326 245 203 392 328 29.1
Silt / 202 200 223 250 351 261 211 30.5 242 29 323 270 25.1
Sand / 60.3 527 475 421 448 389 479 36.9 513 507 285 402 45.8
Soil Tex- Sandy Sandy  Sandy Clay Clay Clay Clay Sandy Clay Clay Clay

Clay Clay Loam Clay Loam
ture Loam Loam Loam Loam Loam Loam Loam Loam
Loam Loam Loam

ft’)‘lzh;‘ge' mgkg' 266 182 283 235 197 254 188 212 198 202 273 2424 223
ft’)‘lzh;r;%e' mgkg! 166 296 1512 138 209 159 188 323 2927 1245 2002 199 215
CaCo; 1 221 1501  17.18 3437 212 272 312 20.8 19.1 24 252 333 22.1
Total N 7 034 076 056 025 132 012 087 0.68 055 032 091 1.23 0.54
Olsen P mgkg' 1412 28 192 572 25 202 483 15.7 35 13.5 19.9 18 40.12
CEC lejé?k 18.8 25 22 14 10 15 29 27 16 21 17 25 10.9
TPHs mgk'  7330.7 3223.1 5859.1 8391.1 24322 64709 8994.1 72278 4758.1 52602 8809.5 3886.1 111303

Also table 1 shows TPHs concentration in
studied soils. It ranged between 2433.20-
11130.27 mg kg™ with a mean value of 6444.08
mg kg'. The minimum and maximum TPHs
concentrations were observed in No. 5 and No.
13 fuel stations, respectively.

Table 1 shows a list of the TPHs concentration
of different contaminated soils in other areas and
the correlations between TPHs concentrations
and selected soil properties.

DISCUSSION

As in Table 2, the observed TPHs concen-
trations of urban fuel station soils are compara-
ble with other contaminated soils. The data were
compared with standard TPHs concentration in
soil [32]. The TPHs concentration in all studied
fuel station soils was higher than the standard
TPHs concentration (2000 mg kg) in soil (P<
0.05).

In another study in Iran, the initial concen-
tration of TPHs in the soil providedfrom Oil Re-
finery of Tehran was more than 50000 mg kg™
by average, whichdemonstrated high levels of
contamination in soil [33].
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Table 3 shows a positive correlation be-
tween TPHs concentrations and total nitrogen,
exchangeable Na', silt and clay percentage and
pH. Regressions between TPHs concentration
and total nitrogen, clay percentage and pH were
significant.

Contamination might have resulted in
higher pH values of the contaminated soil. The
pHs of the contaminated soils were from normal
toward slightly alkaline. These results are similar
to the results obtained by Obire and Nwaubeta
(2002), who reported alkaline pH for gasoline
contaminated soils. Apart from pH, total nitro-
gen has been generally reported to be higher in
hydrocarbon contaminated soils [34].

There was also a significant negative cor-
relation between TPHs concentrations and EC,
CEC, water content and Olsen P.

The positive correlation between TPHs
concentration and clay percentage in contami-
nated soil suggests a reduction in the soil aera-
tion and porosity; these conditions can reduce
soil water content. Soil conductivity is a measure
of the soluble salt content in the soil and is used
as an overall indicator of the level of macro- and
micronutrients in the soil. Negative correlation
indicated that the contaminant disturbed the soil

Volume 9, No 30, Autumn 2015; http://www.ijt.ir



The Effect of Urban Fuel Stations on Soil...

Iranian Journal of Toxicology

structure and modified its physicochemical
properties

In a case study by Ujowundu et al (2011)
[35], biochemical and physical characterization
of diesel, petroleum contaminated soil was stud-
ied and it was concluded that cation exchange
capacity values were lower in contaminated soils
as compared to uncontaminated ones. The CEC
values suggest that the contaminated soil has
lower quantity of cations that can be absorbed
and held by soil and therefore available for plant
use. The lower CEC value also indicates reduced
pH buffering capacity.

Available phosphorous in soil can decrease
in hydrocarbon treated soils [34]. Correlations
between TPHs concentration and other soil pa-
rameters were not significant (Table 3).

Table 2.Comparison of total petroleum hydro-
carbons (TPHs) concentration of various con-
taminated soil in Hamedan.

Pollutant Concentration (mg kg'l) Reference

11000 [5]

50000 [33]

14569 [20]

34358+1633 [36]

TPHs 65756 [32]
45534431225 [18]

29990+1.88 [37]

84000 [38]

46726.8 [35]

TPH (Ci,—C»3) 2800 [39]
TPH (Cy3—Cyp) 9450 [39]

Table 3. Coefficient of correlation between
TPHs concentrations and selected soil proper-

ties.
Pearson correlation TPHs
EC -0.254
pH 0.542"
Water Content -0.310°
Organic Matter -1.00
Organic Carbon -0.186
Clay 0.387
Silt 0.197
Sand -0.283
K* -0.477
Na* 0.262
CaCO; -0.292
Total N 0.292"
Olsen P -0.446™
CEC -0.467

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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CONCLUSION

Pollution of soils with petroleum hydro-
carbons is one of the important environmental
problems in some areas, particularly around pe-
troleum refineries and fuel stations.

In order to identify the effect of urban fuel
stations on content TPH in soil, a study was per-
formed in fuel stations of Hamedan City, Iran.
The results showed that fuel splurges have clear
effects on the content of TPH in soil, as concen-
tration TPH in all of fuel stations was in upper
standard levels in soil. Soil pollution with petro-
leum hydrocarbons has clear effects on soil bio-
logical, chemical and physical characteristics
and results in decreased food elements, produc-
tivity and soil plant productions.
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