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Abstract:

Crude oil polluted soil was treated with bacteria Pseudomonas aeruginosa and fungi Penicillium expansum. The results of
physical and chemical analysis of soil revealed that soil was sandy loam, slightly alkaline pH, moisture content of polluted
soil was less than that of unpolluted soil. Augmentation tegnique was applied by inoculating polluted soil with
Pseudomonas aeruginosa bacteria and Penicillium expansum fungi. Results revealed that total CFU count of bacteria was
increased while total CFU fungal count was decreased after two months. PAHs concentrations were decreased gradually
during two months, results showed a complete removal of many compounds after the treatment with bacteria while fungi

was not effective.
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Introdution:

Soil pollution results from the continuous development of the economy of the world, pollution with oil compounds became
a global concern because of using petroleum products as the main source of energy [1]. The accumulation of oil
hydrocarbons in the soil will cause hazard problems, change the nature of ecosystems and can also cause health hazards for
human and animals [2]. Oil pollution can change the physical, chemical and biological characteristics of the soil, then
changing nutrient concentrations which need for plant growth, these negative effects are including the reduced productivity
of the cultivated soils, which lead to damage economy and biodiversity in the regions that depend on agriculture, causing
high poverty rate (3). Polycyclic aromatic hydrocarbons (PAHS) are mutagenic and toxic pollutants and Environmental
Protection Agency (EPA) listed 16 of PAHs as priority pollutants [4]. Bioremediation (a green technology) leads to
pollutants degradation, it's a lucrative and environmentally beneficial alternative which considered as a source of economic
profit [5]. It is a process depending on the abilities of soil microorganisms to increase the rate of pollutant degradation, it is
an important process to remove soil pollution, the rate of destruction of organic compounds will be dependent on the
structure of these compounds, the microbial community, the type and level of pollution [6]. Dstruction of hydrocarbons by
microbes is a very slow process usually, but it may be optimum degradation under a certain environmental circumstances
such as temperature, pH, nutrients, soil texture, oxidation-reduction potential and mixture of microbial consortia which are
present [7]. The effective bioremediation depends on the extent to which a consortium can be maintained in environment,
microbial destruction can be achieved by several microbial species which are native or added to the polluted soil

(bioaugmentation) as efficient strains [8].
Materials and methods:

Unpolluted soil was taken from Al-Tajiyah region, Hilla city, Babylon Province, Irag, from the upper layer (25-30 cm in
depth) of the soil, left to dry by air and then sieved. Medium crude oil was obtained from Al-Najaf Oil Refinery, 75 gm of
crude oil has been mixed with each kg of unpolluted soil very well and left for two weeks to dry by air temperature and to
allow volatile compounds to be volatilized, pots were underlined with aluminum foil. 5 kg of crude oil polluted soil were
put in each pot, all pots were firstly watered to full extent with water and then laid for 3 days in order to make fully blended
of the petroleum, soil and water to reach stable state [9]. Physical and chemical properties of pots soil were measured three
times: at the beginning of the experiment, after one month and after two months at the end of the experiment. Temperature
was measured by celosias thermometer. Soil texture, Moisture, potassium and bicarbonates measured by methods of [10].

Also Salinity and pH measured by E.C multiple meter (Hanna / 214) in the soil extract 1:1 [11].

Experimental design:

Experiments included cultivated polluted soil for two months from April to May, 2016.
Sampling was each two weeks. The treatments were with three replicates as follows:

1. Unpolluted soil (control).

2. Crude oil polluted soil.

3. Crude oil polluted soil inoculated with Pseudomonas aeruginosa.
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4. Crude oil polluted soil inoculated with Penicillium expansum.

5. Crude oil polluted soil inoculated with combination of Pseudomonas aeruginosa and Penicillium expansum.

Inoculation of soil and microbial population count:
Pseudomonas aeruginosa and Penicillium expansum were isolated from Al-Najaf Oil Refinery polluted soil, they were the
most dominant isolated species of bacteria and fungi in crude oil polluted soil of the refinery which can breakdown
hydrocarbons. Nutrient broth of P. aeruginosa incubated at 37° C for 24 hours and the bacterial count carried out by
measuring absorbance using spectrophotometer at an absorbance of 560 nm wavelength, until achieve cell concentration of
1.5 * 108 colony forming units (CFU)/ml (1 McFarland Standard) (12). Inoculum of P. expansum inoculum prepared as
mentioned in [13] by collecting spores from the surface of potato dextrose agar with a sterilized needle to be suspended in
normal saline, then filtrate or centrifuged and using direct method to calculate the spores concentration using
haemocytometer and applying the following equation:

No. of spores/ml = average of spores number in four sq. * 104
The samples were processed using soil dilution plate method, dilution was up to 10*° and then 0.1 ml of dilution was added
to 20 ml of nutrient agar medium for bacteria and potato dextrose agar for fungi, in 90 mm diameter sterile Petri dishes.
Soil samples after serial dilution plates were incubated to 48 hours to grow the bacterial colonies properly and 7 days for
fungi, then enumerated. Colony forming units (CFU) were counted by using a colony counter [14], then applying the
following equation:

CFU / ml = number of colonies x —— ! x plating factor
dilution factor

Extraction of PAHs from soil:
Extraction of PAH conducted by ultrasonication method using ultrasonic water bath. 1 gm of polluted soil dried at room
temperature and sieved later (using sieve #50), suspended in 10 mL of acetonitrile and extracted by ultrasonic bath at 40-45

°C for 60 minutes. Extracts were settled for 10 minutes and centrifuged at 6000 rpm for 15 minutes [15].

Gas Chromatography (GC) analysis:

Gas Chromatography tegnique with Flame lonization Detector (FID) was used to measure extracted PAHs from plants and
soils. Standard solution was contain twelve (PAHs) compounds they are:

Naphthalene, Tetraphan, Acenaphthylene, Flourene, Phenanthrene, Anthracene, Pyrene, Benz (a) anthracene,Ovaleneg,

Chrysene, Benz (b) fluoranthen and Dibenz (ah) anthracene. The concentrations were calculated according to the equation:

CSt x As
Cs=

Ast

Cs = Concentration of sample

Cst = Concentration of standard
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As = Area of sample
Ast = Area of standard

Results and Discussion:

Physical and chemical properties of soil:

Results showed that soil is sandy loam composed of clay 28%, silt 32% and sand 40%, and it is slight alkaline. The
measurements involved pH, salinity, moisture, potassium and bicarbonates. Measurements were achieved three times
through the period of the experiments, the first measurement was at the beginning of the experiment at 25°C, the second
measurement was after one month at 29°C and at the end of the experiment after two months at 43°C.

The results showed a graduated decrement from the beginning until the end of the experiments for all measured properties
of soil except of temperature and moisture contents were increased gradually with time. Results shows there is a significant
decrease of moisture content and a significant increase of pH in comparison with unpolluted soil at the beginning of the
experiment (table 1). The second measurement was after one month, the results showed also a significant increase of pH,
salinity, and a significant decrease of moisture in comparison with unpolluted soil (table 2). While at the end of the
experiment results revealed that there is a significant differences between unpolluted and polluted soil for salinity and

moisture (table 3).

Table 1: Physical and chemical properties of crude oil polluted soil at the beginning of the experiment at 25° C

No Treatments pH Salinity Moisture Potassium Bicarbonates
dS/m content % Mg/gm meq/kg
1 Unpolluted soil 7.96 1000 20.90 11.26 9.00
(control) +0.05a $0.11a +052 b +037 a +0.45a
2 Polluted soil 8.03 1000.9 10.01 11.06 9.03
+0.05a 0.17a +0.08 a +0.2a +0.49 a
3 Polluted soil 7.96 1000.3 10.04 10.96 8.80
+ bacteria +0.05a +0.57a +0.19a +0.37a +0.36
4 Polluted soil 8.03 1000.4 9.93 11.00 8.70
+ fungi +0.05a 10.52 a +0.06 a +05a +0.3a
5 Polluted soil + 7.96 1000.5 10.03 10.86 8.60
bacteria +fungi +0.05a t05a +0.3a +0.15a +0.52 a

* Each value represents mean * standard deviation.
* Nill = negligible value.
* The similar litters of each parameter refers to non-significant difference p > 0.05.

Table 2: physical and chemical properties of crude oil polluted soil after one month at 29° C

No| Treatments pH Salinity Moisture Potassium Bicarbonates

dS/m content % Mg/gm meqg/kg

1 Unpolluted soil 7.93 993.90 20.13 9.33 7.00
(control) +0.05a +542a +0.41d +0.2a +0.36a

2 Polluted soil 7.96 998.67 11.06 10.26 8.20
+0.05a +23a +0.38 ab +0.2¢c +0.3b

3 Polluted S_Oil 7.93 993.00 11.52 9.63 7.53
+ bacteria +0.05a +9.64 a +0.26 bc +0.3ab +0.45a

4 Polluted soil 7.96 982.33 10.50 10.00 8.20
+ fungi +0.05a +23.24a +0.36 a +0.3 bc +0.1b

5 Polluted soil + 7.96 1000.5 11.93 9.26 7.40
bacteria +fungi +0.05a +05a +0.53 ¢ +0.3a +0.17a

* Each value represents mean + standard deviation.
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* Nill = negligible value.
* The similar litters of each parameter refers to non-significant difference p > 0.05.

Table 3: physical and chemical properties of crude oil polluted soil after two months at 43’ C

No| Treatments pH Salinity Moisture Potassium Bicarbonates

dS/m content % Mg/gm meg/kg

1 Unpolluted soil 7.83 834.00 19.96 6.96 5.66
(control) +0.05 a +29.1a +0.25b +0.41a +0.35a

2 Polluted soil 7.93 910.33 13.05 8.36 7.26
+0.05 a +28.02 ¢ +0.21 ab +04c +0.15¢

3 Polluted S_0i| 7.83 852.00 13.88 7.13 6.40
+ bacteria +0.05 a +31.95 ab +0.8 ab +0.25 ab +0.2b

4 Polluted S_Oil 7.86 890.33 13.05 7.86 6.83
+ fungi +0.05 a +20.79 bc +0.32 ab +0.56 bc +0.15d

5 Polluted soil + 7.83 844.67 14.12 7.13 5.86
bacteria +fungi +0.05 a +14.18 ab +0.97 a +0.35 ab +0.15a

* Each value represents mean + standard deviation.

* Nill = negligible value.

*The similar litters of each parameter refers to non-significant difference p > 0.05.
Pollution with hydrocarbons, has a negative effects on agricultural soils as a result of changed chemical and physical
properties (15). Soil texture is important to measure; the amount of clay which present in the soil can affect the soil nature,
and therefore microbial survival and activity, also pH increment after pollution attributed to bacterial bioremediation of
crude oil within the anaerobic conditions in the polluted soil, and reflected the tendency of crude oil spills to elevate soil
pH, the released CO, caused the elevation of the alkalinity in the treated soil (16). On the other hand the petroleum may
possess some direct impacts in lowering pH value, because the microbial actions contributed to change pH by producing
organic acids (17). Soil moisture content decreased with hydrocarbons pollution (as in results of all tables for all treatments
in comparison with unpolluted soil) and can affect the biodegradation rate due to its influence on hydrocarbons
bioavailability, diffusion processes, transfer of produced gases, oxygen availability in the soil, and soil toxicity level (18).
Results revealed that soil was poor of nutrients, as a reason of alkaline pH, alkaline soils demonstrate deficiencies in many
micronutrients (19).
Bicarbonates level in soil effecting on pH value, high bicarbonates value keeping pH at alkaline level, also effecting on the

uptake of nutrients by plants from soil and metabolism rate (20).

Total bacterial and fungal count:

Results indicated that total bacterial count of crude oil polluted soil and the polluted treated with fungi only decreased
significantly, in comparison with total bacterial count of unpolluted soil (control), while the total count of polluted soil
treated with bacteria and with the combination of bacteria and fungi increased significantly (Figure 1). The results of total
fungal count of crude oil polluted soil was decreased significantly in comparison with total fungal count of unpolluted soil
(control), the significant lowest value was for the treatment with bacteria. While the total count increased significantly when

treated with fungi (Figure 2).
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Figure 1: Total bacterial count x 10° CFU/gm of the treatments:

(1. unpolluted soil 2. untreated polluted soil 3. polluted soil treated with P. aeruginosa 4. polluted soil treated with P.
expansum 5. polluted soil treated with P. aeruginosa and P. expansum) during two months.
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Figure 2 (reversed): Total fungal count x 10° CFU/gm of the treatments:

(1. unpolluted soil 2. untreated polluted soil 3. polluted soil treated with P. aeruginosa 4. polluted soil treated with P.

expansum 5. polluted soil treated with P. aeruginosa and P. expansum) during two months.

Total count of untreated polluted soil was decreased in comparison with unpolluted soil; some microbes will be influenced
by reduced permeability of their cell membranes, by blocking or lowering the ability to uptake of nutrients which finally
results in starvation and death, also by the direct exposure to the toxic and growth inhibiting chemicals [21]. The total count
of bacteria is influenced by soil physical and chemical properties and by hydrocarbon’s type. Also soil properties play an
important role in controlling the effects of hydrocarbons pollutants on the microbial function and biodiversity. Clay protects
soil microbes from the harmful effects of hydrocarbons which results in the decrease total microbial count [22]. High clay
texture will decrease the hydrocarbons bioavailability by sorption therefore count will increase in comparison with sandy

texture [22], the studied soil texture has clay percentage about 28%. Another important soil parameter is pH which can
affect soil microbe's biodiversity, decreased pH values are related with high heterotrophic bacteria CFU

enumeration (23), in compare with the high value of current soil pH, it is slightly alkaline pH > 7.7.

Total CFU count increased through time gradually, this reflected the increment of temperature and moisture content.

Temperature influence biochemical reactions rates, several reactions doubled for each 10 °C elevation of temperature, also
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bioavailability of water as moisture is essential for microbial growth [24]. Treatments with P. aeruginosa (bioaugmentation)
indicated a higher total CFU counts than unpolluted soil as a because of the addition of inoculum and success of this
bacteria to live in hydrocarbons polluted soil. Native or indigenous microbes found in few quantities which cannot reduce
polluted region; they don't have the capacity to degrade certain pollutants or they may be in an inactive metabolic case in
their environments, for that bioaugmentation is more favor than biostimulation [25]. Total fungal CFU counts of polluted
soil was significantly decreased with the time even when treated with P. expansum, the lower significant value was of the
treatment with P. aeruginosa. The results are in line with the study of [26] who studied the ability of two fungal species
Aspergillus and Penicillium dominant at acidic and alkaline soil pH; he found that the lower Aspergillus populations
whereas at alkaline conditions of (pH = 8 and 8.5) Aspergillus were predominant while Penicillium was not detected. On the
other hand, fungal populations were recorded as the greatest value at acidic soil pH =5.5. While the soil pH of this study
was alkaline which is not suitable for many fungal species including Penicillium. Total CFU fungal count decreased with
the increment of temperature. Temperature and moisture content, are the most important environmental parameters affecting
growth of microorganism and activity in the soils, fungi are more adapted to low soil moisture content than bacteria [27].
[28] recorded that microbial growth rates had optimum temperatures about (25-30) C, while lower values at elevated
temperatures were recorded, fungi were more effected than bacteria, resulting in an increased growth ratio of bacterial than
fungal at higher temperatures which indicating that fungi were more adapted to low-temperature conditions than bacteria.
The antagonism relationship between Pseudomonas bacteria and P. expansum was another important cause for low CFU
fungal counts, this relationship was recorded by [29] when added Pseudomonas as a biocontrol for Penicillium expansum,

inhibition fungal rate of fungal growth reached 78.5%.
Polycyclic aromatic hydrocarbons in uncultivated polluted soil:

Concentrations of twelve of polycyclic aromatic hydrocarbons were measured each two weeks through two months, results
revealed a complete removal of Benz (a) anthracene, Chrysene, Benzo (b) fluoranthene and Dibenz (ah) anthracene after
two weeks of the experiments. Graduated decrease in concentrations was observed for Naphthalene, Tetraphan,
Acenaphthylene, Flourene, Phenanthrene, Anthracene, Pyrene and Ovalene when measured each two weeks. Results
indicated that PAHs degradation increased with temperature elevation and passage of time, also the inoculation with
bacteria and the combination between bacteria and fungi is more effective than inoculation with fungi in comparison with
degradation of untreated polluted soil when measured at the same time. Results revealed there is a complete degradation of
Tetraphan, Acenaphthylene and Anthracene of polluted soil in addition to those completely treated at the first measurement,
while the other compounds concentrations were highly reduced when compared with their concentrations at the beginning
as in tables (4), (5), (6) and (7).

Table 4: PAHSs concentrations (mg/gm) in crude oil polluted soil after two weeks at 25 ¢

Polluted soil |  Polluted Polluted soil

N PAHs Unpolluted | Polluted soi +bacteria soil +fungi +bacteria
0. soil +fungi
1| Naphthalene N.D 122.02 30 30 19.31

2 Tetraphan N.D 365.24 24 110.42 21.5

3| Acenaphthylene N.D N.D 21.52 N.D 23.2

4 Flourene N.D 193.06 15 20.52 10.5

5 Phenanthrene N.D 107.69 1.36 27.67 6.09

6 Anthracene N.D N.D 4.18 5.97 3.78

7 Pyrene N.D 4.86 1.93 43 1.37

8| Benz(a)anthracen N.D N.D N.D N.D N.D

e
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9 ovalene N.D N.D 10.9 51.27 15

10 chrysene N.D N.D N.D N.D N.D

11 Benzo (b) N.D N.D N.D N.D N.D
fluoranthene

12 Dibenz (ah) N.D N.D N.D N.D N.D
anthracene

13  Total PAHs N.D 792.87 108.89 250.15 100.75

*N.D = Not Detected

Table 5: PAHSs concentrations (mg/gm) in crude oil polluted soil after four weeks at 27 ¢

Polluted soil |  Polluted Polluted soil
No. PAHSs Unpolluted Polluted soi +bacteria | soil +fungi +bacteria
soil +fungi
1 Naphthalene N.D 105.5 16.95 22.16 16
2 Tetraphan N.D 46.9 8.27 13.16 7.93
3 | Acenaphthylene N.D N.D 11.37 17.76 N.D
4 Flourene N.D 26.22 531 9.01 8.02
5 Phenanthrene N.D 15.36 N.D 5.88 7.21
6 Anthracene N.D N.D 1.08 2.39 N.D
7 Pyrene N.D N.D N.D 0.69 1.08
8 Benz (a) N.D N.D N.D N.D N.D
anthracene
9 ovalene N.D N.D 8.17 4.1 11.64
10 chrysene N.D N.D N.D N.D N.D
11 Benzo (b) N.D N.D N.D N.D N.D
fluoranthene
12| Dibenz (ah) N.D N.D N.D N.D N.D
anthracene
13| Total PAHs N.D 211.98 51.15 75.15 51.88

*N.D = Not Detected

Table 6: PAHSs concentrations (mg/gm) in crude oil polluted soil after six weeks at 37° ¢

Polluted soil |  Polluted Polluted
No| PAHSs Unpolluted Polluted +bacteria | soil +fungi soil
soil soil +bacteria
+fungi
1 Naphthalene N.D 21.09 7 18.88 N.D
2 Tetraphan N.D 5.94 6.5 9.8 N.D
3| Acenaphthylene N.D N.D N.D 7 N.D
4 Flourene N.D N.D 3.4 5.37 N.D
5 Phenanthrene N.D 0.96 N.D 3.14 4.8
6 Anthracene N.D N.D N.D 0.78 N.D
7 Pyrene N.D 0.13 0.5 N.D 0.9
8 Benz (a) N.D N.D N.D N.D N.D
anthracene
9 ovalene N.D N.D N.D 2.9 10.4
10 chrysene N.D N.D N.D N.D N.D
11 Benzo (b) N.D N.D N.D N.D N.D
fluoranthene
12|  Dibenz (ah) N.D N.D N.D N.D N.D
anthracene
13 Total PAHs N.D 28.12 17.4 47.87 16.1

*N.D = Not Detected

Table 7: PAHSs concentrations (mg/gm) in crude oil polluted soil after eight weeks at 43" ¢

Polluted Polluted Polluted
No| PAHs Unpolluted Polluted soil soil +fungi soil

soil soil +bacteria +bacteria

+fungi

1 Naphthalene N.D 2.8 N.D N.D N.D
2 Tetraphan N.D N.D N.D N.D N.D
3 | Acenaphthylene N.D N.D N.D N.D N.D
4 Flourene N.D N.D 3.39 3 N.D
5 Phenanthrene N.D 1.46 N.D N.D 0.5
6 Anthracene N.D N.D N.D N.D N.D
7 Pyrene N.D N.D N.D N.D 0.8
8 Benz (a) N.D N.D N.D N.D N.D
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anthracene
9 ovalene N.D N.D N.D N.D 1.2
10 chrysene N.D N.D N.D N.D N.D
11 Benzo (b) N.D N.D N.D N.D N.D
fluoranthene
12 Dibenz (ah) N.D N.D N.D N.D N.D
anthracene
13 Total PAHs N.D 4.26 3.39 3 25

*N.D = Not Detected

PAHSs considers as a highly hazardous pollutants because they are mutagenic and carcinogenic, their availability in foods
threats the human health (30). The Environment Protection Agency named the following PAHSs: benz (a) anthracene, benzo
(@) pyrene, benzo (b) fluoranthene, benzo (k) fluoranthene, chrysene, dibenz (ah) anthracene, and indeno (1,2,3-cd) pyrene
as probable human carcinogens [31]. This study included four of the seven carcinogenic compounds. Results indicated that
there is a complete degradation of Benz (a) anthracene, Chrysene, Benzo (b) fluoranthene and Dibenz (ah) anthracene after
two weeks of pollution. The elevated concentrations were for Naphthalene, Tetraphan, Phenanathrene and Ovalene.
Although the low molecular weight compounds were with high concentrations but the results showed that these compounds
were greatly reduced after eight months from the beginning of the experiments in comparison with high molecular weight
compounds because lower molecular weight PAHs are more volatile than higher molecular weight PAHs [32]. The results
of this study revealed that there is a slow rate degradation of PAHs from untreated polluted soil in comparison with treated
polluted soil. [7] documented that the crude oil will not persist for long period even if the spilled quantity was high, because
of the role of volatilization by temperature, photolysis by sunlight and followed by degradation of endogenous soil
microorganisms. The results of PAHs photolysis of the study of [33] revealed that pyrene was more resistant while
fluoranthene was not resistant, also documented that the photolysis is an effective process to remove PAHs compounds.
Treatment of polluted soil with bacteria and the combination of bacteria and fungi were the most effective than the treatment
with fungi in comparison with untreated polluted soil, this is in line with study of (34), he recorded that Pseudomonas is the
most active petroleum hydrocarbons degrader among other microorganisms. The [35] studied the capacity of endophytic
bacteria Stenotrophomonas sp. and Pseudomonas to breakdown PAHS, the two endophytic bacteria removed more than 90%
of phenanthrene during one week. Both bacteria could utilize naphthalene, phenanthrene, fluorene, pyrene, and benzo (a)
pyrene as a main sources of carbon, these bacteria decreased PAHSs pollution within one week. Also results revealed that
bioremediation rate increased with temperature elevation that is because of evaporation is considered as another mechanism
that increase the bioremediation rate (36). Results showed that high molecular weight PAHs compounds degraded with low
rate when compared with low molecular weight PAHs. [37] investigated the aging of PAHSs in their environments, they
indicated that the half -life of PAHs compounds increased with increased number of rings and the molecular weight for each

compound, assuming that more than three rings compounds will take more time to degrade.
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