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Introduction

Crude oil is a complex combination of many hydrocarbon and non-hydrocarbon compounds, including heavy
metals, which affect the physical and chemical properties of the soil, cause the soil particles to stick and connect
and then cause the soil to become stiff and impenetrable. Contamination of soil with petroleum hydrocarbons is a
significant environmental problem, which has received remarkable attention in recent decades. Petroleum
hydrocarbons are resistantand hazardous pollutants. Some petroleum hydrocarbons such as benzene are mutagenic
and carcinogenic materials for humans. There are many physical and chemical methods to remediate oil-
contaminated soils. Phytoremediation is a relatively new technology for refining contaminated soils in which
resistant plants are used to remove or reduce the concentration of inorganic, radioactive, and organic pollutants,
especially petroleum compounds, from the environment.

Materials and Methods

Sufficient amounts of about 50 kg of soil contaminated with petroleum hydrocarbons were collected from
regions (0-30 cm soil depth) adjacent to the oil wells west of Kermanshah province. Uncontaminated soil samples
were also taken from sites at the lowest distance to the contaminated sites. The aim of this study was to compare
the efficiency of different plants to remove total petroleum hydrocarbons from oilfield soils. In this study, after
determining the total amount of petroleum hydrocarbons, the contaminated and uncontaminated soils were mixed
in 4 treatments with different weight ratios (0, 10, 25, and 35%). This experiment was established as completely
randomized design with 3 replications for 6 different plants (Barley, Grass, Alfalfa, Hemp, Camelina, and Vicia
ervilia). One treatment without plant was considered to remove soil matrix effects on petroleum hydrocarbon
concentrations. Plants were harvested at the end of their growing season (90-120 days). Soils and plant samples
from the experimental pots were analyzed for their important properties (including some physiological
characteristics of the plants, as well as the percentage of reduced petroleum hydrocarbons in the soils). The
gravimetric method was used to determine the concentration of petroleum hydrocarbons in the soil. After
measuring the properties of the soil and plant, the normality of the data was checked by the Anderson—Darling
test, and the homogeneity of the variance of the treatments was checked by using Levene's test. Analysis of data
variance was done using ANOVA and average data comparison was done using LSD test at 5 and 1 percent
probability levels (SAS 9.4 and SPSS 26).

Results and Discussion
In general, the growth of most plants showed a decreasing trend in proportion to the increase in soil pollution

levels. However, the growth decline rates of different plants were not similar. Camelina was very sensitive to oil
pollution and the plant could not tolerate pollution even at 10% level. After camelina, alfalfa was highly sensitive
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to oil pollution. The highest dry weight of the aerial parts of the hemp plant in the soil without oil contamination
was observed at the rate of 111.22 grams in the pot. The leaf area of all studied plants in contaminated soils
decreased compared to the control treatment (without contamination) so with the increase in the percentage of
contamination, the leaf area of the plants was significantly reduced. The highest amount of leaf surface was
observed in unpolluted soil and in the hemp plant. Except for the Camelina plant, which was completely destroyed
at different levels of pollution, the rest of the plants showed a noticeable decrease in growth. The total petroleum
hydrocarbons in soil were measured again 120 days after the start of cultivation, and its difference with the total
amount of petroleum hydrocarbons at the beginning of cultivation was determined as the reduction of petroleum
hydrocarbons and reported as a percentage. According to the mean comparison results, the percentage of reduced
petroleum hydrocarbons was not significantly different among cultivated and non-cultivated treatments, although,
it was significantly affected by soil pollution levels. Since all the studied soils contained natural bacteria and were
not sterilized, the eliminated part of petroleum hydrocarbons is probably decomposed and removed by native
bacteria in the soils. Therefore, the strengthening of native bacteria in these soils may increase the decomposition
and degradation of petroleum hydrocarbons.

Conclusion

The results of this research show that the presence of petroleum hydrocarbons in the soil caused a decrease in
growth and other physiological characteristics in all studied plants. Although the Camelinawas able to germinate
in soils contaminated with petroleum hydrocarbons, the presence of these pollutants in the soil prevented the
optimum growth of the plant, so its use in subsequent studies of phytoremediation of oil-contaminated soils, was
not recommended. The results showed that there is no statistically significant difference between cultivated and
non-cultivated treatments at different pollution levels, and the reduction of the total petroleum hydrocarbons in the
soil was probably done by native microorganisms in the soil. It is recommended to take into consideration the
efficiency of the plant species used, the type of polluting hydrocarbons, and the duration of contamination in future
research to obtain better results.
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Non-contaminated
o.),ﬂ

Contaminated

615 34 45 sandyloam 28 60 0.18 5

6.65 0.18 145 0.34 0.28 23.16 8.6
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Sources of variance Leaf relative water ~ Dry weight of aerial ~ Dry weight of ) Plant Stem
Leaf surface . .
content parts roots height diameter
Sl £ glau . . - . - .
9 3 780.68 2623.92 45.27 254084.786 193557 135.99
Pollution levels
A5 &y 9878.03* 1478,58 9287 193897689 543957 204.95
Plant type
oS g5 x 59l sla
Pollution levels x plant 15 640.98 1377.98 1631 897338 Hpp53 946
type
Sloj] gllas
wElfr(j 47 9.64 0.73 0.10 92.978 0.96 0.22

o 45 gmo BMBINS 5 I dme Joyd gl 9 S paw D iy & * 9 *F
**and * significant at 1% and 5% and ns, not significant respectively.

OB Sjgladsye Clho p philejl bajles Jillie OIS -Y Joua
Table 3- Interaction of treatments on physiological traits of plants
o yliza 51,51 S o Ol o Glgome algd ol SWiS 59 A, SWA 59 S olS gli,) dBlw s

Interaction of Leaf relative water  Dry weight of aerial  Dry weight of Leaf Plant Stem
content parts roots surface height diameter
treatments Y ] >
o g/pot cm cm mm
0 93.04a 28.52a 4.93a 206.67a  53.77a 14.15a
P 10 92.15ab 17.31b 3.93b 159 b 43.88 b 10.32b
Barley 25 90.54 b 1420 c 3.82b 157.67b 4211 bc 6.07c
35 90.16 b 12.43d 3.51b 131.33¢ 40.11 ¢ 5.25¢
0 94.34 ab 18.73 a 1196 a 99.67 a 35a 17.80a
oo 10 95.70 a 13.51b 11.14a 73.50 b 335a 15.45b
Grass 25 94.24 ab 4.96 ¢ 3.64b 21.33¢ 21.83b 441c
35 93.15b 3.60d 1.85¢ 18¢c 12.02¢c 3.57¢c
0 88.62 a 0.87a 0.83a 15a 7.66 a 247a
459 10 86.91a 0.55b 0.45b 10.73b 741a 1.85h
Alfalfa 25 88.33a 0.14c 0.26 ¢ 6.93¢c 6.07b 159¢
35 86.92 a 0.08d 0.13c 45d 4.65c¢c 1.14d
0 87.09 a 11.22 a 7.93a 1272 a 43 a 9.64a
Slaals 10 82.85ab 0.69b 0.19b 19.33b 8.61b 1.80b
Hemp 25 79.06 ab 0.58 b 0.16 b 14.43b 6.13¢c 1.71b
35 74.93b 0.69 b 0.15b 11.17 b 7.5hc 1.30b
0 80.75b 3.80a 0.25a 28 a 15.61a 1.69a
g5 10 82.99 ab 2.99b 0.21ab 26.17 ab 15.08 a 1.65ab
Vicia evilia 25 84.17a 2.22c¢ 0.17 be 24.83b 13.99b 1.40 ab
35 80.33 b 1.54d 0.15¢c 24 b 13.40b 142h
0 72.78 a 6.29 a la 36.31a 33.2a 2.57a
Lol 10 Ob Ob 0b 0b O0a 0b
Camellina 25 0b 0b 0b 0b 0b 0b
35 Ob 0b 0b 0b 0b 0b

S5 0o yd B Jlass] pdaws )3 (gl gz MBI LSD (yg03l Jas 5l asliio Gy syl (slavpSilio ygia ym 4
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the LSD tests.
Pollution levels (C1 =0, C2 = 10, C3 = 25 and C4 = 35%)
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Table 4- The analysis of variance of data on the percentage of reduced hydrocarbons

Ol i @alio of (MS) &l po (pSile
Sources of variance Reduced TPHSs
;39” C?h“‘ 2 513.09 **
Pollution levels
ke 5 49.80 ns
Plant type
oS &9 T3l g 10 24.20 ns
Pollution levels x plant type
el sl 35 36.44
Error

o 45 gz BMBINS 5 I dxe doyd peiy 9 G o )3 i 4 ¥ g

**%

**and * significant at 1% and 5% and ns, not significant respectively.
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Table 5- Interaction of treatments on the percentage of reduced hydrocarbons

oS g5 ;:,Ji Tobw dwo
Pollution levels percentage
Plant type 10 25 35
¥ 59.63 a 52.85 abcd 52.09 abed
Barley
o2 59.09 a 52.58 abcd 56.49 abc
Grass
s 58.64 ab 45.93d 44.04d
Alfalfa
Shald 58.48 ab 48.38 cd 50.44 bed
Hemp
bl 53.28 abed 48.92 bed 47.38 def
Vicia evilia
5 O 58.33 ab 47.67 cd 47.77 cd

Non- cultivated

Dl e )3 0 Jleis ] ey (6510 ime BB LSD L”o)‘] Sl alie By bl sl pwSiho eiw o 43
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the LSD tests.
Pollution levels (C1 =0, C2 = 10, C3 = 25 and C4 = 35%)
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