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Abstract. Polycyclic Aromatic Hydrocarbons (PAHs) are one of the most important organic pollutants
frequently found in the environment. In this experiment, the effect of phytoremediation as a cost effective
method was studied on the concentration of anthracene (C14H10) which is one of PAHs. The effect of sorghum
(V1), hairy vetch (V2) and oat (V3) was studied under four concentrations of anthracene (S1, S2, S3 and S4) in
soil. In S1 level which pollution was the lowest, the three plants had the highest reduction rate. The reduction
rate was decreased by increasing the pollution level (S2 and S3),; the lowest reduction rate was observed in S4
level which had the highest pollution level. There was significant difference between the three plants and the
fallow. Generally, hairy vetch had the highest phytoremediating capacity and resistance compared with the
other plants.
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INTRODUCTION

Phytoremediation is one of the most commonly

In oil producing countries, oil is an important

used biological methods. Phytoremediation is an

source of environmental pollutions. A large

emerging green technology, in which plants are

volume of soil is polluted around the oil refineries

used to recover soils, surface and underground

and oil storage stations [1]. Polycyclic Aromatic

water sources, and sediments, polluted with heavy

Hydrocarbons (PAHs) are one of the most

metals, nuclear pollutants and organic pollutants

important organic pollutants frequently found in

[7].

the environment and are poisonous, cancerous,

In most studies, it was indicated that legumes and

mutagenic

in

grasses are the most suitable plant species to be

organisms body [2]. PAHs enter soil from various

used in phytoremediation because of their special

sources. They may originate from natural events

potential. Grasses have highly developed and

such as forests fires or volcanic activity and human

extensive root system with high absorption surface

activities such as combustion of fossil fuels or oil

[8].

refinery activities [3-4].

phytoremediation purposes because of nitrogen

Different

and

became

physical,

bioaccumulated

chemical

and

Legumes

are

also

suitable

for

biological

fixing ability [9-10]. Curl and Truelore [11] found

methods are suggested to reduce oil pollution in

the reduction of PAHs in soils under plants

soil. The physical and chemical methods are

cultivation and suggested that mechanisms occur

expensive and have some side effects and are

in soil and plant roots release compounds which

rarely used; however, the biological methods are

decompose PAHs. There are reports about the

more safe and cost effective [5-6].
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ability of plants to decompose PAHs. Edwards

of the main soil sample was 11.7%, and to create

[12]

Benzo

different levels of pollution, the fully polluted soil

Anthracene were decomposed when beans were

sample was mixed with the non polluted one at the

grown in the nutrient solution. Rezek and his

ratio of 1:1 (S1), 3:1 (S2), 5:1 (S3) and 1:0 (fully

colleagues [13] studied the effect of ryegrass on 15

polluted soil; S4). Soil samples were held at the

types of PAHs in a 12-18 month experiment. They

field capacity and were mixed to reach a

reported that PAHs were reduced by 50% after one

homogenous sample. After 30 days, soil samples

year cultivation period. In another experiment, it

were ready for physico-chemical properties and

was indicated that grasses and legumes reduced

Anthracene content (Table 1) measurement and

PAHs content in soil [14]. In this experiment,

plants cultivation.

separately cultivated alfalfa, switch grass, tall

Physico-chemical properties measurements

fescue and sudangrass significantly reduced

After passing the soil through a 2 mm sieve, some

Anthracene compared with the non-cultivated

physico-chemical properties were measured: soil

treatment.

of

texture was measured by hydrometery, EC waste

phytoremediation, the objective of this experiment

measured in saturated soil, available Na and K

was to evaluate the ability of sorghum, hairy vetch

were measured by extraction with ammonium

and oat in reducing Anthracene content in a

acetate using flame photometry, organic carbon

polluted soil.

was measured by Walkley-Black method [15], To

reported

that

Anthracene

Regarding

the

and

benefits

determine lime amount, the total neutralizing value
(TNV) on the basis of calcium carbonate was

MATERIALS AND METHODS
Soil preparation

measured using acid acetic volume consumed to

In this research, a soil polluted with petroleum

neutralizing carbonates. Acidity was measured

hydrocarbons was obtained from the area around

using a pH Meter [16], and the content of some

the oil well no. 27 in Masjed Soleiman, Iran, and a

heavy metals in soil were evaluated AB-DTPA

non polluted soil was also obtained from the same

extract through atomic absorption spectroscopy

area. Soil samples were dried in open air and were

[17] (Table 2 and Table 3).

passed through a 4 mm sieve. The pollution level
Table 1. Anthracene concentration in different levels of pollution.
Pollution level
Anthracene concentration (ppm)
S1
1414.382
S2
2681.8
S3
3473.073
S4
4010.306
S1, 1:1; S2, 3:1; S3, 5:1; S4, 1:0 (the ratio of polluted to non-polluted soil).

Soil sample

Texture

Polluted
Non polluted

Loam
Loam

Soil sample
Polluted
Non polluted

Table 2. Some of the physico-chemical properties of the soil samples.
EC (dsmK
Organic
Ca
pH
1
)
(ppm)
matter (%)
(meq/l)
5.1
7.34
0.08
5.37
4.61
5.03
7.54
0.09
0.4
4.60

Table 3. The concentration of some heavy metals in the soil samples.
Fe (ppb)
Pb (ppb)
Cd (ppb)
Zn (ppb)
48140
<10
<6
102
50900
<10
<6
102

TNV
(%)
21
24

CEC (cmol+/kg)
7.98
7.98

Cr (ppb)
75
66

Extraction of oil from soil

poured in Meyer Flask along with 50 cc

After mixing the soil samples, in order to measure

dichloromethane, was packed and shook on a

Anthracene concentration, 50 g of the soil was

shaker for 1 h. Then, the mixture was passed
07
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through a filter paper, and the obtained solution

4). Mean comparison showed the reduction of

was injected to HPLC.

plant growth as the result of Anthracene presence

Plants cultivation

in soil; the reduction was more obvious in higher

For the phytoremediation studies, 5-3 kg pots were

pollution levels (Table 5). Hairy vetch produced

filled with 3 kg of the soils with three repetitions

the highest dry weight compared with the other

and the seeds were planted 1-2 cm below the soil

plants (Table 5).

surface. A non cultivated control was also

According to the results, all plants had higher

considered for each level of soil pollution to

biomass in S1 pollution level which had the lowest

estimate and remove the effect of environmental

Anthracene concentration; the lowest biomass was

conditions on the reduction of pollutants. This

observed in S4 which had the highest Anthracene

experiment took three months; soil samples were

concentration. All pollution levels had significant

taken from the area around the roots to evaluate

differences with the control, and 64, 78, 82 and

Anthracene concentration reduction.

89% reduction of biomass was occurred in S1, S2,

Experimental design and statistical analysis

S3 and S4 levels, respectively, compared with the

This experiment was conducted in factorial in the

control (Table 5). Sorghum was the most sensitive

form of a completely randomized design with

plant species to the enhancement of Anthracene

three replications. Data were analyzed using SAS

concentration and its biomass production reduced

at P≤0.05 and means were compared according to

more severely when pollution level increased

the Duncan's multiple range test.

(Table 5). In another experiment [18] it was
observed that grasses and legumes biomass
production was reduced by 43 and 64%,

RESULTS AND DISCUSSION
Biomass

respectively, as the result of PAHs pollution. Fan

Analysis of variance of the effect of treatments on

and his colleagues [19] also reported that alfalfa

plant dry matter yield indicated that pollution level

root and shoot growth and dry weight were

and the interaction of pollution level × plant type

reduced in soil polluted with Pyrene; the reduction

significantly affected plant dry matter yield (Table

was more drastic in higher pollution levels

.
Table 4. Analysis of variance of the effect of treatments on the measured traits.
Mean Square (MS)
Mean Square (MS)
SOV
df
Plant dry weight
Anthracene reduction
Concentration (A)
4
248.173*
Concentration (A)
3
1150.401*
Plant (B)
2
2.921ns
Plant (B)
3
2567.096*
A×B
8
13.038*
A×B
9
61.138ns
Error
30
1.92
Error
32
42.901
Total
44
Total
47
Ns, non significant; *, significant at P≤0.05; **, significant at P≤0.01.
SOV

df
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Table 5. Effect of Anthracene level, plant species and their interaction on the measured traits.
Treatments
Plant dry weight (gr)
Anthracene reduction (%)
S0 (non polluted)
14.446a
S1
5.085b
41.228a
S2
3.152c
33.263b
S3
2.580cd
25.586c
S4 (fully polluted)
1.480d
18.515d
V1
4.842a
28.563c
V2
5.652a
44.506a
V3
5.551a
35.509b
V4 (fallow)
10.014d
S0V1
17.303a
S0V2
10.867b
S0V3
15.170a
S0V4
S1V1
3.650cdef
41.597bcd
S1V2
6.207c
59.923a
S1V3
5.400cd
49.393ab
S1V4
13.997fg
S2V1
1.407fg
35.653cd
S2V2
4.773cde
46.937bc
S2V3
3.277defg
39.170bcd
S2V4
11.293fg
S3V1
0.960g
22.847ef
S3V2
3.873cdef
40.660bcd
S3V3
2.907defg
30.237de
S3V4
8.600g
S4V1
0.893g
14.153fg
S4V2
2.543efg
30.503de
S4V3
1.003g
23.237ef
S4V4
6.167g
S0, 0:1; S1, 1:1; S2, 3:1; S3, 5:1; S4, 1:0 (the ratio of polluted to non polluted soil).
V1, sorghum; V2, hairy vetch; V3, oat.

Phytoremediation studies

concentration was 33.26% in S2 and 25.85% in S3

Analysis of variance indicated the significant

levels (Table 5). So, it can be concluded that the

effect of pollutants concentration and plant species

reduction of Anthracene concentration occurs

on the reduction of Anthracene concentration at

more slowly in soils with higher pollution rate. On

P0.05 (Table 4); proving the effect of vegetations

the other hand, although plants were more

on the decomposition of petroleum pollutants in

effective in soils with lower pollution rate;

soil. The interaction of the two factors had no

however, they could tolerate high pollution rates

significant effect on the reduction of Anthracene

well.

concentration.

Among the three plants, in S1 pollution level, hairy

Mean comparison of the plant species indicated

vetch was the most effective one, reducing

the significant variation among the plants. Results

Anthracene content by 59.923% compared with

indicated that all plant species showed resistance

the non cultivated control. The reduction was

to the pollution and reduced the concentration of

41.597% in sorghum and 49.393% in oat. In S1,

Anthracene. Anthracene reduction was 28.563% in

hairy vetch, sorghum and fallow were significantly

sorghum cultivation, 44.506% in hairy vetch,

different but there were no significant differences

35.509% in oat and 10.014% in fallow (Table 5).

between the hairy vetch and oat. In S4, S3, S2 and

Mean comparison also indicated that the levels of

S1 concentrations of Anthracene, sorghum showed

pollution had significant differences. In other

14.15%, 22.84%, 35.65% and 41.59% reduction,

words, the reduction of Anthracene concentration

hairy vetch showed 30.50%, 40.66%, 46.93% and

varied in different pollution levels. The highest

59.92% reduction and oat showed 23.23%,

reduction was observed in S1 level (41.22%) and

30.23%,

the

S4

respectively, compared with the control (fallow).

Anthracene

In all pollution levels, hairy vetch had the highest

lowest

(18.515%).

reduction
The

was

reduction

observed
of

in

07

39.17%

and

49.39%

reduction,
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reduction and sorghum had the lowest. It seems

from grasses and legumes was proved. Smith and

that sorghum was not effective at all in high

his colleagues [24] tested seven plant species from

Anthracene concentration; it had no significant

grasses and legumes in soils polluted with PAHs

differences with the fallow in S4 level.

and reported that the pollutions had no effect on

Although the phytoremediation capacity of the

the germination of plants. Wang and his colleagues

three plant species was different; however, they

[25] found the main reduction in soil PAHs

were all effective on the reduction of Anthracene

concentration occurs within 30 days from plants

content in soil compared with the non cultivated

cultivation. Schwab et al. [26] observed the

control which was designed to evaluate the effect

mineralization of Phenanthrene in a soil under

of

pollution

cultivation of sorghum, bermuda grass and alfalfa.

reduction. This may be attributed to high microbial

They reported that within 14 days, the highest

activity in the rhizosphere compared with the non

biodegradation was related to sorghum (46%) and

cultivated soil. Plant roots release some nutrients

bermuda grass (31%); the biodegradation rate was

and substances to soil and increase soil aeration;

only 11% in the non cultivated control.

environmental

factors

on

soil

promoting the activity of soil microbial population
which decomposes the petroleum pollutants in soil

CONCLUSION

[20]. Ebbs and Leon [21] tested the possibility of

Results of this experiment indicated that different

phytoremediating zinc by oat (Avena sativa),

concentrations of Anthracene in soil reduced

barley (Hordeum vulgare) and Indian mustard

plants growth and dry matter yield. Sorghum,

(Brassica juncea) and reported that oat was more

hairy vetch and oat reduced Anthracene content in

resistant to

cupper,

soil with significant differences from the reduction

cadmium and zinc. These metals accumulated at

occurred in the non cultivated control. Moreover,

high concentrations in the buds. They found that

the phytoremediation ability of the three plant

Zn concentration was higher in Indian mustard but

species

the two other species were more resistant. The

concentration. It seems that the legumes are more

resistance of oat to Total Petroleum Hydrocarbons

suitable for phytoremediation purposes, probably

(TPHs) was also reported by Banuelos and his

because of their nitrogen fixation ability. On the

colleagues [22]. They concluded that various

other hand, grasses with extensive root system

plants such as canola (Brassica napus), oat and

may be really effective in phytoremediation

barley are resistant to the accumulation of different

because absorption of the pollutants mainly occurs

metals such as selenium, cupper, cadmium and

in direct contact with root surface. In our

zinc. In their experiment, oat had resistance to the

experiment, the three plants were formed grasses

organic pollutants.

or legumes; hairy vetch had the highest resistance

In our experiments, different plant species from

and biodegradation capability and sorghum had the

grasses and legumes were tested; all showed

lowest.

high

concentrations

of

was

lower

in

high

Anthracene

resistance to the petroleum pollutants and reduced
Anthracene concentration in soil. These findings
were in agreement with those of Aprill and Sims
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