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Abstract — Petroleum is a complex mixture of thousands of Ploiesti, Suplacu de Baku) and as a consequence it is
hydrocarbons with toxic and carcinogenic potential. important for technologies that contribute to their
Industrial - accidents, oil leaks from pipes or tanks remediation to be developed. Phytoremediation ésutse
inadequate manipulation lead to the contamlpatlon bspﬂ of plants to partially or completely remediate stid
and underground waters. The purpose of this study igo contaminants in contaminated soil, sludge, sediment

identify plant species that possess the potential ot
phytoremediate petroleum contaminated soils from th area ground water, surface water and waste water (Zard, e

of Suplacu de Baréiu, Bihor County (Remediation Station 1). 2010). It utilizes a variety of plant biological quesses
The efficiency of the remediation process of the twepecies and the physical characteristics of plants to aidsite
(Medicago sativa ‘Magnat’ and Trifolium repens ‘Lirepa’) has ~ remediation (Interstate Technology & Regulatory @il
been tracked through physico-chemical analysis (tat 2009). Phytoremediation is a continuous processh wi
petroleum hydrocarbons - TPH) and enzyme analysis different developments occurring to different degrdor
(catalase, acid and alkaline phosphatase, dehydragee). The  giverse conditions, media, contaminants and plasts
germination rate, growth and evolution of the plantets were  yo-nnology based on synergistic cooperation oftpiants
monitored for 21 days since the moment of dissemitian. and soil microorganisms for decomposition, transfer

Have been noted the moment when the first plantletsprout, d tivat di i tami t ds aiif
the medium length of the main root, and the mediumength ~ @€activate and inverting contaminant compoundsoat s

of the hypocotyl while taking into consideration tre total (Vaziri et al, 2013). Thus, phytoremediation is an
number of viable plantlets. The two species have ftrent ~ alternative to excavating and removing all contaated
responses to conditions offered by the soils contamated Soil, covering the site with uncontaminated soildan
with petroleum and can be considered species with installing a runoff control and drainage systentirtat the
phytoremediation potential for this kind of soil. potential contamination of surface water or grouathwor
i o o other in-situ treatment methods that involve comple
‘Lig%’;‘,’oé‘ism . d'}’;f%'nca%c’uﬁé‘l’]a deMé?gP;ﬂ’ Trifolium Repens physical and/or chemical neutralization. The preces
’ : realized through phytoextraction, phytostabilizatio
phytotransformation, phytostimulation (rhizoreméitia),
phytovolatilization or rhizofiltration (Lan, 2004).

o Phytoremediation of contaminated soil is utilized i
Petroleum, excellent source of fuel and plasticemais, 5sgociation  with  different  remediation  techniques

it's a complex mixture of thousands of hydrocarbeftd  ppysico-chemical, microbiological). It needs aatisely
toxic and carcinogenic potential (Doak et al, 198%8psin  |ong time to act and has variable efficiency of teas
et al, 2013). Industrial accidents, oil leaks frpipes or  removal depending on the targeted zone (Cunningéiam
tanks_, inadequate manipulation lead to the contatioin al, 1995). Out of the species from the familyFabaceae
of soil and underground waters. In consequencet BIoS that were studied for the phytoremediation capaoity
the highly affected soils with this kind of polloti are  sqis contaminated with petroleum we mentibtedicago
often missing ~vegetation and the activity Ofgtiva L. (Muratova et al, 2008; Liu et al, 2012; Sharalet
microorganisms is deeply disturbed (Maranho ef@Q09; 2014), Trifolium repens L. (Barrutia et al, 2011)T.
Eze et al, 2013). pratense L., Onobrychis antasiatica Khin. (Muratova et al,
In Romania, European country known for petroleun@oog)_

production, there is a series of contaminated a(eas A series of studies concerning the effects of petrm
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fractions onPanicum miliaceum L. crops (Coliba et al, Management Expert good will.

1995; Sandor and Satu, 2007) and phytoremediation The Seeds of the two plant species selected fer thi
process of soils affected by pollution (Saket al, 2002) study wereM. sativa ‘Magnat’ (MSM) and T. repens
from Suplacu de Ba#ia (Bihor County) were conducted ‘Lirepa’ (TRL) provided by the Department of
highlighting correlations between growth and thdBiotechnologies, Faculty of Biotechnologies (Unsigr
concentration of petroleum found in soil (Saket al, 2010 of Agricultural and Veterinary Medicine from Bucleat).

a, b). However, studies regarding the adaptive oresgs Briefly, this study consisted in 3 experimental igats
and remediation capacity of certain specied-albaceae (Table 1): in the first variant, each plastic p&nt
have not been approached yet. For this reasomputipmse contained 450 g contaminated soil or control sag been
of our study was assessing the adaptive responssvn with the 100 seeds from selected plant spétids
underlining some morphological adaptations and.4) and monitored for 21 days. In the second wérite
phytoremediation capacity of the tW@baceae species as contaminated soil and control soil have been expdse
a consequence to their exposure to asphaltic comééea  bioremediation with bacterial consortium BFL 6000HC

soils, after chemical remediation and bioremediatio during a period of 21 days and then it have been
phytoremediated for 21 days (2.1-2.4); in the thiadiant
II. MATERIALS AND METHODS it was introduced chemical remediation, a process i
which the soil is oxidized with ammonium persulfat&bo
Materials solution during a 21 days period (Huang et al, 2002

Soil samples were collected in March 2014 fronPioremediated using bacterial consortium BFL 6000HC

Remediation station 1 (Suplacu de Banckindly offered (21 days) and then subjected to phytoremediatian fo

by Mr. Claudiu Faur from S.C. STILO EVORA S.R.L another 21 days (3.1-3.4). The obtained resultsewer
company, Marghita, Bihor County, Romania. "compared with the control that was processed thee s

Bacterial consortium BFL 6000HC (Biofuture Ltd.,the contaminated samples. As control we has bekredt
Dublin, Ireland), commercial product standardizest f co!ected soil from Systematic Aria of Botanic GemdD
bioremediating  soils contaminated with petroleunra@ndz” Bucharest, from a spot there where dominant T.

fractions utilized in the process of remediating thsted €PeNs L. subsp. repens (x.4).
soils was received due to Mr. Pietrangelo De LiW¢aste

Table 1. The Experimental variants.

Experimental variant Soil sample origin Plant specie Experimental variant code

1 — Remediation station from M. sativa ‘Magnat’ 1.1 MSM

Experimental variant 1 Suplacu de Ba#u T. repens ‘Lirepa’ 1.1 TRL

(phytoremediation for 21 days 4 — Control soil from| M. sativa‘Magnat’ 1.4 MSM
Systematic  Sector Botanic T Li , 14 TRL
Garden . repens ‘Lirepa .

Experimental variant 2 1 — Remediation station from M. sativa‘Magnat’ 2.1 MSM

(bioren:'ediatié)'gLwétgo(l))ggte;ial Suplacu de Ba#tl T. repens ‘Lirepa’ 2.1 TRL

ginzz;;urgnd phytoremediat?cn4 — Control soil from| M. sativa ‘Magnat’ 2.4 MSM
Systematic  Sector Botanic o ,

for 21 days) Garden T. repens ‘Lirepa 2.4TRL

) ) M. sativa ‘Magnat’ 3.1 MSM

Experlmental vanapt@ 1 — Remediation station from

(chemical remediation for ZLSU lacu de Basl

days, bioremediation  with P o ,

bacterial  consortium  BFL T. repens ‘Lirepa 3.1TRL

6000HC for 21 days and

phytoremediation for 21 days)| 4 — Control soil from| M. sativa ‘Magnat’ 3.4 MSM
Systematic  Sector Botanic o ,
Garden T. repens ‘Lirepa 3.4 TRL

Plantlets Adaptive Capacity Evaluation Methods counted (starting with the stage when the radixeprated

To study the adaptive responses and capacity Wfe seeds coating). At the end of the 21 days thkles
phytoremediation, samples consisting of 100 seeele w plantlets were harvested and measured. The lerigteo
prepared for each soil sample, for each experihent@ain root was considered the zone in between hefti
variant. The seeds were sown in 0.75 L plastic tptan the root and the end of the white colored zone thed
sterilized with ethanol 70% with 450g soil. They reve hypocotyl is considered as being the level wheeegiteen
kept in laboratory for 21 days at a temperatur@R5°C  color can be spotted and continuing to the cotylsdo
with natural light, being watered twice a day wth mL  insertion level. After measuring the dimensionghaf two
distilled water. The samples were monitored dailp.  organs for each viable plantlet the medium length)(has
determine the germination rate the germinated seeeds been calculated (Boldor et al, 1983).

Copyright © 2016 1JAIR, All right reserved
143



International Journal of Agriculture Innovations and Research
Volume 5, Issue 1, ISSN (Online) 2319-1473

Analytical Methods
Total petroleum hydrocarbons (TPH) was determineghaterials with low permeability (Huang et al, 2002)

to diffusion and will be directed by high density i

using spectrophotometricaly measurementsa420 nm, TPH concentration and initial enzymatic marker ealu
the value obtained being plotted on a calibratanve for each experimental variant are shown in Table 2.
obtained through solubilization of 1.75 g of crudefrom Compared to the initial concentration, the process
Suplacu de Bakw in 100 mL of toluene (Yeung et al, phytoremediation without chemical and microbiol@gic
1997). treatment conducted in a substantial decrease bf Gy
The efficiency of the chemical remediation andapproximately 50%. In case of a combined
bioremediation process, respectively the phytoregatiess ~microbiological and vegetal treatment, the valieorded
one was demonstrated through biochemical analys&ie slightly lower than the values when phytoreatain
biological activity especially the presence ofonly was used. The experimental variant here a @am
microorganisms in soil. The tests used to quarntify treatmentis used as well results in a significkdrease in
biological activity were acid and alkaline phossat (EC the value of TPH by approximately 75% comparedht t
3.1.3.2.-ACP/ EC 3.1.3.1-ALP) (Tabatabai and Bremnéhnitial soil. In correspondence with the resultdanbed by
1969), catalase (Wang et al, 2012) and totaither authors, the value of TPH decreases with 78%
dehydrogenase activity (DHA) (Casida et al, 1964). compared to the minimum alert level according to
specific activity (SA) is the amount of enzyme thaRomanian legislation, for industrial areas (Pawlest al,
catalyses the transformation of 1umol of 2008).
substrate/hour/gram of soil/30°C. The values olethiare
the average values out of three different expertmand Table 2. Total Petroleum Hydrocarbons Values of soi
the results were statistically analyzed using Tt.tédl  extract (mg/mL). -Phyto — without phytoremediation;
chemicals were of analytical grade. +Phyto — with phytoremediation.

-Phyto +Phyto
IIl. RESULTS AND DISCUSSION 1.1 MSM 5 55340 28 3.25%0.16
1.1 TRL 2.77+0.14
. . . 1.4 MSM 0.01+0.0005
In this study it was used ammonium persulfate for T4 TRL none 0.0420.002
chemical oxidation because of its underground Etyabi 2:1 MSM 2_'59:0.'13
compared to kD, or O; and can last up to a few weeks > 1TRL 3.2710.16 191201
suggesting a reduced demand for the natural oxiddme 2 4 MSM 0.01+0.0005
persulfate anion (®g”) it is not directly involved in 2 4 TRL none 0.03+0.0015
absorption reactions. These characteristics malsalfate 3.1 MSM 2.22+0.11
an attractive oxidant because of its persistence 3.1 TRL 2.440.12 1.06+0.05
underground. It can be injected in high concerdratj can 3.4 MSM 0.01+0.0005
be transported through spongy mediums, will beestibf 3.4 TRL none 0.03+0.001

In Table 3 the biochemical values presented aigrox. a unit compared to TRL where it grows uplio
obtained after phytoremediation with the twabaceae units. This can be a proof that ACP has the purpdse
species. It can be observed that the treatmentrtblaides controlling the mineralization of organic phosphate
all three stages enhances the plants remediatacitees. present in soils. The studies conducted by Huangl,et

The activity of ACP is different foM. sativa ‘Magnat’ (2011) indicated that the changes in ACP are degp@naf
(MSM) in comparison tdl. repens ‘Lirepa’ (TRL). As it humidity, not substrate.
can be observed, for MSM the activity has decreased

Table 3. Specific enzyme activities after remediafprocesses. ACP —Acid phosphatase; ALP —Alkadmesphatase;
CAT- Catalase Activity; DHA —Total Dehydrogenasetifity.

Experiment ACP (U/g soil) ALP (U/g soil) CAT (;T;Qill)l-boz/g (umol /h?gioéc /g soil)
1.1 MSM 29,67+0,89 25,05+0,75 1,84+0,05 0,11+0,003
1.1 TRL 16,29+0,48 35,75+1,07 1,95+0,05 0,81+0,024
1.4 MSM 35,75+1,07 64,45+1,93 0,69+0,02 0,16+0,004
1.4TRL 37,45+1,12 84,442 53 0,81+0,02 0,81+0,024
2.1 MSM 28,45+0,85 23,35+0,7 2,2+0,06 0,14+0,004
2.1 TRL 22,01+0,66 26,63%0,79 1,99+0,05 0,16+0,004
2.4 MSM 97,47+2,92 64,21+1,92 0,83+0,02 0,15+0,004
2.4 TRL 92,79+2,78 61,45+1,84 0,74+0,02 0,22+0,006
3.1 MSM 27,24+0,81 21,64+0,64 2,5740,07 0,16+0,004
3.1 TRL 27,7240,83 17,51+0,52 2,03+0,06 0,23+0,006
3.4 MSM 153,24+4,59 63,97+1,91 0,97+0,02 0,13+0,003
3.4 TRL 148,13+4,44 38,5+1,15 0,67+0,02 0,09+0,002
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Even though the function of microbial ALP is notlyu Experimental variant 2, Soil sample 1; 2.4 — Expenital
determined this can serve as a mean of generatagg fvariant 2, Soil sample 4; 3.1 — Experimental var&nSoil
phosphate used in absorbing and utilizing it afteds. sample 1; 3.4 — Experimental variant 3, Soil sardple
This simple hypothesis is backed by the fact thdy the
microorganisms deprived of a phosphate source canThe results can be a consequence of the presence of
produce ALP (Ohiri et al, 2013). The results shdwatt certain substances that can reduce the level o&rwat
both in case of MSM and TRL the activity of ALPimbibition of the seed. The moist seed coating khou
decreases between 4 and 20 units, fact that isoal gaallow the emergence of the radix. This factor ledthe
indicator that the microorganisms present in sddg to arresting of the meristematic cells from the roptdf the
that source of phosphate. plantlet (Boldor et al, 1981), (Taiz and Zeiger @D0

Catalase activity increases for soils that paseutiin
more stages of treatment. This being a validationhe
fact that an increase catalase activity determinatgeat
role in improving soil quality (Wang et al, 2012he soll
enzyme can be strongly correlated with carbon cinte
total microbial biomass, £onsumption, C@depletion or
DHA activity (Nwaogu et al, 2012). We can assumat th
this enzyme is a great antioxidant that reducds0), in
a passive manner (without energy consumption) aitid w
high speed.

Regarding DHA activity, all tests represent the mai
indicator of enzyme activity in soil, the enzymesd
catalyzing this reaction ensuring the correct oraeall
biochemical paths from the biogeochemical cyclelse T
DHA activity can be considered an equivalent ofdalect
microorganisms metabolically reactions in the moim@n
the test. Accordingly the results, an increase iHAD
activity with up to 50% can be observed compared
phytoremediated soil. The increase is highly aédcby i
climate changes and soil type.

According the synthetized data from Fig.ML sativa
‘Magnat’ has been the species that presented tleesi
values in germination rate compared wiih repens
‘Lirepa’. In the first two variants of the experimtethe
germination percent obtained frdvh sativa ‘Magnat’ for
the soil taken from Remediation Station 1 presemhbed
values (1%) in comparison to control sample (Fig.The
third variant of the experiment concluded a valfid @%
fact that confirms that phytoremediation must belieg
at the end of a complex remediation process (Hwrad,
2005). ForT. repens ‘Lirepa’ the values obtained are very
low (1-2%) and the most interesting fact is theording
of the value ,0" in case of two control samplesA(TRL
and 3.4 TRL) and a contaminated soil sample (3.1)TR

o

Fig. 2 Medicago sativa ‘Magnat’ plantlets on soil from
Remediation Station 1, experimental variant 1 (139M)

' P S .\ =
Fig. 3.Medicago sativa ‘Magnat’ plantlets on soil from
Remediation Station 1, experimental variant 2 (23M).

The data is confirmed as well by the aspects pteden

e

& 3.1TRL in the next figures where there are shown platétM.

g 21TRL sativa ‘Magnat’ grown on untreated petroleum
¥ 1.1 TRL T contaminated soil (Fig. 2), only microbiologicaliseated
£ 3.1MSM = (Fig. 3) and chemically and microbiologically treat(Fig.

E 5 1Msm 4). It is determined that for the plantlets thabwron
Eg_ ) untreated contaminated soil (Fig. 2) the numbevialble

X 1.1MSM . . . . 1 plantlets (vertical position with green cotyledoni)

0 5 10 15 20 25 relatively low compared to the number of plantlétsm

stage 2 (Fig. 3). These plantlets present an obwjpowth
of the hypocotyl to better display the cotyledohlsrough
assimilation accomplished in cotyledons in thet fitages
of evolution it is ensured an optimal source ofamig

substances most needed to continue the processwthy
_The existence in both cases of devitalized pla{Ety. 2,
Fig. 3) prove that in that soil there are still gpt
Copyright © 2016 1JAIR, All right reserved
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Germination rate (%)

Fig. 1. Germination rate after 21 days (Legend: MSM
Medicago sativa 'Magnat’; TRL — Trifolium repens
'Lirepa’; 1.1 — Experimental variant 1, Soil samgdlgl.4
— Experimental variant 1, Soil sample 4; 2.1
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substances that can induce inhibition of cellulaistbn, root cells, followed by devitalization of most pthats
both in main root and future stem. A special sinratan appeared after 10 days since sowing. Another plessib
be observed for the plantlets grown on soil treateastrictive factor can also be the soil compacttat won't
chemically and microbiologically (Fig. 4). Even tigh allow root growth (Boldor et al, 1981).

the number of germinated seeds is large, only a low

number of plantlets remained viable. Most plantlet
present a long hypocotyl but they can’t maintaivegtical
position most needed for cotyledon display. It &rw
possible for the cellular divisions to maintain armal
rate, being followed by the lagging of the cellular

3.1TRL
2.1TRL
1.1TRL

differentiation. This could have direct effects adne

mechanical resistance, the stem being an organ w

negative geotropic growth (Grgscu, 1985).

Fig. 4.Medicag sativa ets on soil from
Remediation Station 1, experimental variant 3 (83M).

3.1TRL
2.1TRL
1.1TRL
3.1 MSM
2.1 MSM
1.1 MSM

Sample

Root length (cm)

Fig. 5. Root medium length after 21 days (Legevi8M
— Medicago sativa 'Magnat’; TRL — Trifolium repens
‘Lirepa’; 1.1 — Experimental variant 1, Soil samdle1.4
— Experimental variant 1, Soil sample 4; 2.1

Experimental variant 2, Soil sample 1; 2.4 — Expernital
variant 2, Soil sample 4; 3.1 — Experimental var@&rSoil
sample 1; 3.4 — Experimental variant 3, Soil sardple

The highest values of the medium main root lengt

calculated on viable plantlets have been obtaimedio
sativa ‘Magnat’ compared tdl. repens ‘Lirepa’ (Fig. 5).
In case of all controls excepting 1.4 TRL and 3RLThat

have recorded the value ,0“, the medium length theesn
15 cm and for the plantlets that grew orﬁ

over

contaminated soil the value was below 1.5 cm. phises
that in the contaminated soil there probably iaes of

substances that hinder the division rate of meriate

3.1 MSM
2.1 MSM
1.1 MSM

0 2 4 6
Hypocotyl length (cm)

Fig. 6. Hypocotyl medium length after 21 days (&ed:
MSM — Medicago sativa 'Magnat’; TRL — Trifolium
repens 'Lirepa’; 1.1 — Experimental variant 1, Sa@mple
1; 1.4 — Experimental variant 1, Soil sample 4; 24
Experimental variant 2, Soil sample 1; 2.4 — Expernital
variant 2, Soil sample 4; 3.1 — Experimental varZrSolil
sample 1; 3.4 — Experimental variant 3, Soil sardple

The medium hypocotyl length presented higher values
compared to the medium root length with only one
exception; sample 3.1 MSM. Similar to the above
parameter all the samples from the control soik@néed
values higher than the ones attributed to the pihat
grow on the contaminated soil (Fig. 6). The obvious
growth of the hypocotyl compared to the main root
represents another adaptation strategy of stughedies to
the conditions they are forced to endure.

IV. CONCLUSION

The study of enzymatic activities as biochemicatkea
confirms relatively high degradation capacity oé ttwo
species of Fabaceae so: by decreasing phosphatase
activity between 8.19-51% lower, reflecting that
requirement against phosphate decreased by rebajanc
potential mineralization phosphate; an increas@®y%
dehydrogenase activity as an equivalent direct nodita
activities of microorganisms in the soil in the pess of
_bioremediation; a decrease of 31.25% of catalaseitsic
reflecting catalase antioxidant capacity, reflectbg
increasing microbial mass, and reducing the carbon
content of fractions asfaltence.

Differences registered between the evolution of the
Wain root and hypocotyl concerning a third of the
analyzed plantlets show an increased adaptatiosl tev
the pollution existent in soil (Ayolagha and Pet2d13).
The obvious growth of the hypocotyl, followed b tfast
display of the cotyledons is probably a compensatib
he slow growth rate of the main root related te thw
absorption rate of the nutrients from hydrocarbon
contaminated soils. Intensifying photosynthesisuegs an
additional share of the nutrients needed for pédmtowth
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and development, also it enlarges the surface oichwh [13]
water vapors can condense and be utilized as andeco
source of moisture. [14]
Rhizosphere in the phytoremediation technology das
stimulant effect on microbial activities which prde a
suitable environment for growth and proliferati@ading

to decreasing petroleum contamination of the stfilofg 151
et al, 2012).

The two species ofFabaceae selected:T. repens
‘Lirepa’ and M. sativa ‘Magnat’ respond differently to [16]

given conditions on soils contaminated with aspemadt
petroleum fractions. The two species show a sicpmifi
growth of the remediation of the sail in last stagé this [17]
complex process of removing the pollutants. Besitles
enzyme activities confirmed the derivative capaoityhe [18]
two Fabaceae species to make phytoremediation process.
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