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Abstract

Total petroleum hydrocarbon (TPH) polluted soilsroat be used for agricultural, industrial
or recreational activities. They are potential sesrof contamination of soil, surface water
and groundwater. They also directly and indireetler the landscape. Phytoremediation of
soils polluted with total petroleum hydrocarbon hwguitable plants is a technology that
requires low cost and traditional plant cultivatistrategies. In this study are presented
models of phytoremediation of polluted soils with.42 + 3.9 g-kg DM. For successful
phytoremediation process the TPH polluted solil feaslized with sewage sludge mixed with
varying amounts of fly ash. From the analyticaldstwf the experimental data we could
develop the model of phytoremediation by bird’stftyefoil culture Lotus corniculatus The
model applies in the case of oil polluted soil ifextd with a fertilizing agentj.e. sewage
sludge, in an amount of 250 g per pot mixed wiyhaish in a ratio of 1:-35:1 weight parts.
The TPH amount lost from polluted soil on a 12-nmomeriod was up 88%.

Introduction

Plants can decrease total petroleum hydrocarboH Y €Bntent of polluted soil by absorbing
pollutants and translocations them in the plantplant tissue pollutants can be seized,
metabolized or eliminated through transpiration, &he plant development in TPH polluted
soil to be promoted by micro- and macro- nutrieadsled. The necessary nutrients need for
plants growth was done by sewage sludge fertiliFemthermore sewage sludge in soil
inserted microbial dowry [1, 2]. This stimulatesdegradation of carbon products by specific
metabolism of rhizosphere area. Roots are the inatedg active plant’s parts to access soil
different compounds that can also be petroleum doatbons. The roots of the plant act
directly on the soil. They break soil aggregatested with petroleum products and increase
soil aeration capacity. The roots of the plant hlpncrease the bacterial activity in the
regions surrounding the root. Plant roots direcntribute to limiting the movement of
pollutants, in soils in that they remove water dnds reduce the movement of water with
impurities through channels formed among soil agates. On the other hand high toxicity of
TPH was attenuated by fly ash as temporary adsosign high porosity [3.4]. Fly ash is
used as fertilizer or amendmentenhancehe physic-chemicaproperties of soil [5.6]. The
presence of large amounts of TPH in soil requinesthanagement of these lands. Is welcome
selection of plant species for phytoremediation [[fje strategy for the decontamination of
polluted soils with high amounts of TPH in this dgucomprises the steps of: 1. soil
characterization, 2. identifying agricultural worksat can be applied in polluted area, in
particular soil fertilization, 3. selecting cropsldrant of polluted soil toxicityi.e. grasses,
legume, etc.. This study presents the results gtoptmediation of soils polluted with 79.42
+ 3.9 gTPH-kg D.M. fertilized with sewage sludge mixed with viawy amounts of fly ash.
From the comparative study of the experimental det@ould elaborate the phytoremediation
model by culturing bird’s foot trefoilLotus corniculatuls
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Experimental

TPH polluted soil was taken from the surroundinfamoil field in operation. The soil was
cleaned, dried and ground. Petroleum products csineeg adhesion between soil particles
forming larger aggregate. After breaking into seyallinits of the large aggregate of soil,
resulted soil aggregates with sizes between 1-3Smih.contaminated with TPH load of 20%
was mixed with unpolluted agricultural soil. Unpd#d agricultural soil was dried, cleaned of
various plant residues, pebbles, etc., crushedhandogenized. Agricultural soil screening
was performed by sieve with a mesh size of 1 mne. TRH polluted soil with a large amount
of 20% was mixed with unpolluted agricultural sdflixing was performed in proportion of
polluted soil: unpolluted soil of 1:2 wt.: wt. Tlenount of TPH in the soil mixture resulting
from mixing the polluted soil with unpolluted soillas 79.42 + 3.9 gTPH-KgD.M. The
experimental study included experimental variaritsml contaminated with an amount of
79.42 + 3.9 g gTPH-ky D.M. untreated / treated by fertilizing with seveagjudge in amount
of 250g per vegetation pot. As a temporary agerddsorption of TPH from the soil were
used different amounts of fly ash 50, 25, and 50€@ygash per pot, respectively. The
experimental study variants wei:- uncultivated polluted soiPB - cultivated polluted soil
fertilized with sewage sludg®B 1 - polluted soil fertilized with sewage sludge nmixeith

fly ash 509 per pot and cultivated with plaBE - polluted soil fertilized with sewage sludge
mixed with fly ash 250 g per pot and cultivatedhyiiant andPB 3 - polluted soil fertilized
with sewage sludge mixed with 500 g fly ash per @aod cultivated with plant. The plant
species used in phytoremediation process was ftfks oot trefoil (otus corniculatus
Characteristics fertilizer sewage sludge used wamasture 88.6%, organic matter content of
33.4%, 0.55% total nitrogen, phosphorus 0.37% did=[®6.5. The experiment was carried
out in pots with 6.5 kg of untreated/treated peltltsoil. Cultures were performed in
triplicates each, a total of 15 pots. The experit@lennit was placed during the study
outdoors. In the cold winter pots were covered wgittaw. The method of TPH content of
polluted soil analysis was presented by Masu ¢8hl.

Results and discussion

Table 1 describes the evolution of the crop moeddor 12 months. The initial concentration
of TPH in soil was 79.42 + 3.9 gTPH-k@.M. It is noted from Table 1 that the bird’s foot
trefoil plants sprout late on the experimental aatitreated with sewage sludge in fly ash
absence. There is a two weeks delay compared tatliee plants in the experimental variants.
Plants develop with difficulty. They form a smalimber of offshoots. Plants suffer during
growth showing such as yellowing and drying of kesmgradually.
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Table 1Vegetation cover degree of the experimental végsiaaeded with bird’s foot
trefoil during the monitored period of 12 month3réplicates for each experimental variant,
total of 15 variants)

Experimental variants pP* PB PC3 BC PB1
Plant sprouting 3-4 2 week 2 week 2 week
week
Plant cover degree during 5-10 15-18 25-35 25-35
the first year [%]
Number of offshoots 1-2 1-3 2-3 2-3
Plant cover degree durirng o 80-85 85-95 80-90
the second year [%]
Number of offshoots 3-4 5-6 5-6

* P uncultivated polluted soil; ** PB polluted sdirtilized with sewage sludge. The plants
dried in winter.

During the cold winter plants on this experimemaliant dried In comparison, the plants on
the variants fertilized with sewage sludge mixedhwily ash sprouted in larger numbers.
Plants gradually occupied up to 35% of the sowtiaserin the first year. The plants were
more vigorous. They showed a greater number ofhoffts than the ones grown in the
absence of fly ash fertilized variant. The plamsgwee during winter. In the second year of
culture, plants grown on variants fertilized witewsage sludge mixed with fly ash will
continue to develop. They will form a double numbépffshoots compared to the first year.
Moreover, they will cover up to 80- 95% of the soarea. Table 2 shows the variations in the
content of petroleum products after 2, 4, 9 ananbths of vegetation respectively in all the
studied soil experimental variants: cultivated amttultivated plants. From Table 2 it is
observed that in the monitored period of 12 morftbsn the polluted soil TPH content
decreases by 23.0 + 2.8 gTPHK®.M. The decrease is due to volatilization phencaneh
some oil components. From the polluted soil feitl with sewage sludge in the absence of
fly ash, TPH content decreases by 37.5 + 2.0 gTHH:-D.M. The decrease is due to
volatilization phenomena of TPH and metabolic pimeeoa performed by the biological
heritage of the sewage sludge. The polluted sdilliEed with sewage sludge and fly ash,
cultivated with bird’s foot trefoil, the content GfPH decreased by 68.5-70.0 gTPHkg
D.M. The addition of sewage sludge mixture andaf in a ratio with 1:35:1 weight parts
decreased the most the TPH content. The efficiafcyPH reduction in soil during the
period of 12 months was up 88%. The addition of dgh in larger quantities did not
determine the expected plant growth efficienciest@nvariants and the advanced reduction
of TPH content.
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Table 2 Variation of TPH content from the experimentaliaats of soil studied and
cultivated with bird’s foot trefoil on the monitatgeriod (initial concentration 79.42 + 3.9
gTPH-kg" D.M.). 3 replicates for each experimental variéotial of 15 variants)

No | Vegetation period Experimental variants/ TPH content in soils g K9.M.

p* PB** PC3 BC PB1
1 | 2 months of vegetation | 68.845.8| 64.8+5.2| 74.46.8| 55.3t5.0 64.615/2
2 | 4 months of vegetation | 59.5+5.4| 52.0+4.8 | 58.4+5.7 | 29.5+3.8| 47.3%4.8
3 | 9 months of vegetation | 55.5+5.5| 46.0+4.7 | 47.2+4.8| 14.4+2.6 28.5+3|3
4 | 12 months of vegetation| 55.5+5. | 42.0+4.3] 11.6+1.8 9.44+15 9.97+1.0

* P uncultivated polluted soil; ** PB polluted sdirtilized with sludge. The plants dried in
winter.

It can be seen a reduced decrease of TPH in seinter when the plant metabolism and that
of soil biocenosis was slower. The analysis ofdkperimental data presented in Table 1 and
2 is seen that in the variants fertilized with sgevaludge mixed with fly ash bird’s foot
trefoil crops gradually develop occupying the saavaas. They develop normally under the
conditions specific to the climate in the west mdrthe country. In conclusion it was possible
to develop a model of phytoremediation of the pefilusoils with 79.42 + 3.9 gTPH-kg
D.M. by bird’s foot trefoil Lotus corniculatus culture. To form and maintain a layer of
plants is needed a treatment of the TPH pollutddnsth fertilizer agent,i.e. sewage sludge
in an amount of 250g per pot mixed with fly astaimtio of 1:3+5:1 wt. :wt. parts. In Figure

1 are shown the bird’s foot trefoil cultures formaal the experimental variants in pots after
12 month of vegetation.
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Figure 1.In pots experimental variants fronotus corniculatugfter 12 months

Conclusions

Bird’s foot trefoil cultures have developed on saibntaminated with 79.42 + 3.9 gTPHkg
D.M. gradually occupying the sown areas. In therighths of monitoring the crop the areas
occupied reached 80-95%. For the application ofpthygoremediation process with bird’s
foot trefoil plants of soil contaminated with TPHasvnecessary fertilization with a fertilizer
agenti.e. sewage sludge. For culture maintain was necessavgge sludge mixing fly ash in
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1:1-5:1 wt.: wt. The process of phytoremediation foilssaontaminated with 79.42 + 3.9
gTPH-kg* D.M. by bird’s foot trefoil {otus corniculatus culture for an appropriate
treatment of soil can render these soils back ecatfricultural circuit. Soil TPH loss was up
to 70 gTPH-kg D.M. for 12 monitored months. Furthermore efficiescreduction of soil
TPH planted with bird’s foot trefoil were up 88%.

References

[1] L. Kim, K. R. Owens, J. Environ. Manage. 91(R)¥91.

[2] C Ram, R.E. Masto, Earth Sci. Rev. 128(2014) 52

[3] V.C. Panday, N.Singh, Agric. Ecosyst. EnvirdB86 (2010)16.

[4] Z.T. Yao, X.S. Ji, P.K. Starker, J.H. Tang. L.@e. M.S. Xia. Y.Q. Xi, Earth Sci. Rev.
141 (2015) 105.

[5] P. Kishor, A.K.. Ghosh, D. Kumar, Asian Journ&Agricultural Research 4 (2010) 1.

[6] S. Raj, S. Mohan, International Journal of Egmeg Technology and Advanced
Engineering 4 (2014) 709.

[7] J. Bilski, K. McLean, E. McLean, F. Soumaila,. Mander,Int. J. Environ. Sci. Te.
1(2011) 2028.

[8] S. M&u, A. A. Marin, D. Popescu, F. Morariu, Phytorenatidin TPH polluted soil with
common flax, Proceedings of the "20nternational Symposium on Analytical and
Environmental Problems, Szeged Hungary (2014) 270.

300



