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ABSTRACT
Five filamentous fungi used inthis study to show the ability of these fungi in biodegradation
of diesal fuel , these fungi were Aspergillus niger, Aspergillus, flavus, Aspergillus versicolor ,
Penicillium funiculosum and Rhizoctonia solani .The results showed that A. niger was resistence
to diesdl fuel in 1% , 3% , 4% concentration in solid medium , and the colony diameter of this
fungus reached to 5.8 ,6.4,6.7 cm respectively, but this fungus was sensitive toward diesd fuel
in 5% with 3.7 cmcolony diameter . However the results showed that diesel fuel not appear any
effect on the colony of A. flavus ,but the A. versicolor was sensitive in 3%, 4%, 5% concentration
and the colony of this fungus was increased to 7.2 ,7.9 cm with 1%, 2% when compared with
control . Also the results showed that the colony diameter of P. funiculosum decreased in 1%,
2%, 3% , 4% concentration except that the colony diameter of this fungus was increased in 5%
when compared with control . And in the same time the results showed that R. solani was
sensitive with all concentrations of diesel fuel. The dastical methods obtained different
significance with fungi and also with 5% concentration when compared with control .
The results showed that all fungi under study were resistence with diesel fud in all
concentrations in mineral salts medium during determined dry weights of these fungi with
compared control after seven days incubation. The stasitical methods obtained different
significance with different fungi and also with concentrations of diesel fuel.
The results showed that all fungi can degraded diesel fuel to other compounds by usin FTIR
Spectroscopy.

Keywords: Environment, Ecofriendly, Microorganisms, Solid media, liquid media

INTRODUCTION
The contamination of environment by crude polyaromatic hydrocarboffs Although diesel is
oil and petroleum products has become a a commonly used fuel for vehicles and
serios problem on ecosystem and human machines so as effected on ecosystem
healtf>. Among petroleum products, diesel oil Diesel hydrocarbons can accumulate in
is a complex mixture of alkanes and aromatic food chains at varios levels, However causing
compound$, diesel fuel produce from the carcinogensis of some organs, mutagenesis in
distillation of crude oil has a carbon range the genetic material
between @ and Gg * with high content of
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The effect of these compounds on the natural
environment depends on the surface of the area
contaminanted by the petroleum products |,
chemical composition and depth at which
pollutants occuf . The technology commonly
used for soil remediation includes mechanical ,
burying, evaporation, dispersion , and washing.
However, these technologies are expensive,
incomplete  decomposition of contaminants,
time- consuming and less effecti¥é
Biological methods can treatments and
removing oil spill . Bioremediation technology
is a safe, economical , more efficigrif and to

be promising, practical, also to complete
minerlization of hydrocarbons to carbon
dioxide and watéf. The principle of

bioremediation depend on using
microorganisms to destroy hazardous

contaminants and convert them to harmless
product§*® Many microorganisms such as

bacteria , fungi and yeast use their enzymatic
activity to utilize hydrocarbons as a sole

carbon and enerb{?. Fungi have adventages

over other microorganisms in that they

produce several extracellular enzymes that
can interact with some types of polycyclic

aromatic hydrocarbons . However fungi play in

important role to degradation during by

excretion extracellular enzymes such as
cellulose, Laccase and other compounds so as
crude oil, insecticide and herbicides were

degradation byA. niger, F. solani, Penicillium

sp. and Trichoderma lignorun®®# Fungi are

also tolerant to high concentrations of
recalcitrant compounds . Some recent studies
have been reported to wuse a mixed
population of fungal strains that could

enhance biodegradation efficiency,especially
on high concentrations of 8if°>

The aim of this study is to degrade diesel
fuel by locally isolated fungi from Abu —

Subat marshe under different concentrations
of diesel fuel. This study is the first about
fungi isolated from the region of centeral
marshes in Al-Nasiriya governorate (South of

Iraq).

MATERIAL AND METHODS
Chemicals
Diesel fuel was collected from local stations
in Al-Nasiriya city . All chemicals used in this
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study are purchased from BDH Co., and the
purity of this chemicals are 99.99% .
Organisms and culture conditions

A. niger, A. flavus, A.versicolor, P. funiculosum

and R. solani were obtained from Marshes
Researches  Center, Thi-gar  University,
Environment Laboratory, Irag. These fungi
isolated by Dr. Al- Jawhari from the upper
surface of a sediments in Abu — Subat marshe in
Al-Nasiriya governorate (South of Iraq). Stock
cultureswere maintained on the potato dextrose
agar slants , subcultured periodically and stored
at £C . Mineral salts medium containing (9
K,HPO, 1.71; KHPO, 1.32 ; NaNQ0.42 ;
MgSQO, . 7TH,O , 0.42 ; Cagl, 0.02 was used for
the induction experiments. All media were
autoclaved at 126 for 20 min. Diesel fuel at
1%, 2%, 3%, 4%, 5% was used as carbon
source and energy for the biodegradation.
Determination of the fungal growth ability
under Diesel fuel pollution in solid medium
The growth assay was used to find the
resistant fungal species to diesel fuel
contamination. The assay were conducted by
comparing the growth rates of fungal strains,
as colony diameter, on the diesel fuel
contaminated and control petri dishes. Test
dishes were prepared by adding diesel fuel
to warm PDA solution. In order to have 0.0,
1%, 2%, 3% , 4%, 5% concentration of diesel
fuel in all plates, the solution was thoroughly
mixed manaually, right before it was added to
the plates. Pure PDA was used in control
plates. All dishes were incubated with 5 mm
plugs of fungal mycelia taken from agar
inoculums plate. The dishes were incubated
at 25C in an incubator. Fungal mycelia
extension on the plates (colony diameter) was
measured using with measuring tape after 7
days and compared with control plates.
Biomass determination on diesel
hydrocarbons in mineral salts medium
Fungal biomass was determined by filtering
the culture broth through Whattman No.1
filter paper . Determination of dry weight of
mycelia of fungal strains by harvested after 7
days incubation in flasks containing liquid
mineral salts medium amended with diesel
fuel and compared with other flasks without
containing diesel fuel ( control ) on filter
paper by filtration and dried in the oven

fuel
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with 65°C in 30 min. pH was determined
with pH meter. The difference between gain
in treatment and control was considered to
due biodegradation activity of fungi.
Biodegradation of Diese fuel

Determination of residual diesel fuel was
carried out by using quantatitative analysis
by FTIR Spectroscopy with some
modification of method. Residual diesel fuel
was extracted with hexane. For sample
preparation, 5 ml from mineral salt medium
treatments with different fungi strains was
transferred in to 20 ml glasses vial and 5 mi
of hexane was added to it. The glasses vial
was shaken vigorously for about 2 minutes
with periodic venting to release vapor
pressure . The organic layer was allowed to
separate for 10 minutes and was recovered
into the another glasses vial . The aqueous
layer was re-extracted twice with 2 ml of
hexane , as well as the aqueous layer was re
extracted third with 2 ml of hexane. The
combined extract was dried by passing
through the funnel containing the anhydrous
sodium sulfate . The dried extract was
concentrated with evaporation on hot plate.
FTIR Spectroscopy Schimadza, Japan, spectrum
one equipment in the mid — IR region (500-4000
cm?) at 16 scan speed was used for analysis
using the method of Fuaet al.’ with minor
modification .

Stasitical Analysis

The present study conducted an ANOVA
(analysis of variance ) which was performed on
all the treatments and done using the SPSS
(version 10.0 ) package to determine whether or
not, a significance differences.

RESULTS AND DISCUSSION
Determination of the fungal growth ability
under Diesel fuel pollution in solid medium
The growth ability of the isolated fungal
strains was carried out under 0.0,1%, 2%, 3%,
4%, 5% concentrations of diesel fuel and
was expressed as diameter of the colony
(Figl,Fig 2). The results showed tha&tniger
was resistence to diesel fuel in 1% , 3% , 4%
concentration in solid medium, and the colony
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diameter of this fungus reachedto 5.8, 6.4, 6.7
cm respectively, but this fungus was sensitive
toward diesel fuel in 5% with 3.7 cm colony
diameter . However the results showed that
diesel fuel not appear any effect on the
colony of Aflavus ,but the A.versicolor was
sensitive in 3%, 4%, 5% concentration and the
colony of this fungus was increased to 7.2,7.9
cm with 1%, 2% when compared with control .
Mohsenzadekt al ?*refer that the fungal species
used oil compounds as nutrients and crude oil
pollution cause to increase fungal growth. The
results in the present study were similar to the
findings of * which showed that the fungus

Aniger and R&tolinifer  are  resistant to
kerosene pollution. Among the studied
fungus, Rstolinifer  showed  the highest

resistance to all concentrations of kerosene in
solid media  (with 8.5 cm diameter of colony
after 7 days growth ), and. niger also
resistant. The colony diameters were
determined after 7 daysin the 0.0, 5%, 10%
15%, 20% concentration of kerosene polluted
PDA media. The results in present study
showed that the colony diameter ofP.
funiculosum decreased in 1%, 2%, 3%, 4%
concentration except that the colony diameter
of this fungus was increased in 5% when
compared with control. And in the same time
the results showed thBt solani was sensitive

with all concentrations of diesel fuel. The
stasitical methods obtained different
significance with fungi and also with 5%

concentration when compared with  control.
These results confirm that the biodegradation
process depend on the type of hydrocarbon,
the genus, species, and may be the strain of
the fungus, as well as on nutritional and
fermentation condition& Also* refer thatA.
niger showed the highest resistence to 2%
crude oil pollution ( with 8.5 cm diameter of
colony after 7 days growth ) and three fungal
strains  includingF.solani  ( 5.9 cm ), A
fumigatus (4.5 cm ),P. funiculosum ( 3.6 cm) .
In the same timé recorded that\. niger
showed the largest colony diameter
medium with 20 % kerosene amongst
terreus, Rhizopus sp. and Penicillium sp.

on
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Fig. 2: Growth determination of the fungi in differenbncentrationsof diesel fuel i
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Biomass determination on diesel
hydrocarbons in mineral salts medium
Fig.3 showed that all fungi under study were
resistence with diesel fuel in all concentragion
when determined dry weights of these fungi
compared with control after seven days
incubation. Fig. 3 obtained thAtniger was the
highest dry weight among than other fungi
under study , the dry weight of this fungus
reached to 2.84 gm in 5% diesel fuel when
compared with control but the results also
showed that the Ilowest dry weigh was
calculated withA.versicolor (0.509 gm). The
stasitical methods obtained different
significance with all fungi and also with
concentrations of diesel fuel. This result was
similar to the findings ofwhich showed that
all fungi studied are resistant to kerosene
polluted mineral salts media with 10%
concentration but the dry weight of these fungi
were decreased with 20% concentration.
Among the studied fungM.niger showed the
highest resistance to 10% kerosene pollution
(with 0.530 gm dry weight of mycelia after 7
days growth), and the dry weight of
Rstolinifer reached to 0.522 gm. The same
results were obtained by HasHémin their
study on the changes of mycelium dry weight
of A.niger , Aflavus , Curvularia lunata |,
Rhizopus sp. and Trichoderma sp. on media
containing different concentrations of crude
oil (0.5,1.0, 2.0 ml), the results showed
this study thatTrichoderma sp. exhibited an
increasing mycelium dry weight with

fuel
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increase in crude oil concentrations while
A.niger dry weight reached to 2.68 mg in
2% concentration , but the lowest dry weight
was calculated with Rhizopus sp. They had
been showen that fungi were as active or
more active than bacteria in the
biodegradation  of hydrocarbons In this
indicated that these fungi had adapted to
degrade the petroleum hydrocarbons. Adas
al.” reported that in the most environment
systems which may become contaminated
with petroleum  hydrocarbons. There were
indigenous oil degrading  microorganisms
capable of seeding the oil spilled and irgtiat
microbial attack. Obuekweet al.** in their
study about the effect of oil spill on the
composition of microbes in a soil , they found
that the soil was dominated by a diversity of
oil degrading fungi includingPenicllium sp.,
Rhizopus sp.  Thamanidium P.,
Cunninghamella and Candida sp. When
petroleum hydrocarbons polluted various
habitats the indigenous microflora was two
fold. The hydrocarbons may inhibited or
caused by a death of certain microorganisms.
On the other hand, there will also be
increasing in numbers of certain
microorganisms especially those capable of
degrading the hydrocarbdiisin the same
time® record that Eupenicillium hirayamae
gained the maximum weight of (43.4 %)
followed by Cladosporium sphaerospermum
(40 %), whereas minimum weight gain (28 %)
was recorded irAlternaria alternate.
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Fig. 3: Effect of Diesel fuel on mycelial dry weight fungal strains in liquid media
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Biodegradation of Diese fuel
The results showed that the axenic cultures
fungi degraded diesel fuel in mineral s
medium. Fig 5,6,7,8,9 showed disapperea
of large number of band when corred with
control (uninculated) Fig .Big FTIR of non-
degraded (uninculatgdevealed three prominel
peaks represented hydrocarbons due to>
CH, symmetric (2853, 2922955 cn*). A-
CH; symmetric and asymmetric bend for
aliphatic hydrocarbon chain and for eithel
linear aliphatic hydrocarbon chairr a methyl
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benzene derivative was observed at 1459, :
cm™. A ring vibration at 1040 and 1588 *
represented alkyl cycloalkanes araromatic
hydrocarbonsand peaks 615, 740 , 798 , ¢
cm® represented mor, tri- and tetra-
substituted benzene dvatives (Fig.4). Diesel
fuel extracted after incubation for 7 da
showed bands at3330, 3335, 3339, 3
3346 , 3089 crh indicated alcohol and fou
sharp bands between 5- 1639 cm indicated
the formation of alkyer, alkenes and

carboxylic acids .
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This result was similar to the findins %4

which showed thatAspergillus versicolor and

Aspergillus niger exhibited biodegradation ¢
hydrocarbons higher than 9. This means
that the fermentation conditions stimulat
productivity and or activity of diesel fu
hydrolyzing enzymés

The results obtained in present study refe

Copyright © April, 2016; IJPAB

produced carboxylic acids in mineral se
medium  after incubation ‘days with
different fungi, these acids were decreased
in medium . The results was similar to findi
of * which showed that the pH values w
changed on kerosene during utilization

the fungal isolates from Oh to ™ days of
incubation and obtained non  significant
34
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the changes in pH valueA. niger had the
lowest pH of 4.6 after 28 days of incubation
,but the Rstolinifer had the highest pH value

of

6.3 after 28 days incubation. The

reduction in pH of the culture fluids in flas
within 28 days incubation period confirmed

chemical

changes of the hydrocarbon

substrates which must have been precipitated
by microbial enzymés However microbial

degradation of hydrocarbons often leads to
production of organic acids and other
metabolic productd.

CONCLUSION

The results showed that all fungi were well
adapted to degrade and utilize the diesel fu

and

convert this compound to other

metabolites .

Rehabilitation of oil

contaminated soil and

water by the culture fungiA.niger, A. flavus,

A.versicolor,
were promising as
pollution to acceptable

P. funiculosum andR. solani )
it can reduce the oil
levels for reuse of

land and water within a short period . The
data obtained in the present investigation was

advanced
hydrocarbons

our knowledge of

and behavior

petroleum

of fungi in

polluted soils in different location , and how
these fungi to breakdown or biodegradation

petroleum hydrocarbons

in environment ,as

well as can used these organisms to removel
pollution now and also in future.

Acknowledgements

The auther thanks to Minsitry of Science
and Technology , Office of Environment and
waters , Republic of IRAQ. For help me to
sampling analysis.

REFERENCES
Adam, G. and Duncan, H.J., Effect of diesel
fuel on growth of selected plant species.
Environ Geoch Heal21:273 — 357 (1990).
Al- Jawhari, I.LF., A Study of fate herbicide
propanil in rice field at Al-Qadisiya
governorate and its effect on some water and
soil microorganisms. Ph. D. Thesis, Al-
Mustansiriya University, Irag. (1998).

Copyright © April, 2016; IJPAB

Int. J. Pure App. Biosci. 4 (2): 27-37 (2016)

3.

~

10.

11.

12.

ISSN: 2320 — 7051

Al-Jawhari, I.F., Biodegradation of
kerosene by Aspergillus  niger and
Rhizopus  stolinifer. J. App. Environl

Microbiol., 2(1): 31-36 (2014a).

Al-Jawhari, I.LF., A bility of some soil
fungi in biodegradation of Petroleum
hydrocarbon. Journal of Applied and
Environmental Microbiology ., 2(2) : 46 —

52 (2014 b).
Al-Jawhari, I. F., A bility of some fungi
isolated from a sediment of Suq 5. -

AlShuyukh marshes on biodegradation of

crude oil . International Journal  of
Current Microbiology and Applied
Sciences ., 4(1): 19- 32 (2015).

Atlas, R.M., Bartha, R., Microbial

degradation of oil pollutant workshop La.
State Union Publ . NO. LSUSG- 73- 01 .
283-289 (1972).

Atlas , R M., Cerniglia, C.E,
Bioremediation of pollutants diversity and
environmental aspect of hydrocarbon
biodegradation Biologl Sci .45 (5):332 —
338 (1995).

Das, N. , Chandran P. , Microbial
degradation of petroleum hydro-Carbon
contaminant : an overviewBiotec Res Int.,
1-13(2011).

Fuad , A., Mohamed , M., Safaraz, H.,
Biodegradation of diesel of fuel
hydrocarbons by mangrove fungi from red
sea coast Saudi  ArabiaSau Jl of
Biologl <ci., 23(2):211-218 (2016).

George- Okafor, U., Tasie, F., Okafor , F.
M,. Hydrocarbon degradation potentials of
indigenous fungal isolates from petroleum
contaminated soilsJournal of physical
and Natural sciences., 3(1): 1-6 (2009 ).
Gallego, J.R. , Loredo , J,Llamas , J.F,
Vazquez, F. , Scanchez , J., Bio- 11.
remediation of diesel — contaminated soil .
evaluation of potential in situ techniques by

study of bacterial degradation. Biodeg.
12(5): 325 — 335(2001 ).

Hashem, A. R. , Bioremediation of
petroleum contaminated soils in the

Arabian Gulf Region: A ReuKAU: i,
19: 81 — 91(2007 ).

35



Al-Jawhari et al
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hidayat, A., Sanro, T., Iltoh, K,
Determination of Chrysene degradation
under saline conditions by Fusarium sp.
F092, a fungus screened from natudréun
Biol.,116(6):706-714 (2012 ).

Jagtap, S.S, Woo , SIM , Klm, T.S ,
Dhiman ,S.S ,Kim, D., Lee ,J. , Phyt-
oremediation of diesel — contaminated soil
and  saccharification of the res-ulting
biomass. Fuell16: 292 — 298 (2014 ).

Janani Prathiba, G., Keerthi, K., Aparna, D.,
Sourav, B., Priadarsini, R.l., Molecular
identification of the isolated diesel
degrading bacteria  and optimization
studies.J Bioch Techn ., 5: 727 — 730
(2014).

Khaled , M.G, Saleh, M.A, Majid, A.A.,
Bioremediation of diesel fuel by fungal
consortium using expermintal designs .
Pol. J. Environ stud., 25(1): 97-106(2016 ).
Lotfinasabas, S. , Gunale , V. R. , Rajurkar
,N.S... Assessment of petroleum
hydrocarbon degradation from soil and
traball by fungi.Bios . Disc., 3(2): 186-
192(2012).

Malik , Z.A, Ahmed, S., Degradation of
petroleum hydrocarbons by oil field
isolated bacterial consortium Afr. J.
Biotech., 11(3): 650- 658(2012).

Margesin ,R . , Labbe ,D . ,Schinner , F.
Greer, C.W, Whyte , L.G., Characterization
of hydrocarbon degrading microbial
populations In contaminated and pristine
alpine  soil. APPI. Environ. Microbiol ,
69(8): 3085 — 3092 (2003).

Martin, Y.B, Acosta, S,,Sanchez , A,
Toledo, A., Gonzalez, F.,Garcia, R.M.,
Study and isolation of aerobic
hydrocarbon — degrading bacteria from
cuban shoreline®iotech. Apli ., 29(2): 80-
86(2012).

Mohamed, A.A., Neveen, M.K., Abdel-
Ghany, M,N., Biodegradation of some
polycyclic aromatic Hydrocarbons by
Aspergillus terreus. African J. Microbiol.
Res ., 6(16): 3783-3790 (2012).
Mohsenzadeh, F., Rad ,C.A., Akbari, M.,
Evaluation of oil removal efficiency and

Copyright © April, 2016; IJPAB

Int. J. Pure App. Biosci. 4 (2): 27-37 (2016)

23.

24.

25.

26.

27.

28.

29.

30.

31.

ISSN: 2320 — 7051
enzymatic activity in some fungal strains
for bioremediation of petroleum — polluted
soils . lranian Journal of Environmental
Health Science &  Engineering.
www.ijehse.Com/9/ 1/ /26 ( 2012 ).
Nwachukwu,S.U., Ugoji, E.O., 1995 -
Impact of crude petroleum spills on
microbial communities of tropical soils .
Int. J. Environl. &i., 21(1): 169-175
(1995).

Obuekwe, C.O., Al-Muttawa , E.M., Self
immobilized  cultures  with  potential
application as ready to use seeds for
petroleum bior-emediatiorBiotech. Lett.,
23(7):1025- 1032 (2001 ).

Onwurah, LN , Ogugua , V.N, Onyike,
N.B, Ochonogor, A.E, Otitoju, O.F., 2007 -
Crude oil spills in the environment,effects
and some innova- tive clean- up
biotechnologiesint. J. Environ .Res., 1(4):
2007, 307-320.

Parreira, A.G,Totolla , M.R , Jham, G.N,
D.A, Silva , S.L,Borges, A.C., Microbial
bioremediation of aromatic compounds in a
soil contam-inated  with gasohoBrit.
Biotech. J ., 1(2): 18-28 (2011 ).

Prakash ,B, Irfan, M., 201Pseudomonas
aeruginosa is present in crude oil
Contaminated sites of Barmer region (
India ).J. Bior. Biodeg., 2(5): 1-2 (2011).
Ravelet, C., Krivobok , S., Sage, L.,
Steiman, R., 2000- Biodegradation of
Pyrene by sediment fungi. ChemdQ(5):
557 — 563 (2000).

Sanyaolu, A.A., Sanyaolu, V.T., Kolawole-
Joseph, 0.s,, Jawando, S.S,,
Biodeterioration of premium motor spirit
(PMS) by fungal speciebit. J. <ci. Nat.,
3(2): 276 — 285(2012).

Saratale , G., Kalme, S., Bhosale , S. ,
Govindwar ,S., Biodegradation of kerosene
by Aspergillus ochraceus NCIM — 1146.J.
Basi. Microbiol., 47(5): 400 — 405 (2007).
Thapa, B., Ajay- Kumar, K.C., Ghimire, A.,
A review on bioremediation of Petroleum

hydrocarbon  contaminants in  soil.
Kathmandu University J. &ci. Eng.
Technol., 8(1): 164-170 (2012).

36



Al-Jawhari et al Int. J. Pure App. Biosci. 4 (2): 27-37 (2016) ISSN: 2320 — 7051

32. Wang, X., Yu, X., Bartha, R., 1990 - Effect immobilized on muitifunctional materials.
of bioremediation on polyclic aromatic Mar. poll. Bull., 92(1-2):195 — 200 (2015).
hydrocarbon residues in sdinviron. i. 34. Wolicka, D., Suszek, A., Borkowski, A.,
Technol., 24(27):1086 — 1090 (1990 ). Bielecka, A., Application of aerobic

33.Wang , X., Wang, X., Liu, M., Bu, Y., microorganisms in bioremediation in situ of
Zhang, J., Chen, J., Zhoo, J., Adsorption— soil contam-inated by petroleum pproducts.
synergic biodegradation of diesel oil in Bior. Technol., 100(13): 3221- 3227
synthetic seawater by acclimated strains (2009).

Copyright © April, 2016; IJPAB 37



