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The growth characteristics of seven strains isolated from oil contaminated soil, as well as their respective
degradation efficiency for various hydrocarbons were investigated. Factors that can impact biological oil
degradation efficiency were revealed in a series of experiments. The results indicate that isolated strains
could rapidly degrade crude oil, showing high activity in the first 13 h of bioremediation. These strains could
grow in paraffin wax, which indicates that these strains could degrade long chain hydrocarbons. Some of
them (SY,,, SY,,, SY,,, SY,, SY,,) were able to use short chain hydrocarbons and aromatic hydrocarbons
as substrate, so these five strains are the preferred ones for the bioremediation of oil contaminated soil.
Suitable pH for the growth of these five strains was in the range from 7 to 9. NH,NO, and oil concentrations
should range from 1000 mg/L to 1500 mg/L in order to achieve optimum conditions for petroleum hydrocarbon
degradation. Adding organic matter such as starch and glucose accelerated oil and PAH degradation capability
of the SY,,, SY,, and SY,, strains. The presence of metal ions, such as Ni?* and Co?" in soil decreased the
crude oil degradation efficiency of these strains, while metal ions, such as Fe?* and Mn2* did not affect the oil

degradation activities.

INTRODUCTION

Eight million tons (Mt) of petroleum is spilled into the en-
vironment every year worldwide. In China, 0.6 Mts of pe-
troleum entersinto soil, groundwater, riversand ocean every
year. Oilsare ubiquitousin environment and may be present
at high concentrations at industrial sitesassociated with pe-
troleum, coal tar, gas production and wood preservationin-
dustries (Wattiau 2002). The presence of petroleum oilsin
theenvironment causes serioushealth hazard because of their
mutageni c and carcinogenic properties (Kastner 1998). Oil
contamination is a severe threat for our environment and
thereby attractsgeneral concern. Hence, thereisanincreas-
ing interest to remediate the sites contaminated with petro-
leum to minimizetheir threatsto human health.

Ascompared to physico-chemical treatments, use of mi-
crobial technology to clean up oil-contaminated sites has
been found an efficient, economical, eco-friendly and adapt-
able choice. Besdes, it haspotential advantages over physico-
chemical methods such as complete degradation of pollut-
ants, greater safety and less soil disturbance (Habe 2003).
Bioremediation hasbecome one of the most promising tech-
nologiesfor oil contaminated soil remediation. Microorgan-
isms used for bioremediation are usually grouped asindig-
enous and exogenous microbes. The addition of nutrients
increases the activity of native microorganisms, however,
bioremediation is boosted with the addition of exogenous

bacteria. The application of bioremediation using indigenous
microbesis restricted because native microbes need along
time to domesti cate, and thereby show |ow growth ratesand
low metabolic activity, which make decontamination slow
and ineffective. However, afew bacteriawho areableto grow
onthefour ring PAHS, specifically, fluoranthene (Rehmann
1999, Luepromchai 2007) and pyrene (Rehmann 1998,
Churchill 1999) such asMycabacterium, Rhodococcus, Al-
caligenes and Sohingomonas have studied PAH degradation
insoil. The application of addition of exogenousactive bac-
teriain field experiments hasincreased. A study on the di-
vergty of PAH degrading bacteriashowsthat Sohingomonas
species are generally found to be fluoranthene degrading,
while Pseudomonas strainswere commonly associated with
phenantherene degradation (Muller 1997). Therefore, the
screening of hydrocarbon-degrading active bacteria to
remediate oil polluted soil isanecessary task.

In the present investigati on, hydrocarbon degradation was
studied in minerial medium using hydrocarbons as a sole
source of carbon and energy by seven bacterial strainsiso-
lated from oil contaminated soil in the north region of the
Shaanxi province in order to find out the highest hydrocar-
bon degrading bacterial strain to be used further inthe con-
sortium for crude oil degradationinthefield conditions. The
effect of pH, nutrition (nitrogen and phosphorus), and pol-
[ution intensity on the oil degradation efficiency of theiso-
lated strains were investigated. Furthermore, based on the
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complexity of the soil systems, the degradation capacity of
the isolated bacteria of different kinds of petroleum hydro-
carbons and the effect of adding organic co-substrate and
metal ions on the bioremediation were studied.

MATERIALS AND METHODS

The Sour ce of samples: The tested crude oil and oil pol-
luted soil were collected at oil wellsin the northern region
of the Shaanxi province. The strains separated from the oil
contaminated soil were SY,, SY,,, SY ., SY,,, SY,, SY .,
andSY .

Culture medium: The recipes of the different culture me-
diaused in thiswork are provided asfollows.

Recipe of liquid or solid beef grease and peptone culti-
vation medium: 10g peptone, 3g beef grease, 5g NaCl,
1000mL digtilled water, pH 7.0. The medium can be solidi-
fied using 20g of agar (Shen 1996).

The composition of mineral medium used in this work
wasasfollows: 2g NH,NO,, 1.5g K_.HPO,, 3g KH_PO,, 0.1g
MgSO,7H,0, 0.01g anhydrousCaCl., 0.01g Na,EDTA-2H,0,
1000mL digtilled water, with a pH ranging from 7.2to 7.4
(Liang et al. 2004).

Crudeoil culture medium: Addition of crudeoil intolig-
uid mineral saltsculture medium. The medium above were
all sterilized for 30 min under 121°C.

I solating, screening and identification of bacterial strains:
Enrichment cultureswere prepared by addition 10g of fresh
contaminated soils mixed with four soil samplesinto 100
mL sterilized mineral saltsbroth contained in screw-capped
250 mL Erlenmeyer flasks. The cultures wereincubated at
30°C in a THZ-82 shaker, manufactured by Changzhou
Guohua Electronic Appliance Ltd, China, at aspeed of 180
r/min for 7 days. Then, fifty millilitres (50 mL) of the en-
riched culturesweretransferredinto a 100 mL of fresh ster-
ile mineral broth (250 mL flask) containing 1 mL of the sterile
crude oil and were shaken again at aspeed of 180 r/min dur-
ing 7 days at 30°C for the second enrichment. After such
four successive weekly transfers, the cultures with a series
of concentration gradient wereinoculated onthe mineral salts
agar containing quantity crude oil to get the enriched con-
sortium and separated petroleum degrading microorganism
with aclearing zone around the inocul ated region. Theiso-
lation and purification of the bacterial consortium were car-
ried out on nutrient agar plates by conventional spread plate
techniques. Plateswereincubated at 37°C for 48 h after which
isolated colonieswere selected for further identification. All
isolateswere stored below 20°C asliquid cultures contain-
ing 20% glyceroal (v/v) (Zhao et al. 2009).

The procedure of secondary screening for hydrocarbon
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degradation was asfollows. I sol ates abl e to grow on themin-
eral saltsagar containing crude oil were further subjectedto
secondary screening in 100 mL cultures contained in 250
mL screw-capped Erlenmeyer flasks containing crude oil as
the sole carbon and energy source. The secondary screening
wasto provide quantitative data on degradation of crude oil
that form basis for selection of isolates. The procedure for
crude oil degradation wasas described by Obuekwe and Al-
Zarban (Obuekwe 1998). Theinoculawere 0.1 mL aliquots
of overnight nutrient broth cultures, washed twice in physi-
ological saline (0.87% NaCl, pH 7.2) and suspended in the
sameto optical density of 0.1 (OD_ ). Thecrudeoil cultures
wereincubated at 30°C, inaTHZ-82 shaker, manufactured
by Changzhou Guohua Electronic ApplianceLtd, China, at
a speed of 180 r/min for up to 10 days uninoculated flasks
congtituted the controls, accounting for abiotic losses.

The preparation of the bacterium suspension wascarried
out by inoculating the strainsinto liquid beef grease and pep-
tone medium, which was pre-sterilized under 121°C for 30
min. The mixture of medium and bacteriawas shaken for 36
h (180 r/min) under 30°C. Later, the mixturewascentrifuged
(180 r/min) and the resulting suspension was discharged
whiletheresidual sediment waswashed 3 timesusing phos-
phate buffer. Finally, the washed sediments were diluted
using phosphate buffer in order to adjust the number of the
cellsin bacterium suspension to be 1x 108,

Study on the growth char acterigticsof the strains. Under
sterile conditions, strainswereinoculated in 200 mL liquid
beef grease and peptone medium, which had been previously
sterilized. Thenthe mixture of bacteriaand culture medium
wasshaken at 30°C and 180 r/min. Afterwards, optical den-
sity (OD,,,) of the bacterium liquid using light (600 nm
wavelength) was measured at regular intervals.

Extraction and analysisof petroleum hydr ocar bons. This
sample was shaken and the pH adjusted below 3. Then, the
samplewas placed into funnels, shook and thetotal volume
brought to 100 mL after adding 20 mL of carbon tetrachlo-
ride in order to extract the hydrocarbons present in it. This
mixture was kept static for segregation to take place (lay-
ered). The under layer was filtered and dried using anhy-
droussodium sul phate and then placed into avolumetric flask
(50 mL). The upper-layer wasextracted using carbon tetra-
chloridetwice, then filtered, and placed into the volumetric
flask. The concentration of total petroleum hydrocarbonswas
determined using anon dispersiveinfrared oil analyser and
the biodegradation of total petroleum hydrocarbon h was
determined using the following equation (1).

- Cy,
h =% 100% (1)
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Inthisequation (1), C,and c_ represent the residual con-

centration of petroleum hydrocarbonsin blank samplesand
thetest samplesinmg/L, respectively.

Hydr ocar bon degr adation efficiency testsof grains: Sx
common hydrocarbon compounds which included normal
octane, paraffin wax, benzene, methyl benzene, phenol and
naphthal ene were added to the mineral medium that waspre-
vioudy sterilized (121°C for 30 min) using high pressure
steam. Then, 5mL of bacterium suspensonwith0.1of OD,,
was added to the medium. This mixture was shaken for 36
hours under 30°C and 180 r/min. To note here for phenol
and naphthal ene, the bacterium suspension was added after
all the phenol was evaporated from the mixture. Naphtha-
lenefirstly mixed with acetone was al so added into the bac-
terium suspension after all the acetone was evaporated from
the mixture. Finally, the optical density D, of the culture
solution under 600nm was measured and the concentration
of total petroleum hydrocarbons was determined at regular
intervals.

Evaluation of the factor sinfluencing the activity of hy-
drocar bon-degrading bacteria: Crude oil samples were
mixed with petroleum ether to prepare a solution having a
concentration of 60 g of crude il per litre of solution. Then,
the mixture wasfiltered using a 0.25 mm filter membrane.
Thefiltrate was placed into aflask and the petroleum ether
was compl etely evaporated from the flask. Then, pre-steri-
lized mineral medium and 5 mL of bacterial suspensionwere
added into the flask. Using this oil-contaminated soil sam-
plesasthe starting point, several petroleum degradation ex-
perimentswere performed at different conditions of pH, co
organic matter, nitrogen source, carbon sourceand metal ions.

RESULTS AND DISCUSSION

Growth Characteristic of Hydrocar bon-Degrading
ActiveBacteria

Growth characteristicin hydrocarbon medium: Table1
shows bacterial growth, bacterial density, and therate of oil
bi odegradation reached by each strain after 7 days of culti-
vation. The strains grew well in oil media and emulsified
crudeoil. The density of bacteria after 7 days of cultivation
was observed to range between 1x107/mL and 1x10%mL.
Theseresultsindicate that the strains used petroleum asthe
carbon source. The biodegradability (h) after 7 daysof cul-
tivation was between 43.8% and 58.9%, which exceeded the
biodegradability of formerly reported petroleum-degrading
bacteria B01(25.8%-32.8%)(Lin et al. 1997) and was close
tothat of O-8-3 Pseudomonas, marine bacteria SJ-06W, SJ-
6, and SF16A-2 as previoudly reported (Ding et al. 2001,
Liang et al. 2004).

These grainsof petroleum-degrading active bacteriawere
al Gram-negative bacteria. The strains SY,,, SY,,, SY.,,
SY,,. SY,,, SY ,and SY , wereidentified as Acinetobacter,
Neisseria, Plesiomonas, Xanthomonas, Zoogl oea, Flavobac-
teriumand Pseudomonas, respectively. Previousresearch has
shown that Gram-negati ve bacterium dominate in microbes
that can degrade petroleum hydrocarbon (Chen et a. 2002).
The Xanthomonas, Zoogloea, Flavobacterium and Pseu-

domonas strains have been extensively studied and used.

Thegrowth trend in oil liquid medium: Fig. 1 showsbac-
terial growth asafunction of time. The curvesinFig. 1indi-
cate that bacterial growth rateswere low during thefirst 13
hours, after which the bacterial growth ratesfollowed aloga-
rithm growth period during the next 13~23 hours; and then
turned into a slow down growth period during thefollowing
23~40 hours. Finally, bacteriabegan to die after 40 hoursof
activity. Thus, the strains showed the highest activity dur-
ing the 13 to 23 hours of life.

Growthtrend in oil agar medium: Fig. 2 showsthe growth
trend of the same 7 strainsin agar mediaand the variation of
the diameter of colony forming of the different strainsasa
function of time. The colonies of SY,, wereformed after 4
hours of activity. After 9.2 hours, the diameter reached 4
mm. Thiscolony expanded continuoudy inthefirst 20 hours
during which the average growth rate was 12.84 mm/d. In
addition, the colony growth was circular having an ivory-
opaque colour with an arid and disordered surface. The SY
strain formed a circular ivory and semitransparent colony
after 4 hours of inoculation. The surface of the colony was
wet and orderly with adiameter of 3 mm after 9.2 hour. Simi-
lar to the previous case, the colony expanded continuously
withinthefirgt 20 hourswith an average growth rate of 8.41
mm/d. The colony formed by the strain SY ,,wasivory and
opagquewith an arid and disordered surface. The SY , colony
wasformed after 9.2 hours reaching a diameter of 2 mm af -
ter 15 hours. This colony also expanded continuously with
an average growth rate of 2.49 mm/d. The SY,,formed an
opaque and creamy yellow colony after 4 hours of inocula-
tion. Its surface wasflat and disordered, and the colony ex-
panded continuously during the first 37 hours at a growth
rate of 8.43 mm/d. After inoculation, the strain SY ,,formed
awhite transparent and circular colony. The surface of the
colony waswet and orderly. The average growth rate of this
colony was 5.30 mm/d. The colony made up by the SY
strain was white-transparent and disordered with awet and
smooth surface. The average growth rate of this colony was
5.30 mm/d. The SY ,, strain formed an ivory semitransparent
circular colony. Its surface waswet, smooth and orderly, and
reaching a diameter of 4.2 mm after 4 hours. The colony
expanded continuoudly during the first 15 hours with an
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Table 1: Growth and identification of the isolated strains cultivated in hydrocarbon medium after 7 days of cultivation.

Strain Growth and emulsification Bacteria quantity Identification
(CFU.mLY) h (%)

SY,, Complete emulsification and dense liquid 5.3x107 438 Acinetobacter

sY,, Forming oil film and flock 2.4x107 46.7 Neisseria

SY,, Complete emulsification and dense liquid 3.6x10° 58.9 Plesiomonas

sY,, Complete emulsification and forming flock 1.2x107 45.0 Xanthomonas

sY,, Complete emulsification and dense liquid 3.2x108 47.6 Azotobacter

SY,, Forming ail film and flock 6.7x10° 533 Flavobacterium

Table 2: Growth tendency and degradation efficiency of the seven isolated strainsin different hydrocarbon media.

Hydrocarbon OD,, h (%)
medium

SYZl SYZZ SY23 SY24 SY42 SY43 SY44 SYZl SYZZ SY23 SY24 SY42 SY43 SY44
CHyg 0103  0.013 0.011 0.116 0.017 0.249 0.015 352 128 120 544 216 568 208
Paraffin wax 0300 0322 0.132 0.117 0.320 0.409 0.450 437 601 473 473 666 813 628
Benzene 0023 0011 0.120 0.08 0.036 0.056 0.035 210 100 905 809 46.0 712 639
Naphthalene 0.073  0.034 0.032 0.048 0.030 0.030 0.040 447 426 350 344 408 435 426
Phenol 0033 0.017 0.112 0.104 0.058 0.085 0.067 210 100 905 809 46.0 712 639
Xylene 0014 0.052 0.075 0.090 0.023 0.007 0.007 83 111 847 938 97 6.9 42

average growthrate of 24.32 mm/d. The average growth rate
of the 7 isolated strainsranged from 2.49 to 32.4 mm/d.

The Degradation Ability of Petr oleum-Degr ading Active
Bacteria Toward Different Typesof Hydr ocar bons

The majority of petroleum-degrading bacteria can degrade
only few kindsof hydrocarbons (Wang et al. 1990, Chen &
Liu2002). The middle-chain and long-chain normal akane
can be degraded by most petroleum-degrading bacteria.
However, the short-chain hydrocarbonsand aromatic hydro-
carbons can only be degraded by few petroleum-degrading
bacteria. For the majority of bacteriait isdifficult to digest
short-chain and aromatic hydrocarbons, which can even be
toxic.

In thiswork, the hydrocarbon degradation capability of
the 7 strains was eval uated using the foll owing hydrocarbon
compounds: octane, paraffin wax, benzene, methyl benzene,
phenol and naphthalene. Theinitial concentrations of these
hydrocarbon compounds were 125 mg/L, 64800 mg/L, 200
mg/L, 14.4 mg/L, 200 mg/L, and 330 mg/L, respectively.
During these teststhe temperature and pH were set at 30°C
and 7, respectively.

Table 2 showsthat the seven strainsgrew in the paraffin
wax media (The optical density D, measuredrange from
0.1171t0 0.450). The degradation efficiency of paraffinwax
shown by the SY , strain was 81.3%, which wasthe highest
degradation efficiency observed, while the strain SY

showed thelowest efficiency at 43.7% degradation. The deg-
radation efficienciesof the other strainswere between SY .
and SY . All of strains showed a high degradation capabil-
ity toward middle and long-chain alkane, asthe 90% of par-
affinwax consisted of C ~C_ normal and isomeric alkanes
(Zhao et al. 1996). The degradation efficiencies of naphtha-
lene by the seven strainswere about 40%. The SY ,,and SY ,,
strainsshowed high ability to degrade benzene, methyl ben-
zeneand phenol asthe degradation efficiency reached from
80% to 90%. The majority of these strains showed low de-
grading efficiency toward normal octane, with the excep-
tionof strainsSY,, and SY ,,, which showed degradation rates
of 54.4% and 56.8% respectively. These observationsindi-
catethat thestrains Y, SY,,, SY,,, SY,,,and SY ,, are ca-
pable of degrading more than one hydrocarbon, which makes
them potential candidate strains for the bioremediation of
petroleum contaminated soil.

Factor sInfluencing the Hydr ocar bon Degr adation Effi-
ciency of Petroleum-Degr ading ActiveBacteria

TheEffect of pH: Inmicroorgani sms, biochemical reactions
are catalysed by enzymes. It iswell known that enzymatic
reactions occur within a suitable pH range and
microorganisms are sensitive to the alteration in pH. Thus,
it is necessary to determine the optimum pH value suitable
for petroleum degradation by bacteria. The pH value of soil
normally ranges between 2.5 and 11.0. Thus, before the
inoculation of strainsinto the crude oil media (petroleum
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some of the isolated strains.
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concentration was fixed at 600 mg/L), the pH value was
adjusted to 3, 5, 7, 9, and 11 for each medium. The
experiments were carried out at a rotation speed of 180 r/
min for 96 hours at 30°C, after which the concentration of
petroleum hydrocarbon was determined and the degradation
efficiency was calculated. Fig. 3 shows the degradation
efficiency of four strains.

Fig. 3indicatesthat SY,, and SY , strains coul d degrade
oil at a pH 9.0 with degradation efficiencies of 80% and
69.4%, respectively. Meanwhile, strains SY ,, and SY ,, had
the ability of degrading oil at a pH value of 7.0 with degra-
dation efficiencies of 73.1% and 74.9%, respectively.

Effect of petr oleum hydrocarbon concentration: Five (5)
mL of bacterium suspension wasinoculated in the crude oil
media. The concentration of hydrocarbon was varied as

40

35

30

25

20

15

10

Diameter of colony forming unitYmm

0 12 24 36 48 60 72 84 96
Growth time/h

(1)SY21; (2)SY22;(3)SY23,(4)SY24; (5)SY42:(6)SYa3; (7)SYaa

Fig. 2: Growth tendency of seven isolated strainsin
agar cultivation medium.

follows: 200, 600, 1000, 1500, 3000 mg/L. The
Bioremediation tests were conducted at 30°C and the pH
was adjusted to avalue of 8.0. The rotation speed was set at
180r/minfor 96 hours. Table 3 summarizes the degradation
efficiencies of the strains. The observations in Table 3
indicate that the hydrocarbon degradation efficiency shown
by these strai ns exceeded 60% when the mass concentration
of petroleum hydrocarbon was 1000 mg/L. The hydrocarbon
degradation efficiency shown by the SY ,, strain wasreduced
when the mass concentration of petroleum hydrocarbon
increased to 1500 mg/L. The hydrocarbon degradation
efficiency of al the strains was reduced when the mass
concentration of petroleum hydrocarbon was increased to
3000 mg/L. These results indicate that excessive
concentration of petroleum hydrocarbon restricted the
growth of the strains and consequently reduced the
hydrocarbon degradation efficiency. The SY , strain showed
the highest TPH degradation efficiency at all TPH
concentrations, which indicates its endurance to the TPH
toxicity.

Effect of different nitr ogen sour ces: Inorder to determine
the impact of the nitrogen source on the strain degradation
efficiency, a series of different nitrogen sources were used
in addition to NH,NO, (200 mg/L) in the inorganic media.
The concentration of the different nitrogen sources was set
as 350 mg/L. Therotation speed was set at 180r/min for 96
hours at 30°C and at pH of 8.0. After 96 hours of inocula-
tion the concentration of the residual petroleum was deter-
mined. Table 4 presents the hydrocarbon degradation effi-
ciency as a function of nitrogen source. Table 4 indicates
that all the strains showed the highest degradation efficiency
when NH,NO, was used as the nitrogen source, while the
lowest degradation efficiencieswere observed when NaNO,
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Table 3: Effect of petroleum hydrocarbon concentration on the strains hy-
drocarbon degradation efficiency.

TPH concentration h (%)

(mg/L) SYa SYas SV S,
200 35.3 61.5 575 49.2
600 57.8 62.0 60.5 60.6
1000 61.6 64.8 63.5 63.5
1500 63.2 66.8 50.2 65.8
3000 46.0 56.2 43.0 374

Table 4: Effect of nitrogen sources on the petroleum hydrocarbon degra-
dation efficiency.

Nitrogen source h (%)

SY22 SY23 SY24 SY42
NH,NO, 46.7 485 525 42.6
(NH,),S0, 202 471 300 309
NaNO, 13.3 10.9 28.6 21.2

Table 5: Effect of carbon sources on the strains' petroleum hydrocarbon
degradation efficiency.

Carbon source h (%)

SY22 SY23 SY24 SY42
Oil 43.8 36.9 35.0 17.6
Oil + Starch 715 46.7 415 70.2
Oil + Glucose 58.2 60.8 30.7 35.6

Table 6: Effect of metal ions on the strains degradation efficiency.

Metal ion h (%)

SY21 SY23 SY43
- 58.2 38.9 53.3
Fe?* 64.1 46.7 40.2
Mn2* 54.3 50.6 54.6
Ni2z* 33.3 20.0 10.9
Co* 425 43.0 451

was used as the nitrogen source. Thisindicatesthat NH,NO,
isthe best nitrogen source for the strains under evaluation,
which isin agreement with the results presented by other
researchers (Wang et a. 2006). It is important to mention
that the SY ,, strain showed a high degradation efficiency
when (NH,),SO, and urea were used as nitrogen sources,
which points out that SY,, could be used for remediation
situationswhere these nitrogen sourcesare readily available.

Effect of differ ent carbon sour ces: Glucose and starch were
used as cosubstrate in the mineral medium in which crude
oil concentration wasfixed at 1000 mg/L . These experiments
werecarried out at arotation speed of 180 r/minfor 96 hours

at atemperature and pH of 30°C and 8.0, respectively.

Table 5 showed the effect of dosing cosubstrate on the
removal efficiency of petroleum. Table 5 showsthat the deg-
radation efficiency of crude oil by the SY ,,and SY ,, strains
increased from 43.8% and 17.6% to 71.5% and 70.2%, re-
spectively. These results show that the strains degradation
efficiency was enhanced by the use of glucose and starch as
carbon sources. The explanation isthat glucose and starch
can be used as co-metabolism medium during crude oil deg-
radation process (Shen et a. 2005). The SY ,,and SY , strains
had high degradation efficiency of naphthalene (42.6% and
40.8% as showed in Table 2), these efficiencies were im-
proved after adding glucose and starch. The SY ,, strain also
showed high degradation efficiency of benzene, methyl ben-
zene, and phenol with corresponding efficiencies of 90.5%,
84.7% and 90.5%. These observationsindicate that the SY
strain can degrade PAH in crude oil and that the degradation
efficiency can be increased to a large extent after adding
starch. Thus, bacterial activity can be improved by adding
the appropriate carbon sources, in this case glucose and
starch. It has been previoudly reported that using glucose as
carbon source improvesthe degradation efficiency of PAH
and if glucoseisfedintermittently the abilitiesof bacteriato
degrade crude oil could be maximized (Kishore et al. 2007).

Effect of different metal ions: The concentration of metal
ionsincreased in oil fields due to the aging and mineraliza-
tion of soil during the weathering process of petroleum con-
taminated soil (Alex et al. 2008). In order to find the impact
of the presence of metal ions on the biological removal of
petroleum, metal ionsof Fe**, Mn?*, Ni2* and Co?* were added
into the mineral salt liquid mediainwhich crude oil concen-
tration was 1000 mg/L .

The experiment was carried out at rotation speed of 180
r/min for 96 hours at 30°C and a pH of 8.0. Table 6 shows
the calculated oil removal efficiencies, and it clearly shows
that the degradation efficiency of the strains declined sig-
nificantly after adding Ni?".- It seemsthat a high concentra-
tion of Ni?*restricted the activities of the microorganisms.
For instance, the degradation efficiency of SY ,, strain was
decreased from 53.3% to 10.9%. In contrast, adding Fe*
improved the degradation efficiency of crude oil (SY ,, and
SY,, strain). However, the activity of SY , strain was re-
stricted. After adding Mn?*the degradation efficiency of oil
by SY, strain was enhanced by 12% while the degradation
efficiency of SY, and SY ,, strain wasnot affected. The deg-
radation efficiency of oil achieved by the SY, and SY
strains decreased 16% and 12% respectively after adding the
metal ions of Co?*. These results point out that the addition
of metal ions such as Fe** and Mn? hasafavourable influ-
ence onthe oil degradation efficiency. On the contrary, the
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degradation efficiency of petroleum hydrocarbonswas de-
creased after adding metal ionssuch Ni? and Co?.

CONCLUSIONS

1. Seven strainswere isolated from oil contaminated soil.
The degradation efficiency of oil after seven daysof cul-
tivation ranged from 43.8% to 58.9%, which indicates
high strains activity. These strains show a logarithm
growth trend after 12 to 13 hours of inocul ation with an
average growth rate of the respective col onies between
2.49 and 2.4 mm/d. The strains SY,,, SY,,, SY,,, SY,,,
SY,,, SY,, and SY ,, were categorized as Acinetobacter,

Neisseria, Plesiomonas, Xanthomonas, Zoogloea, Fla-

vobacteriumand Pseudomonas respectively.

2. Thesestrainsare capable of using normal octane, paraf-
finwax, benzene, methyl benzene, phenol and naphtha-
lene asthe sole carbon source. Fiveof thesestrains: S,
SY,, SY,,, SY,,and SY ,, show the ability of degrading
more than one hydrocarbon, which make them potential
candidates for the bioremediation of petroleum contami-
nated soil.

3. A pH vaueof 7.0 wasoptimum for the growth of strains
SY,, and SY ,, while apH value of 9.0 was optimum for
the development of strains SY,, and SY .. The strains
show an optimum degradation of crude oil whenNH,NO,
was used as a hitrogen source in contaminated soil con-
taining oil concentrations ranging from 1000 mg/L to
1500mg/L.. The oil degradation efficiency of strainsSY ,,
SY,, and SY , issignificantly enhanced by the addition
of starch and glucose.

4. The presence of metal ions such as Ni?* and Co? in the
oil contaminated soil decreases the strains degradation
efficiency of oil, while the presence of Fe** and Mn?
does not affect the oil degradation by the strains, on the
contrary might improveit.

ACKNOWLEDGEMENTS

Thiswork was supported by the National Natural Science
Fund of China(No. 51208416) and the Program of Interna-
tional S& T Cooperation (No. 2010 DFA 94550, No. 2010
KW-24-1).

REFERENCES

Alex, C.F. and Blanca, A.L. 2008. Bioremediation of contaminated mix-
tures of desert mining soil and sawdust with fuel oil by aerated in-
vessel composting in the Atacama region (Chile). Journal Hazardous
Materials, 151: 649-657.

Churchill, S., Harper, J. and Churchill, P. 1999. Isolation and characteriza-
tion of a Mycobacterium species capable of degrading three-and four-
ring aromatic and aliphatic hydrocarbons. Appl. Environ. Microbiol.,
65: 549-552.

Chen Bi-e and Liu Zu-tong 2002. Biostransformation of petroleum hydro-
carbons by marine filamentous fungi. Acta Petrolel Sinica (Petroleum
Process Section), 18(3): 13-17.

Ding, M.Y ., Huang, J. and Li, Y.Q. 2001. The degradation of crude oil by
marine microorganisms. Acta Scientiae Cirumstantiae of China, 21
(1): 85-88.

Griffin, L.F. and Calder, JA. 1977. Toxic effect of water-soluble fractions
of crude, refined, and weathered oils on the growth of marine bacte-
rium. Appl. Environ. Microbiol., 33(5): 1092-1096.

Habe, H. and Omori, T. 2003. Genetic of polycyclic aromatic hydrocarbon
metabolism in diverse aerobic bacteria. Biosci. Biotechnol. Biochem.,
67: 225-243.

Kastner, M., Breuer Jammali, M. and Mahro, B. 1998. Impact of inocula-
tion protocols salinity and pH on the degradation of polycyclic aro-
matic hydrocarbons (PAHSs) and survival of PAH-degrading bacteria
introduced into soil. Appl. Environ. Microbiol., 64: 359-362.

Kishore, D. and Ashisk, M. 2007. Crude petroleum-oil biodegradation ef-
ficiency of Bacillus subtilis and Pseudomonas aeruginosa strainsiso-
lated from a petroleum-oil contaminated soil from north-east India.
Bioresource Technology, 98(7): 1339-1345.

Liang Sheng-Kang, Wang Xiu-lin and Wang Wei-dong 2004. Screening
highly efficient petroleum-degrading bacteriaand their application in
advanced treatment of oil field wastewater. Environmental Protection
of Chemical Industry, 24(1): 41-45.

Lin Feng-ao, Yu Zhang-guo and Li Hong 1997. Study on degradation of
crude oil by marine filamentous fungi. Acta Oceanolocica Sinica, 19
(6): 68-76.

Luepromchai, E., Lertthamrongsak, W., Pinph anich akarn P., Thaniyavarn,
S., Pattaragulwanit, K. and Juntongjin, K. 2007. Biodegradation of
PAHsin petroleum-contaminated soil using tamarind leavesasmicro-
bial inoculum. Songklanakarin. J. Sci. Technol., 29(2): 515-527.

Muller, J.G., Devereux, R., Santavy, D.L., Lantz, SE., Willis, SG. and
Pritchard, P.H. 1997. Phylogenetic and physiological comparison of
PAH-degrading bacteria from geographically diverse soils. Antonie
Leeuwenhoek, 71: 329-343.

Obuekwe, C.O. and Al-Zarban, S.S. 1998. Bioremediation of crude oil pol-
lution in the Kuwaiti desert: The role of adherent microorganisms.
Environ. Intern., 24: 823-834.

Rehmann, K., Noll, H., Steinberg, C. and Kettrup, A. 1998. Pyrene degra-
dation by Mycobacterium sp. strain KR2. Chemosphere, 36:
2977-2992.

Rehmann, K., Hertkorn, N. and Kettrup, A.A. 1999. Bacterial fluoranthene
degradation - indication for anovel degradation pathway. In: Fass, R.,
Flashner, Y., Reuveny, S. (Eds.), Novel Approachesfor Bioremediation
of Organic Pollution. Proceedingsof the 42nd Oholo Conference Eilat,
Israel (3.5-7.5, 1998). Kluwer Academic/Plenum, New Y ork, Boston,
Dordrecht, London, Moscow, pp. 39-46.

Shen ping, Fan Xiurong and Li Guangwu 1996. Laboratory experiments
in microbiology. Higher Education Press, 214.

Shen Yi-yong, Zhang Yi-nan and Liu Zu-fa 2005. Preliminary study on
biodegradation of MGP-wastewater influenced by adding glucose. Acta
Scientiarum Naturalium Universitatis Sunyatseni, 44(6): 114-117.

Wang, Lian-sheng and Zhong Hui-juan 1990. Study advance of degrada-
tion of crude oil by marine microorganisms. Acta Oceanolocica
Scientiae Circumstantiae, 9(1): 52-59.

Wattiau, P. 2002. Microbial aspectsin bioremediation of soils polluted by
polyaromatic hydrocarbons. In: Agathos, S.N., Reineke, W. (Eds.),
Biotechnology for the Environment: Strategy and Fundamentals. Fo-
cus on Biotechnology Series, Vol. 3A. Kluwer Academic Publishers,
Dordrecht, pp. 1-22.

Zhao, H.P.,Wu, Q.S., Wang, L., Zhao, X.T. and Gao, H.W. 2009. Degrada-
tion of phenanthrene by bacterial strain isolated from soil in oil refin-
ery fieldsin Shanghai China. J. Hazard. Mater., 164: 863-8609.

Nature Environment and Pollution Technology -+ Vol. 12, No. 1, 2013



24 Jinlan Xuet al.

Zhao, Tian-bo, Tang, Rui-kun and Ji De-kun 1996. Thedeterminationof n, ~ Wen Hong-yu, Liao Yin-zhang and Li Xu-dong 2006. Degradation char-
i-paraffins and their carbon number distribution in paraffin wax and acteristics of naphthalene by strain N-1. Chin. J. Appl. Environ. Biol.,
microcrystal wax with on column gas chromatography. Petrochemi- 12(1): 96-98.
cal Technology, 25(9): 646-650.

Vol. 12, No. 1, 2013 - Nature Environment and Pollution Technology



