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ABSTRACT

The bioremediation of n-Octane and Ethyl benzene singly and in combination as representative solutes for aliphatic
and aromatic hydrocarbons using Bacillus amyloliquefaciens was studied. The studied B. amyloliquefaciens was
selected from one hundred and sixteen bacterial isolates collected from five different sites along River Nile, Egypt.
The determination of the minor amounts of the residual selected solutes was obtained via capillary gas
chromatography (CGC) using normal hexane as internal standard. The effects of different pH values, incubation
temperatures and the exposure of the bacterial cells to 7.3mW He-Ne laser radiation on the bioremediation were
investigated. PH 6 and incubation temperature 37 °C are the optimum conditions giving maximum degradation of
both aliphatic and aromatic hydrocarbons. Complete degradation through incubation time 12 hours was obtained
by irradiating the bacterial cellsto a laser dose for one minuet. The irradiation for three minuets exhibits complete
degradation through incubation time 8 hours only. Irradiation of the bacterial suspension for more than three
minuets accompanied with bad effect on the bioremediation process.

Key Words.- Bioremediation, Aliphatic and aromatic hydrocarboBscillus amyloliqueifaciens, capillary gas
chromatography, pH values, incubation temperatocelaser radiation.

INTRODUCTION

One of the major problems facing the industrialinexld today is the contamination of soils, growvater, surface
water and air with hazardous and toxic chemical€Edypt, River-Nile which is considered as the msonrce of
water suffers from pollution due to the direct thame of 3.8 billion rfiyears of waste water into it. In addition the
river receives large discharges of pesticides jents, heavy metals and hydrocarbons form industdavities [1].

So application of biotechnology for the clean upirafustrial pollutants is a must [2]. Bioremediatis a less
expensive, treatment effective and favorable clapntechnology that uses naturally occurring or gealy
engineered microorganisms such as yeast, fungbacigria [3, 4].

Most heterotrophic bacteria favor a pH near neityraxtremes in pH would be expected to have negatfect on
the ability of microorganisms to degrade hydrocagh§b] In fresh water bacteria are the predominant type o
decomposers and there are more than 25 hydrocddmpading genera [6Baker and Herson, (1994) [7] reported
that the optimal pH for microbial activity is uslyabetween 5.5 and 8.3Roberts, (1998) [8] reported that the
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bacterial isolates which grow better at a neuttalvpould carryout the dioxygenation of aromatic campds to
form cis-glycol.

Temperature plays a significant role in controllitige nature and the extent of microbial metabolisfn
hydrocarbon, which is of special significance fositu bioremediation. Bioavailability and solubjlbf less soluble
hydrophobic substances, such as aliphatic and mheatic hydrocarbons are temperature dependentMekt
bacteria are mesophilic and are active betweend>4&tC. The optimal activity generally occurs at’@5 A few
mesophilic bacteria can survive up td60but only thermophilic microorganisms can growabthis temperature

[7].

It was found that some strains of the gepssudomonas are capable of utilizing chlorobenzoate as thejumi
source of carbon and energy [1G&lso it was found that mixed and pure culture8axillus sp. and Thermus sp.
were able to degrade alkane mixtures atG5%511]. Moreover, mono aromatic hydrocarbons sushbanzene,
toluene, ethyl benzene and xylene (BTEX) can beatkgl an aerobically using iron reducing bactgrég.

A number of studies have been carried out to ingatt the use of different types of radiation tor@ase the
enzyme activity of microorganisms [13]. Severaleymf Low-intensity Laser radiation, including Heth-Neon
laser (He-Ne), Gallium-Aluminum Laser (Ga-Al), Heli-Neon-Arsenate laser (He-Ne-As) and the dioderlas
were tried against different microorganisms to state their growth [14, 15] However, higher doses of laser are
inhibitory in particular when the radiation is imet presence of a photosensitizer [16]. As a réBaltaser radiation
was used in the present study to increase the bgdron degrading power of the selected bacteitdtis.

MATERIALSAND METHODS

[1.1 Isolation, purification and characterization of the most potent hydrocarbon degrading bacterial isolate:
Preliminary screening of the most potent degrading isolate:

0.1ml of water samples which were collected frowe filifferent locations along River-Nile [Kafrelel&|-Maasara,
El-Giza, Embaba and El Galatma] were plated onstiiace of basal mineral salts (BMS) agar mediugm(3
NaNQ;, 1gm KHPQ,, 0.5gm MgSQ. 7H,0, 0.5hm KCI, 1gm yeast extract and 20gm agariperdistilled water,
pH 7) [17], containing normal octane (RY@nd ethyl benzene individually as a sole carlmmces.

After 24hrs of incubation the two isolates whicthiave the maximum growth percentages on the twetsates
were selected.

Quantitative screening of the most potent isolate:

250ml capacity bottles each containing 100ml BM$hbmedium supplemented with nzEB individually and
incompination at the level of 0.5% v/v were inotathby the selected two isolates individually, budtles were
incubated at 3T in a shaking incubator for 48hrs (150 rpm). Aftexubation the residual substrates were extracted
from the culture medium using chloroform (3 samplehloroform)

[1-2 Gas chromatographic analysis[18]

The studied n-Octane and Ethyl benzene singly andombination before bioremediation and after deatian
using Bacillus amyloliquefaciens and different working conditions were analyzedngsAgilent 6890 plus HP gas
chromatograph, equipped with flame ionization dete(F1D), using the fused silica capillary colurhi-1 of 30
mete in length and 0.35 mm int. diameter, The sgjmr of the selected solutes samples was achiexdd
temperature programming from 80 to 2%Dat a temperature rate’@ min™. Nitrogen (oxygen-free) was used as
carrier gas, at flow rate 2 ml mirthat measured from the end of the column withapdmubble flow rate. Methane
as an unreturned marker was used to correct theé dglame in the column in the case of FID; the ditative
analysis of the solutes samples was achieved msingal hexane as internal standard of known conatoh and
according to the standard ASTM methdd he injector and detector temperatures are 260380°C respectively.
Degradation was estimated by integration of thea aneder the resolved chromatographic profile, ushey HP
computer of software chemistation.

I dentification of the most potent isolate
The bacterial isolate which achieve maximum degiadavas purified and identified according to thlBg™
micro-plate system (Biology, Inc. 3938 Trust wawyard, CA 94545, USA) [19].
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I1-3 Selection of the most optimum conditions for biodegradation

(A) Effect of pH

Bacterial suspensions (0FU/ml) were inoculated into BMS broth media adgasat different pH values (5, 6, 7,
8) and seeded by ngCEB individually and their (1:1) mixture. After B of incubation at 3T the residual
substrate was extracted and analyzed using CGC.

(B) Effect of temperature
Bacterial suspensions (OFU/mI) were inoculated into BMS broth media adjasat pH 6 and incubated for 24hrs
at different temperature (22, 30, 37,°@} the residual substrate was extracted to be aedlyy CGC.

(C) Effect of He-Ne laser radiation [20]

Bacterial suspension (I0FU/ml) was prepared; the suspension was irradiatéidl He-Ne laser (NEC/ Japan)
632.8nm with an out put power of 7.3mw and beanméiar 1.3mm for 1, 3 and 6mins. Non irradiated &x@at
suspension was used as a control. 0.1ml of battawipension was cultivated in 250ml screw cappaitlds
containing 100ml BMS broth medium containing g-EB individually and their (1:1) mixture (0.5% Y/the
percentage of degraded substrates were determiii@ed a8, and 12hrs of incubation.

I1-4 Application of the most potent bacterial isolate on a mixture of paraffinic and aromatic hydrocarbons

Irradiated bacterial suspension was incubated irSBivbth medium supplemented with a mixture of gamafand
aromatic hydrocarbons (0.5% v/v) and incubated uogéimum conditions for 8hrs. After the incubatipariod,
the hydrocarbons were extracted and analyzed @&819.

RESULTSAND DISCUSSION

[11-1 Isolation and identification of the most promising bacterial isolate:
116 bacterial isolate were isolated from the fiedested sites along the River-Nile, from the resuécorded in
Table (1) it was found that both the isolate Nadnf El-Giza (BZ) and the isolate No 7 from Embaba ¢(B&ere
chosen as they have the highest ability to utiimetwo used substrates.

Table1l: Percentage of hydrocarbon degrading bacterial counts from the selected siteson n-Cg and EB

SiteK SiteM SiteZ SiteE SiteG
|solate Count]
No. Count % on| Count % | Count % on| Count % | Count % on| Count % | Count % on| Count % | Count % on % on
n-C8 on EB n-C8 on EB n-C8 on EB n-C8 on EB n-C8 EB
1. 88.6 87.3 89.2 87.6 88.3 86.9 88.9 86.6 87.3 44.9
2. 89.5 80.8 89.8 88.6 89.8 88.9 89.2 88.9 87.6) 95.1
3. 93.1 52.0 89.5 717 88.9 65.6 80.8 77.9 61.2] 47.0
4, 89.0 84.9 89.5 84.9 87.3 83.1 87.6 81.4} 88.9 42.8
5. 87.6 80.1 89.8 77.8 92.0 89.2 88.6 82.5 88.6 84.p
6. 85.8 83.6 88.6 81.4 91.6 88.6 59.0 58.1} 88.0 48.3
7. 89.5 88.9 61.6 57.0 89.8 88.6 93.1 90.8 88.3 87.6)
8. 65.1 63.0 89.8 89.2 89.8 87.3 89.8 88.6 88.6) 45.4
9. 89.5 87.3 90.3 90.0 64.5 61.9 89.2 88.0) 65.8] q44.5
10. 86.2 83.1 90.0 89.2 86.9 84.9 88.3 58.6 63.9] q41.6
11. 78.7 76.0 90.6 89.5 78.7 0.0 60.8 58.6] 61.2 q9.0
12. 83.1 82.0 90.3 88.6 86.9 59.9 80.8 0.0 78.7 .0
13. 79.4 76.0 88.6 87.3 85.4 58.1 87.3 86.9 86.9 46.9
14. 77.0 0.0 89.2 88.0 63.6 58.6 86.6 85.4] 60.4 q9.0
15. 86.2 83.1 88.9 88.3 89.5 87.3 61.2 59.00 86.2) 44.9
16. 87.3 86.2 80.1 78.7 58.1 52.0 78.7 77.08 85.8 9.0
17. 65.6 61.2 84.0 52.0 88.9 86.6 52.0 0.0 77.0 4.4
18. 56.4 0.0 60.8 58.1 65.6 62.3 83.1 82.0) 58.1 .0
19. 58.1 56.4 58.6 55.1 57.0 51.0 84.0 5¢.4
20. 82.0 80.8 83.1 82.0 63.6 62.3 62.3 58.1
21. 87.3 85.0 57.0 52.8 52.8 52.0 59.0 51.0
22. 86.2 84.0 51.0 52.8 87.6 84.0 86.6 8.0
23. 88.3 60.0 60.8 59.0 60.4 58.1
24, 77.8 0.0 88.3 59.9
25. 64.2 62.6 60.8 58.6
26. 56.4 55.8 56.4 55.8
27. 58.1 55.8

The two selected isolates were subjected to a gaawme screening using CGC, the results given abl€ (2)
indicate that the isolate BEvas considered as the most promising one as itHeaability to degrade nsCEB
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individually and in combination by a higher peraggs than BZ The isolate BEwas identified a$Bacillus
amyloliquefaciens according to Biology" microplates which perform 95 discrete tests siemdbusly and gives a
characteristic reaction pattern called the metatfatiger print which is then keyed into the Biokd/licrobiology
computer program.

Table2.: Determination of the most potent degrading isolate using n-Cg, EB and their combination

Code of Per centage of degraded substrate
microbial isolate| n-Cg | n-Cg (mix) | EB | EB (mix).
BZs 76.12| 62.65 58.06 60.04
BE, 90.62| 80.66 | 73.51 78.79

[11-2 Parameters controlling the biodegradation potential of B.amyloliquefaciens

(A) Effect of PH

The analysis and evaluation of the degraded soaitd#ferent PH values was given in Table 3. Tésuits indicate
that the degradation of solutes decreases witte@sing pH values. Alsd.amyloliquefaciens degraded normal
octane which represents the paraffinic hydrocarbiedividually than in mixture but with respect tthgl benzene
the opposite was occurred . pH 6 is the preferreg exhibiting maximum degradation for the studiatistrates.
The more efficient pH value 6 that obtained in thizk lies between the pH regions given by Atle838.

Table (3): Effect of different pH valueson the degradation of n-Cg, EB singly and in mixture.

Per centage of degraded substrate
n-Cs | n-Cg (Mix)] EB | EB (mix)
6 85.43] 76.36 ]63.19] 69.60
7 65.3 55.42 | 38.04 46.07
8 55.51] 45.53 | 34.3¢ 38.11
9 35.94 30.71 | 23.0Q 25.00

pH values

(B) Effect of Temperature

With respect to temperature the data was recondedhile 4. it has been revealed that as well asetimperature
increases the percentage of degraded substrateages till it reaches its maximum value af@#vhich is
considered as the most optimum temperature foradegion. This result was agreed with that conclubgd
Margesin and Schinner, (2001) reported that bioavailability of aliphatic and ymiomatic hydrocarbons are
temperature dependent. Also most bacteria are rhdsoand are active between 5 and®@(Baker and Herson,
1994).

normal octane was degraded individually than intorix but with respect to the Ethyl benzene the ejpds
occurs. This may be due to the behavior of genetizymes. At the optimum temperature’Gy maximum
degradation for individual aliphatic hydrocarborg5.43) and aromatic hydrocarbons in mixture (69.0@5s
occurred.

Table (4): Effect of different incubation temperature on the degradation of n-Cg, EB individually and in combination

o Per centage of degraded substrate
Temperaturevalues (°C) == 2 = oT ER TEB (min)
22 76.74 69.01 | 50.99 61.00

30 80.84 70.00 56.0¢ 65.67

37 85.43] 76.36 |63.19] 69.00

40 82.141 74.00 ] 58.04 67.33

(C) Effect of He-Ne laser radiation on the degrading activity of Bacillus amyloliquefaciens
The irradiation for different time intervals at ¢erincubation periods was given in Table 5. Thedo@diation of
the studied substrates increases as a functioonfpbf exposure time but also of incubation period

It has been showed that the radiation exposurieeobacterial cells to 1min was enough for complietgradation at
incubation time 12 hrs. The complete degradation mdraffinic and aromatic hydrocarbons was achieatd
incubation time 8 hrs only at exposure time 3 mile ¢tb the more increase in enzyme activity. Onather hand,
irradiation of the bacterial suspension for 6 mhowed inhibition of growth followed by decreasing the
percentage of degraded substrates.
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Table5.: Effect of irradiation for different timeintervalson the degradation efficiency of Bacillus amyloliquefaciens

Incubation time (hrs) | 4 | 8 | 12
Percentage of degraded substrate
Exposure time (min)] n-C8n-C8 mix| EB | EB mix] n-C8 | n-C8 mix| EB | EB mix| n-C8|n-C8 mix| EB | EB mix
Zero 4143 36.17 | 15.07 21.4 | 46.11] 41.33 | 19.31 23.36 ] 56.01 51.24 | 25.79 30.02
1 70.63] 64.88 | 51.57 57.51 | 85.58 77.29 | 70.86 75.52] 100 100 10Q 100
3 85.1] 8049 | 76.9 79.3p 100 100 100 14o - - -
6 26.03 19.62 | 10.11 13.22 | 33.72 28.81 | 13.07 19.01 | 40.13 33.62 | 19.04 26.13

From the studied factors affecting the bioremediafirocess it has been concluded that pH 6 andetanwe 37C

are the optimum conditions giving maximum degramtatof n-octane and ethyl benzene as a model fdr the
families. Also, the complete degradation of paraffiand aromatic hydrocarbons was obtained by emgahe
bacterial suspension for three minutes to He-Nerleediation

[11-3 Application of Bacillus amyloliquefaciens on a mixture of paraffinic and aromatic compounds:
After the determination of the optimum biodegradpayameters for the most potent isolate, its appba under
these conditions was carried out on a mixture oéffimic and aromatic hydrocarbons.

Table6. Application of B.amyloliquefaciens on a mixture of par affinic andar omatic compounds

Wt % of residual
Carbon No. | Control | components
B

5. 0 0.003

6. 0 0.103

7. 0 0.188

8. 0 0.097

9. 0 0.036
10. 0 0.079
11. 0 0.036
12. 0 0.061
13. 0.06 0.042
14. 0.17 0.097
15. 0.16 0.127
16. 161 0.327
17. 3.09 0.400
18. 5.64 0.345
19. 9.64 0.430
20. 15.05 1.411
21. 17.72 1.466
22. 15.28 0.902
23. 12.80 1.078
24. 8.19 2.307
25. 5.39 2.114
26. 3.07 1.357
27. 1.15 1.338
28. 0.53 0.908
29. 0.24 0.805
30. 0.14 1.023
31. 0.07 1.211
32. 0.03 0.375
33. 0 0.606
34. 0 0.509
35. 0 0.012
36. 0 0.048
37. 0 0.127
Total P 100% 19.97
UCM 100% 44.21

The ability of utilizing the mixture as a carborusce was achieved quantitatively by CGC, and tliieiefcy of
degradation was indicated by calculating the wepgittentages of the of the residual paraffineselsas the UCM
after 8 hrs of incubation .Each carbon represémstmmation of The corresponding normal and isaffi@es. The
unresolved complex mixture (UCM) appears as hungb @presents the poly aromatic hydrocarbons, napith
hydrocarbons and resins which can not be elute®y From Table 6. It was shown that the carbon rarmb
distribution of the control sample exhibits panaéfs from Gz to G;,, there are many maxima representing paraffines
from Gy to G3. G,; has the highest weight percentage in the mixtLi706).
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The weight percentage of the residual UCM was dmae to 44.21% and this was reflected in the appearof
light paraffinic fractions (gto C,), heavy paraffinic fractions ggto Gy) and there is an the increase in the weight
percentages of some carbons than the control majubeto the degradation of the heavy unresolvedptem
mixture.

| —<&— Contro| —#l— B.amyloliquefaciensl

e L R R R B R ey R N T )
. t...diuﬂ..di;»b‘..

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3B3BB4 35 36 37

Fig. (1): Carbon number distribution of hydrocarbon compounds before and after degradation.
CONCLUSION

» B.amyloliquefaciens was considered the most promising bacterial isott it has high efficiency to degrade
normal Octane, ethyl benzene individually and imbeation.

« PH 6 and temperature 3T are the optimum conditions exhibiting maximum radelation for the studied
substrates individually and in combinations aftéh?s.

e The complete degradation of the studied substraties 8 hrs of incubation was obtained by expoding
bacterial suspension for three minutes to He-Nerleediation

* High degradation of normal octane was obtainedviddally than in mixture with ethyl benzene but lwitespect
to the ethyl benzene the opposite was occurred.

» Using B. amyloliquefaciens, the degradation of paraffinic hydrocarbons reachbout 80 % and that of
unresolved complex mixture including the heavy aatios reaches about 55 %
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