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Abstract
BTEX (Benzene, Toluene, Ethylbenzene, Xylene) is widely reside in fuel and painting process, such as industrial metal
painting. Due to their volatile character, it is easily emitted and recalcitrant in disintegration through aromatic property.
These vapor inhaled and slow corruption the lipid membrane of the lungs tissue. Benzene and derivatives are thus more
mutagenic and carcinogenic evaluated. The leakage of oil and spoil the soil and groundwater which arouse public concern
about health respect. Therefore, it is crucial to develop high-efficiency of pollutant transformation, with aims to instant
treatment of their toxicity or start remediation process. This study had screened several active isolates from bio-fixed
biofilms consortia were carried. The investigation concerns the supplement of electronic molecules for the remediation
effect of BTEX were tried and the cultivation status of facultative anaerobic state were addressed. In highlight of finding
with high activity consortium was enriched from humic acid eluted from compost of kitchen waste, add additional 400
mg/L BTEX compound over almost one year. Active isolate were compared by using different carbon source as electron
donors with 31.2 μM substrate concentration. After the basal carbon source as humic acid and molasses was extra added
and compared, remedial activity of the strain with 3-3> 3-1> 2-6 were compared. As a second level analysis, the remedial
effects shown: methanol>glucose>indole acetic acid>indole, indicated that the electromotive force might influenced by
the grafting carbon chain, the length of carbon grafting, the influence of reducer as ferrous ions in medium, also the free
benzoic compound interacted, dynamic directing the direction of electron flux from humic acid or molasses, overall,
humic acid, generally less conversion, believed only support electron mediation in other reaction. While molasses,
macromolecular and exhibits a reducing power with glucose and methanol. However, it causes invalid electronic flux into
aromatic conversion but competitively switch to oxidative respiration. Resulted an invalid co-metabolism. The significant
of remedial effect by grafting aromatics and soluble humic acid were demonstrated in this report.
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Introduction
BTEX (Benzene, toluene, ethylbenzene, xylene) is also
easy dissolved into lipid tissue eg. lung, for its
hydrophobic nature; It was recalcitrant for metabolic
degradation because of aromatic structure. Those
transportation into ecological multi-media as soil, ground
water and sewage bio-solid, which became enormous
environmental issue through vast dissemination and
cause potentially physiological distress, as instant
discomfort, and even carcinogen ascertained pertaining
benzene and ethyl benzene [1]. In the treatment by
environmental engineering concern, the application of
bioreactor for effective remediation purpose, the core
technology debated was increase the reactive
microorganism retainable in the reactor, thus increasing
degradation or natural attenuated though effective
consortia retained as designed. The bountiful food chain
as hig of many kinds, with organic or inorganic forms of
nutrient, enriched the effective microorganism for attack
C6 moiety of benzene, many report discussed cometabolic role pertaining to similar structure, as
increasing degradation by benzoic acid [2]. Increase
electron flux by specific substrate, as methane [3],
methanol [4], acetate [5]. Oxidation key enzyme as
dioxygenase was evident for attack specific site in the
benzene derivatives [6], also pertaining to oxidative
pretreatment [7]. Presently, we are more focusing on the
revealing of conversion through relative molecule
structure for possible nucleophilic attack, which ravel
another metabolic route for anaerobic remedial treatment
for aromatic compound. Since biological treatment should
integrated with chemical and physic pretreated for
gaining more efficient way for total treatment in the
future. The present report deal with chemical supplement
for formulation, especially focuses on the possible
modulation concern surface nature and modulated
reaction [8,9]. The co-metabolism toward aromatic of
toxic chemical were originate from double bonding of
substrate which derive higher and shorter time consumed
for raising degradation activity. The report finally
deduced that from hydroxyl to carbonyl was the
indispensable intermediate step for conversion. Thus,
electronic media as salicylic acid set the important role in
mode of action [10]. It was in this way of finding
intermediate compound for knowing metabolic chain.

This study explores the carbon electronic media and
molecular supplement for phase cultivating and effects to
the degradations of BTEX under facultative anaerobic
conditions [11]. Humic acid formed from agricultural
waste compost, which to be the smallest humus debris as
single bonding of C6, In contrast. Odor compound as
indole in the feces, indole tri-acetic acid in the
rhizosphere environment which produce strong
regulatory role for plant growth [12], the combination of
these pair could be a set modulation for initiate or elicit
the conversion as intimately as catalyst [13,14]. The
relationship between the metabolism and intermediate
might give ideas for enhance biological treatment and
process to efficient trigger molecular regulation in the
future.

Materials and Methods
Immobilization of poisonous microorganisms
The biofilm was made of polyvinyl alcohol as a porous
carrier, and a 1:1 matrix prepared by a 1200 g/LBTEX
solution and a kitchen waste-soluble substance was used
to form a biofilm by hydraulic retention for 10 days. When
the bio-immobilized filter bed's toxic microbial system
reaches equilibrium, the system sludge is produced [15].
The sludge is cultured and domesticated using long-term
strains, and the isolates after serial dilution have nine
species. The strain 3-1, the strain 3-3a and the strain 2-6a
were selected for toxicity conversion experiments (Figure
1).
There are three dominant bacteria groups selected for
screening. The minimum nutrient salt medium used in the
screening bacteria contains 5 mg of boric acid, 0.3 g of
magnesium sulfate, 0.5 mg of potassium iodide, 1 g of
ammonium sulfate, 5 mg of ferrous sulfate, 0.3 g of
sodium sulfide, 0.3 g of dipotassium hydrogen phosphate,
and sulfuric acid per liter of DI water, calcium 0.5g, zinc
sulfate 1mg, brown sugar 0.5g, Primex Marine Peptone
0.5ml and Vitamin B group (Centrum) 0.25 g. The medium
was first sterilized by pressure using 1.2 kg/cm2 for 20
minutes, and 400 mg/l of each BTEX ingredient was
added during the culture, thereby cultivating the medium
of metabolically toxic bacteria [16] (Table 1).
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Figure 1: Set-up of air lifting facultative anaerobic system for remediation of BTEX solution.
There are three dominant bacteria groups selected for
screening. The minimum nutrient salt medium used in the
screening bacteria contains 5 mg of boric acid, 0.3 g of
magnesium sulfate, 0.5 mg of potassium iodide, 1 g of
ammonium sulfate, 5 mg of ferrous sulfate, 0.3 g of
sodium sulfide, 0.3 g of dipotassium hydrogen phosphate,
and sulfuric acid per liter of DI water, calcium 0.5g, zinc
Isolate
Number/Origin
3-Feb
6-Feb
1-Mar
5-Mar
7-Mar

Identification
Method
16S rDNA
sequencing
16S rDNA
sequencing
16S rDNA
sequencing
16S rDNA
sequencing
16S rDNA
sequencing

sulfate 1mg, brown sugar 0.5g, Primex Marine Peptone
0.5ml and Vitamin B group (Centrum) 0.25 g. The medium
was first sterilized by pressure using 1.2 kg/cm2 for 20
minutes, and 400 mg/l of each BTEX ingredient was
added during the culture, thereby cultivating the medium
of metabolically toxic bacteria [16] (Table 1).

Isolate Name

Protease Specific Activity (µmole/mg
protein/min)

Bacillus subtilis sH-3

0.244

Lysimnibacillus maroides sCS-26

0.261

Bacillus cereus s133

0.222

Bacillus thuringiensis sS3-3

0.222

Bacillus cereus nZ2-1

0.197

Table 1: Selection of enrichment isolates by limited melanoid sugars in acclimation biofilter reactor.
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Experimental Equipment

Includes micro scales, constant temperature
incubators, aseptic workstations, spectrophotometers,
VOC purge and trap apparatus (OI-Analytical, 4560,
sample concentrator), gas chromatograph/flame ion
detector (Agilent Technology 6850 net GC) [17].
Co-Metabolites and Electronic Media Substances
The co-metabolites used in the analysis include <5 nm
humic acid monomer and macromolecular humic acid
molasses as metabolized carbohydrates; the application
of electronic media substances include formic acid,
methanol, physiologically active species - indole, indole
triacetate and the like. Also, the effect of glucose should be
controlled [13].
Quantitative Line Production
Take 400 mg of each of toluene, ethylbenzene and
xylene in the culture solution to prepare a test
concentration of -1200 mg/L as a sample. Then prepare
80 ml of sterilized medium and dilute to a total
concentration of 75 mg/L, 150 mg/L, 300 mg/L, 600
mg/L, and 1200 mg/L. After 30 minutes of shaking, the
samples were diluted five times in equilibrium and
subjected to VOC purge and trap concentration, and
analyzed using a gas chromatograph/flame ion detector.
Next, the concentration matrix is used to perform
concentration matrix regression, thereby preparing a
calibration curve and performing sample concentration
detection.
Identification of Strains
The selected strains were subjected to PCR technology
by Protech Technology Enterprise Co., Ltd to increase the
16S rDNA sequence (about 200 bp). After sequencing, the
NCB1 database is compared to identify the strain identity
(determined to the generic name) [18]. The results of the
identification indicated that three strains were closest to
B. T. cactus. The strain 3-1, the strain 3-3a, and the strain
2-6a were used as test strains.
Strain Metabolism Fermentation Experiment
The eutrophic electron donors were explored using
humic acid and molasses, and glucose, methanol, formic
acid, indole and indole triacetate were again explored as
auxiliary electronic media effects. 80 ml of BTEX and
BTEX-diluted co-metabolism (about turbidity A520 of
about 0.6) were added to the flask. After sterilization, 1 ml
of the bacterial suspension was added. Next, the shaking
culture was sampled at 0 hours, 2 hours, 4 hours, 1 day, 2
days, 3 days, 4 days, 5 days, 7days, 9 days, etc. to analyze

the volatile components of the fermentation broth by GCFID. In this way, the peak integrated area of the spectrum
is analyzed, and the content of BTEX components and the
degradation efficiency are calculated according to the
calibration curve.
Analysis of the Nature of the Fermented Sample
The initial and final sample properties of the
fermentation include analysis of pH, redox potential
(ORP), A605 absorbance, and GC-FID.

Results and Discussion
Effect of Electronic Donor and Regulators for
Microbies 3-1 Degradation of BTEX
The active strain 3-1 - Bacillus cereus, known the
hydrocarbon as acclimated from BTEX with reactivity of
remedial BTEX in Fe++ R medium. In attempting to first 4
hours cultivation showed high BTEX. Removal effected
especially as xylene, toluene by the grafting role toward
side chain. Due to the chromogen humic acid with surface
functional and exerted the adsorption and desorption
behavior also retained their cyclic structure. The result
shown that after three hours incubation and compared to
the control series, the brownish humic acid or molasses
series raised then toxicant concentration related
desorption (Figure 2a). In which Ethylbenzene is similar
to toluene, seems a level of reduced rate of desorption due
to its surface property and more biological transforming
relevant (Figures 2d, 2e). But for xylene, although it has a
lowest solubility, so most of it may exist and pruned to be
micelle absorbed and easily interact with the cells.
Therefore, the remedial result was higher removal ratio
throughout culture period.
In attempting to assess the chrome sugar as molasses
had surface hydroxyl moiety for remedial interactions;
result showed a fluctuation react. After adding the
electron donor methanol for four hours, the molasses
fermentation in the four-day culture period showed a
fluctuating result, indicating although there were more
dissolved substances but might not in the same phase
arranged layer for effective remediation (Figure 2c).
Contrary, when humic acid was added to the series of less
soluble as ethylbenzene, the effect of humic acid was
obvious than over the control group which could be
enhanced remedial effect through fermentative
metabolism by effective electron supply and also
mediator for linkage of reaction chain. Decompose after
four days of fermentation in mediation - humic acid,
nearly completely (Figure 2b).
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Figure 2: Effect of electronic suppliers on the degradation of active bacteria BTEX: Effect of electronic donors with
mediators for the microbe 3-1 on the BTEX.
The surface structure of some natural chromogenic
molecule had extraordinary anti-oxidative activity, eg.
anthocyanins, for having surface hydroxyl, static negative
potential toward others [19], like donate reducing power.
While long hydro carbon chain have donation electron
away from the skeleton, which prone to nucleophilic
attack by free radicle. Based on this points of view, IAA
would probably to meet the criteria for remediation; also
many microorganisms (phytobiotics, including pathogenic
bacteria) of rhizosphere have the ability to synthesize
IAA, which affects balance of hormones in plants [20] as
well as remedial activity. Reports had plant growth
promoting rhizo-bacteria (PGPR) and Trichoderma
biological control fungi have the potential to promote
plant growth due to IAA and derivatives. Agrobacterium
tumefaciens also uses IAA as a virulence-induced root
cancer.
Therefore,
the
rhizosphere
microbial
developmental conditions as well as growth hormone
degradative had great influence on the attenuation of the
surrounding condition as formation of a facultative
anaerobic, high reducing environment. The experiment
presently showed that the active strain 3 - 1 decrease the

remedial effect on the supplement of IAA (Figure 3a), the
effect was notice as affect the bacterial growth. In
comparison molasses had more adverse effects, may due
to the complex hydrocarbon property ease for primary
metabolism not conductive to the degradation of benzene
ring structure (Figure 3b), possibly related second
metabolism other low molecule or short-chain fatty acid,
hydrogen protons, etc. in the surface that intimately
related to electron supply potential. In contrast, humic
acid improves the removal performance of toluene and
ethylbenzene because the molecule had its unit cone of
ring structure, and construct amphipathic group as donor
or accepter for mediation electric attraction. Therefore, it
can improve the degradation of toluene and ethylbenzene
in the original medium (Figure 3c). Even within 4 hours of
fermentation, a stable reaction can be exhibited in a state,
even the cells are not proliferated and physiological role
still driven the remedial are metabolic active. Therefore,
in terms of the degradation of benzene structure, the role
of electrophilic substitution due to the electrons potential
pushed by the alkyl substituent.
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Cultivation time
Figure 3: Effect of electronic media on the degradation of active bacteria 3-1 BTEX.

Proliferation Curve of Active Bacillus 3-1 for BTEX
Remedial Growth
With the implementation of donor as glucose for
growth, humic acid, slow utilization for utilization for
fermentation, which role of electronic media. Relationship
between strains and indole, IAA were selected for
electronic media, the effect of supporting logarithmic
growth were assessed in hours of fermentation. Results
indicate the glucose had a growth cycle over 60 hours
which to be the maximum growth rate obtained (Figure
4b). The molasses series delayed the growth period to 72
hours, and the control group, the humic acid group had

entered the death period at this time. As the BTEX
concentration, the concentration was higher in these
experimental series. It was also worth mentioned that the
higher concentration of molasses series in period 2 hours
before the addition of IAA rise its concentration shown.
This was reasonably believed the strain lacked
adaptation, and had decreased population at that period.
After the fermentation reached 4 hours, cell of strain
showed steadily growth in humic acid. Growth showed a
trend between 48 and 72 hours, and BTEX concentration
appeared lowered (Figure 4c).
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Figure 4: Effect of bacterial growth of various electronic suppliers and electronic media substances.
It is rational to take BTEX as a De Naple in a high
remedial concentration. To formulate a proper way of
dealing in homogenous state by effective contacting and
reaction were crucial. The incorporation of multi-layer of
colloid was so far accepted for both chemical and
biological remediation. This paper demonstrated that
different properties of hydrocarbon, electron mediator,
and biological activator had all their value over simple
reaction as cell catalysis of reaction; while

more intimately related to consider electron flux, also
their direction ox-redo reaction in the colloid interface.
It is important to have the cell catalyst maintain is high
activity in the remediation process. The measuring of
concentration during the suppressive of IAA on cell
growth can be diminished by humic acid, which means
those surfaces are affiliated due to the proximity of the
molecule, which reduces the effect of alkyl group on the
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cell wall [21,22]. Results also show that the ring structure
cell as molasses does not effectively on the degradation
ability about the BTEX [23], while other like cultivation of
different donor and regulator which revealed that small
molecule humic acid, diphenyl ring indole, can effectively
improve the treatment [24]. since IAA affects cell
proliferation
but cell still catalytically degrade
before mid-log phase [25]. Particularly, the first day of the
latent-period and from second to third days of medium
log phase, the degradation of the BTEX is active, indicating
that the microorganism can exert primary and secondary
metabolism and undergo degradation as reported either
[26-28].

Conclusion
(1)
The BTEX-degraded active strain establishes
the best electron supplier and electronic media
substance assistance, and can obtain the effect of
determining the reaction rate within 5-7 days of
culture.
(2)
The cactus strain cultivated by immobilized
biofilm has the activity of facultative anaerobic
degradation of BTEX. Benzene ring derivatives such as
soluble humic acid and macromolecular molasses have
certain conditions that promote mediation. Electron
suppliers such as methanol perform at 4 hours, and
glucose exhibits growth activity, which is
thermodynamically superior or related to cell growth
(2 to 4 days).
(3)
The activity of electronic media substances
such as IAA can show significant degradation in the
first 2 hours and poor performance in 2 to 4 days.
Indole has a significant boosting effect. Both of them
cooperate with dissolved humic acid to promote the
effect. The indole has a guiding role for the reaction
site, while the indole triacetate effectively exerts a nongrowth reaction, such as secondary metabolism.
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