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Abstract: In this study toluene and xylene were degraded in an anaerobic column bioreactor. Experiments were
conducted in an up-flow anaerobic packed bed reactor (UAPBR). A thick layer of biofilm of Pseudomonas
putida (PTCC 1694) was developed on solid support. UAPB was significantly capable to decrease chemical
oxygen demand (COD) of monoaromatic influent. At hydraulic retention time (HRT) of 24 h and OLR of 2
gCOD/l.d, the COD removal for xylene and toluene were 62 and 65%, respectively. Maximum uptake
concentration of 7000 and 10000 mg xylene and toluene per liter for P. putida were experimented. At HRT of 72
h and concentration of 7000 mg/l, the COD removal efficiencies for xylene and toluene were 74 and 80%,
respectively.
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INTRODUCTION compounds are industrial wastes, leakage spills, improper

Nowadays, industrial growth has created tanks, gas work sites, airports, paint manufactures,
environmental pollution and hazardous wastewater which chemical industries and railway yards [3, 7, 8]. Benzene
is one of the major concerns of mankind. The most and toluene are discharged into environment from
common oil based pollutants for water supplies are industrial effluents such as textile manufacture, wood
Benzene, toluene, ethylbenzene and mixture of xylene, processing, chemical and tobacco products. In addition,
BTEX compounds. BTEX compounds are monoaromatic ethylbenzene and xylene are involved in manufacture of
hydrocarbons [1-3]. These compounds are known as pesticides, chemicals, detergents, varnishes and  paints
toxic, carcinogenic and mutagenic, also classified as [1, 9].
priority environmental pollutants by United States In order to reduce BTEX content, polluted
environmental protection agency (USEPA) [3-5]. wastewater has to be treated before final discharge. For
Industrial activities such as, petroleum processing, oil this purpose physical and chemical or biological
refineries, petrochemical industries, may generate processes are usually used for effluent treatment.
effluents  containing  monoaromatic  compounds  which Nevertheless, biodegradation of BTEX in wastewater is
is  disposed  to  environment.  The disposal of effluents generally more economically feasible and energy
containing these compounds without proper treatment sufficient than any alternative physical and chemical
causes negative impact on environment. All of these treatment processes [3, 10]. In biological treatment,
organic compounds are hazardous pollutants and are not consortia of microorganisms are able to degrade organic
easily degradable [1]. pollutants. Among the various microorganisms,

Petroleum hydrocarbons and BTEX compounds can Pseudomonas putida (PTCC 1694) is one of the most
be easily transmitted into groundwater [3, 5, 6]. Important distinct  organisms  in  biodegradation  of  BTEX  [11-12].
sources of pollution originated by monoaromatic P.  putida was potentially used for the biodegradation of

disposal and accidents during oil transportation, storage
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organic pollutants [13-14]. Conventionally, aerobic Also, this system permits to work with high concentration
biological methods have been used  for  biodegradation of monoaromatic compounds [26].
of  monoaromatic  compounds.  However,  due  to their Taking these considerations into account, the main
low energy requirement and sludge yield, anaerobic objective of present research paper was to investigate
biological methods are now being known as a  promising biodegradation of high concentration of toluene and
method [15-16]. xylene, COD removal rate and OLR reduction in an up-

In anaerobic biodegradation, the organic matter is flow anaerobic packed bed bioreactor loaded with active
degraded into biogas (methane), microbial biomass and biofilm.
residual organic matters [17]. In compare to aerobic
processes; anaerobic processes have several advantages Experimental
including, high capacity to deteriorate concentrated Microorganism and Culture Conditions: Pseudomonas
organic pollutants, less production of sludge, low energy putida (PTCC 1694) was supplied by Iranian research
consumption and biogas production (methane) which is organization for science and technology (IROST). The
considered as energy source [10, 18-21]. Batch culture of organism was used throughout the experiments. In this
P. putida for the biodegradation of BTEX was extensively study, the medium used for cell growth contained
investigated and  useful  data  were  reported  [22].  One glucose, yeast extract, K HPO  and NH Cl: 1, 0.3, 0.05 and
of the major disadvantages of anaerobic treatment is the 0.05 g/l, respectively. All media were sterilized in an
slow growth  of  anaerobic  microorganisms.  Therefore, autoclave at 15 psig and 121°C for 20 min. The medium
it requires a technology that  assures  reasonable reactor was inoculated with stock culture in a 250 ml flask
volume and low hydraulic residence time, accompanied contained 100 ml medium and then incubated at 32°C in an
with high active biomass concentration in the reactor [23]. incubator shaker (Stuart, England) for 24 h. For each set
Anaerobic up-flow packed bed reactors meet these of the experiment the sole carbon sources, toluene and
requirements. The adhesion of microorganisms over solid xylene, nitrogen and phosphorus sources were added
support with large specific surface areas, leads to high with C:N:P ratio of 300:5:1.
biomass concentration and high reaction rates since the
bioreactor volume should be minimized [24]. In addition, Experimental Set up: Figure 1 represents the schematic
on the surface of solid support, fixed film of anaerobic diagram of the pilot scale UAPB bioreactor. The Plexiglas
microorganisms are developed. As the organic pollutants reactor was fabricated with an internal diameter of 6.2 cm
passes   by   the   active   biofilm   layer,   penetrated   into and external diameter of 7 cm with the height of 100 cm.
the   biolayer    and    eventually    biodegraded    [25]. The total volume of the reactor was 3019 ml.

2 4 4

Fig. 1: Schematic diagram of UAPB bioreactor
1. Feed; 2. Peristaltic pump; 3. Upflow packed bed; 4. Gas-liquid separation tank; 5.  Liquid outlet;
6. Effluent outlet; 9. Outlet for vacuum; 7. Liquid sampling port; 8. Gas separation;
10. Vacuum pump; 11. Biogas measurement tank
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The walnut shell was soaked in 1M NaOH solution Once the system was stable and operated at steady state
for 24 h. The pre-treated walnut shell was washed with condition, the HRT was reduced. The UAPB was
distilled water and packed into the column. The void eventually evaluated with several HRTs. The performance
volume of the packed bed reactor was 66%. A 1000 ml of UAPB with respect to OLR at 3 sets of HRT (8, 16 and
funnel shaped gas separator was used to liberate the 24 h) was experimented. The COD removal efficiency
generated biogas from the effluent and then the gas was initially increased till reached to a maximum value for a
led to the gas collector tank. The gas tank was a defined value of HRT and OLR was obtained. Then with
cylindrical glass pipe with an internal diameter of 80 mm a stepwise increase of OLR the removal efficiency was
and height of 1 m. The liberate gas was frequently gradually dropped.
measured for each HRT and the gas volume was recorded
with respect to time. The gas tank was initially filled with RESULTS AND DISCCUSION
water which was saturated with biogas. The volume of the
liberated gas was demonstrated by the displacement of UAPB bioreactor was successfully implemented for
water in the gas tank. The UAPB reactor was operated at the removal of toluene and xylene from wastewater. The
room temperature (25°C). The wastewater as a suitable developed biofilm reactor had great potential to
substrate was continuously fed to the reactor using a deteriorate organic pollutants.
peristaltic pump (SR25 adjustable flow rate, Thomas,
Germany). The feed was introduced from the bottom of Acclimation of P. Putida Culture to Monoaromatic
the column and uniformly distributed through the column
using a perforated plate. The effluents were collected from
the top of the column in a 20 l polyethylene container.

Analytical Methods: A colorimetric method using closed
reflux system was developed for measurement of COD
[27]. Spectrophotometer (Unico2100, USA) at wavelength
600 nm was used to measure the light absorbance of COD
samples. The biogas was measured by displacement of
water in the gas tank and pH of the effluent was measured
by a pH meter (HANNA Model 21, Italy).

The process performance, total COD (COD ) andtot

soluble COD (COD ) were daily analyzed. For COD ,sol sol

Whatman GF/A filter with the pore size of 0.45 m was
used.

Operational and Performance Parameters: Experiments
were performed with several concentrations of toluene
and xylene ranged from 1000 to 10000 mg/l. Several
influential parameters such as HRT, OLR and pH were
investigated, while the pilot was in stage of operation.
The HRT was initially set at 24h and organic load was
gradually  pumped  into  the  column.  The  organic load
was   gradually   increased   as   the   HRT   was   constant.

Hydrocarbon Compounds: It has been reported that
monoaromatic hydrocarbon biodegradation required
sufficient time for the microorganisms to utilize as an
energy source [28]. Also, owing to toluene and xylene are
difficult to biodegrade, the UAPB was initially fed with
glucose as carbon source for the propagation of the
existing microorganisms. Glucose is a readily degradable,
soluble carbohydrate that does not limit the rate of
anaerobic biodegradation [29]. Glucose was, therefore,
used as a substrate in the initial acclimation phase of this
study and in the next stages of which it was gradually
replaced with monoaromatic compounds.

Accordingly, the reactor was fed with glucose as feed
substrate at a concentration of 5000 mg/l with a hydraulic
retention time (HRT) of 24 h. A summary of the
operational schedule with operating conditions and
replacement of glucose by xylene was applied to UAPB
reactor which is given in Table 1.

Figure 2 depicts the fluctuation of effluent COD for
the period of start-up and acclimation. During this period,
the synthetic wastewater containing monoaromatic
hydrocarbons were absolutely replaced the organic
substrate (glucose). In the first 5 days, the COD was
decreased  from 5631 to 2545 mg/l. Thus, the COD removal

Table 1: Operating schedule during start-up period

(mg/l) Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 Period 7 Period 8

Glucose 5000 3000 2700 2500 2000 2000 1000 1000

Xylene 0 0 300 500 1000 1000 1000 1000

Yeast extract 90 60 60 60 60 60 35 35

K HPO 20 12 12 12 12 12 12 72 4
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Fig. 2: COD removal in the start-up period

Fig. 3: COD removal at several HRTs for toluene and
xylene as substrate

Fig. 4: COD  removal with respect to concentration atfilt

several HRTs for toluene and xylene as substrate

efficiency    obtained     in     this     stage was   54.8%.
For   every   5   days,   the   influent   concentration of
xylene was  stepwise  increased. The column showed
quite  satisfactory  performance  for  the  removal of
xylene.  The  acclimated  reactor  was  steadily  operated
for the next 40 days. At the end of the microbial activation
stage, the COD removal efficiency more than 80% was
obtained.

Continuous  Operation   at  Steady  State  Condition:
After completion of the acclimation period, UAPB was
ready for continuous operation for the treatment of
synthetic wastewater contained monoaromatic
compounds. Figure 3 shows COD  removal efficiencytot

with respect to influent COD for toluene and xylene in the
feed solution. Three sets of HRT (8, 16 and 24 h) were
operated while OLR was increased (from 0.0 to 17 g
COD/l.d). For each HRT, the COD removal at a defined
feed concentration reached to a maximum value. As the
COD concentration increased beyond that point, the COD
removal was gradually decreased. At HRT of 24 h and
COD concentration of 3000 mg/l, the COD removal
efficiency was 62%. Once HRT was reduced to 16 and
then 8 hours the COD removal efficiency was dropped to
42 and 30%, respectively. For the case of toluene at HRT
of 24, 16 and 8 h the COD removal efficiencies at
concentration of 3000 mg/l were 68, 46 and 30%,
respectively.

Figure   4   depicts   soluble   COD   removal
efficiency of the feed solution with respect to influent
COD  for  xylene  and  toluene  concentrations. The
removal  efficiencies  for  toluene  at   HRTs   24,   16  and
8  were  75,  68  and  63%,   respectively.  Similarly,  for
xylene   the    COD    removal    efficiency   were   75,  67
and   60%,  respectively.    Thus,   it   was   resulted   that
the COD removal efficiency after filtration had
significantly increased.

The biogas production rates with respect to OLR for
toluene and xylene were represented in Figure 5. It was
understood that by increasing OLR the biogas production
rates were initially increased to a defined values and then
decreased as the OLR was increased. When the HRTs
were set at 24, 16 and 8 h the biogas production rate for
xylene were 787, 459 and 411 ml/d and for toluene were
834, 491 and 443 ml/d, respectively.

The chemical tolerances of P. putida for
biodegradation of xylene and toluene concentrations in
the range of 7000-10000 mg/l with respect to HRT were
demonstrated  in Figure 6. The trends for COD removal at
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Fig. 5: Biogas production rate with respect to OLR in
several HRTs for toluene and xylene

Fig. 6: COD removal efficiencies for toluene and xylene in
concentrations 7000 and 10000 mg/l

Fig. 7: pH variations at several HRTs for toluene and
xylene as substrate

COD concentrations of 7000 and 10000 mg/l were quite
similar. By increasing the HRT, the COD removal
efficiency was increased. At HRT of 72 h, the COD
removal efficiencies for toluene and xylene with
concentration of 7000 mg/l were 78 and 75%, respectively.
As the concentration increased to 10000 mg/l the COD
removal efficiencies for toluene and xylene were slightly
decreased to 65 and 60%, respectively.

Figure  7    demonstrates    the    effluent pH
variations  for  toluene  and xylene in influent solution.
The  concentrations  of  xylene  and  toluene  had affected
on pH of the effluent. As the concentrations of toluene
and xylene increased the pH value for the effluents
slightly decreased that was due to generation of
intermediate by-product such as organic acids
(approximately pH of 7.2 to 6.4).

CONCLUSION

From   the obtained   results   it   was  concluded
that monoaromatic compounds, such as toluene and
xylene,  were  effectively  degraded in the UAPB
bioreactor.   Fixed   film   of the   bacteria   were  adapted
to  high  concentration  of  xylene  and  toluene   for a
long  duration  (40  days).  Maximum  removal efficiencies
at  HRT  of  24 h and concentrations of 3000 mg/l of
toluene  or  xylene  were  achieved.  The  removal
efficiency of xylene and toluene at HRT of 24 h were 62
and 65%, respectively. As HRT decreases the COD
removal efficiency dropped. The acclimated P. putida was
able to handle toluene and xylene concentrations of 7000
to 10000 mg/l. The COD removal efficiencies for xylene
and toluene at HRT of 72 hr were 74 and 80%,
respectively.
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