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ABSTRACT

Introduction: Volatile organic compounds are the most common pollutants in the air, and among them,
toluene is the most common form, which is toxic resulting in liver and kidneys damages. Regarding the
fact that this compound is widely used in various chemical industries, implementing an efficient method
for controlling its concentration is of great importance. The comparative survey of the capability of virgin
activated carbon with the one immobilized by pseudomonas putida PTCC, and also the performance of
the biofiltration system involving pseudomonas putida bacteria immobilized on activated carbon for the
adsorption and degradation of toluene from the air as well as regenerating the activated carbon were
aimed in the present study.

Material and Methods: The microbial growth process was initiated by incubation of pre-culture in a
rotary shaker, at 150 rpm overnight. After 4 days, the strain pseudomonas putida, PTCC No: 1694 was
immobilized on a certain amount of activated carbon. Subsequently, an airstream containing toluene was
introduced into the biofilter, and the inlet and outlet concentrations of toluene were measured.

Results: The obtained results illustrated that the increase in the volume of the media and decrease in the
gas flow rate significantly enhances efficiency. The great performance of the biofilter was confirmed by
the high efficiency of the immobilized activated carbon which exhibited 89% yield during 14 hours. On the
second cycle, the biofiltration system was able to adsorb toluene at an efficiency of 81%, while the virgin
activated carbon exhibited far less efficiency with the value of 28%.

Conclusion: The provided results demonstrated the feasibility and reusability of the biofilter system for
toluene removal. The proposed technique also extends the activated carbon’s capacity, which could be a
potential solution to re-use the activated carbon in industrial applications.
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1. INTRODUCTION

Air pollution is one of the major causes of low physical weakness, and many other diseases.
quality of life in many industrialized nations. Air Eliminating these contaminants is very costly.
pollution has caused a sharp increase in a variety of Volatile organic compounds are the most
respiratory diseases, skin problems, birth defects, common pollutants in the air, and among them,

luene is the m mmon compoun hich
* Corresponding Author Email: fgolbabaei@tums.ac.ir toluene 1s the most co on compou d, whic

Copyright © 2022 The Authors.
Published by Tehran University of Medical Sciences

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.
org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Z. Alaei et al. / Comparative Survey of Virgin and Immobilized Activated Carbon...

is an aromatic compound with a benzene ring
and similar properties to benzene; however, with
less volatility. Toluene is a liquid that is used as
a solvent in the preparation of paints, polishes,
adhesives, rubber, and plastics and the production
of various chemical compounds in many industries.
Regarding the fact that this compound is widely
used in various chemical industries, implementing
an efficient method for controlling its concentration
is of great importance.

Activated carbon is mostly used as an adsorbent
in controlling air and water pollution leads to its
ability to absorb various pollutants. Biologically
Active Carbon (BAC) can remove gaseous
pollutants in the biofiltration system by intensifying
microbiological decomposition and adsorption of
activated carbon.

2. MATERIALS AND METHODS
Microorganism

Pseudomonas putida PTCC 1694, a gram-
negative, rod-shaped bacterium, was used. First,
the bacteria were cultured in isolation on an agar
medium. After 24 hours and the confirmation of no
contamination on the agar medium, a colony was
removed from the culture medium using a sterile
ring and dissolved in the liquid culture medium. It
was then placed in a shaker incubator at 150 rpm
for 24 hours at 30 ° C to allow bacteria to grow.

Activated carbon preparation

The granular activated carbon was washed
several times with deionized water to remove
carbon particles and then dried in an oven at 100
° C for 24 hrs. To sterilize, activated carbon was
placed in an autoclave for 12 minutes at 121 ° C.

Microbial immobilization

A specific amount of activated carbon was
weighed after the bacteria reached the logarithmic
phase and placed in a flask with the culture medium.
During stabilization, the flask was refrigerated for
four days. The biomass concentration was measured
before and after stabilization by spectrophotometry
at 620 nm. The difference between these two
concentrations indicated the degree of stabilization.

Scanning Electron Microscope

The structure of activated carbon was scanned
before and after stabilization using DSM-960A
scanning electron microscope.
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Biofiltration system and conditions

This study was performed using a laboratory-
scale biofilter system consisting of two columns
made of polyvinyl chloride with a total height of
70 cm and a diameter of 10 cm that were placed
in parallel. This system included various parts,
including input and output of nutrient solution, to
maintain and grow microorganisms and prevent
the substrate from drying out, impinger (gas bottle),
which was used to store toluene and make the
desired densities; and an airflow meter (rotameter)
which was used at the start point of the system to
measure the volume of airflow. A variable-speed
fan was provided to supply the required air. In
the humidifier column, the airflow through the
humidifier column was humidified and entered the
system. Finally, sampling ports were installed at the
input and output of the stop. All experiments were
performed at a temperature of 25-22 ° C and 70-
50% humidity.

Test Method

In the first cycle, two columns, one with virgin
activated carbon (AC) and the other with bacterial-
immobilized activated carbon (BAC) with different
volumes (86, 173, and 260 ml) were filled. The
virgin activated carbon was soaked in water to have
the same moisture as the immobilized activated
carbon and the experiments were performed under
the same conditions. Different concentrations
(45 and 85 ppm) of toluene with different flow
rates (1, 2, and 3 liters per minute) were entered
into the system. The inputs and outputs of each
column were sampled regularly and injected into
the gas chromatography (GC) device. Sampling
was performed until the contaminant density at the
outlet reached half the contaminant density at the
inlet - i.e. the breaking point of 50%. The system
was shut down at this stage. After shutting down the
system for a specific period of time, the system was
turned on again and the same tests were performed
as in the first cycle. The purpose of the second cycle
was to investigate the possibility of regenerating
activated carbon to evaluate the efficiency of both
systems in the second cycle.

Gas chromatography and sample analysis

To analyze toluene-containing gas samples,
the GC model -FID (CP-3800 model-VARIAN
company) was used. The amounts of toluene
adsorption and decomposition were calculated by
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Fig. 1. Biofiltration System

sampling the inputs and outputs of both columns
and injecting them into a gas chromatographic
device equipped with a detector.

3. RESULTS AND DISCUSSION

The results of the study showed that there
was a significant difference between the average
efficiency of the two systems in the first cycle. As
shown in the SEM images, the bacteria reduce
the adsorption level of toluene by binding to the
activated carbon surface, thereby reducing the
efficiency of the biofilter system. According to the
results, the amount of toluene output increased
in immobilized activated carbon after about
3.5 hours, which could be due to the adaptation
of bacteria. At this point, the slow release of
toluene to the activated carbon level increases the
concentration of toluene in the system output. Then
environmentally friendly bacteria broke down
toluene and reduced the density of toluene output.
The next step was the result of the adsorption and
decomposition of toluene. The results of the study
showed that there was a significant difference
between the average efficiency of the two systems
in the second cycle. Virgin activated carbon
had some adsorption in the second cycle due to
unsaturation in the first cycle, but in immobilized
activated carbon, the bacteria in the activated
carbon decomposed toluene, so, it had a higher
adsorption in the second cycle. The present study
showed that the efficiency of the second cycle
for immobilized activated carbon was lower
compared to the first cycle. This may be because
part of the contaminant was still present in the
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Fig. 2. Toluene adsorption efficiency in both systems in the first
and second cycles

activated carbon. The results of this study showed
that the efficiency increased with increasing the
volume of the bed. In addition, system efficiency
decreased with increasing airflow.

4. CONCLUSIONS

Activated carbon immobilized by pseudomonas
putida had an excellent efficiency in removing
toluene. Pseudomonas was successfully attached
to the activated carbon surface. Activated carbon
did not require thermal or chemical recycling for
reuse and could be regenerated by existing bacteria.
The biofilm structure protected microorganisms
from harsh environmental conditions and kept the
biomass in the process, even if the conditions were
not conducive to its growth. In addition, due to
the significant difference in the average efficiency,
the best efficiency of the system was seen with the
airflow of 1 lit/min, inlet density of 45 ppm, and
bed volume of 260 ml.
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