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ABSTRACT

Introduction: Toluene is significant pollutants in the air. Long-term exposure to toluene can lead to adverse
effects. Biofiltration is one of the air pollutant control methods. In this study, Pseudomonas putida was
selected as a microorganism capable of hydrocarbon degradation and its ability to biodegrade toluene in
a suspension growth reactor was also investigated.

Material and Methods: Experiments were conducted in two days and in five hours. Each method consisted
of three sample reactors (A, B, C) and one control reactor (D). In the first method, the amount of bacteria
in the sample reactors is 0.5, 1 and 2 McFarland and the amount of toluene injection into the reactors
is the same (0.5 microliters) and in the second method, the amount of toluene injection into the sample
reactors is 0.5, 1 and 1.5 microliter and 1.5 microliter in the control reactor and the amount of bacteria
in them was the same (1 McFarland).Toluene gas samples and carbon dioxide were periodically analyzed.

Results: In the first method of toluene decomposition, there was a significant difference between the
three reactors (p-value = 0.002). The results of the second method were also significantly different
between the three reactors (p-value<0.001). The decomposition of toluene in two methods also had a
significant difference (p-value = 0.232). The amount of CO2 production was significantly different in the
second method (p-value=0.003) and the first method (p-value<0.001), but no significant difference was
observed in the comparison of the two methods (p-value=0.15).

Conclusion: Increasing bacterial in suspension growth reactor resulted in increased toluene biodegradation
in shorter time while increasing toluene in suspension growth reactor may not have an additive effect on
the biodegradation process.
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1. INTRODUCTION

Volatile organic compounds are significant
pollutants in the air because they have a direct
impact on human health and the environment.
These compounds evaporate quickly into the
atmosphere and can be dispersed over a wide area.
VOCs are mainly found in the atmosphere due
to their relatively high vapor pressure and cause
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various environmental problems. Toluene is the
most commonly used aromatic compound as a
solvent among volatile organic compounds. This
substance is an aromatic compound with a benzene
ring and has properties similar to benzene, but with
less volatility than it. It is used as a solvent in the
preparation of paints, polishes, adhesives, rubber
and plastic, and the production of various chemical
compounds. Long-term exposure to toluene
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can lead to personality disorders such as mental
retardation, cerebellar dysfunction, bone marrow
damage, and cranial neuropathy. Among VOCs,
toluene is a compound that is difficult to biodegrade
and remove from the gas stream. In various
sources, several approaches have been introduced
to control gaseous and vapor pollutants. None
of these can be considered as the final pollutant
control, and each of them has limitations and only
transfers the pollutant from one phase to another.
Biofiltration is one of the air pollution control
methods that can convert pollutants into harmless
compounds without consuming much energy and
with high efficiency. However, despite the cost-
effectiveness of biofiltration, there are operational
problems caused by excessive growth of biomass,
drying, and changing the structure of the filter bed.
Suspension growth reactor (SGR) is an effective
alternative to overcome the above limitations in
biofiltration processes. On the other hand, the
versatile and powerful enzyme structure found
in microorganisms destroys almost all volatile
organic compounds (VOCs) pollution. Among
the types of microorganisms that can be used in
the biofiltration method, Pseudomonas putida
is known as the microorganism that has the best
characteristics of hydrocarbon-degrading bacteria.
In this study, Pseudomonas putida was selected
as a microorganism capable of hydrocarbon
degradation, and its ability to biodegrade toluene in
a suspension growth reactor was also investigated.

2. MATERIAL AND METHODS

A nutrient solution (MSM) consisting of
mineral (gr/l) and stock (gr/l) was prepared. Four
one-liter reactors containing 250 ml of MSM
were prepared and then autoclaved. Bacteria were
inoculated in a certain amount in three reactors,
and one reactor was included as a control in the
experiment. Experiments were conducted in two
separate ways for two days in five hours. Each
method consisted of three sample reactors (A,
B, C) and one control reactor (D). In the first
method, the amount of Pseudomonas Putida
bacteria in variable suspension (0.5, 1, and 2
McFarland in reactors), and in the second method,
the amount of Toluene injection in the reactors
was considered the same (0.5 ul in reactors).
Moreover, the growth reactor of the different
suspensions (0.5, 1, and 1.5 microliters in the
reactors and the sample reactor, respectively, 1.5
microliters in the control reactor) and the amount
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of Pseudomonas Putida bacterium in them was
considered the same (one McFarland). Then,
the reactor was properly sealed to prevent any
leakage. After the injection of toluene, the reactor
was placed on a shaker incubator at 100 rpm and
at a temperature of 30 °C and 7 pH; in addition to
aeration, it would lead to a uniform distribution
of toluene in the upper space of the reactor. In
both methods, no bacteria were inoculated into
the control reactor, and only toluene was injected
to ensure the absence of leakage in the reactors.
In order to make the density of toluene uniform
in the upper space of the reactor and reduce
the effect of Henry’s law, sampling started 5-15
minutes after injection. Toluene gas samples were
periodically removed from the upper space of the
reactors and analyzed. The measurement was done
by gas chromatography. The gas chromatography
machine was equipped with an FID detector
model CP-VALUE-3800 manufactured by
VARIAN company. The flow rate of the carrier
gas was 1.8 ml/min; the temperature of the
injection section (injector) was set at 200°C; the
column temperature was 130°C; and the detector
temperature was set at 240°C. In this regard, the
concentration of carbon dioxide in the upper
space was also monitored. A CO, analyzer model
TES-1370 was manufactured by TES Company in
Taiwan. In each method, the sensor of the carbon
dioxide measuring device was placed inside one
of the reactors (so that there is no leakage), and
carbon dioxide was measured by direct reading
method. In the control reactor, only toluene was
injected in two ways, and no bacteria existed in it
so that leaks in the reactors could be examined by
periodic sampling of the upper space.

3. RESULTS AND DISCUSSION

The study aimed to investigate the biological
degradation of toluene in a suspension growth
reactor. The amount of toluene removal in
the upper space of the growth reactor by
Pseudomonas putida bacteria was investigated
using two different methods. The data obtained
from the study were analyzed using SPSS statistical
software, and various tests were used, including
Kolmogorov-Smirnov, one-way variance, Tukey’s,
and Kruskal-Wallis. The results showed that there
was a significant difference between the biological
analysis of toluene and the three reactors in the first
method (variable bacteria) with a p-value of 0.002.
The process of reducing toluene in the control
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reactor was almost constant, indicating that there
was no leakage in the reactors. Due to the constant
amount of toluene in the reactors and the increase
in biomass, it led to more consumption of toluene
by bacteria, and as the biological decomposition of
toluene increased, the amount of carbon dioxide
production also increased. In the second method
(variable toluene), the biological biodegradation
of toluene differed significantly between the three
reactors with a p-value < 0.001. Furthermore,
Tukey’s test results showed a significant difference
between reactor A and reactor B (p-value =
0.004), and reactor C and reactor B (p-value <
0.001) in the second method. However, there was
no significant difference between reactor A and
reactor C (p-value = 0.392). At this stage, where
the amount of bacteria is fixed and the amount of
toluene is different, there is no direct relationship
between the variables. It is possible to mention
the specific capacity of bacteria in the amount of
decomposition, which means that increasing the
amount of toluene without increasing the amount
of bacteria is practically ineffective and leads to
failure in the filtration system. The biological
analysis of toluene was compared in two ways

and showed no significant difference (p-value =
0.232). The amount of carbon dioxide produced
in the reactors in the second method (Toluene
variable with p-value = 0.003) and the first
method (variable bacteria with p-value < 0.001)
were analyzed separately and were significantly
different. However, compared to the two
methods, no significant differences were observed
(p-value=0.15).

4. CONCLUSIONS

The present study showed that increasing the
amount of bacteria in a suspension growth reactor
resulted in increased toluene biodegradation in a
shorter time, while increasing toluene as a source of
energy in a suspension growth reactor may not have
an additive effect on the biodegradation process.
Pseudomonas putida has simple nutritional needs,
but its optimal amount has not been determined
and should be estimated in other studies so that
a system with better efficiency can be designed by
controlling the amount of incoming pollutants.
This variable needs further investigation. This study
was conducted on a laboratory scale and needs to
be optimized for use in the industry.
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