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1.0 INTRODUCTION     
As a result of industrial developments waste productions are increased and the pollution 

problem is increasing rapidly. This is a very important problem for human health and the 

environment because of the bad effects of the pollutants. Volatile organic compounds (VOCs) are 

the most important group of air pollutants. Increasing of the emission of VOCs has become an 

important problem so many technologies are used to treat the off gases. One of today’s important 

problems is recognized as the increasing presence of pollutants in the atmosphere [3,4]. 

Biofiltration is currently an accepted and mature technique to treat large volumes of waste 

gases with low pollutant concentrations [2]. One advantage of biological processes is that they are 

typically of lower cost than other processes, including incineration, absorption, adsorption, and 

condensation. In general, biological processes tend to be both ecologically and economically 

desirable. A biofilter typically consists of a container filled with packing material and populated 

with microbes, through which the odor-containing air is passed, normally in an upward direction 

[4]. The operating conditions of a given biofilter, including pollutant concentration, pollutant flow 

rate, temperature, pH, nutrient concentration, water contents, and relative humidity in the air, are 

the most relevant factors affecting the removal capacity of a biofilter [4]. 

 In this case study, α-pinene is selected as main contaminating agent. α-pinene is one of the 

major hydrophobic organic compound (solubility in water 2.5 ppm at 25 oC), which is emitted by 

the forest product industries, pulp and paper industries and fragrance manufactures [5]. Its reaction 

in the atmosphere results in the formation of particulates and free radicals. The former form a blue 

haze and reduce visibility and the later deplete the ozone layer; also become human nuisance as an 

odorous compound.  

 The aim of this study was to investigate the performance of two biofilters treating α-pinene 

polluted air. The bed material (perlite) of one of two biofilter was covered with silicon oil as a non-

biodegradable solvent [6]. 
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2.0 ADVANTAGES AND DISADVATAGES OF BIOFILTRATION 

 One main advantage of using biofiltration over many other methods is that organic 

pollutants will be totally degraded and not only transferred to another phase, compare e.g. 

adsorption, under optimal conditions. Other advantages include flexibility, lower capital costs, 

lower operating costs, low chemical usage, and no combustion source [7]. Biofiltration systems 

might be built in different sizes and shapes [7]. Biofiltration is furthermore efficient for removal of  

many odors and toxic compounds [7].  

 

        The main disadvantage is that biofiltration might not be efficient regarding removal of some 

organic compounds, which have low adsorption or degradation rates [7]. Moreover, the biofilter’s 

microbial population might have difficulties in handling highly fluctuation emissions or large 

spikes. The microbial population might also need weeks or even months to acclimatize to the 

emissions which they are going to treat [7]. 
 

3.0 MATERIAL AND METHOD 
 

 3.1 Chemicals 

 

 All of the chemicals used in this study, including α-pinene, n-butyl acetate and nutrients 

were of analytical grade. Silicone oil with viscosity 100 mPa.s and alpha pinene and n-butyl 

acetate were purchased from Fluka Company, Stockholm, Sweden. 

 

 3.2 Cultures medium 

 

 The following medium was used for irrigation of the biofilters: 

KH2PO4; 3.4 g.L-1, K2HPO4; 4.3 g.L-1, MgSO4; 0.4 g.L-1, CaCl2; 0.04 g.L-1,, FeSO4.7H2O; 0.002 

g.L-1, (NH4)2SO4; 1 g.L-1 and 25 mL trace element solution per litter of distilled water. 

 3.3 Trace Elements 

 

 The trace element solution contained: MnCl2.2H2O; 0.04 g.L-1, Na2MoO4.2H2O; 0.08 g.L-1, 

CuSO4; 0.006 g.L-1, H3BO3; 0.013 g.L-1, ZnSO4.7H2O; 0.06 g.L-1. 

 

 3.4 Microorganism Inoculation 
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 Pine wood chips were used since it could contain microorganisms used to degrade α-pinene 

since the chips release pinene. The wood chips stock was aged three months before using. Perlite 

was used as carrier. Perlite is a granular porous ceramic material from volcanic rock. Each filter 

was packed with 500 g perlite. The diameter of perlite is between 2 and 5 mm. 

For inoculation 10 % (w/v) wood chips soaked in distilled water. 10 g wood chips and 100 g 

distilled water were mixed in e-flasks that were put on a shaker for 4 hour at 28oC and 150 rpm. 4 

e-flasks of mixture were prepared by same method. Then this mixture was filtered with a paper 

filter. This is called microbial supernatant. This was nearly 350g because the wood chips absorbed 

some of the water. 

For preparation of column with oil, 500g perlite, 125 g silicone oil, 400 g nutrition and 100 g 

microbial suspension were mixed. Firstly, silicone oil was added to perlite and secondly microbial 

mixture was added. For preparation of column without oil, only 500g perlite, 400 g nutrition and 

100 g microbial suspension were mixed and then both were filled in to the columns. 

 

 3.5  Biofilter  
 
 Two identical cylindrical Plexiglas biofilter columns were used in the experiment. Their 

height was 82cm and inner diameter was 10 cm. There were five sampling ports along the biofilter 

column, with equal separation distance. Each port was connected to a perforated tube inside the 

bed. Each of the filters was packed with the desired inoculated perlite up to height 60 cm.  

 The initial void volume of the perlite was determined trough measurement in measuring 

cylinder. The cylinder was filled with 6 g wet perlite and a vegetable oil  was dropped down into 

the cylinder until a barley visible layer of oil could be seen. The initial void volume was shown to 

be 2.38 ml/g perlite. The density of the perlite was 221. 4 g/ l. The initial moisture of the bed was 

50%. During the process, it was increased until 80-90%. 

 The schematic of the biofilter used in this study is shown in Figure 1. The setup consisted 

of two filters containing inoculated perlite with and without silicone oil. A large stream of 

compressed air was humidified to 100% relative humidity by passing it through a water vessel and 

then free drops of water was separated from the humidified stream in a trap. A small stream of air 

was passed through a vessel containing pure α-pinene. The two streams were mixed in a mixing 

chamber and then the humidified contaminated air was interned from top of the filter. The nutrient 

solution was irrigated over the packed bed every day with about 100 mL min-1 flow rate. Total 

irrigation was approximately 250 mL and took 2.5-3 minutes per day. The pH of the leachate was 

measured daily. The biofilter columns were maintained at room temperature (22-25 °C).  
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 Perlite 

 Perlite is an amorphous volcanic glass that has relatively high water content, typically 

formed by the hydration of obsidian. It occurs naturally and has the unusual property of greatly 

expanding when heated sufficiently [17]. 

 When it reaches temperatures of 850–900 °C, perlite softens (since it is a glass). Water 

trapped in the structure of the material vaporizes and escapes and this causes the expansion of the 

material to 7–16 times its original volume. The expanded material is brilliant white, due to the 

reflectivity of the trapped bubbles [17]. 

 Due to its low density and relatively low price, many commercial applications for perlite 

have developed. In the construction and manufacturing fields, it is used in lightweight plasters and 

mortars, insulation, ceiling tiles and filter aids. In horticulture it makes composts more open to air, 

while still having good water-retention properties; it makes a good medium for hydroponics.  

 

        Typical analysis of perlite 

• 70-75% silicon dioxide: SiO2 

• 12-15% aluminium oxide: Al2O3 

• 3-4% sodium oxide: Na2O 

• 3-5% potassium oxide: K2O 

• 0.5-2% iron oxide: Fe2O3 

• 0.2-0.7% magnesium oxide: MgO 

• 0.5-1.5% calcium oxide: CaO 

• 3-5% loss on ignition (chemical / combined water) [17] 

  

 

3.6 Analyses 

Sampling 

 

 SPME is a solvent free method of extracting analytes from a variety of matrices by 

partitioning them from a liquid or gaseous sample into an immobilized stationary phase. It uses a 

very simple setup and requires no additional instrumentation other than a conventional gas 

chromatograph (GC) with the traditional injection port. SPME eliminates preconcentration steps 

by directly extracting the analysts into a poly(dimethylsiloxane)-coated fiber [9].  
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 Every day samples were taken regularly from the sampling ports of both filters to calculate 

the removal efficiency and to see the inlet and outlet concentrations of the filters. The Solid-phase 

micro extraction (SPME) was used to take sample and the same fiber could be used repeatedly. 

The SPME fiber was exposed for 10 min in contaminate air.  

 The SPME fibres were calibrated for different concentrations of alpha-pinene at constant 

temperature and relative humidity. The method was used to evaluate the removal efficiency of the 

biofilter. 

 The pH of the leachate of both filters were measured regularly to see the effect of irrigation 

to the filters. When the irrigation amount was increased the pH of the leachate of both filters were 

increased too. Irrigation was made regularly every day. To stabilize pH at about 6.00, irrigation 

was approximately 250 ml. 

 

Calibration of SPME 

 

The calibration apparatus (Figure 3) was used for Solid-phase micro extraction (SPME) fibers 

calibration and it was connected to two other small bottles. One of these bottles was connected to 

the air that was coming to the apparatus. The bottle was filled with activated granulated charcoal 

used for filtering the air. The other small bottle which was filled with distillated water for 

increasing the relative humidity has magnetic stirrer and a heater under. These two bottles were 

connected to each other with a pipe. Calibration apparatus has three inlet holes, one is for the pipe 

that is coming from the water bottle, other hole is for sampling and the third one is for measuring 

of the temperature and relative humidity.  Figure 3 shows the schematic diagram of calibration set-

up and detectors, used for SPME fibers calibration. 

To operate the apparatus, the first pipe was connected to air pipe. Air came from the system 

to the activated granulated charcoal bottle and then to the distillated water bottle and finally to the 

calibration apparatus. The sampling hole of the apparatus must be opened since air must go out 

from this hole. When relative humidity increased to 95% in the apparatus, the by-pass valve was 

clamped to stop the air that goes in to the apparatus. The sampling port was closed by parafilm and 

α−pinene was injected with the automatic pipette and waited 10 minutes for the compound to 

evaporat. After 10 minutes SPME fiber was placed on the parafilm and waited 10 minutes again 

before injection in the gas chromatography-mass spectrometry (GC-MS). The schematic of the 

calibration apparatus used in this study is shown in Figure 3. 

 

 Gas chromatography- mass spectrometry  



 6

 
 Modern gas chromatography-mass spectrometry (GC-MS) methods and equipment, with 

the sensitivity and structural information these methods provide, make GC-MS an excellent choice 

for field detection and identification of a range of organic chemicals. Numerous sampling 

techniques allow detection of many organic compounds in environmental matrices, although 

multiple sample-handling steps and use of extraction solvents increase the complexity and time 

needed to complete analyses. Solid-phase micro extraction (SPME) has been shown to be suitable 

for sampling environmental contaminants from air, water and soil for GC-MS analysis. The SPME 

sampling method is attractive for field use because of its portability, simplicity, broad applications, 

sensitivity, and favorable attributes as a sample-introduction method for GC-MS analyses [8]. 

 In this experiment the concentration of α-pinene was measured with a Varian Saturn 3200 

GC-MS that was equipped with a Saturn II ion trap mass spectrometer detector and a Chrompack 

CP-Sil 8 capillary column (30 m × 0.25 mm × 0.25 µm film). The carrier gas was Helium with a 

flow rate of 1 mL/min. The injector temperature was 250 °C. The oven temperature was held at 30 

°C for 2 min and programmed to rise at 10 °C/min to 110 °C and held for 3 min and then to rise at 

20 °C/min to a final temperature 280 °C and held for 3 min. 

 The solid phase micro extraction (SPME) fibers coated with a 100 µm thick film of 

Poly(dimethylsiloxane) were used to collect the contaminates for injection.  

 

 3.7 Bacteria counting method 

 

 For bacteria counting a Bürker chamber was used. There are different types of nets for 

bacteria counting but in this experiment Bürker chamber was use. Bürker chamber has small 

squares for calculation of bacteria. Because of their very small size, counting the number of 

bacteria in a sample can be difficult at best. Although direct counts are possible with a microscope, 

they require a lot of time and expertise. Fig 4 and Fig 5 show Bürker chamber and the bacteria on 

counting apparatus. 

 For this experiment 2.5 ml leachate was diluted in 50 ml distillated water. A cover glass 

was put on the net and the solution was injected between the glass and the counting net by an 

automatic pipette. The solution went ahead with the capillary forces. The counting should be 

finished before the net became dry since if the net get dry then it might be very difficult to see 

bacteria under the microscope. After the counting bacteria in every square, total summation can be 

calculated. To calculate the mean number of bacteria per square, the summation of bacteria in the 
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whole net can be divided to number of squares on the net. Figure 6 shows a photo of bacteria in 

Bürker chamber  under microscope [16].   

 

 3.8 Gram staining  
 
 Gram staining is an empirical method of differentiating bacterial species into two large 

groups (Gram-positive and Gram-negative) based on the chemical and physical properties of their 

cell walls. Gram positive and gram negative refers to how a bacterium reacts to a gram stain. If it 

takes the initial stain, it will be purple and be considered gram positive. 

 The mechanism is based on difference in the structure of the cell walls of gram- positive 

and gram-negative bacteria and how each reacts to the various reagents (substances used for 

producing a chemical reaction). The difference is the outer casing of the bacteria. A gram positive 

bacterium will have a thick layer of peptidoglycan (a sugar-protein shell) that the stain can 

penetrate. A gram negative bacterium has an outer membrane covering a thin layer of 

peptidoglycan on the outside. The outer membrane prevents the initial stain from penetrating [3].  

In this experiment gram staining was made by using iodine, ethanol and saframin. The 

solution that contains bacteria was put on a clean lamella. After the solution was got dried 

completely, drops of crystal violet was put on it and waited for 1 minute and it was washed with 

distillated water. After that, drops of iodine was put on the lamella and waited for one minute again 

and washed with ethanol and distillated water. Lastly, drops of saframin was put on lamella for 30 

seconds and washed with distillated water. By using microscope it can be understood if the 

bacteria are gram negative or gram positive. If bacteria are dark (dark purple or blue) it means they 

are gram positive [3]. 

 In many populations of cells, some gram positive cells will give a gram negative response. 

These cells are usually dead. However, there are a few gram-positive genera that show an 

increasing number of gram-negative cells as the culture ages. Bacillus, Clostridium, and 

Mycobacterium are the most notable of these, and are often described as gram variable. [3] 

 There are some differences between bacteria of two filters. In with oil filter cocuss and rods 

are in large amount, while cocuss dominated in the without oil filter. While checking both of the 

bacteria from the leachate of the filters were purple that means both of them contain gram positive 

bacteria.  

 

 3.9 Autoclave  
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 In this experiment it was used to sterilize the leachate at high temperature and at high 

pressure before separate it as waste water. An autoclave is a pressurized device designed to heat 

aqueous solutions above their boiling point to achieve sterilization. An autoclave is adjusted at the 

temperature between 121 and 134 oC to sterilize with pressurized saturated water vapor.  

 In this experiment only the leachate was sterilized in the autoclave to make it enough 

sterilized to pour it from the sink. It is not necessary to sterilize the nutrition that is prepared from 

distillated water and the chemicals; the same nutrition medium was also used in the preparation of 

filters.  A mixture of natural microbes was used so it is unnecessary to sterilize every thing. The 

output was sterilized, since it contained big amount of bacteria. 

 

 

 

 
Figure 1 is the schematic of the biofilter used in this study.  
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Figure 2 Schematic of the laboratory scale biofilter used in this study. 

 

 
Figure 3 Schematic diagrams of calibration set-up and detectors, used for SPME fibres calibration 

[1]. 

 



 10

       
Figure 4 is the apparatus for counting the bacteria [16] 

 
Figure 5 shows the bacteria counting apparatus [16] 

 

 
Figure 6 the microscopic view of the bacteria on the apparatus [16]. 
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4.0 RESULTS AND DISCUSSION 
 The biofilter containing oil amended perlite was more efficient regarding removal of 

α−pinene then the biofilter containing untreated perlite during the first 30 days of the study, Figure 

7. Figure 8 shows the changes of removal efficiencies during the column in different flow rates. 

The initial run at air flowrate 2.5 l/min (day1-25) (empty bed retention time 1.88 min)  gave  a 

maximum removal rate of approximately 20 g/ (m3 h) for the bed containing oil coated perlite and 

15 g/ (m3 h) for the column containing perlite without oil, Figure 9.  A decrease of the air flow rate 

to 1.5 l/ min resulted in an increase in the maximum removal rate to around 40 g/ (m3 h). The 

removal rate was similar for both columns. The removal rate stayed around 35 to 40 g/ (m3 h) 

during the rest of the experiment. The air flow rate was first increased to 5 l /min (day 63) and then 

decreased to 2.5 l/min. There was no significant difference in removal rate between the columns, 

Figure 10. The maximum removal rates were based on a removal efficiency of about 80 %. A 

removal of about 80% indicated that the limit is reached since some α−pinene could be detected in 

the outlet. The concentration of α−pinene in the outlet at 80% removal was high enough to 

indicate that the diffusion limit was not dominating. Figure 11 is an example how the removal 

efficiency at different bed height at 85 mL/min alpha pinene flow rate and at 5 L/min air flow rate, 

with oil loading was 10.5 g/m3h  and concentration was 0.165 mg/L; without oil loading was 27.55 

g/m3h  and concentration was 0.43 mg/L . 

 The oil might not have played such a crucial role since the removal rate mainly depends 

on the bioreaction rate and not mass-transfer. There are some differences between two filters. It 

can be because of the type of the bacterial difference in each filter or it may depend on being with 

oil or without oil. Both filters contained a mixture of cocci, rods and fungi. The filter without oil 

was dominated by cocci while the filter with oil was dominated by rods.  

 Wood chips is a source of an inoculum. It contains a large number of different kinds of 

microorganisms, like fungi and bacteria. This could give the properties of the surface on which the 

microorganisms should grow a more pronounced effect. This can cause darkness on the surface. 

With oil filter became more dark then the without oil filter. This can be effect of the oil, may be 

the number of fungi increase more with oil. But the down parts of both filters were still white and 

clean. This can be the effect of nutrition, since irrigation is done from the top of the filter then it 

flows to down so fungi can feed and grow in the top of the filter and they grew better in the top of 

the filters.  

 In this experiment alpha pinene was used. And also methanol, butanol, ethyl acetate, ethyl 

methyl ketone and methyl isobutyl ketone were tried to start a new filtration system to study some 
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hydrophilic and hydrophobic compounds in mixture. But these chemicals did not give a good peak 

in the GC-MS so calibration could not be done with these substances.  

 n-butyl acetate and α−pinene were added to the filters in the form of a mixture after 6 

months of operation. It was shown that a this mixture of a hydrophobic and a hydrophilic pollutant 

could be treated in with and without oil biofilter. The development of the microflora in the filters 

could be followed. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 7 Input concentrations and removal efficiencies for the two columns during the first 63 
days. The flowrate was 2.5 l/ min during the first 25 days and then 1.5 l/min. 
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Figure 8a Removal efficiency for the with oil filter at 5 l/ min in the given α−pinene flow rates 
(mL/min) and loading rates (g/m3h). 

Without Oil

0
10
20
30
40
50
60
70
80
90

100
110

0 0,25 0,5 0,75 1

Normalized Height 

%
 N

or
m

al
iz

ed
 R

em
ov

al
 

Ef
fic

ie
nc

y

70 mL/min, 55.2 g/m3h 85 mL/min, 27.55 g/m3h
95 mL/min, 22.05 g/m3h 110 mL/min, 53.3 g/m3h

 
Figure 8b Removal efficiency for the with out oil filter at 5 l/ min in the given α−pinene flow rates 
(mL/min) and loading rates (g/m3h). 
 

 



 14

0,00

5,00

10,00

15,00

20,00

25,00

0,00 5,00 10,00 15,00 20,00 25,00 30,00

loading (g/m3h)

Re
m

ov
al

 ra
te

 (g
/m

3h
)

Elimination capacity (g/m3h)

Linear (Elimination capacity
(g/m3h))

 
Figure 9a The removal rate as a function of loading for the filter containing oil at a air flow rate of 
2.5 l/min.  
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Figure 9b The removal rate as a function of loading for the without oil filter at a air flow rate of 2.5 
l/min.  
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Figure 10a The removal rate as a function of loading for the filter containing oil at a air flow rate 
of 5 l/min. 
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Figure 10b The removal rate as a function of loading for the without oil filter at a air flow rate of 5 
l/min. 
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Figure 11 Normalized removal efficiency at different bed height at 85 mL/min alpha pinene flow 
rate and at 5 L/min air flow rate, with oil loading was 10.5 g/m3h  and concentration was 0.165 
mg/L; without oil loading was 27.55 g/m3h  and concentration was 0.43 mg/L . 
 

 

 

 

 

5.0 APPENDIX  

 
Removal and Elimination Capacity 

 

 Removal (R) and elimination capacity (EC) in comparison to mass loading were the 

variables used to determine the treatment capacity of the biofilter. Removal was expressed as the 

content (%) of odoriferous gas eliminated by the biofilter. Elimination capacity was expressed as 

the amount of odoriferous gas removed in the bed volume/unit time. 

R [%] = (CGi – CGo)/CGi × 100 

EC [g/m3•hr] = (CGi – CGo) × Q/Vf 

ML = CGi x Q/Vf 

In this experiment density of pinene was taken 0,858 mg/milt, vapor pressure of pinene was taken 

3.823 mmHg (at 200C). 
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6.0 NOMENCLATURE 

 
SPME     :       Solid-phase micro extraction 

GC-MS   :       Gas chromatography-mass spectrometry 

VOCs      :       Volatile Organic Compounds 

R           :       Removal  

EC          :        Elimination capacity 

Q             :       The gas flow rate (m3/h) 

Vf            :       The volume of the filter bed (m3) 

 CGi        :       The inlet odoriferous gas concentration (ppm; g/m3)  

CGo        :       The outlet odoriferous gas concentration (ppm; g/m3)  

ML          :       Mass Loading 
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