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ABSTRACT. 
Lengthy detention times and warm weather / climate leads to septic waste water producing copious 
amounts of not only hydrogen sulphide, but also ammonia, organic sulphides, mercaptans, bringing 
numerous odour complaints on waste water treatment plants ( WWTP’s ) and pumping stations. An odour 
abatement unit therefore will have to treat not only hydrogen sulphide, but also other pollutants to reduce 
the total odour. The common odour abatement units which are usually implemented are systems like 
activated carbon filtration, chemical scrubbing and / or biofiltration. These systems however not always 
comply to the emission demands and can have considerable running costs. 
Biotrickling Filtration is a technology developed in the last years and which popularity have been grown 
ever since. Especially WWTP’s and pumping stations in Holland and Belgium have already many years of 
experience. 
 
A Biotrickling Filter consists out of a vessel filled with packing material, on which continuously or periodi- 
cally water is spread. After absorption in the thin water layer, the polluting components will be degraded 
by the micro-organisms which are settled on the packing material (in the so called “bio-film”). The degra- 
ded pollutants will be discharged out of the filter by the same water layer. Nutrients and minerals for the 
bacteria can be dosed by a separate dosingstation or by just adding effluent coming from a WWTP.  
An advantage to conventional systems is the excellent process control of the reactor and a medialife of 
more than 15 years. This all gives better a performance in many situations. 
 
DMT a Dutch based manufacture of Odour Control and Biogas Upgrading systems is now offering the 
Biotrickling Filtration technology in the UK.  
 
This paper will describe the operation and performance of the DMT Biotrickling Filtration systems, typical 
applications, detailing system efficiencies, capital costs and running costs.  
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INTRODUCTION. 
DMT Environmental Technology has developed considerable know-how and experience within the spe- 
cific area of odour control systems for WWTP’s and pumping stations. In the mid 1980’s DMT developed 
a chemical scrubbing process registered under the name of Sulfurex®. This process is based upon 
selective absorption of H2S in a solution of sodium hydroxide. Since 1985, DMT has been supplying 
odour control systems worldwide on a variety of projects.  
 
More recently, in the 1990’s, DMT has improved the Sulfurex® process and started to develop new 
technologies like chemical scrubbing in combination with biofiltration and biotrickling filtration with 
lavarock stones as packing material.  
 
Continuous research has lead to the latest in house developments which are the plastic media biotrickling 
filtration process known under the trade name of Bio-Sulfurex® and multiple stage biological odour 
control processes. 
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PRESENT SITUATION IN EUROPE FOR BIOLOGICAL ODOUR CO NTROL TECHNOLOGY. 
The Netherlands and Germany were the first countries in which large numbers of biological odour control 
systems were constructed. In the 1980s, the biofilter market grew rapidly and the 1980s and 1990s were 
the golden era of R&D on biological odour control in Europe. In recent years, biological technologies have 
been applied more frequently to control various emissions, because they eliminate many of the draw- 
backs of classical physical-chemical technologies.  
The disadvantages of the traditionally used air treatment technologies are high-energy costs ( incinera- 
tors ), the use of chemicals, which can be costly to purchase or dispose of and require special operational 
safety procedures ( chemical scrubbers ) and the production of waste products ( spent chemical solutions 
or spent activated carbon ). 
Estimations at the moment are indicating that there probably are more than 7,500 biological odour control 
systems installed in Europe, of which half are installed at sewage treatment plants and pumping stations. 
A significant body of knowledge and experiences have been generated on biological air purification in 
Europe and many improvements are still being made.  
 
In 2000, an inventory in Holland on biological odour control systems at WWTP’s was conducted ( e.g. 
STOWA, 2000 ). Approximately 80 – 90 % of the municipal WWTP’s were using odour control systems. 
Of these systems, 78 % were biological systems, 11 % chemical scrubbers and 2 % activated carbon 
adsorbers and 9 % treated the odorous gases by introducing these in the aeration basin ( scrubbing ).  
Four types of biofilter packing materials could be found : lava rock ( 38 % of the cases ), coconut fibres  
( 31 % ), compost ( 30 % ) and plastic media ( 1 % ). For new WWTP’s, chemical scrubbers are rarely 
used anymore. Over the last 10 years, odour control has become obligatory for all new sewage plants 
and traditional compost-based biofilters are being replaced by lava rock filters or biofilter systems with 
plastic media. 
 
 
ODOURS EMITTED FROM WWTP’S AND PUMPINGSTATIONS. 
Nearly every city has to deal with odour complaints from residents due to either wastewater collection or 
wastewater treatment. A wastewater treatment facility built years ago just outside a city is often now  
located near or in the middle of a new residential area. Wastewater collection systems have often been 
extended over the years, resulting in additional odour nuisance, due to the septic conditions created in 
these collection systems. Cities are searching for cost effective and community friendly methods of dea- 
ling with odours emitted from wastewater collection systems and WWTP’s.  
An odour control system will have to treat not only hydrogen sulphide, but also organic sulphides, mer- 
captans and ammonia in order to reduce the odour. See Table 1. 
 
In general there are following sources of odour nuisance in WWTP’s and pumping stations : 
1. Headworks, influent area : pumping stations, screens, grid chambers. 
2. Primary clarifier : clarifier basins. 
3. Sludge handling : sludge thickener, sludge dewatering. 
 
These sources produce following exhaust air constituents, to be divided into two groups : 
1. Organic compounds : hydrocarbons, sulphur, nitrogen. 
2. Inorganic compounds : hydrogen sulphide, ammonia. 
 
Table 1 : exhaust air constituents. 
Compound Formula Odour threshold ( ppb ) 
Sulphur compounds   
Hydrogen sulphide H2S 0.4 
Carbon disulphide CS2 2.8 
Methane thiol CH3S 1.0 
Ethane thiol C2H5S 0.2 
Propane thiol C3H7S 0.5 
Dimethyl sulphide CH3-S-CH3 1.0 
Diethyl sulphide C2H5-S-C2H5 0.25 
Dimethyl disulphide CH3-S-S-CH3 0.3 – 10 
Dimethyl trisulphide CH3-S-S-S-CH3 - 
Nitrogen compounds   
Ammonia NH3 37 
Methylamine CH3NH2 1 – 50 
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Ethylamine CH2H5NH2 2,400 
Propylamine C3H7NH2 7 
Dimethylamine (CH3)2NH 20 – 80  
Trimethylamine (CH3)3-N 0.2 
Indol C8H6N 1.5 
Skatol C9H8N 0.002 – 1.0 
Fatty acids   
Vinegar acid CH3COOH 37 
Butter acid C2H5COOH 0.05 – 2.0 
Valerian acid C3H7COOH 4,600 
Aldehydes and ketons   
Formaldehyde CH2O 37 
Acetealdehyde CH3CHO 0.005 – 2.0 
Acetone CH3-CO-CH3 4,600 
Butanone C2H5-CO-CH3 270 
 
 
ODOUR CONTROL TECHNOLOGIES. 
DMT Environmental Technology, a Dutch based manufacturer of odour control systems, has wide 
experience in the design and delivery of ‘state of the art’ odour control units in both industries and 
wastewater treatment plants. Its delivery program contains a wide range of technologies in which 
biological odour control processes are most important.  
The odour control systems which are usually implemented are systems comprises standard activated 
carbon filtration, chemical scrubbing and biological odour control technologies : 
 
Activated carbon filtration. 
In general activated carbon filtration is a good solution for odour control, but has following disadvantages :  

·  handling costs of activated carbon changes and disposal 
·  high maintenance costs 

For odour control, activated carbon filters are normally designed around 1,000 to 1,500 m3/m2/hour 
through a stage with a gas retention time of 4 – 6 seconds per stage. 
 
Chemical scrubbing. 
Chemical scrubbers are used successfully at many locations for many years to treat different kinds of 
odorous waste gas emissions. Chemical scrubbers have the benefit that they are relatively simple to 
design, flexible in operations and that they have many years of experience in both design and operations. 
However, their drawback is they require chemicals and require much operator attention. The maintenance 
required is also a risk as this is often insufficient. 
For odour control, chemical scrubbers are normally designed around 3,600 to 7,200 m3/m2/hour through 
a stage with a gas retention time of 2 – 3 seconds per stage. 
 
Biological odour control technologies.     
Biological technologies are applied increasingly to solve polluted waste gas emission problems. Many full-
scale biofilter systems have been built and operated. Over the recent years, much progress has been 
made in research fields like microbiology, process modelling, reactor design and –operation. As a result, 
more advanced biological odour control systems are developed of which some of them are applied 
successfully. 
 
Biological odour control systems can be used to remove a mixture of pollutants from the air that are 
turned into water, carbon dioxide and salts. Micro-organisms, basically bacteria, are the catalyst of this 
process. The overall process in a biological odour control system can be divided in two phases : the mass 
transfer of the pollutants from the foul air to the micro-organisms and the biological degradation of the 
pollutants. The combination of different physical, chemical and biological mechanisms results in a 
relatively complex system. Fundamental parameters like mass transfer, absorption of the different 
pollutants and degradation kinetics in the biofilm, as well as airflow and water distribution are often 
difficult to quantify for biological odour control systems. During the last few years, much progress has 
been made to understand the fundamental aspects, which are necessary for design and operations. 
 



 
 
 

      
 
 Odour Control on WWTP’s and Pumping Stations using DMT Biotrickling Filtration. 

4 

Biofilters.  
In a biofilter air is passed through a packed bed filled with a medium of organic material ( compost, coco- 
nut fibres, peed etc. ) which is used as a carrier for micro-organisms ( See figures 1 & 2 ). The organic 
media is also responsible for the nutrients in the process. The incoming flow of air has to be 100 % 
saturated with moisture.  
Conventional soil or organic based media biofilters are applied less frequently for the odour treatment at 
WWTP’s as they face important design limitations and operating stability problems. The air flow from 
wastewater normally contains hydrogen sulphide, which is in a biofilter oxidized into sulphuric acid. 
Sulphuric acid accumulates in the media, reducing the overall odour removal efficiencies over time ( See 
figure 3 ) because of acidification. Air flows from the different sources at a WWTP are normally not 
completely saturated with water, which leads to partial drying out of the media, especially in the inlet 
bottom part of the biofilter. Suboptimal moisture conditions are critical and will lead very rapidly to a 
reduction of odour removal efficiency in conventional biofilter systems. All are reasons of failing 
technology, if the result needs to be a technology that is operator friendly, controllable and effective on 
the long run.  
 

   
 
Figure 1:  Biofilter process                     Figure 2:  Biofilter 
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Figure 3:  Odour Removal Efficiency in relation to pH of media in biofilters. 

 
By installing a pre treatment unit ( scrubber ) for conditioning, humidification and ( partial ) removal of H2S 
the situation for the biofilter will improve. Nevertheless, mercaptans will not be removed sufficiently by a 
scrubber with sodium hydroxide to remove H2S. Mercaptans in the biofilter will cause acidification of the 
media. In order to stabilize the pH in biofilters, calcium carbonate can be mixed with the carrier material. 
In general, this is a temporary solution, after a certain period acidification will take place any way. 
 
For odour control, biofilters are normally designed around 100 to 150 m3/m2/hour through a stage with a 
gas retention time of 45 - 60 seconds per stage. 
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Biotricklingfilters. 
Problems like acidification, drying out and the requirement of media replacement with conventional bio- 
filters are solved by the development of the more advanced multi-layer bioreactors. In these bioreactors, 
the process control is improved as a more homogeneously water and air distribution is obtained and 
inorganic or engineered structured plastic media for the attachment of the biocatalyst ( bacteria ) are 
used. These improvements result in a much lower pressure drop over the system, which makes it 
possible to build vertical tall reactors. The footprint of these more advanced bioreactor systems is much 
smaller than the footprint required for conventional biofilters and is often comparable with the footprint of 
conventional chemical scrubbers. 
 
For odour control at WWTP’s the modern bioreactors are designed up to 2,000 m3/m2/hour with a resi- 
dence time from approximately 5 to more than 20 seconds depending on the concentrations I the waste 
gas.   
 
In general, biotrickling filters consist of a containment vessel with some type of inorganic media to support 
microbial growth. Foul air is introduced at the bottom of the media and with water sprayed over the top of 
the media. The water flows downwards through the media and provides a moist environment that 
encourages microbial growth ( See figures 4 & 5 ). For H2S treatment the microbes are chiefly Thiobacil- 
les, which remove H2S from the air as it passes through the media. The water also serves to flush the 
metabolic byproduct of sulphuric acid from the process. At WWTP’s, non-potable water can be used to 
supply sufficient nutrients for the bacteria. For collection system applications, potable water is used and 
supplemental nutrients are required to support the bacteria.   

 
 

 
Figure 4 :  Principle biotricklingfilter            Figure 5 :  Biotricklingfilters on a WWTP. 
 
Lavarock. 
Lavarock is a very popular medium for biotrickling filters because of the very high specific area ( between 
100.000 and 500.000 m2/m3 ! ). In figures 6 and 7 it is shown that lavarock has a large porosity and there 
fore creates a lot of space for bacteria to settle. In a biotrickling filter aerobic, anoxic and anaerobic zones 
are created so that a variety of degradation mechanisms is present. 
 
The biotrickling filter systems have multi layers of media to reduce the risk of airflow channelling and to 
allow irrigation of each layer separately. The process water in the biotrickling filter can be recirculated. 
The inorganic media ( a proprietary product ) is used to obtain an optimal interaction between the gas 
phase and the biofilm and to provide a durable operation of the reactor. The pH is often automatically 
controlled and the biotrickling filter contains at industrial sites a controllable interface system for the 
operator.  
 
The biotrickling filters at WWTP’s and pumping stations have to treat odorous air streams which are often 
small ( usually up to < 10,000 m3 / hour ). The composition of the compounds is relatively constant 
although concentrations fluctuate in time. High removal of the odours a.o. hydrogen sulphide and other  

Process water                     
      
              Air out  
      
      
      
    Lavarock 
    with bacteria 
      
         Recirculation   
Air in                       liquidphase 
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Figure 6 :  Packingmaterial    Figure 7:  Lavarock stones 
 
reduced sulphur compounds ( VOSC ) like mercaptans are required. The operation of the biotrickling filter 
should be able to function with or without fan. When functioning without a fan the air comes out a dwell 
only when wastewater enters the dwell. Low-pressure drop over the biotrickling filter is therefore required. 
Low maintenance and the simplicity of operation are important for this type of application.  
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Figure 8 :  Removal Efficiency of H2S at various media heights.  Figure 9 :  Removal Efficiecy of H2S in relation to EBCT. 
 
Removal efficiencies of H2S are related to the media height ( see figure 8 ) and the Empty Bed Contact 
Time ( see figure 9 ). 
 
Plastic media biotrickling filters. 
Various types of inorganic media are used in biotrickling filters. The first generation of biotrickling filters 
mainly uses lava rock media. Lava rock is relatively inexpensive and provides a high surface area, but the 
weight of the media can be a drawback. Lava rock has a very porous structure, although it offers an 
apparently extremely high specific surface area, much of this surface is blinded by rock to rock contacts. 
Additionally, much of the pore structure of lava rock is inaccessible to water needed to transport nutrients 
to the bacteria as well as to carry away byproducts from the bacteria. And as the byproduct of sulphide 
scavengers is sulphuric acid, the poor mass transfer of lava rock will act to poison any bacteria that do 
manage to colonize deep pores. See figure 10.  
 
The second generation of biotrickling filters is equipped with Advanced Plastic Media; this offers a 
number of advantages when utilized as a microbial support media : 

·  higher superficial design velocity = smaller unit size 
·  lower pressure drop = lower operating costs 
·  polypropylene media = not degraded by microbes of H2SO4 
·  low specific gravity = no need to build massive structures 
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·  uniform structure = plugging resistance / self cleaning 
·  100 % accessible surface = maintain bacterial colony in active growth phase 
·  structured media = prevents wicking or channelling common in porous media 
·  very high surface area, with entire surface available for microbe colonization 

 
 

     
Figure 10 :  Situation in lavarock media. 

 
The amount of H2S being destroyed in the bed of advanced plastic media is 3 times greater than the 
amount of H2S being destroyed in lava rock. This is achieved with a pressure drop that is a fraction of 
that of lava rock. The effective surface area of the microbial growth increases as the colony grows. On the 
other hand, lava rock is a very porous structure. Some pores will be blinded by rock to rock contact, other 
pores will be of limited value due to time dependent mass transport of nutrients into and waste products 
out of a given pore. 
 

   
 Figure 11 : Advanced plastic media for Biotricklingfilters                  
  
 
 
                                                                                          Figure 12 : Situation in plastic media. 
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Therefore, the effective surface area of the advanced plastic media increases vs. its dry surface area as 
the biological colony grows. And by the same logic, the effective surface of lava rock must be some factor 
less than the actual dry surface area of the rock when the rock is populated by microbes. 
As the microbial colony grows on the advanced plastic media the rounded surfaces and many needles 
limit the total mass that accumulates on the media. At some point some microbes will slough off the 
packing. This action provides a number of very beneficial effects ( see figures 11 and 12 ): 

·  the recirculating water is seeded with useful bacteria 
·  the plastic media is prevented from fouling due to this self cleaning design 
·  the bacterial colony supported on the plastic packing is maintained in active growth phase 

 
 
PILOT PROJECT BIOTRICKLINGFILTERS AT INDUSTRIAL WWT P IN EERBEEK / NL. 
DMT Environmental Technology is constantly working on further improvements of the biotrickling filter 
systems and is especially looking for the best media packing type to use. Therefore a pilot project was 
started in March 2007 at the WWTP of Eerbeek in Holland; three types of media in biotrickling filters are 
tested : Lavarock, Pall Rings and Advanced Structured Plastic Packing ( See figure 12 ). The main 
objectives of this field research and development work are as follows: 

·  Removal efficiency of H2S and mercaptans 
·  Elimination Capacity 
·  Fouling of the media 
·  Make-up and recirculation water 
·  Nutrients 
·  Energy Consumption 
·  Capital and Running Costs 

    
 

     
 

Figure 13 :  PFD and location of the pilot plant in Eerbeek / NL 
 
 
 
Process characteristics : 
-flow : 300 - 850 m3 / hour 
-H2S concentrations up to 400 ppm peak and 200 ppm average 
-process configuration : operation in parallel 
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Figure 14 :  DMT Pilot Plant in Eerbeek.  

 
Measurements and analysis air : flow, pressure drop across media, concentrations H2S & mercaptans 
Measurements and analysis water : flow, nutrients, trace elements, pH 
 
 

 
 

Figure 15 :  Tested media for Biotricklingfilters 
 
Conclusions so far. 
Although this pilot project is not yet finished it becomes very clear that Advanced Plastic Media is 
performing the best in terms of removal efficiency, pressure drop and fouling and therefore in running 
costs.   
 

 
 

Figure 16 :  Pressure drop across advanced plastic media 
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A COMPARISON OF THE MOST POPULAR ( BIOLOGICAL ) ODO UR CONTROL TECHNOLOGIES. 
Having discussed the most popular biological odour control technologies we can show following 
comparison ( See Tables 2, 3 and 4 ) :  
 
 
Table 2 : Comparison of various biological odour control syst ems 
Conventional biofilters Lava rock filters Biotrickl ing filters with 

advanced plastic media 
Organic packing material Inorganic packing material Plastic packing material 
Compost, bark, wood Lava rock Polypropylene 
Media height < 1.5 m Media height < 3.5 m Media height < 12 m 
Pressure loss < 1,500 Pa Pressure loss < 750 Pa Pressure loss < 100 Pa 
Good water retention Very good water retention Very good water retention 
Servicetime 2 – 4 years Servicetime > 10 years Servicetime > 15 years 
Filter area load < 100 m3/m2/hr Filter area load < 400 m3/m2/hr Filter area load < 2,000 m3/m2/hr 
Large footprint Small footprint Very small footprint 
Max. H2S concentration < 50 ppm Max. H2S concentration < 1,000 ppm  

( only with multiple stage process ) 
Max. H2S concentration <  5,000 ppm 

EBCT : > 60 sec EBCT : > 30 sec EBCT : > 10 sec 
Removal Efficiency ~ 90 % Removal Efficiency ~ 95 %  Removal Efficiency ~98 % 
No process control possible Limited process control possible ( pH, 

nutrients ) 
Process control possible ( pH, 
temperature, nutrients, pressure  ) 

 
Table 3 Indication running costs for various odour control technologies. 
Off gas volume 
5,000 m3 / hour 
Max. 250 ppm H2S  

Activated 
Carbon 

Chemical 
Scrubbing 
1 stage sodium 
hydroxide 

Biofiltration  
Organic media  
Pre-treatment 
with scrubber 

Biotrickling 
filter DMT 
Bio-Sulfurex® 
Lava Rock 

Biotrickling 
filter DMT 
Bio-Sulfurex® 
Plastic Media 

Costs of water  -  10,000    2,500   2,500   2,500 
Costs of chemicals -  30,000  10,000 - - 
Costs of nutrients - -    1,500   1,500   1,500 
Costs of AC 120,000 - - - - 
Costs of energy    15,000  25,000  17,500 15,000   5,000 
      
Depreciation *)     5,000  12,500  15,000   7,500   7,500 
Maintenance     2,500    5,000    7,500   2,500   1,500 
Operation      2,500    5,000     5,000   2,500   2,500 
      
Total cost in € / year 145,000  87,500  59,000 31,500 20,500 
      
*) Depreciation in 10 years. 
 
Table 4 Indication running costs for various odour control technologies. 
Off gas volume 
5,000 m3 / hour 
Max. 25 ppm H2S 

Activated 
Carbon 

Chemical 
Scrubbing 
1 stage sodium 
hydroxide 

Biofiltration  
Organic media  
 

Biotrickling 
filter DMT 
Bio-Sulfurex® 
Lava Rock 

Biotrickling 
filter DMT 
Bio-Sulfurex® 
Plastic Media 

Costs of water  -    3,000    1,500   1,500   1,500 
Costs of chemicals -  10,000 - - - 
Costs of nutrients - -       500      500      500 
Costs of AC   15,000 - - - - 
Costs of energy    15,000  25,000  17,500 10,000   5,000 
      
Depreciation *)     5,000  12,500  12,500   7,500   7,500 
Maintenance     2,500    5,000    5,000   1,500      500 
Operation      2,500    5,000     5,000   1,500   1,500 
      
Total cost in € / year   40,000  60,500  42,000 22,500 16,500 
      
*) Depreciation in 10 years. 
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THE MULTIPLE STAGE BIOLOGICAL ODOUR CONTROL PROCESS . 
In biological processes every micro-organism prefers it’s own process conditions. Especially pH, tempera- 
ture and substrate are playing important roles. Mass transfer is important for entering of the liquid phase 
by pollutants in order to reach the bacteria. The mass transfer for various components can also be 
dependent of pH and composition of fluid.  
Usually a variety of pollutants is present in the exhaust air, so placement of only one biological filter often 
appears to be not sufficient. For that reason a combination of processes is recommendable, a so called 
multiple stage biological odour control system.  
Therefore DMT decided to develop the multiple stage biological odour control process. The process 
exists out of one or two biotricklingfilter stages and 1 polishing step operating in series : 
 

           Stage 1         Stage 2                P olishing            
 
       

      
 
 
 
 
 
 

 
Figure 17 : Three stage biological odour control plant DMT on an industrial WWTP in Belgium.  

 
 
 
First stage Biotrickling filter.  
The first stage biotrickling filter is responsible for the removal of H2S and NH3 in the filter.  
The removal of H2S takes place by colourless sulphur bacteria like the Thiobacillus family, see figure 18. 
There are two different reactions taking place in the biotrickling filter. At aerobic conditions H2S is being 
transformed into SO4

2-. At anoxic conditions H2S is being transformed into elemental sulphur.  
 
 
 
 

pH 2-2,5 
H2S, NH3 
Transformation 

pH 6-7 
CH3SH,DMSD
MDS, NH3 
Transformation 

Polishing 
(NH3) 
ketones. 
aldehydes, 
etc. 
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The reactions are as follows : 
 

 
H2S(g)        �   H2S (l) + H2O  �  H3O

+ + HS-       (1) 
 

2HS- + 4O2  �   2SO4
2- + 2H+ D G0 =  -169,35 kJ/mol (2) 

 
2HS- + O2    �   2S + 2OH- D G0 =  -732,58 kJ/mol (3) 
 
2HS- + 2O2  �   H2O + S2O3

2- DG0 =  -387,35 kJ/mol  (4) 
 
1. Air to liquid phase to dissociation balance. 
2. Sulphide being transformed into sulphate in presence of oxygen.   
3. Sulphide being transformed into elemental sulphur in absence of oxygen. Figure 18.  Thiobacillus. 
4. Sulphide being transformed into thio sulphate at little biological activity. 
 
Reaction nr. 2 shows sulphate will be formed under normal process conditions, this means acidification of 
the biotricklingfilter. Therefore is necessary to use acidofile bacteria like the Thiobacillus family, which can 
also exist at low pH values.  
An interesting issue is the association of NH3 because of the presence of sulphuric acid in the reactor : 
 
2NH3 + H2SO4  ��    2NH4

+  + SO4
2- 

 
This means both H2S and NH3 can be removed in the same bioreactor. 
 
Second stage Biotricklingfilter.  
The reduction of mercaptans in a biotricklingfilter mainly takes place by the Hyphomicrobium bacteria. 
The reaction for reduction of DMS is as follows: 
 
CH3-S-CH3 + 5O2 �  H2SO4

2- +2CO2 + 2H2O  (5) 
 
5. Reduction of DMS by Hyphomicrobium bacteria. 
 
Out of reaction nr. 5 it appears that the reduction of mercaptans also causes acidification of the trickling 
filter by forming sulphate. The bacteria which takes care of the reduction of these kind of components 
belongs not to the acidofile bacteria. In order to let these bacteria do their job one has to maintain a pH 
value of 6, otherwise the reduction of mercaptans stops.  
Components like methanethiol and other acid components will not be solved in the liquid phase because 
of the pH value causes a restriction in diffusion. At higher pH values the dissociation-balance is different 
which causes the effect that pollutants are being solved quicker and easier in the liquid phase. This fact 
means optimal reduction by the bacteria. 
 
Polishing step. Biofiltration or Activated Carbon. 
After being treated in two separate biotrickling filter stages pollutants can eventually be present; they can 
be removed in a biofilter or an activated carbon filter, the third treatment step.  
In biofilters it ‘s more difficult to control the right pH value; therefore it is important to reduce most of the 
pollutants in the biotrickling filter stages and to use the biofiltration as a polishing step. Using only 
biofilters will cause immediate acidification of the media. In the biofiltration you can find the following 
bacteria present : Bacillus families, Streptomyces, Pseudomonades, Nitrosomonas, Thiobaccillus, 
Hypomicrobium. Other micro organisms : Doratomyces, Fusarium 
 
Aldehydes, ketones etc.  +  O2     CO2  + H2O + Biomass  (6) 
 
Ammonia, trimethylamines  +   O2            HNO2    HNO3  (7) 
 
NO3 +     C-source   N2 + CO2  + Biomass   (8) 
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6. Transformation of aldehydes, ketones etc. in CO2, H2O and biomass 
7. Nitrification of ammonia and other nitrogen-components in HNO2, HNO3  
8. Denitrification of nitrate and nitrite. 
 
At low concentrations bacteria can easily survive in a biofilter and staying dominant; this is mainly be- 
cause of the presence of organic material. Also divers bacteria and other micro organisms can cause a 
fibre network of bacteria and other micro organisms in which hydrophobe components easily can be 
solved. This network also functions as a good and large exchange area with the polluted air. 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 19 :  Concentrations of H2S, MT and DMS versus EBCT in a multiple stage biological process.  
 
In figure 10 it is shown how concentrations of various compounds are ‘running’ through the system and 
how an optimal removal efficiency is reached. Table 5 shows the economical side of the multiple stage 
process compared to more traditional systems in a typical situation. 
Multiple stage systems can be constructed as multiple vessel configuration in series or as vertical tall 
reactors with two or three stages. 
 
Table 5 Indication running costs for various odour control technologies. 
 
Off gas volume 
5,000 m3 / hour 
Max. 25 ppm H2S 
           5 ppm VOS 
         15 ppm NH3 

Activated Carbon Chemical Scrubbing 
3 stage  
H2SO4, NaHOCl, 
NaOH  

Biofiltration  
Organic media  
 

DMTMultiple Stage 
Bio-Sulfurex® 
Plastic Media 

Costs of water  -   10,000    2,500   2,500 
Costs of chemicals -   25,000 - - 
Costs of nutrients - -    1,000   1,000 
Costs of AC   50,000 - - - 
Costs of energy    15,000   30,000  17,500 12,500 
     
Depreciation *)     5,000   30,000  15,000 15,000 
Maintenance     2,500   10,000  10,000   2,500 
Operation      2,500   15,000     5,000   2,500 
     
Total cost in € / year   75,000 120,000  51,000 36,000 
     
*) Depreciation in 10 years. 
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CONCLUSIONS. 
Compost-based biofilters yield too many problems with acidification, drying and media renewal. Biofilters 
with lava rock and plastic media, so called biotricklingfilters, are wetted by the effluent water of the 
sewage plant that contains all necessary nutrient minerals and they have a long packing lifetime ( at least 
10 years ). As a result, the operational stability appears to be better and they are preferred because of 
their lower weight, smaller size and robustness. Plastic media are to be preferred because of better 
performance. Biotrickling filter systems have also been installed during the last couple of years in other 
parts of the world with great success. 
Multiple stage biological odour control processes are excellent for reaching high removal efficiencies on 
various polluting components next to situations where very low end concentrations are demanded.  
 

 
Figure 20 : Three stage biological odour control plant DMT on an industrial WWTP in Haifa, Israël. Capacity 8,000 m3 / hour.  
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Case study 1. 
 
Application : air from sewage pumping station 
Location : Roosendaal / NL 
 
Process characteristics : 
-flow : max. 3,600 m3 / hour 
-H2S concentrations up to 700 ppm peak and 300 ppm average 
-process configuration : operation in series 
-type of media : lavarock 
-removal efficiency 98 – 99 % 
 
Type of biotricklingfilter : 2 DMT Bio-Sulfurex® TGWB-4500-3500/LS 
 
 
 

       
 
Figure 21 : Two stage biological odour control plant DMT on a pumping station in Roosendaal, Holland. Capacity 3,600 m3 / hour.  
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Figure 22 : Removal efficiency H2S in the biotricklingfilters.  
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Case study 2. 
 
Application : air from sludge tanks, primary clarifiers, building and sludge containers at an industrial 
WWTP. 
Location : Schalkwijk / NL 
 
Process characteristics : 
-flow : max. 35,000 m3 / hour 
-H2S concentrations up to 100 ppm peak and 10 ppm average 
-process configuration : operation in parallel 
-type of media : lavarock 
-removal efficiency 98 – 99.8 % 
 
Type of biotricklingfilter : 5 DMT Bio-Sulfurex® TGWB-4000-3000/LS 
 
 
 
 
 
 

 
 
Figure 23 : One stage biological odour control plant DMT on an industrial WWTP in Schalkwijk, Holland. Capacity 35,000 m3 / hour.  
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Case study 3. 
 
Application : biogas from digesting plant for cow manure. 
Location : Emek Hefer, Israël 
  
Process characteristics :  
-flow : max. 1,500 m3 / hour 
-H2S concentrations up to 4,000 ppm peak and 2,000 ppm average 
-process configuration : single stage counter current 
-type of media : Plastic Packing 
-removal efficiency 98 – 99.8 % 
-type of biotrickling filter : Bio-Sulfurex® TGWB-4000-12000/4PR 
 

       
Figure 24 : One stage biological desulphurisation plant DMT on an industrial WWTP in Emek Hefer, Israël. Capacity 1,500 m3 / 
hour.  
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Figure 25 : Removal efficiency H2S in the biotricklingfilter.  
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