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Topical Outline 

 
Unit 1 ð Process Description and Classifications of Trickling Filters 
 
I. Overview of a Trickling Filter 

A. Description 

B. History 

C. Physical Components Description 

1. Distribution System 

2. Filter Media 

3. Underdrain System and Ventilation 

4. Containment Structure 

5. Influent and Recirculation Pumps 

6. Clarifier 

D. Process Description 

1. Process Biology 

2. Nitrification 

E. Advantages of a Trickling Filter 

F. Disadvantages of a Trickling Filter 

G. Performance 
 
II. Classification of Trickling Filters ï Design Criteria 

A. Low-Rate Filters 

1. Design Loading 

2. Media 

3. Effluent Quality 

4. Recirculation Capabilities 

5. Seasonal Sloughing 

6. Problems 

B. Standard or Intermediate-Rate Filters 

1. Design Loading 

2. Media 

3. Effluent Quality 

4. Recirculation Capabilities 
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5. Seasonal Sloughing 

6. Problems 

C. High-Rate Filters 

1. Design Loading 

2. Media Depth 

3. Effluent Quality 

4. Recirculation Capabilities 

D. Roughing Filters 

1. Design Loading 

2. Uses 
 
III. Loading Rates for Trickling Filters 

A. Hydraulic Loading Rate 

B. Organic Loading Rate 
 
IV. Staging Patterns 

A. Basic Treatment Unit Arrangement 

1. Single-Stage Arrangement 

2. Two-Stage Arrangement 

B. Orientation of Trickling Filters 

1. Series Orientation 

2. Parallel Orientation 
 
V. Recirculation Patterns 

A. Benefits of Recirculation 

1. Keeping the Filter Wet 

2. Diluting Slug Loads or Toxic Influent Wastewater 

3. Improving Treatment Efficiency 

4. Controlling Excess Biomass 

B. Recirculation Arrangements 

1. Single-Stage Recirculation Patterns 

2. Two-Stage Recirculation Patterns 

C. Notes Regarding Recirculation 
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Unit 2 ð Trickling Filter Operating Strategies 
 
I. Daily Operations and Process Control 

A. Physical Inspections 

B. Sampling and Recordkeeping 

1. Developing a Sampling Plan 

2. Suggested Testing Parameters 

3. Recordkeeping 

C. Process Control 

1. Flow Patterns, Distribution Rates and Clarifier Operation 

2. Monitoring 

3. Calculations 
 
II. Troubleshooting Poor Effluent Quality 

A. High Total Suspended Solids 

1. Causes and Effects 

2. Responses 

B. High Biochemical Oxygen Demand 

1. Causes and Effects 

2. Responses 

C. High Settleable Solids 

1. Causes and Effects 

2. Responses 

D. Low Dissolved Oxygen 

1. Causes and Effects 

2. Responses 

E. High Chlorine Demand 

1. Causes and Effects 

2. Responses 

F. Poor Clarity 

1. Causes and Effects 

2. Responses 

G. Low or High pH 

1. Causes and Effects 
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2. Responses 

H. High Fecal Coliform 

1. Causes and Effects 

2. Responses 

I. Nutrient Imbalance 

1. Causes and Effects 

2. Responses 
 
III. Troubleshooting Common Operating Problems 

A. Ponding, Clogging and Channeling 

1. Causes and Effects 

2. Responses 

B. Odors 

1. Causes and Effects 

2. Responses 

C. Filter Flies 

1. Causes and Effects 

2. Responses 

D. Sloughing 

1. Causes and Effects 

2. Responses 

E. Weather Concerns 

1. Causes and Effects 

2. Responses 

F. Shock Loads 

1. Causes and Effects 

2. Responses 

G. Mechanical 

1. Causes and Effects 

2. Responses 

H. Impacts of Other Processes 

3. Screening 

4. De-gritting 
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5. Primary Clarification 

6. Secondary Clarification 

7. Chlorination 
 
IV. Safety 

A. Distributor Arm 

B. Media 
 
Unit 3 ð Start-Up and Maintenance of Trickling Filters 
 
I. New Construction 

A. Inspection 

1. Packing Grease 

2. Nozzles 

3. Media 

4. Distributor Arm 

5. Underdrain System 

6. Painted Surfaces 

7. Valves 

8. Manuals 

B. Start-Up 

1. Mechanical 

2. Biological 
 
II. Maintenance 

A. Bearings and Seals 

1. Location 

2. Oil 

3. Mercury Seals 

B. Distributor Arms 

1. Procedure 

2. Adjustments 

C. Fixed Nozzles 

1. Procedures 

2. Adjustments 
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D. Underdrains 

1. Description 

2. Maintenance 

E. Pumps and Level/Recirculation Control System 

F. Routine and Planned 

G. Emergency 
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Unit 1 ð Process Description and Classifications 
of Trickling Filters 

 

 
 
 

Learning Objectives 

¶ Name the three components of a trickling filter. 

¶ Name the two general types of trickling filters based on method of distribution. 

¶ Describe the process and operation of a trickling filter. 

¶ Identify the three classifications of trickling filters based on hydraulic and organic loading rates. 

¶ Calculate hydraulic loading rates for trickling filters. 

¶ Calculate organic loading rates for trickling filters. 
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Overview 
 

 Trickling Filters are a unique type of fixed film biological treatment. In a trickling filter, the micro-
organisms used to treat the wastewater are attached, or fixed, to a medium as they contact the 
wastewater. These micro-organisms form a slime growth on the medium known as zoogleal film. 

 

§ Wastewater applied to a trickling filter has already passed through a mechanical bar screen or 
a fine screen, grit removal, and/or primary clarifiers where the majority of settleable and 
floatable solids must be removed. 

 

§ Wastewater is distributed over the top of the medium and slowly trickles through it. The 
biological growth is attached to the media. 

 

§ This contrasts with ñsuspended growthò biological treatment, where the micro-organisms float 
freely in the wastewater. 

 

§ As the slime growth thickens, the micro-organisms near the media face enter an endogenous 
growth phase and lose their ability to cling to the media surface. The flowing wastewater then 
scours the slime from the media in a process called sloughing. 

 

§ Trickling filter effluent always passes through a secondary clarifier or sand filter to allow for 
capture of solids generated and sloughed off the media because of treating the wastewater. 

 

§ The sludge (solids) from a final clarifier should be pumped back to the primary clarifier or to a 
sludge thickener for further treatment. 
 

§ Rock media systems are labeled trickling filters. Plastic media systems are known as 
biotowers. 
 

§ Many older rock media systems are being refurbished for continued use. 
 

§ Fixed-film systems remove CBOD5 and dissolved organics. Some systems can be operated to 
also remove ammonia through nitrification. 

 
 
Although these units are referred to as òTrickling Filters,ó no physical filtration occurs. Instead, 
contaminants are removed by biological processes in an aerobic environment.  
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Figure 1.1 Trickling Filter Overview 1 
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History 
 
Trickling filters were the most widely used form of wastewater treatment in the first half of the twentieth 
century. The first trickling filter used for a large public treatment system was installed in Madison, 
Wisconsin, in 1912. 
 
By the middle of the twentieth century, suspended growth activated sludge systems started becoming more 
common. 
 

§ Effluent quality achieved with the new activated sludge systems was often better than those achieved 
with trickling filters. 

 
The invention of lightweight, synthetic media increased the treatment capability of trickling filters. 
 

 Trickling filters are still considered a viable treatment alternative due to their low energy and 
maintenance requirements and their ability to treat variable organic loads and toxic substances. 

 
 In some cases, fixed film and suspended growth processes have been combined to take 

advantage of each especially to reduce the effects of shock loads. 
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Physical Description 
 
Trickling filters may be circular with a rotary distributor or stationary with a dosing chamber and a spray 
field. Trickling filters are composed of three basic components: 
 

§ Distribution System 
 

§ Filter Media 
 

§ Underdrain System 
 
 

 
Figure 1.2 Circular Trickling Filter Diagram 2 
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Figure 1.3 Stationary Trickling Filter with Fixed Individual Spray Heads 

 
 

 
Figure 1.4 Dosing Chamber for Stationary Trickling Filters 
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Distribution System 
 
The Distribution System distributes wastewater over the media surface. For optimum treatment efficiency, a 
uniform hydraulic load per unit area is required. 
 
Circular trickling filters use rotary arms to distribute wastewater. Stationary trickling filters use fixed spray 
heads to distribute wastewater. 
 
 
Circular Trickling Filter with Rotary Arms 
 

§ Rotary arms consist of two or more horizontal pipes suspended above the filter media. 

o The horizontal pipes are also known as ñdistributor arms.ò 
 

§ Wastewater is distributed over the media through orifices located along one side of the pipes. 

o They are typically set in motion by the force of the wastewater flowing out of nozzles on one end of 
the arm. 

o They can also be motor-driven to control the rotational speed. 
 

 
Figure 1.5 Trickling Filter Rotary Arm 3 

 

Rotary Arm 
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Stationary Trickling Filter with Fixed Spray Heads 
 

§ Spray heads are arranged in a fixed pattern near the surface of the media.  
 

§ They are like lawn sprinklers in appearance and function. 
 

§ Spray heads are supplied by a piping network maintained below the surface of the media. 
 

§ Fixed-nozzle distribution systems are not as common as rotary arms due to: 

o An extensive piping and pumping system to provide even flow distribution; and 

o Difficult access for maintenance and repair. 
 
 

 
Figure 1.6 Spray Head for a Stationary Trickling Filter 
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Filter Medium 
 

 The Filter Medium provides a surface for the biological slime layer or zoogleal film to attach and 
grow. This layer consists of bacteria and micro-organisms, such as protozoa. 

 
The filter media needs to be durable, insoluble, and resistant to chemicals. There are generally three types 
of filter media: 
 

§ Rock (or slag) 
 

§ Redwood (no longer used in new systems) 
 

§ Synthetic Materials 
 
 
Rock (or slag) 
 
Rock is the original media used in trickling filters. It is generally field stone, slag, or crushed stone. 
Typically, the rocks are approximately 2 to 4 inches in diameter. 
 

§ The actual size is not too critical; however, it is important that the media is uniform to allow sufficient 
ventilation through the void space. 

 

§ The biggest disadvantage of rock or slag is that the stone will occupy most of the volume of the filter 
bed: 

 
o This reduces the void spaces necessary for the passage of air, which limits the surface 

area per unit volume for biological growth. 
 

o There is typically only 35% void space between rock media. 
 

 

Figure 1.7 Rock Trickling Filter Media 4 
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Redwood 
 
Redwood lumber can be used to support the biological slime layer. However, the use of redwood lumber 
has decreased, and very few if any new trickling filters use redwood media. 
 

 

Figure 1.8 Redwood Trickling Filter Media 5 
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Synthetic Material 
 
Synthetic materials used as filter media are lightweight materials, typically plastics, originally developed in 
the 1950ôs. Synthetic materials provide approximately 95% void space between the media. The advantages 
to synthetic material are: 
 

§ More surface area for microbial growth 
 

§ More void space to promote air flow 
 

§ Uniform media allows even loading distribution 
 

§ The lightweight design allows: 

o Ease of installation and handling of material 

o Construction of deeper beds 
 
 
The two general classifications of synthetic media are: 
 

§ Cross Flow 

 
Figure 1.9 Plastic Cross Flow Trickling Filter Media 6 

 
 

§ Random Dump 

 

Figure 1.10 Plastic Random Dump Trickling Filter Media 7 
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Underdrain System and Ventilation 
 
The underdrain system collects treated wastewater and solids discharged from the filter media and conveys 
them to a sedimentation tank. The system is located below, or underneath, the filter media and operates by 
gravity flow. 
 

§ It has a sloped bottom which directs flow to a center channel 
 

§ It provides support for the filter media, which sits on top of the underdrain system 
 

§ It allows air circulation through the media 

o The requirement for free passage of air controls the size of openings in the underdrain 
 
 
The underdrain system is typically composed of either: 
 

§ Vitrified clay blocks 
 

§ Fiberglass grating over collection troughs 
 
 

 
Figure 1.11 Trickling Filter Underdrain System 8 
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Figure 1.12 Side View of the Underdrain System for a Stationary Trickling Filter 
 




