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Abstract 

 
Waste water treatment by using biological methods is very important area of research in environmental field because 

of its advantages and applicability. The suspended growth processes like activated sludge process are common in 

treatment facilities. Various aspects of biological processes for removal of various pollutants are being studied by 

investigators. The current review aims at studying the trickling filter systems for removal of various pollutants. The 

review  of research  carried out to study various aspects of trickling filter system with respect to its efficiency, 

operating parameters, economy of the process are  presented in this paper. It was observed that the trickling system 

has been used very effectively in laboratory scale. In many investigations, pilot plant and further scale up was also 

done successfully. Trickling filter system with or without  some modifications have been used successfully for 

removal of organic and inorganic  matter, pathogens.  

Keywords: percent removal, loading, effluent.  

 

     Introduction 
In the current scenario of industrial 

civilization, use of efficient and economical treatment 

facility for waste water is very important area of 

research. The organic and inorganic  pollutants like 

phenol, dyes, heavy metals are cause of concern for 

man and environment. Biological treatments of 

wastewater are very common and sought after 

methods.The suspended growth methods like 

activated sludge process(ASP) are often used in 

treatment plants. The attached growth processes are 

becoming increasingly important because of the 

disadvantages of  ASP  like inability to handle shock 

loads, power requirement  and production of large 

amount of sludge.The attached growth processes such 

as trickling filter(TF) are gaing importance because 

of their own advantages.Trickling filter is suitable in 

areas where large tracts of land are not available for a  

treatment system. Also it is Effective in treating high 

concentrations of organic material depending on the 

type of media used.Also it can handle shock loads 

and produces less sludge. In the current review , the 

research carried  out  for application of trickling 

filters for wastewater treatment  is summarized with 

respect to the aim, objective, methods and findings.  

Trickling Filters For Removal Of Various 

Pollutants From Wastewater 

A review on the design criteria of biological  

aerated filter (BAF) for chemical oxygen demand 

(COD), ammonia and manganese removal in drinking 

water treatment was done by Hassimi et.al.[1]. Their 

review was focused on the height and diameter 

dimensions for the BAF process system as well as the 

removal efficiency and the type of media used. The 

effect of biofilm growth, reactor configuration, 

aeration and backwash system on the BAF process 

was also studied in order to select the best design 

configuration for the BAF systems. The expected 

removal efficiency of COD and ammonia was within 

80-90%.The review showed that a BAF dimension 

with H/D ratio of 8 to 22 has a good removal for 

COD of 80-90%. The studies on models for trickling 
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filter process design were carried out by Logan 

et.al[2].Their model was based on biofilm model, 

first order uptake kinetics and laminar flow in thin 

films.It was assumed that that flow pattern over a 

biofilm is hydraulically identical to a Newtonian 

liquid flow down an inclined surface. The proposed 

trickling filter model was tested for accuracy by 

model prediction with several sets of laboratory, pilot 

plant and full scale data. It was observed that the 

removal kinetics was different for same wastewater 

but different media. With temperature, the fluid 

viscosity decreases, resulting in decrease in fluid 

residence time. Predicted soluble biological oxygen 

demand (sBOD) profiles for trickling filters at high 

organic loading also indicated good agreement with 

the observed removals. For all sets of readings the 

decrease in removal was observed with increasing 

loading.The trickling filter model succesfully 

predicted the sBOD removal in plastic media 

trickling filters. It was observed the rate of removal 

of pollutant was controlled by the diffusion to the 

biofilm and not uptake kinetics within biofilm.  An 

investigation on efficiency of total nitrogen removal 

in activated sludge and trickling filter processes was 

carried out  in Tehran North wastewater treatment 

plant by Nourmohammadi et. al.[3]. The treatment 

system included anoxic selector tank, aeration tank, 

final sedimentation, and trickling filter. To  provide 

complete nitrification in trickling filter,supernant of 

dewatered sludge was fed, where nitrification was 

done and this was converted to nitrogen in anoxic 

tank. The study indicated that low concentration of 

organic carbon and high concentration of NH4-N led 

to nitrification in TF. The nitrate denitrification to 

nitrogen gas occurred in selector area. Total nitrogen 

decreased approximately to 50% in biological 

process. This efficiency has been observed in 

returned flow around 24%from final sedimentation 

into TF.This TF process was found efficient than 

typical biological nutrient process. 

.In the changing scenario of environment, it 

is very important to develop an efficient compact, 

low cost treatment system that complies with 

applicable laws. Chemically enhanced trickling filter 

was studied for fast track evaluation of annual 

treatment cost by Ahemad[4]. The effect of different 

chemicals was incorporated through empirical 

performance formulas. The analysis of the results of 

the performance of the first stage of the treatment 

scheme indicated that about 80 % of the biological 

pollution load can be removed by the upstream 

chemical treatment at an optimal dose. The optimal 

economic dose of iron salts was 30 to 40 ppm 

according to unit capacity and characteristics of the 

influent. A review on improvements in biofilm 

processes for wastewater treatment was carried out 

by Ibrahim et. al[5]. The purpose of the review was 

to provide an overall vision of biofilm technology as 

an alternative method for treating waste waters.It was 

noticed during the review that fixed-film biological 

systems have been used widely in the treatment of 

wastewater, particularly in the attainment of 

secondary effluent standards and nitrification. 

Biofilm  processes  are attractive treatment processes 

and continue to be major research area, still being 

investigated.The modified trickling filter with a 

chitosan membrane coated matrix bed at the bottom, 

followed up by a conventional matrix bed was 

proposed by Soontarapa and Srinapawong[6]. They 

treated  raw domestic wastewater  from Sipraya water 

quality  improvement factory in Bangkok. The waste 

water was taken in the equalization tank. It was 

shown that chitosan could be extracted from the dried 

shrimp  shells in the same range as others. The 

consistency of the chitosan  membrane coated on the 

matrix was evaluated by observing the uniform 

appearance during coating and the resulting 

membrane weight. It was observed that  a uniform 

coating was obtained and the average membrane 

weight coated on the matrix was 0.0135 g. Also It 

was seen  that by replacing with precultivated matrix, 

the assimilation time was shortened. They concluded 

that a chitosan membrane on  trickling filter matrix, 

usually made of an inorganic material, could improve 

the wettability and enhance the adherence of 

microorganisms useful for wastewater treatment. 

Simsek and Ohm  collected dissolved organic carbon 

(DOC) and Biodegradable DOC ( BDOC) data along 

the treatment trains of two wastewater treatment 

plants (WWTPs) with a two-stage trickling filter (TF) 

system and an activated sludge (AS) + moving bed 

bioreactor (MBBR) system[7]. A comprehensive data 

collection study was conducted to examine the fate of 

DOC and BDOC for the treatment trains of two 
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different WWTPs equipped with (1) a two-stage 

trickling filter system (Fargo WWTP), and (2) an 

activated sludge + MBBR system (Moorhead 

WWTP). The BDOC fraction of DOC was about 

70% in the primary clarifier and it was gradually 

decreased through the final effluent.This study 

showed that at least 27% of the effluent DOC in the 

Fargo plant and about 37% of the effluent DOC in 

the Moorhead plant can be biodegradable with the 

method used in this study and about 7 mg/L and 17 

mg/L of effluent DOCs were stayed as biorecalcitrant 

in the Fargo and Moorhead WWTPs, respectively. It 

was observed that  DOC and BDOC removal 

efficiencies in the BOD and nitrification trickling 

filters were higher in the Fargo plant compared to 

those in the activated sludge and MBBR process in 

the Moorhead plant. 

A review on biological pathogens used in 

treatment facilities has been carried out by Okoh 

et.al[8]. The use of micro-organism is very common 

in treatment facilities. In trickling filters  the 

microorganisms in the wastewater attach themselves 

to the bed (also known as the filter media), which is 

covered with bacteria. They emphasized the need to 

understand the negative environmental impacts posed 

by the untreated or inadequately treated wastewater 

entering the nearby ecosystems, especially on the 

lives that depend on the ecosystem for sustenance. 

Dermou et. al. constructed a pilot-scale trickling filter 

and tested for biological chromium(VI)removal from 

industrial wastewater[9].The study was carried out in 

three modes namely batch, continuous and sequential 

batch reactor(SBR) with recirculation. The pilot-scale 

trickling filter  consisted of a Plexiglas tube, 160 cm 

high and 9 cm i.d. The support material was gravel 

with a mean diameter of 5.5 mm, and specific surface 

area of 1059 m2/m3, while the depth of the support 

media was 143 cm and the filter porosity 0.4. They 

achieved removal rate of about 0.5 kg Cr(VI)/m2 d. It 

was concluded that SBR operation with recirculation 

was a very effective operating mode, since it ensures 

even wetting of the filter and distribution of the 

precipitates all over filter volume. Application of 

biological filtration was studied by Kandasawamy 

et.al.[10]. Biofiltration was observed to be efficient 

method for waste treatment.Their study also 

emphasized that the maintenance of microorganisms 

in treatment facility is very important factor. While 

carrying out Biomass detachment by any method like 

backwashing, loughing and grazing, erosion of 

biomass may occurs. So biomass loss during the 

process also needs to be studied. 

Lopes and Ferreira used recent multiphase 

models in order to investigate the hydrodynamic 

behaviour of a Trickle-Bed Reactor(TBR) in terms of 

pressure drop, liquid holdup and catalyst wetting 

efficiency[11].Computational Fluid Dynamics(CFD 

)model predicts hydrodynamic parameters with 

reaction conditions quite well. They developed 

Eulerian k-fluid model resulting from the volume 

averaging of the continuity and momentum 

equations. It was solved for a 2D representation of 

the bed at unsteady state. It was concluded that 

Eulerian k-fluid model was a rational choice for flow 

simulation in packed beds. Numerical studies of 

catalyst wetting and total organic carbon reaction on 

environmentally based trickle-bed reactors were 

carried out by Lopes and Ferreira[12]. Their work 

was  devoted to the computational fluid dynamics 

(CFD) simulation of trickle-bed reactors (TBRs) with 

environmentally based applications on advanced 

wastewater remediation technologies. They used 

high-strength phenolic wastewaters for the catalytic 

wet oxidation for a case study to evaluate axial 

profiles of temperature and total organic carbon 

depletion rates. Also the theoretical calculations were 

compared against experimental data taken from a 

TBR pilot plant. The CFD simulation has shown very 

promosing results in this regard.The investigation on 

the influence of gas density on total external liquid 

hold-up, pressure drop and gas-liquid interfacial area, 

under trickle-flow conditions, and the transition to 

pulse flow was carried out by Wammes and 

Westerterp[13].In their study, a gas phase component 

A was absorbed into a liquid  phase, where it reacted 

irreversibly with a liquid phase component B. It was 

observed that under gas-liquid trickle-flow 

conditions, hysteresis behaviour can occur because of 

imperfect wetting of the surface. When the gas 

densities are high, transition between trickle-flow and 

pulse-flow regimes takes place at higher liquid 

throughputs and therefore the operating region for 

trickle flow becomes larger. As a first approximation, 

they used results obtained at low densities for area 

calculations. It was concluded that it was possible to 

extrapolate the results for higher diameters. 

In their investigation, Uraz and Atalay 

investigated catalytic wet air oxidation of wastewater 

that contains organic matter (phenol) in a laboratory 

scale trickle-bed reactor[14]. The aim of their study 
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was to determine the optimum operating conditions 

for the reaction of phenol in the wastewater with 

oxygen using a catalyst. They used industrial copper 

chromate catalyst. They studied the effects of 

temperature, gas flow rate, liquid space velocity and 

initial concentration of phenol on the conversion of 

phenol at constant pressure and the effect of pressure 

on the conversion of phenol at constant temperature. 

With increasing temperature, pressure, gas flow rate 

and liquid space velocity, the phenol conversion 

increased and it decreased with increasing initial 

concentration of phenol. It was observed that copper 

placed in the structure of the catalyst, mixed with the 

liquid stream during the reaction. Chirwa and Smit 

studied simultaneous Cr(vi) reduction and phenol 

degradation in a trickle bed reactor system[15].They 

achieved chromium reduction by a mixed culture of 

Cr(VI) reducing bacteria isolated from activated 

sludge from the wastewater.It was started in a 

mixture of phenol and glucose to acclimate the 

bacteria to phenol toxicity. After that it was supplied 

with with phenol as a sole carbon source in a trickle 

bed reactor system. The removal achieved was 70 

percent for chromium and 80 percent for phenol. It 

was concluded that biotreatment was economical 

alternative to chemical treatment of heavy metals. 

Patterson used peat bed filters for on-site treatment of 

septic tank effluent[16]. As a treatment mechanism 

for reducing the impact of septic tank effluent (STE), 

addition of  a bed of peat, approximately 600 mm 

deep on the receiving environment (land or water) 

has been shown to be significant. The aerobic 

environment was maintained by regular dosing of a 

BiogreenTM peat filter through a pressurised 

distribution system. Results showed  that faecal 

coliforms (FC) have been reduced by 99.46%, total 

nitrogen (TN) by 44.2% and total phosphorus by 

83.6%. Young and Chisti reviewed the bioreactor 

applications in wastewater treatment[17].They 

presented an overview of bioreactor applications in 

treatment of gaseous, liquid and solid wastes with 

emphasis on newer technologies. In their review they 

discussed various biotreatment technologies. The 

review also emphasized the importance and 

applications of trickle  reactors in waste treatment. 

Peng and Hu used immobilized trickle beds in series 

for continuous recovery of citrates from 

lignocellulosic waste through sewage 

leaching[18].They used artificial cellulose waste, 

after drying, pulverizing and blending. The 

microoraganisms were acclimated by recycle culture 

medium. The bed (I ) was having cellulosic waste 

with spores and aspergillas niger and rizopus 

chinesis. The second bed , bed(II) was having citrate 

producing strain.The feed was added with 20 I.U. of 

penicillin and 0.1 mg fluorocitrate per ml of effluent, 

before entering reactor (II). The citrate was recovered 

as calcium citrate, by addition of satutated calcium 

chloride. The chemical oxygen demand was reduced 

by 88 percent . Total 0.18 eq/l acid was obtained and 

citrate contributed to 8 g/l. The percentage recovery 

of 38 percent was obtained for citric acid.A research 

on performance of trickle bed reactor and active 

carbon in the liquid phase oxidation of phenol was 

carried out by Gabbiye et.al.[19].Their  study focused  

on the assessment of key  engineering aspects such as 

reactor start-up, gas-liquid flow directions and effects 

of temperature, pressure, phenol feed concentration 

and liquid flow rate on activity and stability 

performance of unsupported active carbon for trickle-

bed reactor and active carbon catalyst to catalytic wet 

air oxidation of phenolic pollutants. Their study 

showed that there was need of some promising 

options for improvement of catalyst stability. 

Hambali et. al investigated the textile 

wastewater decolorization performance using 

marasmius sp. in immersion and trickling 

systems[20].They used  pilot plant scale bioreactors 

to observe the best support configuration and modus 

operandi. An Indonesian white rot fungi namely 

Marasmius sp. grown on palm oil fibers was used 

throughout the study. The operation variables were 

support configurations, i.e. 2 and 3 beds, and modus 

operandi, i.e. trickling and immersion systems. The 

wastewater from a textile mill was used in research as 

sample effluent. It was observed that the most 

significant decolorization process occured after 5 

days and 14 days in the trickling system and 

immersion system, respectively. It was observed that 

decolorization process occurs not only due to 

enzymatic reaction, but also adsorption of the dye to 

the immobilization media. It was also seen that 

trickling system gives faster rate of decolorization 

process (5 days) compared to immersion system (2 

weeks).Carsky and Mbhele used immobilized marine 

algae for heavy metal treatment of wastewater[21]. 

Their  study was aimed at investigating  the 

adsorption characteristics of marine algae on copper 

solution as an alternate cheaper option with emphasis 

on its adsorption efficiency, stability and 

regeneration. The copper removal was studied with 

respect to the parameters like pH, initial metal 

concentration,biosorbent size, contact time, 

temperature and the ability of the biomass to be 

regenerated in sorption-desorption  experiments. The 

maximum copper uptake of 30 mg of copper / g of 

biomass was  observed.The corresponding operating 

conditions were 100 mg /L, 0.1 g of biomass, pH 4 
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and at temperature of 250C. It was also observed that 

copper uptake is increasing with increase in pH, with 

optimum being pH 4. They also observed that 60 

percent removal was observed in first 25 minutes, 

indicating fast kinetics of removal. The high 

efficiency of biosorption and elution, low biomass 

damage and stability over a prolonged operation were 

few aspects of this methods, making it very effective 

alternative for copper removal from effluent.  

Shrivastava and Majumdar  have studied 

novel biofiltration methods for treatment of heavy 

metals[22]. They concluded that there was a high 

possibility for effective application of biofilters for 

removal of toxic heavy metals from contaminated 

water in large scale. The success in microbial cloning 

technique may improve the removal efficiency and 

hence the reduction in treatment cost. Gangadhara  et. 

al. have carried out research on  Biofiltration of Cu 

(II) using acclimated mixed culture developed from 

activated sludge[23]. They used  mixed culture 

obtained from the sewage treatment plant for the 

bioremediation of heavy metal ion (copper) ions. 

They developed  a biofilter column for the removal of 

copper ions. Microbial species present in the sludge 

sample were isolated and identified for the 

bioremediation of Cu (II)ions. The sludge was mixed 

with equal amount of distilled water. It was then 

allowed to settle at room temperature in order to 

remove the supernatant and the sludge. This first 

settling was carried out in order to remove the 

dissolved impurities from sludge   and the second 

settling was carried out to collect microbial culture in 

the supernatant. The result showed 91.5% removal of 

copper ion was possible for 40 mg/l of inlet 

concentration of copper. Blecken et al.  worked on 

heavy metal removal by stormwater biofilters and 

invesigated the effect of drying and subsequent 

rewetting on the retention of heavy metals[24]. They 

prepared a biofilter column with  top layer, 400 mm, 

sandy loam, with vegetation (seven plants per column 

of Carexappressa R.Br. (Tall Sedge),  Bottom layer, 

400 mm, fine sand, Transition layer, 30 mm, coarse 

sand, drainage layer, 70 mm, fine gravel, with an 

embedded drainage pipe at the bottom which leads to 

a sampling outlet. They found that extended drying 

caused decreased metal removal from stormwater. 

However, even after drying of up to seven weeks, 

between 70% and 90% of metals were removed in the 

filter. Most importantly, the effect of drying could be 

minimised for Cu and even eliminated for Pb by a 

permanent submerge. Ali  has studied  removal of 

heavy metals from synthesis industrial wastewater 

using local isolated candida utilis and aspergillus 

niger as bio-filter[25]. They preapered biomass media  

of Candida Utilis which isolated from food sample 

and Aspergillus Niger which isolated from soil  and it 

was used for biosorption  of heavy metals from 

synthesis industrial wastewater. Two bio-filters were 

designed with height 10 cm, diameter 3cm and  layer 

with thickness of 2 cm  was arranged  inside 

cylindrical Persepx. The first layer of 5.6 g Candida 

Utilis biomass was  spread on the surface sponge and  

the second filter layer was used with 6g Aspergillus 

Niger.They studied various parameters like pH, 

residence time andflow rate.  The optimum removal 

efficiency of  chromium, lead, and nickel were 89%, 

90%, and 91% for Aspergillus Niger bio-filter, while 

it was 81%, 83%, 80% for Candida Utilis bio-filter at 

pH 6, residence time 10 min, flow rate 9 ml/min. 

 

Conclusion 
The trickling filter processes are very 

efficient in handling many types of water pollutants. 

COD removal upto 90 percent and nitrogen removal 

upto  99 percent was achieved in various researches. 

The removal of heavy metals like copper, lead and 

nickel was reported to be around 90 percent by using 

suitable microorganisms. The trickle bed was used 

also for recovery of citrate. The wastewater from 

mining , textile  and other industries has been treated 

successfully for removal of various pollutants. It can 

be concluded that the trickling filter systems provides  

very feasible and economical alternative for 

wastewater treatment. Various modifications are 

possible and are being explored  for making this 

operation more economical and efficient. 
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