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ABSTRACT  
 

Wastewater reuses has been one of the important practices in human activities. Wastewater reclamation is 
intensively used worldwide for various purposes (e.g crop and landscape irrigation ornamental and recreational 
impoundment ground water recharge industrial purposes and fire protection). The objective of this study was to 
evaluate the performance of trickling filter for wastewater treatment. The process was easy and economic to 
operate. The total removals were 669.3(90%), 334.8(92.7%), 297.5(89.5%) for COD, BOD and TSS. Coliform 
and Escherichia coli were 6 log. Salmonella spp was not detected in the final effluent treatment. The density of 
E.coli was 1.5×102 MPN- index/100 ml with the final effluent. The characteristics of final effluent were suitable 
for reuse in various purposes such as crop and landscape irrigation and this due to good engineering design of 
the pilot which gives a qualified final effluent wastewater. 
 
Key words: wastewater treatment, trickling filter, biological, reuses. 
 
Introduction 
 

Wastewater may be defined as a combination of liquid or water-carried waste removed from residences, 
institutions, and commercial and industrial establishments, together with ground water, surface water and storm 
water. It generally contains a high load of oxygen demanding wastes, pathogenic or disease-causing agents, 
organic materials, nutrients that stimulate plant growth, inorganic chemicals and minerals and sediments. It may 
also contain toxic compounds. For many years the main goal of treating municipal wastewater was simply to 
reduce its content of suspended solids, oxygen-demanding materials, dissolved inorganic compounds, and 
harmful bacteria. In recent years, however, more stress has been placed on improving means of disposal of the 
solid residues from the municipal treatment processes. The basic methods of treating municipal wastewater fall 
into three stages: primary treatment, including grit removal, screening, grinding, and sedimentation; secondary 
treatment, which entails oxidation of dissolved organic matter by means of using biologically active sludge, 
which is then filtered off; and tertiary treatment, in which advanced biological methods of nitrogen removal and 
chemical and physical methods such as granular filtration (Canler et al., 1994). On one hand, here are 
operational problems involved in activated sludge systems (the most commonly used technique for wastewater 
treatment), including bulking (Blackbeard et al., 1986; Pujol and Canler, 1989; and Tomlinson, 1976), while, on 
the other hand, such treatment systems require large reactor volumes if ever-more-demanding pollutant 
elimination targets are to be achieved (Strohmeier and Schroeter, 1993; Smith and Hardy, 1992).  

In recent years a number of biological aerated filter (BAF) systems have been optimized and patented 
(Lazarova and Manem, 1994), retaining interest at the present time (Mann and Stephenson, 1997; Min Zhang et 
al., 1998; Kantardjieff and Jones, 1997). The most frequently studied biofilm support media have been clay-, 
schist- or plastic-based ones of various types, such as PE, polyethylene, and PS, polyesterene, (Tschui et al., 
1993). The Environmental Technology and Environmental Microbiology Groups research into BAFs began in 
the late 1980s, using wastematerials, with resulting benefits for the entire community (Zamorano et al., 1995). 
Work commenced with a ceramic-based material presenting good adsorption and filtering capacity (Osorio and 
Hontoria, 1998), and a plastic material presenting low density, which helps to reduce energy consumption 
during backwashing operation (Zamorano et al., 1996). Several years after study of the system commenced with 
each material functioning independently, we decided to verify if a system with a single bed composed of two 
separate layers within a single reactor would be able to improve the results. This system was therefore called a 
`doublelayer bed'. 

Wastewater reuses has been one of the important practices in human activities since the early 19th century 
these days , owing to the increasing environmental concerns as well as the political and technical limitations for 
the development of new water resources ,waste water reclamation is intensively used worldwide for various 
purposes (e.g crop and land scape irrigation ,ornamental and recreational impoundment , ground water recharge 
, industrial purposes and fire protection.  
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The pollutants with health hazards potential in waste water are grossly classified as biological and chemical 
agents, the acceptability of reclaimed water must rely on its chemical as well as its biological quality. For crop 
production several studies indicate that the use of secondary or tertiary treated wastewater is safe and acceptable 
in terms of potential for pathogen and trace element contamination of foods (Sonune and Ghate, 2004) 

Wastewater treatment using biofilms grown on a support media was the first continuous flow bioreactor 
employed a century ago. This wastewater treatment method became known as a trickling filter because waste 
water dosed intermittently over support media such as slage or rocks and trickled down through the media where 
organics were removed or filtered by microorganisms composing the biofilm (Tehobanoglous et al., 2003) 

in order to enhance biofilm formation, fixed-film reactors may be inoculated using activated sludge from 
waste water treatment plants with suspended growth process (sharvelle et al., 2008) or attached biofilm from 
fixed-film reactors (Green et al., 2006) used purchased microorganisms created especially for enhancing 
municipal waste water microbiology in fixed film treatment system.  wastewater treatment using biofilms grown 
on a support media was the first continuous flow bioreactor employed by sanitary engineers nearly a century 
ago, this wastewater treatment method became known as a trickling filter because waste water dosed 
intermittently over support media such as slag or rocks "trickled" down through the media where organics were 
removed or filtered by microorganisms composing the biofilm (Bitter1994, Tehobanoglous et al., 2003)  

The trickling filter was one of the first biochemical operations developed  to treat municipal waste water, 
rock or plastic packing one of the most widely used media for trickling filters (Tehobanoglous et al., 2003) the 
objectives of this work were to investigate the performance of trickling filters using micro organisms which 
attached on the media of trickling filters.   
 
Methodology: 

 
This work was carried out in two stages proceeded by preliminary tests. The first stage is the sedimentation 

(pretreatment) and the second is the filtration. The semi-pilot system was constructed and installed inside 
wastewater treatment plant. Also the laboratories were done at National Research center.  

Description of the pilot plant 
The general layout of the treatment unit was represented in Fig (1). The system consists of three main units: 

 
Collecting Tank: 
 

The collecting tank was made from galvanized steel of dimensions 1 × 0.80 × 0.80 m, to give appropriate 
volume 0.5 m3 for the uniformity of operation. 
 
Sedimentation tank: 
 

The sedimentation tank was made from galvanized steel of dimensions 1.2 × 0.60 × 0.50 m  with 0.20 m 
free board, and sheets of plastic nets (membrane was  plastic mesh of size 0.2 × 0.2 cm placed perpendicular to 
the direction of flow in order to remove some impurities and to be a media for bacterial growth. Tank was 
provided with sample collecting device, with adjusting the flow rate 0.04 l/sec, with detention time 
approximately 2.5 hrs. 
 
Vertical filter: 
 

UPVC pipe with 1.65 m total height and 0.5 m diameter was used as a vertical filter. The bed is consisted of  
different kinds of material such as 0.10m graduated gravel, 0.5m  layer of leca, overlaid by 0.25 m of 
commercial fiber , 0.5m coarse sand and another 10cm gravel at the bottom as shown in figure(1)  for a total 
media height of 1.45 m. The principal reasons to put the gravel layer on top  of the leca were to facilitate the 
operation, especially during backwashing,  as leca is very light aggregate due to the low density (specific gravity 
=0.8 t/m3) of the leca material which is a floating media. Leca can be obtained locally from Cement National 
Company. Grain sieve analysis for leca media was made (size No. (14-5) effective size diameter (mm) D10 =7 
and uniformity coefficient D60/D10 =1.7 .Also Grain sieve analysis for coarse sand was made, the effective size 
of coarse sand D10 =0.79 and uniformity coefficient (U) D60/D10 =1.9. The filter media should be durable not 
graded with high surface area to allow wastewater to pass downwards and air to pass upwards. The filter media 
were chosen because they are available in Egypt and have low cost. Special microorganisms were used such as 
Bacillus spp, Pseudomonas spp and Pediococcus spp with 106 CFU/ml. 
 
3-Experimental Procedure: 
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Wastewater samples were collected from different steps in the semi-pilot treatment system. The samples 
include raw water sample (1), after sedimentation sample (2), after leca, fiber filter sample (3) and after sand 
filter sample (4) at a period of four weeks.  The measured chemical variables were as follows: Total BOD5 
(mg/L); SS (mg/L); COD (mg/L); pH.  The calculated parameters when operating with the values adopted by 
the variables or other parameters as  Hydraulic load (m3/m2/h); and the next  bacteriological parameters  were 
Total BOD5 (mg/L); SS (mg/L); COD (mg/L); pH were measured following the Standard Methods for the 
Examination of Water and Wastewater, 24th Edn. (American Public Health Association, 2005). 

 
Results And Discussion 

 
The waste water averages were about 7.2 PH, 743.3 mg/l COD ,361.3 mg/l BOD5, 332.5 mg/l TSS, 82.5 

mg/l TKN , 6.4 mg/l TP  and 76.5 mg/l Oil l& grease .With the average biological characteristics of raw waste 
water were 4.8x109 total coliform, 5.6x108 faecal coliform 1.3x108 E. coli,1.8x108 faecal  streptococci and 2.7 
x104 Salmonella spp as MPN- index/100 ml (Tables 1&2) . After primary treatment COD, BOD5, TSS, TKN, 
TP and Oil l & grease averages of primary effluent were 604.5, 300.5, 285.5, 66.3, 5.2, and 56 mg/l 
respectively. Coliforms of primary effluent were 2×108 total coliform, 9.2×107 faecal coliform  and 5.9 ×106 E. 
coli  as MPN- index/100 ml  faecal  streptococci was 7.1x106 as MPN- index/100 ml. Salmonella SPP reduced 
to 2.7 ×103   as MPN- index/1000 ml (Tables 3&4) 

 

 
 

With primary sedimentation COD, BOD5, TSS, TKN, TP and Oil l& grease reductions were 18.7%, 16.8%, 
14, 1%, 19, 6%, 18.8% and 26.8% respectively. Total coliform, faecal coliform, E. coli and faecal streptococci 
reductions were 95.8, 83.6, 95.5 and 96%, Salmonella spp reduction was 90% .generally the function of primary 
treatment is to remove as such of the suspended solids as possible. Primary treatment utilize clarifies or settling 
tanks which remove the settable organics and settable inorganic solids from wastewater (Sonune and Ghate, 
2004).  Additional removal of organics can be accomplished by secondary treatment .The secondary treatment 
process consists of the biological treatment of waste water by utilizing trickling filter and many different types 
of microorganisms. In this study trickling filter consists of two stages, the secondary biological treatment 
removes the majority of COD  ,BOD5, TSS, TKN , TP  and Oil l& grease. With the first stage of trickling filter 
(T1) COD, BOD5, TSS, TKN, TP and Oil l& grease effluent were 229.3, 127.8, 114.8, 48, 3.5 and 30.5 mg/l 
respectively. Coliforms  effluent of trickling filter were 2 .1 ×106  total coliform, 6.4 ×104 faecal coliform  and 1 
×104  E. coli  as MPN- index/100 ml,  Salmonella spp reduced to 2.2 ×102 (Tables 5&6). With secondary  
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stages, the COD, BOD5, TSS, TKN, TP and Oil l& grease effluent were 74, 26.5, 35, 24, 1.6 and 13mg/l  
respectively .coliforms,  and  faecal  streptococci second of trickling filter effluent were 1 .8 x103 total coliform, 
2.9 x102  faecal coliform  and 1.5 x102  E. coli  and faecal  streptococci was 2.5x102 as MPN- index/100 ml,  
Salmonella spp was completely removed due to second stage of trickling filter (Tables 7&8). A trickling filter is 
a fixed- film reactor with nonsubmerged  medium over which waste water is distributed .Treatment  of WW 
occurs  when waste water passes through the biofilm attached to the medium trickling filters are used for 
organic matter removal  (Tchobanoglous et al., 2003) in order to enhance biofilm formation, fixed- film reactors 
may be inoculated using specific micro organisms such as Bacillus spp, Pseudomonas spp and Pediococcus spp 
(sharvelle et al., 2008) or attached biofilm from fixed-film reactors (Green et al., 2006).Trickling filters were 
capable of removing suspended solid, organic , inorganic and pathogenic microorganisms.With the first stage 
COD, BOD5, TSS and TKN reductions were,62.1%, 57.5%, 5 COD, BOD5, TSS and  TKN reductions were 
629.8%, and 27.6% respectively .COD, BOD5, TSS and  TKN reductions were increased with second stages. 
The biological reductions were 99 ,99.9, 99.8 and 99.7%  for total coliform, faecal coliform, E. coli  and faecal  
streptococci with first stage of TF .the reduction of TC, FC, E.coli and FS were increased with the second stage 
99.9, 99.5, 98, 5, 98.8% respectively.  Salmonella spp reductions were 91.9 % and 100% with the first and 
second stages respectively (Tables 9&10).  

  
Table 1: Chemical characteristics of raw waste water during four weeks 

Chemical parameters first week second week third week fourth week Average 
PH 7.2 7.11 7.13 7.2 7.2 
COD mg/l 795 700 665 813 743.3 
BOD mgo2/l 396 321 313 415 361.3 
TSS  mg/l 340 330 310 350 332.5 
TKN 83 84 72 91 82.5 
TP 7.6 6.1 6.2 5.8 6.4 
OIL&GREASE 70 79 77 80 76.5 

 
Table 2: Biological characteristics of raw waste water during four weeks 

Weeks 
MPN-index /100 ml 
Total coliform Faecal coliform E. coli Faecal  streptococci Samonella spp 

First week 7.1x109 4.6x108 3.1x107 4.8x107 1.2x104 
Second week 1.1x108 2.1x107 3.1x106 7x106 1.1x103 
Third week 4.6x109 2.4x108 1.4x108 2.1x108 3.4 x104 
Fourth week 7.5x109 1.5x109 3.5x108 4.6x108 6.1x104 
Average 4.8x109 5.6x108 1.3x108 1.8x108 2.7x104 

 
Table 3: Chemical quality of primary waste water during four weeks 

Chemical parameters first week second week third week fourth week Average 
PH 7.2 7.1 7.1 7.1 7.1 
COD mg/l 621 620 611 566 604.5 
BOD mgo2/l 291 268 321 322 300.5 
TSS  mg/l 288 254 289 311 285.5 
TKN 62 64 53 86 66.3 
TP 6.1 4.8 5.1 4.6 5.2 
OIL&GREASE 60 41 53 70 56 

 
Table 4: Biological quality of primary waste water during four weeks 

Weeks 
MPN-index /100 ml 
Total coliform Faecal coliform  E. coli   Faecal  streptococci Samonella spp 

1 6.7x108 6.1x107 2.1x107 1.1x107 3.5x103 
2 4.1x107 4.6x106 4.8x105 8.1x105 4.1x102 
3 6.4x107 3.6x106 1.2x106 2.4x106 4.6 x103 
4 2.8x107 2.3x107 1.3x106 1.4x107 2.1x103 
Average 2 x108 9.2x107 5.9x106 7.1x106 2.7x103 

 
Table 5: Chemical quality of first stage of trickling filter effluent during four weeks 

Chemical parameters first week second week third week fourth week Average 
PH 7.3 7.2 7.4 7.3 7.3 
COD mg/l 250 205 257 205 229.3 
BOD mgo2/l 140 110 130 131 127.8 
TSS  mg/l 103 120 102 134 114.8 
TKN 48 46 33 65 48 
TP 4 3.1 3.8 3.1 3.5 
OIL&GREASE 36 27 22 37 30.5 
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Table 6: Biological quality of first stage of filter effluent  during four weeks 

Weeks 
MPN-index /100 ml 

Total coliform 
Faecal 
coliform   E. coli   

Faecal  
streptococci Samonella spp 

1 8.2x106 2.3x105 3.8x104 6.1x104 4.1x102 
2 2.8x104 1.6x103 6.2x102 1.1x103 ND 
3 3.8x104 2.7x103 1.1x103 2.5x103 1.6 x102 
4 4.6x104 2.1x104 1.1x103 1.8x104 3.1x102 
Average 2.1 x106 6.4x104 1.02x104 2.1x104 2.2x102 

 
Table 7: Chemical quality of second stage of filter effluent  during four weeks 

Chemical parameters first week second week third week fourth week Average 
PH 7.4 7.3 7.7 7.4 7.5 
COD mg/l 72 79 70 70 74 
BOD mgo2/l 30 20 23 33 26.5 
TSS  mg/l 33 34 38 35 35 
TKN 26 21 22 27 24 
TP 1.6 1,4 1,5 2 1.6 
OIL&GREASE 13 12 11 16 13 

 
Table 8: Biological quality of second stage of filter effluent during four weeks 

Weeks 
MPN-index /100 ml 

Total coliform 
Faecal 
coliform   E. coli   

Faecal  
streptococci Samonella spp 

1 1.8x103 4.1x102 1.8 x102 2.1x102 ND 
2 1.2x102 1.1x102 1 x102 3.1x102 ND 
3 4.1x103 3.5x102 2.1x102 3.1x102 ND 
4 1.1x103 3.1x102 1x102 1.7x102 ND 
Average 1.8 x103 2.9x102 1.5x102 2.5x102 ND 

 
Table 9: Average removal for Chemical characteristics of waste water effluent   

Chemical parameters Primary treatment secondry T1 secondry T2 Total% removal 
COD mg/l 138.8 (18.7%) 375.2(62.1%) 182.3(79.5%) 669.3(90%) 
BOD mgo2/l 60.8 (16.8%) 172.7(57.5%) 101.3(79.3%) 334.8(92.7%) 
TSS  mg/l 47(14.1%) 170.7(59.8%) 79.8(69.5%) 297.5(89.5%) 
TKN 16.3(19.6%) 18.3(27.6%) 24(50%) 58.5(70.9%) 
TP 1.2(18.8%) 1.7(32.7%) 1.9(54.3%) 4.8(75%) 
OIL&GREASE 20.5(26.8%) 25.5(45.5%) 17.5(57.4%) 63.5(83%) 

 
Table 10: Average removal for bacterial indicator and salmonella SPP of waste water effluent 

TC FC E.coli FS Salmonella spp 

Primary treatment 
4.6x109 4.7x108 1.2x108 1.7x108 2.4x104 
95.80% 83.60% 95.50% 96% 90% 

secondry T1 
2 x108 9.2x107 5.9x106 7.1x106 24.8x102 
99% 99.90% 99.80% 99.70% 91.90% 

secondry T2 
2.1 x106 6.3x104 1.02x104 2.07x104 2.2x102 
99.90% 99.50% 98.50% 98.80% 100% 

Total avg. removal 6 log 6 log 6 log 6 log 4 log 

 
Conclusions: 

 
From this work it can be concluded that, good wastewater performance using trickling filter with specific 

microorganisms was achieved. The activity of microorganisms depends on the concentration and biochemical 
composition of the biologically active microorganisms Bacillus spp, Pseudomonas spp and Pediococcus spp and 
on the amount of biologically degradable biomass. The trickling filter in this study has proved a very reliable 
tool for controlling wastewater and its reuse. The final wastewater characteristics were 74, 26.5 , 35 for  COD  
,BOD5, TSS mg/l .with regard to biological water quality of final effluent was 1 .8 ×103 total coliform, 2.9 ×102  
faecal coliform  and 1.5 ×102  E. coli. Salmonella spp was not detected in the final effluent of wastewater. 

The good engineering design of the pilot gives a final effluent wastewater was suitable for crop and 
landscape irrigation. 
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