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Abstract: The MMBF (multimedia biofilter) consists of four independent units of filtration materials, the top first unit is sand, the 
second unit is granular activated carbon, the third unit is crashed porcelanite, and the final bottom unit is crashed garnet. A set of 
experiments were planned and achieved to study the biological removal efficiency of the MMBF units under different hydraulic 
conditions. The results show that the participation of the first 10-centimeter layer of sand in the biological removal was high 
comparing with the lower layers of sand. Activated carbon played a significant role in the biological removal and such role was 
increased when using the ozone supply through the activated carbon, and this applies also when it is followed up the bacterial 
removal for E. coli, and the total coliform. However, the maximum removal efficiencies were 89.9% for COD, 88.9% for BOD5, 
while both E. coli and total coliform reaches 94% and 91% removal efficiency respectively and increases to 100% for both of them 
when using ozonation.       
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1. Introduction 

MMBF (multimedia biological filter) is a suggested 

vertically stratified medias filter that takes the 

advantage of both physical and biological filtration 

process. The first top unit is biosand filter, the second 

unit is biological activated carbont, the third unit is a 

crashed porcelanite, and the final bottom unit is 

crashed garnet. The suggested arrangement is adopted 

in order to add the benefits of variety of filtrations 

medias by using modern technologies of biological 

filters. It relies on locally available materials, reduces 

the space required for establishment, reduces the cost, 

and enables the smooth operation for the filtration 

system. 

The BSF (biosand filter) is an established 

point-of-use water treatment technology for household 

use in developing countries. It has been proven to 
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reduce disease-causing pathogens in water; however, 

the efficiency of the current process is limited to use 

on raw water with low turbidity. High turbidity water, 

commonly used as a drinking water source in 

developing countries, is defined as having turbidity > 

50 NTU in the GDWQ (guidelines for drinking-water 

quality) under the description of the roughing 

filtration process [1]. The BSF was developed in the 

early 1990s by Dr. David Manz, formerly of Ref. [2]. 

As with all slow sand filters, a biological layer of 

sediment and microorganisms develops at the sand 

surface within 3 weeks to 30 days [3]. Pathogens and 

suspended material are removed from contaminated 

water through a combination of biological and 

physical processes in the bio layer and sand bed.  

GAC (granular activated carbon) is commonly used 

in water treatments plants, granular activated carbons 

are utilized, in conjunction with ozone, in an advanced 

water treatment process known as the “BAC 

(biological activated carbon)” process [4], developed 
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during the 1970s [5], however, Rice and Robson [6] 

first suggested the term BAC for “a water or 

wastewater treatment system in which aerobic 

microbial activity is deliberately promoted in a GAC 

system”. The basis of this process is the breakdown, 

by oxidation with ozone, of a wide range of organic 

species into compounds which are degraded 

biologically on bacterial biomass which has developed 

on the surface of the activated carbon, and the 

adsorption of the non-biodegraded organic species, by 

conventional adsorption processes. 

Porcelanite is a fine-grained siliceous rock with a 

texture and a fracture resembling those of unglazed 

porcelain. It is a product of long term natural 

conversion of diatomite to porcelanite and so 

porcelanite to chert [7]. Porcelanite is suggested to be 

used as a filtering media in many Iraqi researches, 

because of the local availability and cost effective. 

The first Iraqi researcher Ansary [8] pointed to the use 

of this filter media, followed by further research of the 

Iraqi researchers such as Al-Bayaty [9] and Dheyaa 

[10]. 

Garnet is normally used as the lower (final) 

filtration layer of a multi-bed down flow filtration 

system because of its higher density and hardness. 

Back washing process is the important chance to 

discover the importance of garnet’s layer. It works as 

the energy dissipater with minimizing turbulence in 

order to prevent or minimize the scouring of other 

lighter filter medias [11]. 

2. Methods 

Filter column was prepared using local available 

PVR (poly vinyl reinforced) pipe of standard outer 

diameter of 315 mm and inner diameter of 295 mm as 

shown in Figs. 1 and 2. The pipe was divided to four 

pieces, one of 100 cm in length, and the other three 

are of 30 cm in length, the pieces are with flanged 

ends. Twelve piezometer holes are well done. Four 

over flow pipes on different levels are made in order 

to maintain a constant water head as 10, 20, 30 and 40 

cm respectively above the sand. Nine flow outlets 

were made in different distance using 0.5 inch (125 

mm) diameter PVR pipe, while the outlets ended with 

copper nozzle of 8 mm inner diameter. 

The filter column was placed on a steel frame, and 

flanged ends are connected with 12 screw plots, and 3 

water tight sheets were between the flanged ends. In 

order to prevent the mixing of separated media or 

washing out, circular strainer with additional plastic 

mesh was used as shown in Fig. 3.  

Additional copper supply pipe is made at the 

bottom of activated carbon column part to provide an 

opening for ozone supply needed in some 

experiments. 

The MMBF system process was described in Fig. 4, 

which includes most equipment that has been used for 

filtration experiments run.   
 

 
Fig. 1  Filter column which is set up in hydraulic lab.  
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Fig. 2  Detailed dimensions of the MMBF column, outlets, piezometers, and over flow pipes (the figure is not to scale). 

Numbering order of the 12 piezometers and the 9 outlets is starting from the bottom as P1, P2, and outlet No. 1, outlet No. 2. 

Symbols 

1: Sprinkler    

2: Gate valves and outlets

3: Filter column 

4: Over flow pipes 

5: Piezometers opening  

6: Nuts 

7: Ozone supply opening 

8: Flanged ends with 

triple water stops.   
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Fig. 3  The structure of PVR strainer, plastic mesh and inner piezometer tubes. 
 

 
Fig. 4  Detailed layout of the MMBF system. 
 

The dechlorinated polluted water was used. The 

dechlorination was done by interrupted aeration with 

air jet from the air compressor, the next step was by 

adding a 100 liters of sewage water to the 

dechlorinated tap water, and then adding 250 g of 

cerelac (baby food) for microorganisms growth. To 

insure the formulation of the biofilm, an expectation 

period of 4 weeks was achieved. During this period a 

10 cm of water level was maintained using a small 

water tank suspended on the ceiling. 

The polluted water then pumped from the storage 

tank through a sprinkler ended plastic pipe to the top 

of the filter column. Several water levels were applied 

(10, 20, 30 and 40 cm), as well as the changing of 
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outlet flow level (nine outlet levels).  

A continues monitoring of the pressure drop was 

achieved using the 12 piezometers mentioned before. 

Discharge was also measured with every change of 

water level and outlet position. 

Several tests were done to the flowing-in and 

flowing-out water using standard methods 

recommended by American Public Health Association 

[12]. The tests include COD (chemical oxygen 

demand), BOD (biochemical oxygen demand), DO 

(dissolved oxygen), E. coli count and total coliform 

count. In order to help development of BAC, ozone 

supplement was applied. The ozone was supplied by 

using ozone generator of 2 L/min discharge through a 

pre made pipe opening at the bottom side of GAC 

media. 

3. Results and Discussion  

3.1 Biological Removal Efficiency (Gray Water, 30 

cm Sand Depth) 

Both the BOD and COD tests measure the relative 

oxygen-depletion effect of a waste contaminant. Both 

have been widely adopted as a measure of pollution 

effect. The BOD test measures the oxygen demand of 

biodegradable pollutants whereas the COD test 

measures the oxygen demand of biodegradable 

pollutants plus the oxygen demand of 

non-biodegradable pollutants. 

Both BOD and COD tests were carried out for the 

inflow gray water, and outflow filtered water. Tables 1 

and 2 show results of those tests while Figs. 5-8 show 

the graphical representation of BOD5 and COD tests 

results, as well as its removal efficiency with respect 

to the head difference between the water levels above 

the sand and the outlet. 

The previous figures show an increase of BOD5 and 

COD removal efficiency with decreasing of head 

difference between inlet and outlet. Maximum 

removal were 88.9% (BOD5) and 89.8% (COD).  

The percentage participating of the sand and rest 

medias in BOD5 removal is represented in Fig. 9, the 

figure shows a noticed participating of carbon media in 

removal action, while other medias such as porcelanite 

and garnet show no effect in this removal action. 

3.2 Bacteria Removal Efficiency (Gray Water, 30 

cm Sand Depth) 

In order to examine the disinfection efficiency of 

the suggested multimedia biological filter, a set of 

bacterial tests were carried out. The tests include 

chasing E. coli and total coliform at the inflow and 

outflow. The previous tests were carried out with and 

without continuous ozone supply during the 

experiment run. The results show a good disinfection 

rate and this rate shows a significant improvement 

when  using  continuous  ozone  supply  during 

Table 1  BOD5 tests results. 

BOD5 (ppm) 

Water level above sand (cm)  
Outlet No. 

3 4 5 6 7 
10 (H10) 34 31 28 16  
20 (H20) 38 33 36 18 15 
30 (H30) 42 35 36 29 21 
40 (H40) 47 37 38 32 24 
 

Table 2  COD tests results. 

COD (ppm) 

Water level above sand (cm)  
Outlet No. 

3 4 5 6 7  
10 (H10) 60 50 50 30  
20 (H20) 70 60 65 35 25 
30 (H30) 80 70 70 50 40 
40 (H40) 90 75 75 60 50 
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Fig. 5  BOD5 test results for gray water, average input BOD5 = 135 ppm. 
 

 

 
Fig. 6  COD test results for gray water, average input COD = 245 ppm. 
 

 
Fig. 7  BOD5 removal efficiency vs. head difference between water levels above sand and outlet, for average BOD5 = 134.6 
ppm, gray water, sand depth = 30 cm.   
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Fig. 8  COD removal efficiency vs. head difference between water levels above sand and outlet, for average input COD = 245 
ppm, gray water, sand depth = 30 cm.  
 

 

Fig. 9  Percentage removal of BOD5 through MMBF column, average inlet BOD5 = 134.6 ppm, ∆H = 16 cm, gray water. 
 

experiment run. 

Tables 3-6 show the E. coli and total coliform 

counting results in CFU/100 mL, while Figs. 10 and 

11 show the graphical representation of the removal 

efficiency for both E. coli and total coliform. 

The percentage participation of the MMBF medias 

in bacterial removal efficiency was investigated. The 

results were graphically plotted for the both cases 

(with and without continuous ozone supply during 

experiment run) in Figs. 12-15. The results show that 

the major removal occurred at the first 10 cm of the 

sand depth with GAC media. The GAC media became 

more active in removal action when using the 

continuous ozone supply. While other medias such as 

porcelanite and garnet show no or negligible effect in 

this removal action. 
 

Table 3  Outlet E. coli count results for bio run using gray water, mean inlet E. coli count = 1,560 CFU/100 mL. 

Water level above and (cm)  
Outlet No. 

3 4 5 6 7 
H10 255 240 155 135  
H20 285 230 235 155 100 
H30 340 330 220 210 130 
H40 370 360 285 190 160 
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Table 4  Outlet total coliform count results for bio run using graywater, mean inlet total coliform count = 3,820 CFU/100 
mL. 

Water level above sand (cm)  Outlet No. 
3 4 5 6 7 

H10 610 510 410 395  
H20 720 530 560 445 355 
H30 800 820 610 560 380 
H40 1110 850 700 630 430 

 

Table 5  Outlet E. coli count results for ozone-bio run using gray water, mean inlet E.coli count = 1,287 CFU/100 mL. 

Water level above sand (cm)  Outlet No. 
3 4 5 6 7 

H10 0 0 0 0  
H20 0 0 0 0 0 
H30 24 0 0 0 0 
H40 45 21 0 0 0 

 

Table 6  Outlet total coliform count results for ozone-bio run using gray water, mean inlet total coliform count = 3,638 
CFU/100 mL. 

Water level above sand (cm)  Outlet No. 
3 4 5 6 7 

H10 0 0 0 0  
H20 38 0 0 0 0 
H30 94 39 0 0 0 
H40 173 76 32 0 0 

 

 
Fig. 10  E. coli removal efficiency vs. head difference between water levels above sand and outlet, gray water, sand depth = 
30 cm. 
 

 
Fig. 11  Total coliform removal efficiency vs. head difference between water levels above sand and outlet, gray water, sand 
depth = 30 cm.  
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Fig. 12  Percentage removal of E. coli through MMBF 
column, average inlet E. coli = 1,560 CFU/100 mL, ∆H = 56 
cm, bio run using gray water. 
 

 

Fig. 13  Percentage removal of total coliform through 

MMBF column, average inlet total coliform = 3,820 
CFU/100 mL, ∆H = 56 cm, bio run using gray water. 
 

 

Fig. 14  Percentage removal of E. coli (with continuous 
ozone supply) through MMBF column, average inlet E. coli 
= 1,287 CFU/100 mL, ∆H = 56 cm, gray water.  

 

Fig. 15  Percentage removal of total coliform (with 
continuous ozone supply) through MMBF column, average 
inlet total coliform = 3,638 CFU/100 mL, ∆H = 56 cm, gray 
water. 

4. Conclusion 

According to the results obtained, it can be noticed 

that removal efficiency by MMBF is strongly 

dependant on the head difference between water level 

and outlet (∆H) or in other words the detention time.  

Crashed porcelanite media effect on the overall 

removal efficiency varied form no effect at all as for 

BOD5 (0%) and bacterial removal when using 

ozonation (0%), to almost negligible effect as for 

bacteria removal without using ozonation (3.5% for 

total coliform, and 2.2% for E. coli).  

Porcelanite media usually use as alternative media 

instead of other media such as sand, since porcelanite 

is usually cheaper than sand. However, such 

conclusion was made according to the parameters 

used for the removal efficiency evaluation in this 

study, and that does not prevent any possible 

importance of porcelanite in removing of specific 

chemicals or minerals substance.   

Crashed garnet media removal efficiency has no 

effect for BOD5 (0%) and bacterial removal (0%). 

Even though the garnet media did not show important 

removal efficiency, such filter media is necessary for 

filter stabilization during back washing. 

GAC shows an excellent suffixing in biological 

removal (20.7% of BOD5), and bacterial removal 
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efficiency (11.8% for E. coli, and 14.7% for total 

coliform) and such removal efficiency shows 

noticeable improvement when using ozone supply 

(24.3% for E. coli, and 27.3% for total coliform).  

The first 10 cm of the sand media plays a major role 

in biological removal (38.5% of total removed BOD5). 

The bacterial removal efficiency was 61% of E. coli, 

and 54.5% of total coliform and increases to 64.2% of 

E. coli, and 57.4% of total coliform when using 

ozonation. 
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