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ABSTRACT 

A biological aerated filter combines bacterial degrndation of pollutants by fIXed biomass with 
physical filtration in a single reactor at a pilot plant, was utilized for organics removal under 
tropical climatic cooditions. Modified domestic wastewater was used as feed, in the u prlow 
mode. The process consisted of (I granular media bed of polystyrene with a specific gravity less 
tlH10 water. Headloss during bioliltration was studied as a fuoction of wastewater temperature, 
now velocity a.nd time. EKperiments were conducted at 4 different temperatures (30, 38, 45 and 
55°C) with 4 velocities (2, 4, 6 llod 8 m h-1). Th<J lowest filter run time range was 5.5-10 hours at 
38°C, with over 84% of the soluble COD removal at all velocities investigated, A decreasing 
gradient of biomass from bottom to top of the renclor was observed. The optimal suspended solids 
removal occurred at 30°C with 6 m h·1 velocity indicating tnat at lower temperatures, maximum 
suspended solids removal could be Obtained. The results indicated that effiucnt S8 could be less 
than 30 lUg L·l meeting the typical standard for secondary treated effluent. 

Keywords:	 Upflow filtration, biological aerated filter, domestic wastewater, polystyrene, floating 
media 

INTRODUCTION In these reactors, usage of suitably sized 
granular support media gives rise to a filtration 

In traditional dom estic wastewater phenomenon, which retain the suspended matter, 
tre atm ent, carbon aceou sand oi trogenous eliminating the need fOl· 11 secondary clarifier. 
pollutants are removed from wastewater using These fixed growth techniques combine the 
aerobic biological processes such as activated advantages of quick maturation which give higher 
sludge units or trickling filters. Although both operational flexibility in terms of applied load 
these methods are proven to be reliable, they with filtration capacity. Thu $, high treatment 
occupy large land areas and ure regarded as capacities can be achieved in space-suving 
in com pl ete proce sses which can not really in stall a ti oos. 
accommodate major changes in load, due to The Biological Aerated Filter (BAF) is an 
limited biomass or steady aeration. attached growth aerobic biofllm process where 

Aerobic biological treatment is possible in wastewater is filtered downward through a fully 
small reactors by using support media, with submerged bed of small rocks, which act as the 
subsequent shorter contact and response times, biofilm support media. The bed is aerated 
provided that: (a) concentration of active mechanically. There is no settling tank. This 
bi om ass in th e reactor rem ains high; (b) filter requires periodic backwashing to remove 
aeration system is reliable and effective the excess biomass and retained solids. 
enough to meet the oxygen demand of the medium; On the otherhand the floating filter which 
and (c) excess biomass is kept under strict was used in this study is a modified fonn of 
con tro1. aerobi c biological reactor fe a tu r es fi xe d 
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biomass attached to a single-layer fixed bed 
support medium positioned in cocurrent upward 
air and wastewater flows. This process is 
technical1 y a comhi nation of the con ven tional 
trickling t1lter and upward rapid sand filtration. 
The filter medium applied is granular 
polystyrene of which specific gravity is much 
less than that of water. These beads which 
physically resemble the sand media, float just 
below the water surface. By adjusting the position 
of the air injcction level, a combination of 
aerobic and anaerobic zones can be created 
withi n a singl e fil ter bed. 

Rogalla and Bourbigot (l) reported that the 
noati ng filter process allows com pi cte 
degradation of carbonaceous material, retention 
of su spended soli ds, amm oni a oxidati on an d 
denitrification, with loading rates close to 10 kg 
COD m- 3 d' 1 in one reactor. An effluent 
requirement of less than 8 mg L-t of total 
Nitrogen, together with residual of less than 10 
mg L·l BOD and su spended solids (2) could be 
achieved at temperatures around 10 c C and 
detention time of around 2 hours. The high 
perform ance of the floating filter is due to the 
carefully selected support media, efficient 
aeration system, cocurrent upward flow of air 
and wastewater and the effective washing 
process. This process permits easy backwash of 
synthetic media as a result of its light-weight. 
Th erefore energy consumpti on duri ng downflow 
washes is minimiz~d as the energy required to 
f1 uiclize the bed is much lower than oth er 
comparative processes. 

Although much research work has been 
conducted on the use of this process in temperate 
climates (e. g. ::;20°C), little is known about its 
operation in tropical climates. This 
experimental work focused on replacement of the 
conventional high specific gravity porous media 
by synthetic media (polystyrene). Due to its low 
specific gravity, the media was always 
maintained in suspension, which facilitated easy 
backwash. 

The objective of this research was to verify 
the limits of floating biofilters to achieve 
secondary treatment level, for domestic 
wastewater in tropical climatic conditions, 
where the wastestream temperature is expected to 
be well above 20 c C. The clogging phenomenon 
due to accelerated microbial growth at high 
temperature, the stability of the process under 
highly variable temperature and hydraulic loads 
and the stability of filter media to support 
different specific microorganisms (e.g. 
mesophilic and thermophilic) were also studied. 

MATERIALS AND METHODS 

The experimental study was carried out in a 
pilot scale unit as schematized in Figure 1. The 
filter column was made of an acrylic tube of 0.2 
m diameter and 4 m height. The height of the 
supporting bed of polystyrene media was 2.9 m, 
while 0.7 m was available fOI' bed expansion 
during downward backwashing. Influent 
percolated in an upflow direction cocurrent with 
air, through the submerged fixed-bed. The air was 
introduced at a distance of 0.44 m from the bottom 
of th e filter bed. The non aerated zone thus 
created at the bottom was used for prefiltration 
and for rendering ol'ganic material more easily 
biodegradabl e. 

The cocurren t upflow arrangement offered 
the follOwing advantages: (a) suspended matter 
was retained in a uniform fashion; (b) fluid 
distributi on was free of air pockets, blockages or 
irregular flow patterns throughout the filter run; 
(c) highly effective oxygenation due to the fact that 
the bubbles do not coalesce and therefore retai n 

their optimal surface/volume ratio; (d) an even 
pattern of filter soiling enabling higher flow 
velocities which can only be achieved in upflow 
systems through greater medium penetration, 
where the finest particles accumulate in the 
upper reaches of the support and preventing 
sudden system clogging (via straining). 

Since the suspended matter becomes 
attached across the full height of the support, the 
length of the treatment cycle is considerably 
increased, thus saving energy and reducing the 
quantity of wash water. 

In an upflow system, pressure inside the 
supporting media is always positive, a fact which 
encourage s expansi on. The com bi ned loss of 
head and hydraulic load eliminate the danger of 
gas pockets causing local clogging, which would 
lead to local accelerations in flow, thus 
shortening the mean contact time and 
diminishing the efficiency of the purification 
process. 

Characteri sti cs of the fl OB ti ng granul ar 
support media are summarized in Table 1. 

Settled Asian Institute of Technology 
wastewater was fed into the reactor from its 
bottom, using three pumps connected in series. 
Wastewater characteristics were modified by 
adcli ng gl uco se to si m u] ate th e average 
characteristics of the domestic wastewater of 
Bangkok metropolitan arel1. Average 
characteristics of the wastewater are: total COD 
= 300 mg L-1, filtered COD = 250 mg L·1, BOD5 = 
240±10 mg L'\ and S8 =60±20 mgL-l. Temperature 
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Figure 1. Schematic diagram of the experimental set-up. 



Table 1. Characteristics of floating granular support media. Star/-u. 

Media Type 

Nature 

Size 

Apparent density of the media 

of wastewater was mnintained constant at 30, 38, 
45 or 55°C using thermostats as shown in the 
Figure 1. 

Backwashing Procedure 

Since the filters progressively clogged due 
to the development of excess biomass and the 
reten ti on of suspen ded soli ds, occasi on al 
backwashing was required. The wash must be 
efficient enough to maximize the length of the 
purification cycles while minimizing energy 
consumption and the quantities of wash air and 
wash water (3). Further, the wash must cause no 
damage to the support media and the fraction of 
biomass required for the rapid restart of the 
bioreactor. In these experiments, washing cycles 
vari ed according to parti cu1aT operati ng 
condition (temperature and velocity). A General 
washing cycle con~ists of: 1) high velocity initial 
water backwashing approximately for 5 minutes; 
2) air scour for 2 minutes; 3) 2 minutes delay 
time for separation of floating media; 4) 
repeti tion of steps 1 to 3 for 3 times; 5) final 
water rinsing for 15 minutes. The 
triggering the backwash was based on 
build up, which was typically 1.7-1.8 m. 

Analysis of Fixed Biomass 

time for 
headloss 

Samples of granular medium were taken at 
three points as shown in Figure 2 to represent the 
three zones vi z. an aerobi c, transition and 
aerobic zones. Each sample was composed of ten 
media grains. The grains were rinsed with 
eli stilled water in order to remove loosely fixed 
or adsorbed biomass and organic matter. The 
amount of biomass fixed on the grains was 
estimated by measuring the dry weight. A sample 
of 10 grains was put in the oven (103°C) for 15 
minutes. The difference in weight of the sample 
and the blank gave the weight of dry biofilm. The 
results were expressed as mg fixed biomass per 
100 grains (4). 

Polystyrene 

Spherical, white color, light weight 

2-3.5 mm 

46gV1 

Effluent Analysis 

Filtered COD, BOD5 and SS measurements 
were carried out on emuent samples, according 
to Standard Methods (5). 

Experi men tal Proced ure 

The experiments were conducted in two 
different stages namely; (a) start-up, and (b) 
study of carbonaceous (BOD) removal kinetics on 
fixed biomass, under steady state conditions. 

a 
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Start-up experiments (acclimatization tests): 
A low hydraulic loading of 0.5 m3 m- 2 h- I 

with a temperature of 30°C, and aerobic: 
anaerobic depth ratio of 5:0.7 were applied until 
steady-state carbonaceous (BOD) removal was 
observed in the reactor (11). During this period 
effiuent was recirculated with a recirculation 
ratio of 2: 1 to a void potential limitations due to 
lack of active microorganisms. 

After the steady state was attained, hydraulic 
loading was gradually increased to 1 m3 m- 2 h- I 

with a recirculation ratio of L1 and to the final 
hydraulic loading of 2 m3 m- 2 h- 1 without 
re circu) a tj 0 n­

During the acclimatization period, typical 
physico-chemical und fixed biomass parameters 
were an alyzed accordi ngly, for the three 
sampling zones (Figure 2). 

Carbonaceous removal tests: 
Working experiments consisted of 13 runs 

under preset operating conditions. Each set of 
run was performed with a different temperature 
and velocity. For example, the first run was 
conduded with temperature of 30°C, velocity of 2 
m h- I , the second run for the same temperature but 
wi th a velocity of 4 m h- I , etc. Table 2 shows 
operational variables for the experimental 
series. 

RESULTS AND DISCUSSION 

Clogging and Headloss Development in the 
Biofilter 

1n a biologi cal filter, clogging occurs 
mainly due to accumulation of large quantities of 
bacterial precipitates within the entire filter 
bed. The characteristics of this phenomenon 
were affected by velocities. At a low velocity of 2 
m h- 1 the clogging occurred mainly at the lower 
end of the media bed. This event caused the rapid 
increase in headloss at points No.1 and No.2 
from the bottom of the reactor as shown in 
Figures 3(0.), (b) and 4(a). This infers that 
mainly the bottom 1 m of the bed is responsible 

for SS removal. The remaining portion of the bed 
is used for polishing. 

As the filtration velocity was augmented by a 
factor of 2 (to 4 m h- 1), it was noted that bacterial 
precipitate accumulation occurred from points 1 
to 4, i.e. the bottom 2 m of the bed. With the 
increase of filtration velocity, an increase of the 
bacterial mass accumulation was seen, which 
eventually curtailed the filter run time, from 24 
hours at 2 m h- I to 7 hours at 4 m h- I . Further 
increase in filtration velocity showed 
improvement in terms of using total bed depth for 
solids accumulation and distribution of headloss, 
throughout the bed. 

The filtration mechanism' in a biological 
filter is more complex, than in a conventional 
rapid sand Glter used for water treatment_ In a 
bi ologi cal fil ter, the micro-bi 0] ogi cal growth 
within the filter media will reduce the pore 
volume. The bioflocculated particles attach on to 
the surface of the filter medium as they pass by, 
enhanci ng the rem oval of parti cl es. As th e 
filtration velocity is increased, sam e of th e 
attached material is sheared away from the media 
and pushed further into the filter bed. This 
increases headloss throughout the bed depth 
(refer to Figure 4(a) & (b»). When the headloss 
increases, the local surface shear fOl"ce 
increases to a point at which no additional 
material can be retained within the media and 
sloughing or breakthrough occurs. This is the 
major cause for increase of SS in the effiuent, 
with the increase in filtration ve]ocHy. For 
example SS removal at 8 m h- 1 was 60-79%, while 
that at 2 m h-1 was 74-80%. Similar observations 
were made at the influent wastewater 
temperatures of 38, 45 and 55°C (Refer Figures 6 
& 8 and Table 3). 

Effects of Temperature and Velocity on Organics 
and Suspended Solids Removal 

A set of typical experimental results are 
presented in Figures 5 and 6. Here, for the feed 
wastewater temperature of 30¢C at 4 m h -1, 

Table 2_ Operating parameters of the filter runs with BOD5 "" 250 mg j,1 and air supply 20 m3 kg-) 
BOD applied. 

Experiment Start-up Working (at steady state) 

Temperature (ec) 30 30 38 45 55 

Velocity (m h- I ) 0_5 &1 2 4 6 8 2 4 6 8 2 4 6 8 6 
Run No. 1 2 3 4 5 6 7 8 9 10 11 12 13 
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Figuro 3. Headloss profile for different filtration velocities at 30°C. 

thermo 
extremoly good quality of emuent in terms of SS solids in the anaerobic zone increases organic of the 
and organic removal was observed. The curves concentration. When the filtration velocity was are cal 
on Figure 5 show that the effluent COD of the doubled (8 m h'\), the effiuent quality deteriorated produc'
anaerobic zone seemed to be quasi equal to the for both 88 and organic remova\. Tl 
influent COD. It means that the 0.44 m long Although high temperature may kill transp(
anaerobic reactor could not eliminate organic microorganisms by destroying RNA and by detach1 
matter at all and the decomposition of retained injuring the cytoplasmic membrane, related 
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thermophilic bacteria are able to take advantage 
of the greater availability of nutIients and thus 
are capable of growing with lower biomass and 
produce a better quality effluent in terms of COD. 

The bi om ass formati on process i nel udes 
transport, adsorption, desorption, attachment and 
detachment (7). Jn additi on, these processes are 
related to the characteristics of surface film, 

base film and bulk liquid. With the increase in 
tern peratu re, the vi scosi ty of bu Ik Ii qui d 
decreased and the fncti onal resistance al so 
decreased. Subsequently, entrapment of colloidal 
parti c1 es by surface biofil mal so decreases, 
which accounts for the reduction in SS removal 
efficiency (Table 3). 

Table 3 summarizes the relationships 
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Table 3. Summary of experimental results - percentage removal efficiency of COD & SS. 

Velocity (m h· l ) T = 30°C	 T = 38°C 

Inj.head Duration COD S3 Ini.head Duration COD $ 
(cm) (hour) (mg L-l) (mg L-l) (em) (hour) (mg L-l) (mg L-I) 1 

0.5 (2:1) 0.5 8 days 90% 
~,~250/20 

1 (1:1) 0.5 >4 days	 95.2%
 
250/12
 

2 22 24, 83.3% 78.7% 16-18 10-11 86% 80%
 
240/40 75/16 253/35 45/9
 

4 23-24 7-10 85.5% 93.2% 18-20 6.5-7 86.7% 76.6%
 
270/40 73.3/5 256/34 47/11
 

6 38-40 6-6.2 89.4% 74.5% 33-38 5-5.5 84.4% 69.4%
 
245/26 55/14 224/35 36/11
 

8 63-65 4 75.8% 78.6% 34-44 5-5.5 89.6% 63.6%
 
256/62 56/12 259/27 33/12
 

Velocity (m h· l ) T", 45°C	 T= 55°C 

Ini.head Duration COD $ Ini .head Duration COD $ 
(em) (hour) (mg L·I) (mg L·l) (cm) (hour) (mg L-t) (rug L·I) 

0.5 (2:1) 

1 (1: 1) 

2 2.4-2.5 40	 87.9% 73.6%
 
248/30 53/14
 

4 6-7 20 83.9% 64.9%
 
249/40 57/20
 

6 17 8 77.1% 64.3% 6 9 78.5% 41.5%
 
240/55 72/25.5 251/54 82/48
 

8	 30.7 6-6.5 82.8% 60%
 
250/45 80/32
 

Note: 250/20: inf1ueot concentration is 250 mg L" I, and the cffiucnt conccntration is 20 mg Vi
 
Durution: Duration or l11wr cycle
 

bet ween wastewater tem pera ture, organ ics runs were mostly higher than those of 30°C runs,
 
removal and SS removal. Here, the efficiencies proving that at an appropriate temperature,
 
for COD removal were 76% to 89% at 30°C, from microorganism s could increase the uptake of
 
84% to 87% at 38"C and 77% to 88% at 45°C. It was Ol'ganic matter.
 
found that during steady state, stable COO could be When increasing the temperature to 45°C,
 
achieved within the first hour. The SS removal the high biological growth did not occur as
 
efficiencies obtained at 30°C were 75-92 %, 64­ expected. This is due to the inability of
 
80% at 38°C and 60-74% at 45"C. mesophilic bacteria to exist even only a few
 

For most microorganisms, the growth rate degrees above their specific temperature range. 
increases two to threefold for each 10°C rise in Their growth rate is abated because this 
temperature between the minimum and the maximum limit was exceeded. Figures 7 and 8 
optimum. This was true in cases of 30°C and show the biomass reduction in this case. 
38°C, because both values are in the cardinal The experimental results of run 55°C and 6 

dropp'temperature range (i.e. 11-41°C; (6) of m h· 1 (Table 3) showed that organic rem oval 
run c(mesophilic bacteria. The experimental results efficiency is almost similar to that of the run of 
(30 mshow that organic removal efficiencies of 38"C 45°C and 6 m h· l , but SS removal em ci ency 
was s 
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dropped from 64.3% to 41.5%. SS residual of this mg/100 grains for both 45 & 55°C (Figure 8). 
run could not meet the secondary treatment level This indicates that th e thermophilic bacteria 
(30 mg L'l), whil e the amount of fixed biomass were flourishing at this operating temperature 
was still maintained at a common level of 30-40 range. 
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The velocity of 6 m h- 1 was the best rate in the 
view of removing organic matter and 4 m h- I was 
the best for removing S8 (Table 3). Both values 
are close to 5 m h- I , the common design velocity 
of rapid sand filters used in water treatment. 

These experimental results showed that the 
maximum COD removal of 14.6 kg m-3 .d- I , could 
be achieved at a temperature of 38°C and a 
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t'i~ 

r'" 

.. 

.... 23	 "'123 

filtration velocity 6 m h· l , l=anaerobic zone, 

velocity of 8 m h-] (hydraulic loading rate of 144 
m3 m· 2 d· l ). In comparasion the BAF process 
typically removes 2-3.5 kg BOD m- 3 d- I with 
maximum hydraulic loading rate of 60 m:> m· 2 d· l 

at 15°C (2). Another biofil ter case study in 
Thailand (8) reported that optimum removal 
efficiency could be achieved with 5.6 kg BOD m':> 
d'] at 28°C with a velocity of 1.5 m h- J (hydraulic 
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loading rate of 35 m3 m-2 d-I). It is evident that 
thi s re se arch stu dy sh OWlS a si gni fj can t 
improvement over both these cases. 

The combination of bacterial degradation of 
pollutants by fixed biomass and physical 
filtration in a single reactor, in floating filter 
treatment systems, make their performance 
independent of clarification and sludge 
settleability limits. In contrast, a conventional 
biologi cal process would suffer from significant 
emuent deterioration if a widely fluctuating load 
were applied. This study demonstrated that, a 
loading of 16.6 kg COD m· 3 d· t could be achieved 
with a floating filter system, which is 
significantlly higher than 3 kg BOD m,3 d·l for the 
conventionallhigh rate activated sludge process' 
and 8 kg BOD m-3 d·1 for a modern (plastic media) 
trickling filter. 

Effects of Temperature and Viscosity on 
Bi ofi I ter Performance 

Since headloss build-up is a function of 
fixed biomass, it is expected to increase with the 
increase of temperature or organic loading rate, 
even tually 1eadi ng to rapid fil ter clogging and 
shorter filter runs. 

Figure 9 presents the experimental 
relationship between filter run duration and 

temperature for different velocities. Though a 
linear declination of filter run duration with 
increasing temperature was expected , these 
resul ts clearly demonstrate shortest filter ruo 
was obtained at an optimum temperature of 38°C. 
Thi s con tradi cti ng experi men tal result can be 
explained by the inverse relationship between 
temperature and nuid viscosity and the roJc of 
influent viscosity in the filter clogging in 
addition to 
outside the 
meso phi Ji c 

When 
50°C the 

the reduced production of biomass 
cardinal temperature range of the 

bacteri a. 
temperature increased from 30 to 
viscosity has diminished by 27% 

reveali ng its im portance in biofilter cloggi ng. 
Metcalf and Eddy (9) address this problem of the 
ki nem atic vi scosi ty of liquid di mi nishing with 
increasing temperature and its effect on fluid 
motion which leads to a decrease in headloss. 
There are many factors that explain why optimum 
carboneous removal efficiency occuned at 38°C, 
such as tempe'rature, ecological environment, 
characteristics of biofil m, strength of floc in the 
wastewater, hydraulic loading rate, organic 
loading rate, etc, However, temperature can be 
considered the main reason, since it strongly 
affects the above mentioned factors and also 
contributes to the removal effectiveness of 
organic matter as previously explained. 
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Figure 9. Filter run duration as a fu nction of temperature and filtration velociti es. 
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Microbial Cell Growth and Attachment within the 
Filter Bed 

During the experimental runs, samples of 
media grains were taken at the beginning and end 
of each run, in order to determine the evolution of 
the bjomass fixed on the granular support. 
Figures 7 and 8 demonstrate the biomass growth 
for filtration velocities 2 and 6 m h' J, at the 
beginning and the end of the filter run at 
temperatures of 30, 38 and 45°C. Similar results 
were obtained for filtration velocities of 4 and 8 
mh· l . 

A general decreasing gradient of biomass 
from bottom to top of the reactor was observed, at 
the end of the run. Biomass of the anaerobic zone 
was higher than that of aerobic zone due to 
nutrient content. In the aerobic zone, growth was 
considera bly lower due to lower nutrie nt 
availability. A bright brown color was observed 
in the aerobic zone. The anaerobic zone was 
characterized a blaek and dark brown color while 
the transition zone had a mixture of these colors. 

During the filter backwashing operation, the 
attached biofilm was subject to fierce abrasion. 
Thus most of the bi ofil m was detached and washed 
away with the backwash water (See Figure 10). 
However, the backwashing operation removed 
only the non active layer, while the thin active 
layer on the media surface remained intact. This 
active bioiilm layer played a significant role in 
the second cycle or' filtration where the biomass 
growth was aceel erated. This phenomenon is 
presented in Figures 7 and 8. Fixed biomass at 
the beginning of the filter run represented the 
active layer and that at the end was the total layer. 
Mter a filter backwash cycle, fixed biomass tend 

Total layer 

to increase. A higher specific respiration rate 
per mass of bacteria are typically achieved in the 
remaining active layer of the biofilm (10). For 
the anaerobic zone, at the Clod of the run, the 
maximu m biom ass accum ulati on on the support 
media reached 70-80 mg/lOO grains and for the 
transition and aerobic zones values of 68 and 23 
mg/IOO grains were obtained respectively. 

During the run with 38°C, microbial 
colonies in anaerobic and transition zones 
developed rapidly. Here, the biomass 
concentration, at the start of the run was 50-53 
mg/lOO grains for the 2 m h- I , 54-57 mg/IOO 
grains for the 4 m h· 1 and 61-65 mg/lOO grains for 
the 6 m h· 1 velocities. However, fixed biomass 
reduced slightly to 40-41 mg/IOO grains at the 8 m 
h-1 velocity. When the temperature was increased 
to 45°C a significant reduction in the biomass 
growth was noled indicating that the micro­
organisms responsible for biomass growth and 
the organic removal predominantly occurred at 
around 38°C and the increase in temperature 
reduced their growth. This observation is further 
supported by the increase in filter run and 
reduction in effluent quality previously 
discussed. 

At 38°C, the filter run times for all the 
velocities were reduced greatly in comparison 
with 30°C. Figure 9 show that minimum run 
duration of 10.5 hours for the 2 m h· 1 velocity was 
observed at 38°C. The equivalent filtration time 
at 30°C was 24 hours. The minimum filter run 
durations for 4 m h· 1 and 6 m h- I velocities Were 7 
hours and 5.5 hours respectively, again at 38°C. 

The 38°C was regarded as the optimum 
temperature of stenothermal organisms leading 
to proliferation (6). This supports the result of 

ActIve layer 

backwash 
~ 

Befon~ backwashing	 After backwashing 

Figul'e 10. Fixed biomass before and after backwashing. 
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shortest fJJter runs at this temperature. Although Hence, increase in temperature, did alters the 
anti ci pa ted th e ph en om e non of ill i crobi al biomass growth rate and type. In addition, 
proliferation did not occur in the case of 8 m h') organJc and hydraulic loadi ng rate too will affect 
velocity run. For runs with 8 m h-I velocity the the growth of biomass. 
shortest filter Tun (4 hours) was at 30°C Among the [our tested operating 
(compared with 5.5 hours at 38°C). This can be temperatures (30, 38, 45 and 55"C), the shortest 
explained by the fact that microbiological growth fi1 ter ru n was obtai ncd at 38 OC, i ndicati ng 
is a function of both organic and hydraulic maxi mum microbia] growth, leadi ng to rapid 
loadings on the filter. The hydraulic loading filter clogging. At this temperature, 
accounts for shear velocities. Thus, high velocity carbonaceous pollutant removal rates remained 
of 8 m h'[ affected the formation of the slime almost stable (84-87% - 27 to 35 mg L-I) over the 
layer. In other words the morphology of the filtration velocity range tested (2-8 m h"). The 
surface film is more or less directly related to removal rate was approximately 14.6 kg COD m·3 

the h eadl 06S build-up and i ndirectJ y to the dayl under 16.6 kg COD m· 3 day·l maximum 
filtratio n peri od. applied loading rate. Retention' time less than 

one	 hour, within the biofilter is appropriate for 
CONCLUSIONS	 domestic wastewater tretment. The role of 

stenothennal organisms was found to be directly 
Bacteri al precipitates in the biofilter cause related to removal efficiency, recycle time and 

the filter clogging. This bacterial accumulation backwash wuter consumption. It was noticed that 
will be near the bottom of the filter bed for lower suspended solids removal decreased with 
filtration velocities and will spread upwards increased temperature due to the variations of 
wi th in creasi ng veloci ti es, si nce the high er characteristics of bio-flocculent partie! os on the 
velocities cause the media to shear and move filter medium. 
further into the filter bed. Thus, higher filtration During steady.state, although a portion of 
velocities improve the usage of total filter depth biomass was lost after backwashing, a good 
for solids accumulation and increase the quality effluent was achieved within one hour. 
headloss throughout the bed, while distributing it This means that there was little disturbance to 
throughout the bed. This solids accumul ation active attached biomass during backwash 
su bseque ntly curtail th e filter run ti me, and operation. A short start-up period could be 
deteriorating the ern uent quality in terms of achieved within 15-18 days without external 
suspended solids. seeding, due to high surface area, of the media 

Temperature increase of the influent will used (polystyrene), 
cause the bulk liquid friction to decrease, which 
will then decrease th e adherence of coli oidal 
particles to the media surface. Therefore ACKNOWLEDGEMENT 
suspended solids removal effi ciency will reduce 
at elevated tem peratu res. Further wh en the The authors wish to acknowledge the 
temperature increases from 30 to 55°C, a change financial support by the French Agency for 
in the type of microorgani 8m will occur, i.e. Energy and Environment (ADEME) and the 
from 30 to 41°C, the microorganism responsible Research Initiation Grant of the Asian Institute 
for biodegradation is mesophilic and after this of Technology. The filter media used in the 
temperature range it is thermophilic resea rch was provi ded by the Compagni e 

mi croorganism whi ch will be the in hibitant. Generale des Eaux (CGE), of France. 
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