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Abstract

In this work, the determination of the diameter of zeolite as a support for a microbial aerobic fluidized bed reactor is performed. The
design of the reactor is recommended by Navarro and Palladino [1]. For the present study, the zeolite is crushed and classified
granulometrically. Subsequently, the diameters of 0.5, 1 and 2 mm are arbitrarily chosen for the study of microbial adhesion. After the
study of adherence of nitrifying bacteria, the obtained adhesion values for each diameter are not significantly different from each other.
However, 1 mm is chosen to achieve higher adhesion values. Subsequently the aerobic fluidized bed reactor proposed by Navarro and
Palladino [1] is built with the 1 mm-diameter zeolite. This presented an inlet flow of 1.35 mL.min"! and a capacity of 8 L. The optimized
quantity of zeolite for proper fluidization is 500 g, which is an 8% of total volume of the column. During operation, a good efficiency of
reduction of the organic material is observed (50%).

Keywords: nitrification, Nitrosomonas, Nitrobacter, microbial adhesion, fluidization, water.

Determinacion del diametro Optimo de zeolita para el asentamiento
de bacterias nitrificantes en un reactor de lecho fluidizado para
eliminar nitrégeno amoniacal

Resumen

En este trabajo se realiza la determinacion del diametro de zeolita 6ptimo que es empleado como soporte microbiano en un reactor
aerobio de lecho fluidizado. El disefio de dicho reactor es recomendado por Navarro y Palladino [1]. Para el presente estudio, la zeolita es
triturada y clasificada granulométricamente. Posteriormente, son escogidos, arbitrariamente, los diametros 0.5, 1 y 2 mm para realizar el
estudio de adhesion microbiana. Tras el estudio de adherencia de bacterias nitrificantes, a pesar de que los valores obtenidos para cada
didmetro no presentan diferencias significativas entre si, se escoge el agregado de 1 mm por conseguir valores de adherencia mayores.
Una vez escogido el diametro de zeolita se realiza la construccion del reactor aerobio de lecho fluidizado propuesto por Navarro y
Palladino [1], con una alimentacién de 1.35 mL.m™ y una capacidad de 8 L. La cantidad de zeolita optimizada para una correcta
fluidizacion es de 500 g, lo que es un 8% del volumen total de la columna. Se observa una buena eficiencia de reduccion de la materia
organica durante el funcionamiento, siendo esta de 50%.

Palabras clave: nitrificacion, Nitrosomonas; Nitrobacter; adhesién microbiana; fluidizacién; agua.

1. Introduction rich in nitrogen, biological decomposition of organic matter

and nitrogen fixation by certain organisms [2].

Reactive forms of common inorganic nitrogen in aquatic
ecosystems are ammonium (NH4"), nitrite (NO2") and nitrate
(NOs"). These ions are naturally present in the aquatic
environment as a result of atmospheric deposition, surface
runoff and groundwater, dissolution of geological deposits

Further, humans severely alter the nitrogen cycle by
increasing its availability in many regions of the planet as a
result of point and diffuse sources of pollution. Widespread
pollution produces problems such as toxic algae blooms that
after intake through food or water can lead to various
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physiological disorders and symptoms of intoxication [3-5],
eutrophication [6,7], acidification of rivers and lakes with
low or reduced alkalinity [8-12], direct toxicity of
nitrogenous compounds in aquatic animals [13] and adverse
effects on human health [14-16].

In most countries, there are laws and legal regulations
establishing limits for the concentration of ammoniacal
nitrogen in the wastewater industry such as the Biological
Oxygen Demand (BOD) and Chemical Oxygen Demand
(COD) [17].

Removal of nitrogen present in the wastewater resulting
from domestic and industrial activities is usually carried out
combining Dbiological processes of nitrification and
denitrification, since costs are lower compared to the physical
and chemical processes. Nitrification consists in the biological
oxidation (aerobic process) of ammoniacal nitrogen in a first
step to nitrite and its oxidation to nitrate, carried out by
autotrophic ammonia-oxidizing bacteria (Nitrosomonas) and
nitrite-oxidizing (Nitrobacter), respectively [18].

According to the nitrification reaction:

NH4 +1,5 02 —>» NOy + H20 +2H"
NO2- + %2 O2 —» NO3

3.43 mg of oxygen (O) are required to oxidize 1 mg of
N-NH;3 to nitrite and 1.14 mg of Oz to oxidize 1 mg N-NO»-
to N-NOs [19]. Therefore, concentration of dissolved
oxygen in water must be kept around 2 to 3 mg.L! for an
adequate nitrification [20].

We find various treatment methods that help decrease
BOD and COD. Among the most common biological
processes, we have fluidized activated sludge, where a
granular bed within a column is used. In the column, the
lower part has the input of effluent to be treated and
recycled effluent and the top part has the treated effluent
outlet. In these systems, feed and recycle rates must sustain
the fluidization of the bed [1,21] and degradation of organic
matter by micro-organisms on the surface of the particles [1,
22-23]. Air injection is essential to get a proper aeration in
the system [24]. In these systems, granular activated carbon,
sand and clay are used as microbial support [1, 25-26]. The
constant levels of biomass must to be maintained. Excess
biomass can be removed by friction between particles or
transported to a device where the biomass is separated from
the particles; these are incorporated back into the bed [27].
Navarro and Palladino proved the effectiveness of an
aerobic fluidized bed reactor using as support: granular
activated carbon [1]. They achieved an efficiency of
biological degradation between 21 and 89 %, using feed
rates between 20 and 300 mL.min! and recycle flow rates
between 1400 and 4800 mL.min"! and organic loads ranging
between 74 and 571 mg.L!. They determined that higher
efficiencies correspond to low flow rates and high organic
loads.

In this work, we determine the optimal zeolite size for
the correct physiological development of nitrifying bacteria
to be used in a subsequent aerobic fluidized bed reactor to
remove ammonia nitrogen existing in industrial wastewater.

The building, design and dimensioning of the aerobic
fluidized bed reactor have been based on previous works [1,
17]). The optimal size of the zeolite employed as a
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microbial support was determined by adhesion tests. The
whole investigation takes three different stages:

Crushing and sieving of the zeolite and the choice of the
three particle diameters (0.5, 1 and 2 mm).

Study of bacterial adherence as a function of the
diameter of the particles.

Manufacturing of the aerobic fluidized bed reactor [1].
The diameter of the zeolite used as microbial support
was the one that corresponds to the best adherence
results from the previous stage.

To ensure a proper implementation of the fluidized bed
aerobic reactor a number of biological, chemical and
physical parameters such as temperature, pH, microbial
support, volume, feeding rate, retention time, and the
reactor dimensions and configuration must be taken into
account [28].

There are nitrifying microorganisms showing activity in
a temperature range from 5°C to 42°C [29]. Most often, the
optimum operating temperature is in the range from 28 to
36°C [29]. Temperature effects on the kinetics constant is
very important, thus 1°C change between 25 and 26°C gives
rise to a 9.5% increase of the growth rate of Nitrosomonas
and 5.9% of the Nitrobacter [30].

Alkaline media are more favourable for nitrifying
bacteria with optimal levels of pH between 7.5 - 8.5 [31].
The pH value affects the environmental conditions for a
favourable physiological development of microorganisms,
and also has a great influence on the inhibition degree of the
nitrifying bacteria. It was found that ammonium produces
the inhibition of Nitrobacter [31]. Nitrifying bacteria are
sensitive to multiple substances (heavy metals, organic
compounds, free ammonia, etc.). These substances can
interfere with the cell metabolism, reducing the rate of
formation of intermediates compounds [32].

For these bacteria to develop physiologically, a proper
support material should be chosen to take into account the
biological process itself, the equipment size and
experimental conditions that bacteria will find. In this case,
the preferred zeolite particle size for the fluidized bed
reactor was between 0.1 and 1 mm, as smaller sizes difficult
operations with the reactor [33]. Most of the materials, such
as sand and clay with irregular shapes and sizes, were
chosen to take into account that they were cheap and readily
available.

One of the most important variables in reactor design is
the density of the aerobic fluidized bed material, as it affects
the bed hydrodynamics and has a direct effect on power
consumption [34]. Density affects the bed fluidization, so
when particle density approaches the corresponding value
for the fluidizing liquid, velocities for minimum fluidization
conditions and for a 20% expansion, become close. It must
be noted that particles should not be fragile as because of
their continuous movement they can collide and become
fragmented, changing their fluidizing characteristics and
thus making even more difficult the control of the bed
expansion. In this sense, there are works that use active
carbon as the support, with a density lower than that of the
natural zeolite [1].

One advantage of fluidized bed reactor is the large
surface available for adhesion, where the biofilm can grow.
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It was determined that optimum pore size is about five times
the dimension of the cells, that leave room for two adhered
cells and two more cells growing by fusion and some free
space between them for transferring substrates [35].

2. Materials and methods
2.1. Crushing and sieve analysis

Upon receipt of the zeolite from the supplier, the
grinding was started to obtain the required diameters (0.5, 1,
2 mm) using a crusher (DECO BH41A) and a bar mill
(DECO 7997B). Then ASTM Sieves numbers 11, 16, 20, 30
and 35 were used to sieve the zeolite.

2.2. Microbial adhesion

For the microbial adhesion tests, assemble of 16 mini
digesters were used with a volume of 200 mL, for each one
of the zeolite diameters (Fig. 1).
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Figure 1. Above: Sketch of the mini-reactor (digester) with a 200 mL
volume. Below: Picture of a mini-digester set mounted for microbial
adherence test. There were three similar sets for each one of the zeolite
diameters. The picture corresponds with the mini-reactors for the 0.5 mm
zeolite diameter. Experiments for microbial adherence test were performed

along twenty one days.
Source: The author.

Table 1
Composition of the reactor feed or industrial waste liquid used.
Component Amount
NH4Cl 0.764 g.L'!
Urea 0.450 g.L!
KH2PO4 0.181 g.L!
FeS04.7H20 0.0992 g.L'!
NaHCO:s 3.12gL!
Yeast extract 0.28 g.L!
Saline solution I mL.L!
Source: The author.
Table 2
Composition of saline solution needed for the industrial liquid waste.
Component Amount
EDTA 0.15g.L!
HCI 1 mL.L"!
FeSO4 2 gLt
HBr 0.05 g.L"!
ZnCl2 0.05 g.L"!
MgCl, 0.05g.L"!
Source: The author.
Table 3
Characterization of the inoculum added to the mini-reactors.
Parameter Value
pH 7.25
TSS 4904 mg.L"!
VSS 3903 mg. L'
CODr 18480 mgO» .L-!
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Source: The author.

Each mini-digester contained 40 g of zeolite, 100 mL of
liquid industrial waste and 72 mL of sludge. Aeration was
performed with dual output aerating pumps (RESUN AC
6600, 45L, 220V). The industrial waste feeding liquid to the
reactor corresponds to a synthetic solution, whose
composition was obtained from previous works [36]. Table
1 details the composition of the feeding liquid and Table 2
shows that of the saline solution used to prepare the
synthetic industrial waste liquid.

The mini-reactors were inoculated with microorganisms
(nitrifying bacteria) from an activated sludge plant, which
was in a process of recovery. Prior to their employment in
the mini-reactors, they were subjected to the following
characterization (Table 3):
pH determination using a Crison pH 25 pH-meter.

Total Suspended Solids (TSS) measurement (Standard
Methods 2540 D, drying 103 - 105°C) [37].

Volatile Suspended Solids (VSS) measurement
(Standard Method 2540 E, drying from 103 to 105°C
and ignition till 550°C) [37].

Total Chemical Oxygen Demand (CODT) determination
[371].

Once the mini-digesters were filled and the aeration pumps
connected, the system was allowed to evolve for five days.
After this initial time zeolite and liquid samples were taken
every two or three days. Mini-digesters were grouped in pairs,
for each zeolite diameter. Each sampling day, the zeolite and
liquid of both mini-digesters from one of the pair for the three
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different zeolite diameters were analyzed. Most assays were
done three times in order to have well defined average values.
This method allows considering that the mass of the mini-
digester was kept constant during the whole sampling time.
The whole experiment ran for three weeks.

The liquid part of each sample was characterized by
measuring the pH, TSS, VSS and CODr following the
above-mentioned standards.

Adhesion tests were performed with the zeolite extracted
from each mini-reactor. The extracted zeolite was placed on
a filter paper on a capsule and introduced into a hot oven for
six hours to ensure complete drying of the support. To
determine the mass of the adhered solids the following
expression can be applied:

AM=D-(A+B+C) (1)
where:
AM: adhered solids mass (g)
A: mass of the dry filter paper, where the zeolite is placed
(2
B: mass of the supporting capsule (g)
C: mass of zeolite added initially to the mini-digesters (g)
D: dry mass of the capsule with the zeolite and filter after
six hours into the heating oven (g).

2.3. Implementation of aerobic fluidized bed reactor

After the adhesion test, the construction of the aerobic
fluidized bed reactor based on the construction of Navarro and
Palladino was performed using the zeolite of the most
adequate diameter [1]. The reactor consisted of an acrylic
column 10 cm in diameter and 1.05 m height. The final 20 cm
corresponded to an inverted truncated cone with a 20 cm
diameter base (Fig. 2). This design was chosen in order to
prevent particles escaping from the reactor. The acrylic
column had two side outlets located at 25 and 70 cm from the
top. Both side outlets with a 2.5 cm diameter possessed outlet
valves and hoses with the same diameter. The plate that
support the filler was composed of a stainless steel mesh
placed 10 cm above the base. Below the plate there were
feeding inlets for the effluent to be treated and recycling.
Above these two inlets two cross-placed diffusers ensured an
even air distribution. The installation also had a 20 cm high
pyramidal settler with a weir at the top for discharge of treated
effluent and a bottom outlet for recycling. A purge was also
available for use if necessary. The supporting material used
was zeolite of the chosen diameter. This was loaded onto the
column to achieve a fixed bed height of 15 cm.

This height was set so that a significant liquid volume
was above the bed of particles, thereby enabling work with
different fluidizing speeds and thus different bed
expansions. Two peristaltic pumps completed the system,
for a constant feed rate and an optimum recirculation.

The reactor was filled with 500 g of zeolite, 4783 mL of
liquid industrial waste and 2416 mL of sludge. The liquid
industrial waste had the same composition as that used in the
mini-digesters (Tables 1 and 2). The sludge was from another
source, so it was again subjected to the analysis of pH, TSS,
VSS and CODr [38]. Results are shown in Table 4.

Table 4.
Characterization of the inoculum used in the implementation of the aerobic
fluidized bed reactor designed for the removal of ammoniacal nitrogen.

Parameter Value
pH 7.8
TSS 12050 mg.L"!
VSS 9933.33 mg.L!
CODr 22020 mg.L!

Source: The author.

Table 5.
Weight of zeolite as a function of the grains diameter after trituration.

Diameter of the zeolite grains Weight
0.5 mm 2.54 kg

0.8 mm 2.52kg

1 mm 9.70 kg

2 mm 6.14 kg
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Source: The author.

2.3.1. Tuning of the reactor

A nitrogen load speed (NLS) of 0.11 kgN.m>.d"!' [39]
and a Total Kjeldahl Nitrogen (TKNi) of liquid industrial
waste of 452 mg.L"! were used [36] that resulted in a
Hydraulic Residence Time (HRT) of 98 hours.

A first run was performed with water to verify the state
of the seals and the general operation of each system
component (Fig. 2). Aeration equipment is critical for this
type of reactors as to achieve the expected efficiency a
proper air distribution is needed.

Once confirmed that no leakage or conduction problems
occurred, 8 L of the synthetic industrial waste liquid were
introduced within the column. Then the structure was mounted
and the system switched on. Firstly, with a total recirculation
and later, when the recirculation rate was chosen, the feeding
was started. The feeding pump was connected to a timer to
achieve the necessary inflow. The NLS and TKNi
experimental values corresponded to an inlet flow of 1.35
mL.min"!, so the pump was calibrated to that flow rate.

The reactor was in operation for 21 days (like the mini-
digesters). Different control parameters were measured at
the beginning and end of the operation. These parameters
are: organic load in the effluent input (CODrent) and output
(CODrexit), pH of the treated effluent, VSS, TSS and
microbial adhesion).

3. Results and discussion
3.1. Crushing and sieve analysis

As shown in Table 5, after crushing and sieving enough
zeolite for each of the expected sizes (0.5, 1 and 2 mm) was
obtained.

The optimum crushing and sieving times for the zeolite
was determined to be 10 min and 8 min, respectively.
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3.2. Microbial adhesion 3.2.1. pH behavior
Graphs and results for each performed analyses are Fig. 3 shows the pH as a function of time (in days). To
presented below. avoid inhibition the pH value must be kept in the range from

7.5 to 8.5, as alkalinity of the system prevent the pH
lowering caused by the nitrification [31].

= Recycling
Reactor
Treated effluent
Effluent to 7—>
treat Supply valve >
A Container
Supply pump

Recirculation
valve

Supply tank -

Recirculation
pump

Airintroduction

¥ S /l
-_
."—- .

Figure 2. Above: Scheme of the aerobic fluidized bed reactor. Below: Picture of the reactor prototype during an assay to detect possible leaks.
Source: The author.
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Figure 3. Time dependence of the pH measured in the liquid fraction of the
mini-reactors during the nitrification for the three zeolite diameters.
Experiments lasted for twenty one days.

Source: The author.

It is observed that the pH was kept constant along the
experiment time for 1 and 2 mm diameter zeolite samples.
However for the 0.5 mm diameter case, pH was decreased
in the sixteenth day till twentieth. This is a value beyond the
optimal range for the survival of aerobic nitrifying bacteria.
However, this is not an acidic enough pH to avoid the life of
microorganisms, so this diameter zeolite may perform its
metabolic functions, but not optimally.

3.2.2. Organic filler

CODr results are shown in Fig. 4. It can be seen that there
was an almost complete biodegradation of organic matter in all
samples for the different diameters, being 99.3, 95.0 and 98.6 %
for the 0.5, 1 and 2 mm diameters, respectively. The best
removal was obtained for the 0.5 mm diameter case; however,
values are so close that statistical analysis determined that there
are no significant differences among them (P=1>0.05).
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—d—2
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Figure 4. CODr behaviour of liquid samples obtained from the mini-reactors during the twenty one-days experience. Each line represents the CODr for

the each one of the zeolite diameters.
Source: The author.

3.2.3. Suspended Solids

TSS and VSS refer to the microorganisms found in
industrial waste liquid, i.e. they are not adhered to the
interstitial spaces of the zeolite granules. TSS comprises
both microorganisms and every substance that is suspended
in the liquid industrial waste; however, VSS refers only to
the microorganisms. As a consequence TSS values must
always be greater than VSS values and both must show a
similar behaviour.

Fig. 5 shows the TSS time dependence for the three
zeolite diameters used in the experiments.

As can be seen, for the 0.5 mm zeolite diameter, TSS
values remains nearly constant from the fifth to the ninth
day; later, on the fourteenth day, an abrupt decrease from
3990 to 700 mg.L' was observed. This result is in
accordance with the adherence maximum observed for the
same day. Then there is a slight increase in the seventeenth
day followed by a fall back to values similar to the one of

the fourteenth day. A similar behaviour was observed for
the 2 mm zeolite diameter case, the TSS was initially

5000 ‘—L”""qﬂ
4000 H""_\\
TS 00 LN A
g/l 2000 . / \w \ / ——05mm
1000 \./ \MH —s—1 mm
v \_.A__*__z mm

10 15 20 5

Number of days
Figure 5. Total Suspended Solids as a function of time (days) of the liquid
from the mini-aerobic reactors for each one of the zeolite diameters of the
zeolite. Results correspond to experiments extending along twenty one
days.
Source: The author.
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Figure 6. Volatile Suspended Solids values measured on the liquid phase of
the mini-aerobic reactors as a function of time for the three zeolite
diameters.

Source: The author.

roughly constant and then an abrupt decrease from
5403 mg.L"! (eleventh day) to 1376 mg.L"! (thirteenth day)
was observed. This decrease was followed by a slight
increase following days. This increase is associated to the
cryptic growth stage of the microorganisms natural cycle
(growth curve), which takes place after the death phase. For
the 1 mm diameter case, a minimum for the TSS value
(1060 mg.L-") was observed the ninth day. Further, TSS
value increased to 3120 mg.L! due to the above mentioned
cryptic growth stage. At the experiment end TSS values
were constant.

Fig. 6 shows the time dependence of VSS. As indicated,
they have a behaviour similar to TSS values, but the VSS
values are always smaller than the TSS ones. For the
0.5 mm zeolite diameter the initial TSS values remain
nearly constant. On the twelfth day, VSS began to decrease
to a minimum of 530 mg.L"! that was reached on the
fourteenth day. A similar evolution was observed in the
2mm zeolite diameter case. In this case, VSS also
decreased after the twelfth sampling day, but the values
were different in magnitude and the decreasing behaviour
was extended to the twentieth day where a minimum of
200 mg.L-! was reached. The final value corresponding to a
drastic increase till 2300 mg.L™! is due to errors in the data
collection and sampling. Finally, in the case of the zeolite
with 1 mm diameter, VSS values showed a continuous
fluctuation along the whole experiment time, with a
minimum of 790 mg.L"! on the sixteenth day and a slight
increase until the end of the experiment.

3.2.4. Microbial adhesion

Fig. 7 shows the behaviour of nitrifying bacteria
adhesion on the zeolite support. Unlike both Volatile and
Total Suspended Solids, there is an initial increasing trend
of the adhesion, for the first days of the experiment, that
finished on the eleventh day for the Imm zeolite diameter of
1 mm and the thirteenth for 0.5 and 2 mm zeolite diameter,
where maximum values were reached. Later (on the
fourteenth day) and for the three cases, a decreasing
behaviour was observed until curves reached a nearly
constant value at the experiment end.

The initial region of the adhesion increase, shown in Fig.
7, is associated with nitrifying bacteria growth due to the
presence of nutrients in the synthetic liquid industrial waste.
This growth extends until not enough zeolite interstitial
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Figure 7. Time dependence of the microbial adhesion to the zeolite support
for the three zeolite diameter.
Source: The author.

space was available for the bacteria. This state corresponds
with the maximum of the adhesion curves. Then the bacteria
far away form interstitial spaces dissociated from the zeolite
and, as a consequence, the TSS value increased while
adhesion decreased. The adhesion maximum was achieved
for the 1 mm zeolite diameter, with a value of 0.2891 g of
nitrifying microorganisms adhered. However, similar values
were obtained for the 0.5 and 2 mm zeolite diameters,
0.2329 and 0.2729 g, respectively. This similarity in the
results is in accordance with the statistical analysis, that
yielded P> 0.05, which indicate that the zeolite diameter
was not a determining parameter for the microbial adhesion
(see explanation in next section).

Thus a Imm zeolite diameter was used in the
implementation and operation of the fluidized bed aerobic
reactor.

The statistical analysis performed, with the Minitab
software package, on the amount of mass attached to the
zeolite contained into each mini-reactor indicated that there are
no significant differences between the three diameter values, as
P = 0.325>0.05. Data differences were determined using one-
way ANOVA. However, experience showed that
notwithstanding similar in a statistical sense, the best adhesion
was obtained for 1 mm diameter and therefore this was the
chosen size to be employed in the reactor construction.

3.3. Tuning of the aerobic fluidized bed reactor

As a general fact, one can conclude that the zeolite was a
good support for microorganism population, in this case of
nitrifying bacteria for the removal of nitrogen. That made it
useful to be included in fluidized bed reactors.

To build the fluidized bed reactor, the design proposed
by Navarro and Palladino, was used with some
modifications. First modification related to the employed
microbial support [1]. There activated carbon support was
used, with a density ranging from 0.3 to 0.7 g.cm?. In this
work, the zeolite used had a density of 2 g.cm?, leading to a
lower amount used in the reactor as compared to activated
carbon. Therefore, the power of the diffusion pump was
enough to overcome the gravitational forces acting on the
particles to achieve the fluidization of the system entirely.
As Navarro and Palladino showed [1], the volume of
activated carbon is 50%, but in this study the optimal
volume of zeolite is 8%.
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Table 6.
Characterization of the output and input of the reactor.
Parameter Value
pH 7.1
TSS 10250 mg.L"!
VSS 8920 mg.L"!
CODrrent 22020 mg.L-!
CODrexit 10050 mg.L!

Source: The author.

In the Table 6, the parameters which were measured
after 21 days of operation.

If we compare Tables 4 and 6, we can observed that the
pH is maintained constant during 21 days. The COD
experimented an important decrease from 22020 to 10050
mgL'. As Navarro and Palladino [1] obtained, the
biological degradation using this kind of aerobic fluidized
bed reactor is acceptable; we have obtained a biological
degradation of 50%.As they affirmed, with higher CODrent,
the degradation efficiency is better.

4. Conclusions

The optimum crushing and sieving times for the zeolite
was determined to be 10 min and 8 min, respectively. The
sieving process to obtain the 1 mm diameter zeolite was
shown to be the more efficient.

There is not significant differences in the measured
microbial adhesion for the three diameters (0.5, 1 and
2 mm), thus the zeolite diameter in this range is not a
determining parameter to adhesion of nitrifying
microorganism colonies.

The treatment system of liquid effluents designed by
Navarro and Palladino was tested, changing the activated
carbon by zeolite as a microbial support. Results indicated
an organic degradation of 50%. Microbial degradation is
acceptable.

In response to the experience, a constant control of the
reactor is required to achieve a good oxygenation.

The reactor, designed by Navarro and Palladino [1], has
proven to be a well suited system for removing of ammonia
nitrogen that is present in industrial waste liquids.

In conclusion, operating with a feed rate of 1.35
mL.min"!' and a capacity of 8 L, with an organic load input
of 22020 mg.L"!, a reduction efficiency of organic matter of
50% is achieved.

The higher efficiencies correspond to low flow rates and
high organic loads.
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