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Removal of nitrogen compound from waste water is essential and often accomplished by bio-
logical process. To prevent washout and to develop an efficient bioreactor, immobilization of
suitable microorganisms could be sensible approach. Strains and permeabilized cells en-
capsulated in cellulose nitrate microcapsules and immobilized on polystyrene films were pre-
pared by the method described in the previous study. In the wastewater treatment system,
nitrification of ammonia component is generally known as rate controlling step. To enhance
the rate of nitrification, firstly nitrifying strains Nitrosomonas europaea (IFO14298), are per-
meabilized chemically, and immobilized on polystyrene films and secondly oxidation rates
of strain system and permeabilized strain system are compared in the same condition. With
30 minute permeabilized cells, it took about 25 hours to oxidize 70% of ammonia in the solu-
tion, while it took about 40 hours to treat same amount of ammonia with untreated cells. All
the immobilization procedures did not harm to the enzyme activity and no mass transfer
resistance through the capsule wall was shown. In the durability test of immobilized system,
the system showed considerable activity for the repeated operation for 90 days. With these
results, the system developed in this study showed the possibility to be used in the actual
waste water treatment system.
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INTRODUCTION

The main sources of nitrogen are fertilizer, human
wastes and industrial waste water, and 60% of ni-
trogen in the urban waste water is ammonia. Am-
monia can cause eutrophication and consume much ox-
ygen in the nitrification process [1]. There are several
methods to remove ammonia from waste water, such
as, breakpoint chlorination, ammonia stripping, selec-
tive ion exchange and biological treatment system. Re-
cently, activated sludge system, one of biological treat-
ment system, is widely used for the waste water treat-
ment [2]. But, Nitrosomonas europaea (N. europaea), one
of nitrifying strains, have very low growth rate and
sometimes are washed out from the treatment reactor.
These reasons make nitrifying step as a rate con-
trolling step in the nitrogen removal system [3]. In the
continuous biological treatment process for the nit-
rification, denitrification and phosphorus removal, the
retention time of the whole system is strongly in-
fluenced by the nitrification process as shown in ear-
lier study [5]. For the enhanced nitrification rate of am-
monia, pure strains, N. europaea, are immobilized in
several carriers and showed good results with physical
and chemical stability [3, 4, 11]. And also, nitrifying
strains, N. europaea, encapsulated in the cellulose ni-
trate microcapsules and immobilized on polystyrene
film showed considerable activity and stability in the
previous study.

The chemolithoautotrophic ammonia oxidizing bac-
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terium obtains all of its energy for growth by the ox-
idation of ammonia to nitrite [13]. The initial oxidation
of ammonia, which yields hydroxylamine as the pro-
duct, is O, dependent reaction catalyzed by ammonia
monooxygenase (AMO) which exist in plasma mem-
brane:

NH,;+0,+2¢ +2H' — NH,OH +H,0 (D)

Hydroxylamine is further oxidized to nitrite by hy-
droxylamine oxidoreductase (HAQO) which exist in peri-
plasma [7]:

NH,OH +H,0 — NO, +5H" +4e” (2)

Two of the four electrons generated from the hy-
droxylamine oxidation are used to support the ox-
idation of additional ammonia molecules, while the oth-
er two electrons enter the electron transfer chain and
are used to support CO, reduction and ATP biosyn-
thesis. Despite the key role of AMO plays in initiating
biological nitrification, the enzyme has not been pu-
rified, and little is known about its structure, enzyme
mechanism, or the identity and the function of its cofac-
tors. In the cell extraction process, the activity of AMO
is reduced largely and most of the enzyme charac-
teristics are disappeared in the presence of protease [8].
This can be largely attributed to the difficulty of work-
ing with and assaying the enzyme in cell-free systems.
The most convenient assay for measuring AMO ac-
tivity is to monitor the rate of ammonia consumption
or nitrite production. These reasons forced to try to ap-
ply cell permeabilization technique to acquire AMO
and HAO activity without complete cell extraction and
purification [9]. In this study, ammonia oxidizing bac-
teria are permeabilized physically and chemically, and
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the activities of both system are compared with each
other. The nitrifying ability of strains permeabilized
and encapsulated in cellulose nitrate microcapsules,
and strains permeabilized, encapsulated and im-
mobilized on polystyrene film were also compared in
the batch and continuous reactors.

MATERALS AND METHODS
Microorganism and Growth Conditions

Experiments were performed with N. europaea
grown in a medium shown in Table 1 under controlled
conditions of 30°C and pH 8 in a shaking incubator (VS
8480SR Vision Scientific Co.) for flask culture. For fer-
mentor culture, 600 mL of flask cultured strain solu-
tion are added in the 3L of cultural media in a fer-
mentor (BF-3000 Bock Sung Engineering Co.). Ten per-
cent of K;COj; solution is added intermittently to sus-
tain pH 7.9 and 1.5 L/min of sterilized air is supplied to
keep the dissolved oxygen concentration of 7-8 ppm. It
takes about two months to harvest a considerable
amount of strains to conduct experiment in the fer-
mentor culture.

Chemical Permeabilization

Mechanical and ultrasonic disruption methods suff-
er from several drawbacks. Because cells are broken
completely in the mechanical and ultrasonic homo-
genizing methods, all intracellular materials should be
released. The product of interest must be separated
from a complex mixture of proteins, nucleic acids, and
cell wall fragments to apply the components to the
treatment system. Culture broth was harvested after
two months culture and separated under the con-
trolled condition of 4°C and 15,000 rpm for 15 minutes
centrifugation. After washing with sterilized saline
solution, treat the strain solution by contacting 5% of
acetone for 5 minutes and 30 minutes respectively.
Two other samples were also prepared in the same pro-
cedure except acetone treatment to see the activity diff-
erence between permeabilized cells and normal cells.
Keep all the samples in the 4°C of refrigerator for furth-
er use.

Quantitative Analysis of Protein

Lowry method is used for quantitative analysis of
protein. This method is applied to validate the degree
of permeabilization of N. europaea. Lowry test
reagents are prepared according to the protocol and
the absorbance of treated sample is measured at the
optical density of 750 nm [12].

Nitrification Ability Test of Permeabilized N.
europaea

Batch experiments were conducted with untreated

Table 1. Nutrient composition of the culture media

(NH),S0, 3g
K,HPO, 05¢g
MgSO, 0.05 g
CaCl, 4 mg

Fe/EDTA solution 0.1 mL
Cresol red (0.0005%) 25 mL
DW 1L
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strains, and treated strains with 5% of acetone for 5
and 30 minutes respectively. 10mL of 70 ppm am-
monia solution is introduced into a 20 mL of batch reac-
tor. The pH of reaction mixture was controlled to pH
8.1-8.3 by adding 0.075 g of CaCQs. The biomass con-
centration of all three cases is 300 ppm by dry weight
base. Aeration velocity was 1.11 mL/sec to sustain dis-
solved oxygen concentration of 6.6 to 7.3 ppm, and the
temperature of reaction mixture was controlled to
30°C. Aliquots were taken at intervals to determine
the concentration of ammonia in the reaction mixture.

Nitrification Ability Test of Microencapsulated
Strains

The method of Chang et al. [14] was used to form cel-
lulose nitrate microcapsules containing permeabilized
N. europaea. Fig. 1 illustrates the experimental ap-
paratus that was used for testing the nitrification
ability of permeabilized strains and permeabilized mi-
croencapsulated strains. 40 mL of ammonia solution,
which contain 11 mg of permeabilized N. europaea
treated for 30 minutes and encapsulated in cellulose ni-
trate microcapsules, is introduced into a batch reactor
in the same way mentioned in upper section. Air is sup-
plied with a velocity of 4.5 mL/min to maintain dis-
solved oxygen concentration of 7 ppm. The result was
compared to the result of the nitrification ability test of
permeabilized N. europaea in the same condition.

Immobilization of Microcapsules on Po-
lystyrene Films

One important aspect of the utilization of enzyme or
permeabilized strains in water treatment applications
is the means by which the biomass is immobilized such
that it can be available to catalyze the desired reac-
tions. In the case of enhancing the oxidation of am-
monia in water, the permeabilized strains must be
available to convert the ammonia to nitrate or nitrite
in the solution, just as it is in the activated sludge sys-
tem. Thus, a means was needed to immobilize the per-
meabilized and encapsulated N. europaea to the sur-
face of suitable carriers. A 4 cm X 7 cm in segment of po-
lystyrene film was cut and unfolded onto a glass plate.
Pieces of 0.3 cm copper wire, 7 cm length, were placed
on polystyrene film on both end. These acted as spac-
ers upon which glass slides were placed to form a nar-
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Fig. 1. Schematic diagram of nitrification reactor.
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row gap above the polystyrene film. 10 mL of micro-
capsule suspension in sterilized saline solution was in-
jected between the glass slide and polystyrene film and
was left in the clean bench. As a result, starting with 60
mg of strains by dry weight, approximately 12 mg of
permeabilized strains were immobilized on both side
of polystyrene film of 10 sheets.

Nitrification Ability Test of Immobilized
Strains

Nitrification process is generally known as a rate con-
trolling step in the continuous biological waste water
treatment system. The result of microencapsulated
strain system also showed the same trend in the pre-
vious study [5]. Polystyrene films, which are treated as
mentioned in the upper section, are introduced into
the same reactor shown in Fig. 1 for batch and con-
tinuous operation of permeabilized, microencap-
sulated and immobilized strains. For continuous opera-
tion, 20, 40 and 70 ppm of initial concentration of am-
monia solution were introduced into the reactor with
the velocity of 2.67, 2.35 and 2.27 mL/hr respectively.
These velocities are based on the result of batch opera-
tion. Operational conditions for batch and continuous
system were basically same to the nitrification ability
test condition of microencapsulated strains. The inlet
and outlet solution of the shunt were analyzed in every
hour until the outlet ammonia concentration gets the
steady state condition. Retention time of each opera-
tion is also recorded when the system reached at
steady state.

Analytical Methods

All reaction product were analyzed by Ion Chromato-
graphy (Shimadzu, LC10/M10A, Tokyo) using a Shim-
pack IC-C1 column and conductivity detector CDD-6A.
The column temperature was maintained constant at
40°C. 5 mM of nitric acid was used as a mobile phase at
aflow rate of 1.5 mL/min.

RESULTS AND DISCUSSION
Quantitative Analysis of Protein

Microorganism could be permeabilized in order to
use enzymes without purification by various methods:
treatment with organic solvents, or detergent, osmotic
shock and enzymatic treatment [13]. In this work, N.
europaea was permeabilized with organic solvent
acetone. The result of Lowry test is shown in Fig. 2.
This figure shows the obvious difference between con-
trol, 5 minute and 30 minute permeabilized strain solu-
tion. As the permeabilization time is increasing, more
permeabilized strains were acquired. This result
means that the substrate is more easily accessible to
AMO and HAO in plasma membrane of N. europaea. 30
minute permeabilized strains with 5% acetone were
chosen as the best condition in this system by the prel-
iminary experiment.

Nitrification Ability Test of Permeabilized N.
europaea

Nitrifying strain, N. europaea, is oxidizing ammonia
to nitrate or nitrite in the aerobic atmosphere. But, the
nitrifying step is figured out as a rate controlling step
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Fig. 2. Absorption difference between control and per-
meabilized cells.

in the continuous waste water treatment system in the
previous study. And, as is known as, nitrification rate
is under the control of the enzyme AMO and HAO in
the plasma membrane of N. europaea. In this work, per-
meabilization method was applied to enhance the nit-
rification rate of ammonia, and showed the result in
Fig. 3. With 30 minute treated cells, it took about 25
hours to oxidize 70% of ammonia in the solution, while
it took about 28 hours and 40 hours to treat same
amount of ammonia with the 5 minute treated cells
and untreated cells respectively. This result showed
the feasibility of permeabilized N. europaea to be used
in the oxidation of ammonia.

To ensure the durable stability of nitrifying enzyme,
20 ppm of ammonia solution is added after the com-
pletion of the first trial. The second trial was conducted
about 50 hours time elapse after the first trial. As
shown in Fig. 4, the stability and durable effect of en-
zyme AMO and HAO in the plasma membrane are con-
firmed.

Nitrification Ability Test of Immobilized
Strains

A typical particle size and capsule wall thickness of
cellulose nitrate microcapsule are 11 ym and 4000.
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Fig. 8. Nitrification rate of normal cells and permeabi-
lized cells in a batch reactor.
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Table 2. The result of nitrification rate of continuous
operation
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Fig. 4. Nitrification ability of permeabilized cells.
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respectively [10]. Mass transfer resistance of mi-
croencapsulated biomass system is of obvious im-
portance. Mass transfer resistance through the cap-
sule wall is studied by comparing the nitrification
ability of 30 minute permeabilized cells and 30 minute
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Fig. 5. Comparison of nitrification rate of 30 minute per-
meabilized cells and permeabilized microencapsulated
cells.
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Fig. 6. Comparison of nitrification rate of 30 minute per-
meabilized cells and permeabilized immobilized cells.

Input conc. Output conc. Retention time
(mg NH;-N/L) (mgNH,-N/L) (hr)
20 3 15
40 5 17
70 5 22

permeabilized and encapsulated N. europaea. The
biomass weight of two systems is the same and is about
12 mg in each case. In Fig. 5, no obvious difference is
shown between two systems. This result means that
there's no mass transfer resistance through the cap-
sule wall.

30 minute permeabilized and immobilized cells on
polystyrene film did not show the difference in the nit-
rification ability as compared with 30 minute per-
meabilized cells as shown in Fig. 6. This result also
means that all the procedures of immobilization are no
harm to the enzyme activity.

The result of continuous operation is given in Table 2.
Various initial concentration of ammonia can be ox-
idized to under 5 ppm in the retention time of 20 hours.
When we applied once immobilized N. europaea to the
treatment of various concentration of ammonia solu-
tion, the strains still have considerable activity for the
repeated operation for 90 days. In a conclusion, we got
the possibility to apply the system developed in this
study to the actual waste water treatment system.
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