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Ammonia-oxidizing bacteria were immobilized by sodium alginate and calcium
chloride. The immobilization conditions and ammonia oxidation ability of the
immobilized bacteria were investigated. The following immobilization conditions were
found to be optimal: sodium alginate, 4.5%; calcium chloride, 2.0%; 2000 immobilized
balls per 1000 immobilized medium; pH, 10; 110r/min and temperature, 30°C. The
immobilized ammonia-oxidizing bacteria exhibited strong ammonia oxidation ability
even after recycling for six times. The ammonia nitrogen removal rate of the immobilized
ammonia-oxidizing bacteria reached 89.51% under the optimal immobilization conditions.
When compared with non-immobilized ammonia-oxidizing, those immobilized by sodium
alginate were superior with respect to preservation, recycle and ammonia oxidation

ability.
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Ammonia-oxidizing bacteria belong to
one of physiological subsets of nitrifying bacteria
family (Woseset al. 1984). They havearoleinthe
first rate-limiting step of nitrification (Deboer et al.
1991; Liu et al. 2004) and inthe oxidation of amine
to nitrites, and arewidely used in the denitrification
of industrial wastewater and soil (Hu et al. 2005;
Yu et al. 2009). However, as ammonia-oxidizing
bacteriaare autotrophic, they havelong generation
time, slow growth rate, higher sensitivity, and can
easily get eliminated (Werner et al. 2005). To
address these limitations, cell immobilization
technol ogy has been devel oped. Immobilized cell
technology, with obvious advantages, combines
liquid fermentation and immobilized enzyme. The
immobilized cellsexhibit improved catalytic activity,
shortened production time, lower production cost,
increased yield, and wide application prospects.
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(Chenetal.1996; Luet al.1996). Many raw materials
and synthetic polymers such as sodium alginate,
polyacrylamide, agar, and polyvinyl alcohol (PVA)
have been extensively appliedin cell immobilization
(Seung et al. 2005; Tsung et al. 2008). In the present
study, ammonia-oxidizing bacteriawereimmobilized
by sodium alginateto improvetheir characteristics
and applications.

MATERIALS AND METHODS

Srains

The ammonia-oxidizing bacteriaused in
thisstudy were screened from the activated sludge
collected from a sewage treatment plant in China
University of Mining and Technology (Xuzhou,
China), and exhibited 98% homology with
Nitrosomonas sp. GH22.

Methods
Culturemedium

Simulation sewage medium (pH 8.0-8.2):
0.08% (NH,),SO,, 0.1% K_HPO,, 0.05% MgSO,,
0.2% NaCl, 0.04% FeSO,, and 1% CaCO,,
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Immobilized medium (pH 7.0-7.2)
contained 0.2% NH,Cl, 0.1% K,HPO,, 0.05%
MgSO,, 0.04% FeSO, and 1% CaCO,.

Prepar ation of immobilized ammonia-oxidizing
bacteria

The ammonia-oxidizing bacteria were
cultured in simulation sewage medium. After
allowing the culture to stand for some time, the
supernatant was discarded. Subsequently, PVA and
sodium alginate were added to the culture at a
sodium alginate/cultureratio of 3:1 (v/v). By using
aninjector, theculture mixturewasadded to calcium
chloride, and the bacteriawereimmobilized at 4°C
for 6 h. Subsequently, theimmohilized bacteriawere
washed with deionized water and inoculated into
250-1000 mL of immobilized medium at a
concentration of 1-2 immobilized balls/mL
immobilized medium at 24°C and 100 r/minfor 12—
20days.
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Deter mination method

The nitrite nitrogen content was
determined by employing a-naphthylamine
spectrophotometry and phenol disulfonic acid
spectrophotometry, while the ammonia nitrogen
content was evaluated by using phenol disulfonic
acid.

RESULTS AND DISCUSSION

I mmobilized medium optimization

Immobilized medium component was
optimized asfollows. Thefirstimmobilized medium
only had ammoniasulfate and no sodium chloride;
the second immobilized medium only had sodium
chloride and no ammonia sulfate; the third
immobilized medium only had ammonium chloride;
thefourth immobilized medium was sterile water.
All of the culture conditions were the same
(Tablel).

Table 1. Effect of different immobilized medium on the formation of immobilized balls

immobilized collapse hardness transparency diameter number of

medium immobilized balls
Cultured for 7 days

1 yes soften transparent shorten zero

2 yes soften transparent shorten zero

3 no little changed translucent invariable not reduced

4 no little changed translucent invariable not reduced

Table 2. Effect of calcium chloride concentration on the formation of immobilized balls

calcium chloride tailing collapse hardness transparency sphericity
concentration/%

16 no yes very soft very transparent no

18 no yes soft transparent no

2.0 yes no moderate transparent yes
2.2 yes no hard translucent yes
24 yes no hard opaque yes

Table 3. Effect of sodium alginate concentration on the formation of immobilized balls

sodium alginate tailing collapse hardness transparency sphericity
concentration/%

3.0 no yes very soft  very transparent no

35 no yes soft transparent no

4.0 no yes moderate transparent yes
45 not obvious no moderate translucent yes
5.0 yes no hard opague yes
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The first and second immobilized
mediums were not suitable for continued
experiments. In other words, high concentration
sulfate ion or sodion were not allowed to be
contained inimmobilized medium. Theresultswere
not the same as other references (Zheng et al. 2002;
Zhang et al. 2006; Wang et al. 2007). Based on our
experimental results (Table 1) and related
documents (Wu et al. 1993), we explained
reasonably asfollows. Gelatinization meanssodion
of sodium alginateis replaced by calciumion and
become compact reticular formation if calciumion
existsin medium. Swelling rate of calcium aginate
will increase and immobilized ballswill dissolveif
sodion exchanges with calcium ion. Because
calcium sulphate is easier to deposit than calcium
alginate, immobilized balls will also dissolve if
sulfateion exchangeswith calciumion. Therefore
high concentration sulfate ion and sodion will
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Fig. 1. Effect of pH on the ammonia nitrogen removal
ability of theimmobilized ammonia-oxidizing bacteria
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destroy calcified membrane. Hereammoniasulfate
was replaced by ammonium chloridein no sodion
immobilized medium.

Effect of calcium chloride concentration on the
formation of immobilized balls

To determine the effect of calcium
chloride concentration on the formation of
immobilized balls, the following immobilization
conditionswere employed: 4.5% sodium alginate,
1.6%, 1.8%, 2.0%, 2.2% and 2.4% calcium chloride
(Table2).

As calcium chloride concentration less
than 1.8%, immobilized ballsweretransparent and
soft; as calcium chloride concentration more than
2.2%, immobilized balls were opaque, hard and
trailing. While at a concentration of 2.0%,
immobilized balls exhibited better transparency and
hardness. 1.6% and 2.4% calcium chloride
concentration were not suitablefor immobilization
and be removed.

Effect of sodium alginate concentration on the
formation of immobilized balls

To determinethe effect of sodium alginate
concentration on theformation of immobilized balls,
the following conditions were applied: 2.0%
calcium chloride, and 3.0%, 3.5%, 4.0%, 4.5% and
5.0% sodium a ginate (Table 3).

At less than 3.5% sodium alginate
concentration, immobilized ballswere transparent
and soft; while at concentrations higher than 4.5%,
immobilized ballswere opaque, hard and trailing.
A sodium alginate concentration of 4.5% produced
immobilized ballsthat had better transparency and
hardness. 3.0% sodium alginate concentration
were not suitable for immobilization and be
removed.

-
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Fig. 2. Effect of temperature on the ammonia nitrogen removal ability of the immobilized ammonia-oxidizing

bacteria
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Effect of calcium chloride concentration on the
ammonia nitrogen removal ability of the
immabilized ammonia-oxidizing bacteria

To determine the effect of calcium
chloride concentration on the ammonia nitrogen
removal ability of the immobilized ammonia-
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oxidizing bacteria, the following immobilization
conditionswere employed: 4.5% sodium alginate;
1.8%, 2.0% and 2.2% calcium chloride; and 500
immobilized balls. Thereactionwascarried out in
250 ml shakeflask containing 250 ml of immobilized
medium at pH 8.0, 30°C, and 110 r/minfor 12 days.

Culture time (d)
Fig. 3. Effect of inoculum concentration on the ammonia nitrogen removal ability of the immobilized ammonia-

oxidizing bacteria
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Fig. 4. Effect of recycling timeson theammonianitrogen
removal ability of theimmobilized ammonia-oxidizing
bacteria
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The ammonia nitrogen removal ability of the
immobilized ammonia-oxidizing bacteriaunder the
above-mentioned conditions is presented as
follows. When the concentration of calcium
chlorideislow, immobilized ballsis soft and easily
broken, when the calcium chloride concentration
ishigher, themicrobial cell activity will bereduced
due to the high osmotic pressure of salt which
causes cell dehydration and microbial activity
reduction. The nitrite nitrogen concentration
increased with theincreasing cultivationtime. The
optimal calcium chloride concentration was 2.0%,
which produced the highest nitrite nitrogen
concentration.
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Fig. 5. Ammonium removal of noimmobilized, immobilized and preserved at 4! for one week ammonia-oxidizing

bacteria
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Effect of sodium alginate concentration on the
ammonia nitrogen removal ability of the
immabilized ammonia-oxidizing bacteria

To determinethe effect of sodium alginate
concentration on the ammonia nitrogen removal
ability of the immobilized ammonia-oxidizing
bacteria, the following immaobilization conditions
wereemployed: 2.0% calcium chloride; 3.5%, 4.0%,
4.5% and 5% sodium alginate; and 500 immobilized
balls. Thereaction was carried out in 250 ml shake
flask containing 250ml of immobilized medium at
pH 8.0, 30°Cand 110r/minfor 12 days. Theammonia
nitrogen removal ability of the immobilized
ammonia-oxidizing bacteria under the above-
mentioned conditionsis shown asfollows. Sodium
alginate concentration affects the immobilized
hardness. The higher concentration of sodium
alginate, the harder immobilized strength. If the
concentration istoo high, immobilized cellswon’t
grow. If the concentrationistoo small, immobilized
balls be broken. The nitrite nitrogen concentration
increased with theincreasing cultivationtime. The
optimal sodium al ginate concentration was 4.5%,
which produced the highest nitrite nitrogen
concentration.
Effect of pH on theammonianitrogen removal
ability of the immobilized ammonia-oxidizing
bacteria

To determine the effect of pH on the
ammonianitrogenremoval ability of theimmobilized
ammonia-oxidizing bacteria, the following
immobilization conditions were employed: 4.5%
sodium alginate; 2.0% calcium chloride; and 1000
immobilized balls. Thereactionwascarried out in
500 ml shakeflask containing 500 ml of immobilized
medium, at different pH, 30°C and 110r/minfor 20
days (Fig. 1). Strong acid and strong alkali will
destroy all of theimmobilized cells. Hydrogenion
affects the charge balance at cell surface and
membrane permeability. Nutrientswill unavailable
by immobilized cellsin strong acid culture medium.
Nucleic acid and protein will be denaturation and
thecell deathinstrong alkai culturemedium. Nitrite
nitrogen concentration increased with the
increasing cultivation time. The optimal pH was8,
at which the highest nitrite nitrogen concentration
was obtained.
Effect of temper ature on theammonianitrogen
removal ability of the immobilized ammonia-
oxidizing bacteria
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To determinethe effect of temperatureon
the ammonia nitrogen removal ability of the
immobilized ammonia-oxidizing bacteria, the
following immobilization conditions were
employed: 4.5% sodium alginate; 2.0% calcium
chloride; and 2000 immobilized balls. Thereaction
was carried out in 500 ml shake flask containing
500 ml of immobilized medium at pH 8, different
temperature, and 110 r/min for 18 days (Fig. 2).
M etabolism of ammonia-oxidizing bacteriawill Sow
and eveninactiveat high or low temperature. Nitrite
nitrogen concentration increased with the
increasing cultivation time. Theoptimal temperature
was 30°C, at which the highest nitrite nitrogen
concentration was obtained.

Effect of inoculum concentr ation on theammonia
nitrogen removal ability of the immobilized
ammonia-oxidizing bacteria

To determine the effect of inoculum
concentration on the ammonia nitrogen removal
ability of the immobilized ammonia-oxidizing
bacteria, the following immaobilization conditions
were employed: 4.5% sodium alginate; 2.0%
calcium chloride; and 500, 1000 and 1500
immobilized balls. The reaction was conducted in
500 ml shakeflask containing 500 ml of immobilized
medium at pH 8, 30°C, and 110r/min for 18 days
(Fig. 3). Itishad for immohilized ammonia-oxidizing
bacteria devel opment when inoculum istoo high,
because bacteria will compete with nutrition of
culture medium. It is also bad when inoculum is
too low, because nutrition of culture mediumisnot
enough for immohilized ammonia-oxidizing bacteria
metabolism. Therefore appropriate inoculum is
good for immobilized ammonia-oxidizing bacteria.
Nitrite nitrogen concentration increased with the
increasing cultivation time. The nitrite nitrogen
concentration was closed to 1500 immobilized balls
as 1000 immobilized ballswereinocul ated. In view
of saving raw material, 1000 immobilized ballswere
used asthe optimal inoculum in 500 ml immohilized
medium.

Effect of recyclingtimeson theammonianitrogen
removal ability of the immobilized ammonia-
oxidizing bacteria

To determinethe effect of recycling times
on the ammonia nitrogen removal ability of the
immobilized ammonia-oxidizing bacteria, the
following immobilization conditions were
employed: 4.5% sodium alginate; 2.0% calcium
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chloride; and 2000 immobilized balls. Thereaction
was conducted in 1000 ml shake flask containing
1000 ml of immobilized medium at pH 8, 30°C, and
110r/minfor 18 days. Fresh immobilized medium
wasreplaced periodicaly (Fig. 4).

If recycle times increase, the cells will
gradually aging and metabolism slow down. When
theimmobilized cellsgrow, calcium alginate wall
will expand and beeasily broken. Soif immobilized
cells lose the protection, the cells will die. After
the fifth recovery, the denitrifying capacity and
activity of the immobilized ammonia-oxidizing
bacteriawere better preserved. Immobilized balls
became big and broke constantly with increasing
recycle times. After the sixth recovery, residual
immobilized balls expanded too much to use.
Optimal immobilization conditions

The optimal immobilization conditions
were as follows: 4.5% sodium , 2.0% calcium
chloride, 2000 immobilized balls, pH of 8, and
temperature of 30°C. Thereaction was carried out
in 1000ml shake flask containing 1000ml
immobilized medium at 110r/minfor 18 days (Fig.
5). Ammonia nitrogen removal results of no
immobilized, immobilized and preserved at 4°C for
oneweek.

Obviously, the ammonia-oxidizing
bacteria that were immobilized under optimal
conditions exhibited better ammonia nitrogen
removal ability, when compared with the non-
immobilized ones. Meanwhile immobilized
ammonia-oxidizing bacteria still had strong
ammonianitrogen removal ability after preserving
oneweek at 4°C. It meansimmobilized ammonia-
oxidizing bacteriawere good for preservation.
Capacity of ammoxidation of immobilized
ammonia-oxidizing bacteria

Immobilized ammonia-oxidizing bacteria
were cultured at the optimal conditions.
Concentrations of nitrite nitrogen concentration,
nitrate nitrogen concentration and ammonia
nitrogen concentration were determined. Removal
rate of ammonianitrogen of immobilized ammonia-
oxidizing bacteriareached 89.51%.

Theammonia-oxidizing bacteriathat were
immobilized under optimal conditions exhibited
better ammonia nitrogen removal ability, when
compared with the non-immobilized ones and were
good for preservation. Optimal immobilization
conditionswereasfollows: sodium alginate, 4.5%;
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cacium chloride, 2.0%; and 2000 immobilized balls.
Thereaction was carried out in 1000ml shake flask
containing 1000ml immobilized medium at pH 8,
temperature 30°C, and 110r/min. Immobilized
ammonia-oxidizing bacteriarecycled six timesunder
the optimal immobilization conditions. The
ammonianitrogen removal rate of theimmobilized
ammonia-oxidizing bacteriareached 89.51%.
Characteristicsof theprocessof immobilization
of immobilized ammonia-oxidizing bacteria by
sodium alginate

The above experimental results showed
that immobilized ammonia-oxidizing bacteriahave
strong resistance to adverse environment,
insensitivity of temperature and pH changes, more
stable, reusable, short reaction time, low cost and
improved ammonianitrogen removal ability.
Outlook of futureresearch

Immobilized carriers and methods of
immobilized ammonia-oxidizing bacterianeed to be
researched. For example set polyvinyl alcohol or
microcapsule as the carriers and prepare
immobilized cells using covalent or cross-linking
method to determine the best immobilized carriers
and methods. Quick preparation methods of
immobilized cells should also be developed for
continuous and industrialized operation.
Immobilized ammonia-oxidizing bacteria of
application should extended to small industrial
scale.

CONCLUSIONS

Based on the findings obtained in the
present study, the following conclusions could be
drawn: 1. Hydrogen ion was necessary to
immobilized ammonia-oxidizing bacteriafor stable
molecular structure of sodium alginate and
mol ecular recognition between guluronic acid and
mannuronic acid. The experimental results
confirmed abovetheory, namely alkaline condition
had greater influence on immobilized cell. The
capacity of ammoxidation of immobilized ammonia-
oxidizing bacteriawasvery low when pH was 10. 2.
High and low culture temperature still had certain
effect onimmobilized ammonia-oxidizing bacteria.
3. Immobilized ballsbecame big, outer calcificfilm
became transparent, old culture medium became
muddy with increased recycle times. It means
ammonia-oxidizing bacteriaisolated continuously
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and had decreasing capacity of ammoxidation as
increasing the number broke immobilized balls. 4.
4°C preservation had little effect on immobilized
ammonia-oxidizing bacteria. It's convenient for
industrialized production, preservation,
transportation.
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