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Abstract

The microbial immobilization method using polyvinyl alcohol (PVA) gel as an immobilizing material was improved and used for
entrapment of activated sludge. The oxygen uptake rate (OUR) was used to characterize the biological activity of immobilized activated
sludge. Three kinds of PVA-immobilized particles of activated sludge, that is, PVA-boric acid beads, PVA-sodium nitrate beads and
PVA-orthophosphate beads were prepared, and their biological activity was compared by measuring the OUR value. The bioactivity
of both autotrophic and heterotrophic microorganisms of activated sludge was determined using different synthetic wastewater media
(containing 250 mg/L. COD and 25 mg/L NH,*-N). The experimental results showed that the bioactivity and stability of the three kinds
of immobilized activated sludge was greatly improved after activation. With respect of the bioactivity and the mechanical stability, the
PVA-orthophosphate method may be a promising and economical technique for microbial immobilization.
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Introduction

Immobilization of microbial cells has received increas-
ing interest in the field of waste treatment. It offers a
promising potential for the improvement of the efficiency
of bioprocess. Compared with free cell, immobilized cell
has several advantages (Wang, 2002): (1) it can increase
the biodegradation rate through a higher cell loading;
(2) the bioprocess can be controlled more easily; (3) the
continuous process can take place at a high dilution rate
without washout; (4) the catalytic stability of biocatalysts
as well as the tolerance against toxic compounds can be
improved.

Immobilized cell systems have the potential to de-
grade toxic chemicals faster than conventional wastewater
treatment systems, because high densities of specialized
microorganisms are used in immobilized cell systems.
They have been widely applied for degradation of numer-
ous toxic compounds, such as phenol (Wang et al., 1995),
4-chlorophenol (Wang et al., 1997a; Wang and Qian,
1999), 2.4-dichlorophenol (Quan et al., 2003), quinoline
(Wang et al., 2001, 2002a), phthalic acid esters (Wang
et al., 1997b, 2003) and so on. They are also applied
to wastewater treatment, such as coke plant wastewater
treatment (Wang et al., 2002b), nitrogen removal (Seo
et al., 2002), heavy metal removal (Pan et al., 2005),
decolorization of azo dye (Wu et al., 2005) and high-
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carbohydrate wastewater treatment (Zhang et al., 2005).

Entrapment of cells in polymeric matrixes is widely
used for cell immobilization. Many natural and syn-
thetic polymers have been used (Wang and Liu, 1996;
Wang and Shi, 1998; Wang et al., 2000), but each has
its drawbacks. Natural polymers (agar, agarose, alginate,
kappa-carragenan) possess poor mechanical strength and
durability, although they are not toxic to microorganisms.
Conversely, synthetic polymers have strong mechanical
strength and durability but are often toxic to microorgan-
isms.

Polyvinyl alcohol (PVA) is a promising type of synthetic
polymer, which is cheap and nontoxic to microorganisms.
It is very suitable for microbial immobilization (Amanda
and Wisecarver, 1992; Chen and Lin, 1994; Chen et al.,
1996, 1998, 2003; Chang and Tseng, 1998; Chang et
al., 2005; Cao et al., 2002; Hai and Syed, 1995; Li et
al., 2002; Long et al., 2004; Lozinsky and Plieva, 1998;
Preininger and Chiarelli, 2001; Szczesna and Galas, 2001;
Szczesna et al., 2001; Wang et al., 1995; Wang and Shi,
1998). However, there are some problems emerged when
using the PVA-boric acid method for immobilization of
microbial cell, such as the agglomeration of PVA beads,
the toxicity of boric acid and the swelling performance. We

have done lots of research works to solfve the problems of
agglomeration and the swelling performance, and achieved
satisfactory results.

The objectives of this research were(to (1) improve the
PVA immobilization method by using different gelating
reagents, that is, boric acid, nitrate ajd orthophosphate,
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and (2) evaluate the bioactivity of immobilized activated
sludge through measuring the oxygen uptake rate (OUR)
to develop a suitable and practical immobilization method.

1 Materials and methods

1.1 Activated sludge

Activated sludge was taken from the Beijing Gaobeidian
Sewage Treatment Plant.

1.2 Immobilization methods

Ten gram of polyvinyl alcohol (PVA, nominal degree of
polymerization = 1750, approx. molecular weight 75000—
80000) and 1 g of sodium alginate were dissolved in 50
ml of distilled water, the solution was cooled down to
40°C and then mixed thoroughly with 50 ml of concentrat-
ed activated sludge. The resulting mixture contained 10%
(w/v) PVA, 1.0% (w/v) sodium alginate, and about 20 g/L
of microorganisms. The following three different gelating
solutions were used to form gel beads (about 2 mm in
diameter): (1) the mixture was dropped into saturated boric
acid and CaCl, (1% w/v) solution and kept for 1 h to form
spherical beads (group B); (2) the mixture was dropped
into saturated boric acid and CaCl, (1% w/v) solution and
kept for 1 h to form gel beads, then transferring to 0.5
mol/L sodium orthophosphate solution and immersing for
1 h (group P); (3) the mixture was extruded as drops into a
solution of sodium nitrate (50% w/v) and CaCl, (1% w/v),
and then immersed for 1 h to form PVA-sodium nitrate
beads (group N).

The formed particles were washed with physiological
saline solution for 1 h and then stored in distilled water
at 4°C until further use.

1.3 Experimental methods

1.3.1 Preparation of solutions

BOD solution: 1.031 g of glucose (C¢(H,0)-H,O) was
added into a 1.00-L volumetric flask containing distilled
water to make the BOD standard solution. It was diluted
according to the experimental requirement.

NH,"-N solution: 0.536 g of NH4;HCOs3, 0.380 g of
MgS0O4-7H,0, 0.020 g of CaCl,-2H,0 and 0.087 g of
K,HPO, was dissolved in distilled water, to make NH,*-
N solution according to the required concentration. It was
diluted according to the experimental requirement.

1.3.2 Activation of PAV immobilized activated sludge

Three kinds of immobilized particles stored at 4°C for
one month was taken out and immersed in the solution
containing 200 mg/L BOD and 20 mg/L NH4*-N and kept
aerating for 2 h to activate the bioactivity.

1.3.3 Measurements of OUR

Eight gram of immobilized sludge was added into a flask
containing 80 ml solution of different synthetic wastewater,
and aerated to make the dissolved oxygen saturated, then
stop aeration and monitor the DO variation with time by
using Orion 850A DO meter (Thermo Electron Corpora-
tion, USA). The diagram of the OUR measurement system

is shown schematically in Fig.1.
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Fig. 1 Schematics of the OUR measurement system. (1) water bath; (2)
immobilized microbial beads; (3) reactor; (4) oxygen electrode; (5) DO
meter; (6) computer.

DO variation was monitored and recorded on time by a
computer. The DO-¢ curve could be drawn according to the
recorded data. The value of OUR was calculated according
to the following equation:

DO, - DO,
OUR =———— ey
(r—11)
where, OUR is the oxygen consumed in unit time (mg
0O,/(L-min)); DO; is the DO concentration at time #;
(mg/L); DO, is the DO concentration at time #, (mg/L);
t is measuring time, min.

1.3.4 Scanning electron microscopy (SEM) observation

The samples were fixed in 0.1 mol/L phosphate buffer
(pH = 7.3) containing 2.5% glutaraldehyde for 12 h at
4°C. After fixation, samples were rinsed three times in
0.1 mol/L phosphate buffer (pH = 7.3) and dehydrated
gradually after successive immersions in ethanol solutions
of increasing concentration (50%, 70%, 80%, 90% and
95%). Each rinsing and dehydrating step took 10 min.
The samples were then washed three times in 100%
ethanol before in hexamethyldisilazane for 30 s. Drying
was completed by incubating the samples for 2 h at 30°C.
The particles were then coated with gold powder and
attached on to the microscope supports with silver glue.
SEM photographs were taken at 10 kV under Scanning
Electron Microscope (Hitachi S-570, Japan).

2 Results and discussion

2.1 DO consumption by PVA beads after activation

Three kinds of synthetic solutions, that is, solution A
(containing 250 mg/L BOD), solution B (containing 25
mg/L NH4*-N) and solution C (containing both BOD
and NH4*-N), were used to determine the bioactivity of
immobilized beads of activated sludge. Three different
kinds of PVA immobilized beads designated group B,
group N and group P were prepared and their bioactivity
before and after activation was measur :

The DO consumption by activated pludge may be di-
vided into two parts: the oxidation of qrganic compounds
by heterotrophic microorganisms and the nitrification by
autotrophic bacteria. In the solution A which contained
BOD only, the DO was consumed onlly by heterotrophic
microorganisms, while in the solution B which contained
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NH,4*-N the DO consumption was contributed only by the
nitrification of autotrophic bacteria, in the solution C con-
taining both BOD and NH,*-N, not only the heterotrophic
microorganisms but autotrophic bacteria consumed DO,
therefore the DO consumption was caused by both het-
erotrophic and autotrophic bacteria.

The DO variation with time of three different PVA
immobilized beads in different solutions is depicted in
Fig.2. The OUR is calculated and shown in Table 1.

OUR is an important parameter to express the microbial
activity of activated sludge in the wastewater treatment
process. The OUR of three different PVA immobilized
beads in different solutions was calculated and given in
Table 1.

Table 1 Comparison of oxygen uptake rate (OUR) of three kinds of
PAYV beads in different solution

Solution PVA beads DO, DO, -t OUR (mg
(mg/L)  (mg/L)  (min)  Oy/(L-min))
Solution A Group B 8.33 7.83 15 0.033
Group N 7.83 6.20 15 0.109
Group P 7.50 3.73 15 0.251
Solution B Group B 8.35 8.04 15 0.021
Group N 7.717 6.83 15 0.063
Group P 7.70 5.48 15 0.148
Solution C ~ Group B 8.43 7.89 15 0.036
Group N 7.82 6.08 15 0.116
Group P 7.54 3.46 15 0.272

Solutions A, B, and C are the same as that in Fig.2. Groups B, N, and P
are explained in Section 1.2.

Figure 2 and Table 1 show that the OUR of the phospho-
rylated PVA beads (group P) was the highest either in the
solutions A, B, or C during 15 min experimental period,
which indicated that among the three different PVA im-
mobilization method, PAV-orthophosphate method could
maintain a high bioactivity of activated sludge because of
the low toxicity of gelation solution.

2.2 DO consumption by PVA beads before activation

The PVA particles was prepared and stored at 4°C for
one month, their DO variation with time was measured
before activation and OUR was calculated. Fig.3 demon-
strates the DO consumption of the three different kinds of
PVA immobilized particles.

Figure 3 indicates that the bioactivity and the bio-
stability of immobilized activated sludge were poor before
activation, in comparison with that after activation. The
DO variation was low for a long time. The DO variation be-
fore activation was much smaller than that after activation
for all the three solutions, that is to say, for either het-
erotrophic or autotrophic bacteria, their bioactivity could
be greatly enhanced by activation after storage for a long
time.

2.3 SEM photograph of PVA-orthophosphate beads

For the PVA-orthophosphate immobilized activated
sludge, the bioactivity was the highest among three dif-
ferent PVA particles, so the microorganisms of the group P
after activation were observed by using scanning electron
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Fig. 2 DO~ curve of newly prepared immobilized cells in solution A containing 250 mg/L. COD (a), solution B containing 25 mg/L. NH4*-N (b) and
solution C containing 250 mg/L COD and 25 mg/L NH4*-N (c). Groups B, N, and P are explained in Section 1.2.
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Fig. 3 DO~ curve of immobilized cells stored for one month in solution A containing 250 mg/L COD (a); solution B containing 25 mg/L NH4"-N((b)

and solution C containing 250 mg/L COD and 25 mg/L NH4"-N (c). Groups B, N, and P are explained in Section 1.2.
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Fig. 4 SEM photographs of PVA-orthophosphate immobilized activated sludge. (a): 3000x; (b): 5000x.

microscopy. The results are shown in Fig.4.

The SEM photographs show that structure of phos-
phorylated PVA beads (group P) had lots of micropores
inside the gels, which was suitable for the immobilization
of microbial cells. The photograph also indicated that
activated sludge could be successfully entrapped in PVA
beads by the PVA-orthophosphate methods.

3 Conclusions

Three different kinds of PVA biocatalyst beads labeled
as group B, group N and group P were prepared and their
biological activity was compared. The results showed that
the formation of spherical gel beads without agglomeration
for all three types was successful during gelation process.

The PVA-orthophosphate method can reduce the tox-
icity caused by saturated boric acid solution, compared
to the PVA boric acid method. This new method could
maintain the higher bioactivity of the activated sludge
immobilized in the beads of PVA-orthophosphate gel. The
PVA-orthophosphate method is a cheap, low toxic and
easy to operate, it may be a promising and economical
technique for microbial immobilization.
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