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Abstract: Aspergillys ficuum was immobilized with sodium alginate, and decolourization of Reactive Brilliant Blue KN-R was studied on
immobilized and free Aspergillus ficuum . The optimal preparation condition of the straip immobilization was obtained by the orthogonal test, it
is sodium alginate 3% , CaCl, 5% , wet mycelia 30 g/L., calcific time 8 h, 1t was found that the immobilized cells coutd effectively decolourize
Reactive Brilliant Blue KN-R, the optimum temperature and pH were 33C and 5.0, respectively. The kineties study of decelourization of
immobilized cells showed that the decolourization of Aspergillus ficuum immabilized conformed to zero-order reaction model. The decolourization
efficiency of immobilized cell compared with that of free cetl in different physical conditions. Results showed that the decolourization of
immobilized cells with mycelia had the best efficiency. The immobilized cells could be rensed afier the first decolourization.
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Introduction

Reactive Brilliant Blue KN-R, which is a kind of anthraquinone dye, is extensively used in many fields such as textile
industry, print-and-dyeing industry, and so on. A large amount of Reactive Brilliant Blue KN-R, which is a difficult-
decomposing organic compound, is discharged into environment every vear. More and more researchers pay altention to
removing of Brilliant Blue KN-R for its high solubility. difficult decolourization, high toxieity and complex components {Seng,
1999; Xin, 2001; Wang, 1999a) .

Cell immobilizaiion technology has advantages in high cell density, high suscepiibility o toxicity and reusability. Cell
immobilization was extensively investigated and applied in freatment of industrial wastewater and decomposition of organic
compound in the early of 1980s { Wang, 1999b; Anselmo, 1992; Menke, 1994). Many kinds of carriers for cell
immobilization were developed recently, and rvalcium alginate was widely used in entrapment immobilization{ Menke, 1994
Quan, 2001) . Studies on hindegrading decolourization of anthraguinone dye whose production is only inferior to azo dye were
few reported in China. and study on cell immobilization for decolourization of anthraquinone dye was nol reported. In this
paper, decolourization of anthraquinone dye by Aspergillus ficuum was mvestigated . The optimal preparation condition of the
strain immobilization and the optimal condition of decolourization were oblained, and decolourization kinetics of immobilized

cell was investigated. Our research eould give base for biodegradation of dye wastewater.

1 Materials and methods
1.1 Materials

Strain: Aspergillus ficuum was selected, separated and preserved by the microbial lab.

Dye: Reactive Brilliant Blue KN-R, produced by Zhejiang Donggang Chemical Group Company .

Media: (1)} growth medium: Czapack medium. (2) Medium for experiment of decolourization{ nitrogen restricted ) (1
L): KH, PO, 2.0 g, MgS0, 0.5 g, CaCl, 0.1 g, oKetoglutaric acid 1 g, vitamin B, 1 mg, 0.1% tuwin 80 50 ml,
ammonium tartrate 2 g, glueose 10.0 g, trace element 50 ml, pH 5.9, (3) Sabourand medium (1L): glucose 40 g, peplone
10 g, pH5.0.
i.2  Methods

Preparation of spore suspension: strain preserved in slant at 49 was incubated at 33°C for 5 days, then inoculated into
the slant with solid growth medium to propagate. A large amount of black spore grew after 5 days. The spore was transferred
mto sterilized water, then the suspension was preserved at 4C. The concentration of the cell was assayed by hemalocyte
counting plate.

Preparation of immobilized cell: The evenly grinded mycelia were mixed with appropnate volume of 3% sodium alginate
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solution, then the drips of solution of 5% CaCl, were added by an injector { control by creeping bump) at an even rate, thus
the regular-sized pellets were formed. The pellets were incubated at 33 for 24 h, washed by sterilized water for several
times and preserved (Prakasham, 1999) .

Establishment of reaction system: (1) system of dynamic culture: 10 ml sofution of immobilized pellet embedding cells
was added into 50 ml decolourization medium containing dye (the ultimate concentration of dye was 50 mg/L} and cultured at
339 . (2) System of static culture: All the conditions were the same to those of system of dynamic culture except that the
immobilized cells were culured statically.

Determination of decolourization rate: The sample was filtered and centrifuged. The 0Dy, of the supernatant was
assayed comparing with that of decolourization test medium without immobilized cell pellet, and then the decolourization rate
was determined (Dong, 20017 .

2 Results and discussion
2.1 Determination of optimal preparation conditions of strain immebilization

There were many factors affecting the decolourization rate when immobilized cells were prepared. The main factors
included the concentration of immobilized cell, CaCl,, sodium alginate and the time of calciumization. The table of orthegonal
test (L, (3*}) with these four factor and three levels was designed aceording to the optimal level of single factor attained in
pre-experiment . The optimal preparation condition was determined on the decolourization rate. Nine groups of immobilized

cells were prepared according to Table 1 at different factors and levels.

The appropriate immobilized cells were added into TFable 1 Design of orthogonal test
50 ml of 50 mg/L medium for test of decolourization, Factor A Factor B Factor C Factor D
. . . . " Level
which simulating the dying wastewaler. After the cells oupame §E Wit s % Wapnos % oo s h
were cultured for 48 h at 330 amd al a shaking rate of | s > 5 2
150 r/min, the decolourization rate were determined on 9 20 3 3 6
the absorbency of dye. The results are shown in Table 3 30 5 a 8

2. According to the orthogonal test, the optimal
preparation conditions were determined as 30 g/L of mycelia (wet weight), 5% {(w/w) of CaCl;, 3% (w/w) of sodium

alginate, 8 hours of calciumization .

Table 2 Results of orthogonal test

Factor A B C D Scheme Decolourization rate, %
1 AB G Dy 77.4
2 AB Gy 72.1
3 A B Gy Dy 78.2
4 A B, Cy Dy 71.2
5 A B G Dy 71.3
i} A; B, G Dy 70.9
7 A B G D, 79.5
8 A B C Dy 87.0
9 A3 B, G D, 86.7
K, 227.7 234.1 235.3 235.4
K, 219.4 230.4 236.0 222.5
K; 253.2 235.8 229.0 242.4
k 75.9 78.0 78.4 78.5
ks 73.1 76.8 78.7 4.2
ky 84.4 78.6 76.3 80.8
R 11.3 1.8 2.4 6.6
Optimal level Ay B, G, by

Optimal scheme A3 B, C, Dy
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2.2 Test of optimal decolourization condition of Reactive Brilliant Blue KN-R by immobilized cell
2.2.1 Effect of culture time on decolourization rate

To determine effect of cullure time on decolourization rate, 10 ml of immobilized cell was added into 50 ml medium(the
dye concentration was 50 mg/L) for test of decolourization and cultured at 33%C and a shaking rate of 150 t/min. The
absorhency of the medium was measured at different time, and the decolourization rates were determined on the absorbencies
of the samples. The same quantity of immobilized cell, free cell and twofold quantity of free cell were tested. The results{Fig.
1) indicated that the decolourization rate of the same quantity of immobilized cell was lower than that of free cell for the
difficult of oxygen and mass transferring. However, the decolourization rale of the twofold quantity of immobilized cell was

higher than that of free cell for the high cell concentration and cell propagation in pellet.

2.2.2 Effect of initial pH on decolourization rate

To determine effect of initial pH on decolourization rate, 20t
immobilized cells were added into decolourization medium containing "
50 mg/L Reactive Brilliant Blue KN-R with initial pH 3.0, 4.0, g“ 60t
5.0, 6.0, 7.0 and 8.0, respectively and cultured dynamically at g
33T for 48 hours, and then the decolourization rates were '5 a0l
determined. The results {Fig. 2} indicated that immohilized cells é —e— [mmobilized(2)
were relatively susceptible to pH, and the optimal pH was 5.0. E 20 Ifnr::mbilized(l)
2.2.3 Effect of temperature on decolourization rate

The effect of temperature on decolourization rate was Y . ‘ . . ‘

0 20 40 60 80 100 120

investigated. The result showed that immebilized cells adapted to a Lh

wide range of temperature (Fig. 3). The decolourization rates were

higher than 70% at the range from 20 o 35%C. The Fig.1 Effect of culture time on decolourization rate
decolourization rate decreased observably when the temperature

reached to 40°C , the possible reason was that high temperature would deactivate enzymes and affeet the cell metabolism. The

optimal temperature was 33%C .
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2.3 Comparison of two systems of dynamic and static cultures

The data in Table 3 show that the two systems of dynamic and static cultures had evidently different effects on Reactive
Brilliant Blue KN-R decolourization rate, which indicated the dynamic culture had better effect on decolourization rate than
static culture. The possible reason was that the dynamic culture had better oxygen and nutrition transferring. The phenomena

were not the same as that of Phanerochaete Chrysosporium (Li, 2001) .

Table 3  Efficiencies of decolourization for Reactive Brilliant Blue KN-R in shaking and static cultures

Cul Dve concentration, Decolourization rate , %
ulture:

" mg/L 6h 12 h 18 h 24 h 30k 36 h 42 h 48 h
Static 50 15.3 19.4 20.1 20.4 20.6 21.2 21.6 26.5

Shaking 50 27.0 29.2 9.3 51.3 57.9 71.4 84.1 87.8
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2.4 Kinetics of Reactive Brilliant Blue KN-R decolourization by immobilized cell and free cell
The curve of Reactive Brilliant Blue KN-R decolourization by immobilized ceil is shown in Fig. 4. The general

biochemical reaction rate could be shown as

Vo ° €
[ w

Where ¥ denoted reaction rate, ¥, denoted maximal reaction rate, ¢ denoled concentration of substrate, & denoted constant

of semi-saturation reaction rate. When c<:k, Equation (1} could be shown as:

Yn ' €
v =T (2)
The decolourization conformed to first-order reaction model, and the constant of decolourization rate was
Vm
k= T
When ¢k, Equation (1) could be shown as:
Y = V- (3)

The decolourization conformed to zero-order reaction model, and the constant of decolourization rate was
ko = ¥n-

According to Equation (2) and Equation (3), the equation of the concentration of substrate and the time could be shown as;

First-order reaction: Inc = a + & ¢,

Zero-order reaction; c= b+ Kyt

The data in Fig. 4 was simulated as equation of first-order reaction and zero-order reaction, respectively. The results
indicated that when concentrations of Reactive Brilliant Blue KN-R were 10, 20, 30, 50 and 100 mg/L, the curves of
decoloutization conformed to zerc-order reaction model are shown in Fig. 5. The kinetics equation of each eurve is shown in
Table 4.

Fig. 3 shows that when the initial concentrations of Table 4  Reactive Brilliant Blue KN-R decolourization by
Reactive Brilliant Blue KN-R were 10, 20, 30, 50 and 100 immobilized and free cells

mg/L, the Reactive Brilliant Blue KN-R decolourization of  Initial concentration,

Kinetics equation ko ! 72
immobilized cells conformed to zero-order reaction model and mg/LL
Reactive Brilliant Blue KN-R could be decalourized at a 10 €=-0.10: + 8.1 0.10 0.9345
L. i 20 C=-0.231+17.1 0.23 0.9700
constant rale. The constants of decolourization rate varied
S - 30 €=-038:+27.19 038 0.9872
when different initial concentrations of Reactive Brilliant Blue 50 (free) o _0.73t+44.47 073 0.9518
KN-R were tested. The constant of decolourization rate 50 C= —0.600+45.05 0.60 0.9629
augmented with the increasing of the concentration of Reactive 100 C=-0.98:+91.97 0.98  0.9606

Brilliant Blue KN-R al the range from 10 1o 100 mg/L,
because the amount of substrale was not enough for the tested quantity of immobilized cells. The reason was that the dye to be
decolourized could not provide enough carborn and nitrogen source for immobilized cells. The higher concentration of dye would
provide more energy for the growth and propagation of immobilized cells at this range, so the decolourization rate increased.
When the concentration of dye reached 200 mg/L, the decolourization process did not conformed te zero-order reaction model
hecause the metabolism of immobilized cells was imhibited by high cencentration of dye. The decolourization rate of free cells
was higher than that of immobilized cells because immobilized cells had the difficult of oxygen and mass transferring. But the
rates were not appreciably different, which indicated that the strain immobilization by caleium alginate was an effective
method.
2.5 Test of decolourization of immobilized cells in different physical conditions

Immobilized cells in three different physical conditions were tested to determine which had the hest efficiency of Reactive
Brilliant Blue KN-R decolourization. The three physical conditions included: spores in the spere suspension; cells with
mycelia cultured in nitrogen-restricted medium for 5 days; cells with mycelia cultured in Sabourand medium for 5 days. The
results showed that the cells in each of these three physical conditions had different efficiency of decolourization. Spores

immobilized by calcium alginate had the relatively worse efficiency of decolourization with 51.3% in 48 hours; while cells with
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mycelia cultured in Ssbourand medium and in nitrogen-restricted medium had hetter efficiency of decalourization with
respective 80.1% and 92.2% . It was concluded that immobilized cells cultured in nutrition-restricted medium had the best
efficiency of decolourization, because cells in the physical condition of second metabolism needed the nutrition restricted. The
physical condition of cell would determine the decolourization rate in the immobilization technology of fungi .

2.6 Test of re-decolourization of immobilized pellets

Immobilized pellets that had decolourized in 50 ml of 50 mg/L medium for 48 hours were taken out and added into
another same medium containing dye, the efficiency of decolourization were detected afier decolourizing in the same condition.
The results showed that the efficiencies of decolourization for the first time, second time and third time were respectively
91.1% , 87.8% and 86.4% . Analysis of LSR method showed that the differences of efficiency of decolourization hetween the
third time and the second time and between the second time and the first time were uol appreciable; and the difference
between the third time and the first time was appreciable at the level of ¢ = 0.05. Tt was concluded that reusable immobilized
cells would influence the efficiency of decolourization but still have relatively high efficiency of decolourization, and have
extensive potentiality for industry.

3 Conclusions

The optimal preparation condition of the strain immabilization by the orthogonal test; sodium alginate 3% , CaCl, 5% ,
wet mycelia 30 g/L, caleific time § h,

The aptimal pH and temperature for decolourization by immobilized cells were 5.0 and 33°C, respectively,

tmmobilized Aspergillus fictur had the hetter effiviency of decolourization in dynamic culture than in static culture .

The decolourization of Aspergillus ficuum immobitized conformed to zero-order reaction model when the cencentrations of
Reactive Brilliant Blue KN-R were 10, 20, 30, 50 and 100 mg/l.. The constant of decolourization augments with the
increasing of the initial concentration of Reactive Brilliant Blue KN-R.

The physical conditions of immobilized cells had directly effect on efficiency of decolourization.

Immobilized cells could be reused and still have celatively high efficiency of decalourization .
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