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Abstract: The aim of this study was to develop immobilized sy stems for wastewater treatment by immobilizing microorganisms in mixed
matrices. Two bioactive polysaccharides, sodium alginate (SA) and pullulan (Pu), were used to immobilize microorganisms for wastewater
treatment. The optimum mechanical strength, elasticity, and diffusion rate of the immobilized beads were obtained upon addition of 1% Pu
polysaccharides and 7% SA. Three base strains of bacteria (which produce amylase, protease, and cellulose) were immobilized in SA or Pu
matrices for wastewater trestment. The seeding quantity for microbial immobilization was optimized. A seeding quantity of 200 mL during the
preparation of immobilized beads helped achieve efficient wastewater treatment. The total nitrogen (TN) and chemical oxygen demand (COD)
removal rates observed during the end of a seven-day treatment period were 65.94% and 77.88%, respectively. Three types of immobilized
beads were compounded for wastewater treatment. The immobilized beads 11008, 11009, and 10004 were added a concentrations of 0.75%,
0.50%, and 0.50% of the total volume of wastewater, respectively, and wastewater was treated for seven days continuously; the TN and COD
removal rates underthese conditions were observed to be up to 90.55% and 91.45%, respectively.
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AR AT E Bacillus licheniformi; P24 4EEXH 4 :
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Table 1 Effect of the quantity of added S Aon the mechanical

strength andelasticity ofimmohilization beads
SAKRE  5%SA 6%SA  7%SA 8%SA 9%SA

3% JZIN 1.78 2.57 5.15 6.97 7.32
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Fig.1 Effect of the quantity of added S A on the diffusion rate
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Table 2 Effect of the different quantities of added Pu on the
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Fig.2 Effect of the quantity of added Pu on the diffusion rate
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Table 3 Effect of the quantity of added seeds on the TN and COD removal rates

KI5 1 2

3 4 5 6

¥ iR AmfmL 50 100
TN BE % 3451 45.73

COD- %% /% 43.92 56.41
FEEHNAG  3.12x10°

4.55x10°

150 200 250 300

58.14 65.94 66.26 66.83
68.57 77.85 77.63 76.55
5.84X10" 4.88x10°

7.85x10% 8.54x10°
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Table 4 Effect of the quantity of added 11008 on the TN and
COD removal rates

KI5 1 2 3 4 5
NpmgmN)% 020 050 070 100 150
TNZE%RE % 4753 60.45 68.48 67.26 66.85
CODEM%/% 4513 57.71 69.85 60.34 59.64

<5 110094 [El7R = % INANCOD KR 2= A0 22
Table 5 Effect of the quantity of added 11009 on the TN and
COD removal rates

RIS 1 2 3 4 5
RmgMN)% 020 050 070 100 150
TNZERE % 3452 5874 5842 57.15 56.84

COD&xM#/% 27.83 51.95 50.84 50.33 49.88
76 100047 E17R N X INFNCOD KRR ZHY $200
Table 6 Effect of the quantity of added 10004 on the TN and
COD removal rates

XI5 1 2 3 4 5
ANmgEmN)% 020 050 070 1.00 150
TNEFR&/% ~ 39563 50.92 4857 4516 45.36
CODAM% /% 3574 48.69 47.94 4637 47.64

FRAE b3 B PR 2 S g 45 SRR P IR A 0] TR o 2 [
IS IR T P RO A R RS Kb B
TR AR AT DLBH B 2 I = B e ) i o A R0
FEF TN B 5 7K Ak 38305 SR B B — i o ] 52 e S0 114) 25K
RAF, K BTNE 2R 2 #E80% LA L 7KAKCOD
(1) 2 BRARARIBT8Y LA b o TEFP ] Bt AE IR N A =
11008. 11009#110004 5 1 AN &53 7790.75% . 0.50%
H10.500%; TEMLARAF R /KARTN 2 R 26 5114 90.55%, 7K
Jii CODZ B 18 91.45%

7 IEAT SRS XHTNFICODZ FRZR AISZ N
Table 7 Effect of the orthogonal experiment on the TN and COD

removal rates

oo 11008 11009 10004 TN%H  COD&H

FET Te 1% # 04 # /%
1 065 045 045 8143 78.45
2 065 050 050  84.94 80.16
3 065 055 055  84.45 79.30
4 070 045 045 8531 81.21
5 070 050 050  87.22 82.52
6 070 055 055  87.70 83.65
7 075 045 045 8870 87.35
8 075 050 050  90.55 91.45
9 075 055 055 8836 90.27

DA 3R S 56 1t o PR e 5 (8] 5 B A= 0 B T 53 i)
il £:-11008 11009110004 B 1] il & MR, SR)5
H4 =PRI 7351 DAAS R s i = B 25 K, Bis
IKIBIR, Gt REAETE, W 5E ASIF] [ 5E 40 ik A A
DSBS KRR s iy e = ] A SR Ak Y5 7K 1)
RN . R 4A~61T LA H 8] e R0 1) 5 AR
& 7> %) 411008 5 0.70% . 110095 0.50% . 10004 =
0.50%.
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Fig.3 Effects of optimization on the water COD removal rate
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Fig4 Effects of optimization on the water TN removal rate
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