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W OE. RARCHI-MEREST WXZ -2 WXZ -8 B BT T QI E T4, @i E R GR Ik ik
BB OIEEM PPOEE 4% PVA RERIE 5% KIEA R 12 h D3R A2 2.5 mm. i@ id xd4 %
T I ,40 CFIRAABRA 7 X T A ZRAG IR I WU IR JE A 4 76 M oL BRI b 3K 5 bl g
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KA B = R PR AR O 2 DL 32 232 i AR A
SEAF BRG]  MELL 2 A0 1 E A A B R AT LA
ARGy b g sk — [l R )1 107 258 P A i R o 7 2 A
T LTS VR TR /INBR | DL AR PR S 07 7 4o FY i P
IKATRE R, HE— & 5T, 7K COD <722.2
mg/ L, FE7K F S B R < 307. 4 mg/L B, % COD
) RBRFERT 85% , % H B K BRR AT iK% 90% /2
. BKIRFE SR PVA - H,BO, A3 [ 5 b 35
15 106 H T A Ak DR RN SRS AR TR, X A TR TS KR AT
AL R AL T 20 A3 X K & /U T e v R 45
mg/L. pH{E}7.5,D0 4 2.0 mg/L, 7K 115 & i} ]
N 18 h, BAERFRN X 96% . Furukawa K, Kazui-
chi Tsaka, 5K3&"* 1 45k 224 4 e [ 22 AL s Ak 40 7
XA ACBCR B = 7 AT T —E s, e
SR A A B N S A B TR B S S R[] s A
TERCRS ARG A= W R B AR AT T 9. T 4
XoF [F8] 7 A 5 A Ak 48 S A A T ) SRR O i AT
THRSE A e FRAR A A AR, T TOA St
T AN B M ) T A S 7 s A L SRR A R T
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1.1 #EEEH

2yl R ORI (PVA) (BUIE By BITIR L oK
FRESY R M4l W BEmREN (SA) A fkzal.

SR AR RPN 1.

VR R TR R 380 R S 6 2 1 L O R Y 0 S IR
B A S AR U A A 1 e
1.2 HMEFRE

SFEL E E R FR %L (NH, ), S0, 0.47 o/L,
KH,PO, 1 g/L,FeCl, -6H,0 1.25 g/L, CaCl, - 7H, O
0.2 g/L,MgSO0, -7H,0 1 g/L B I FH &K 4 1F 28 3k
%1t COD/N 5.

T3, 2, Bf%, BENGUKTS QR mignrse. mildeEd.



52 Jeat LR R 2= R ( HARFLIERR) 2012 451 A
F®1OwEKREE
Tab. 1 Strains attributes list
7%k LY EIEDIZS R4 NH, -N LERF/% TN KBRF%/ %
WXZ -2 [P FFE TR AR A 94. 87 95.27
WXZ -8 S5k FFR IR ZF AT TS 96. 30 93. 81

S FEEALIN E HE 37 4L (NH,, ), 80, 0. 47 g/L, 4
[CERVA M 50 mL, B i FH £ 4K 1 2810 35 % 11 COD/N

e ER Wi K, HPO, 5.0 g/L, FeSO, - 7H, O
0.05 g/L, NaCl 2.5 g¢/L, MgSO, - 7H, 0 2.5 g/L,
MnSO, -4H,0 0. 05 ¢/L.
1.3 EWHE
1.3.1 &35k

RO MWEE(PVA) — HyBO, 38 3. e & 4 &
PVA +2% Bg +0. 1% MG EERREN (SA) (PVA iy 3%
AR i 5 0 BRI AN R VS N R0 ) TR AR, Al
HIEMREES). JFBLE 4% IR + 2% FALAS 1Y 3 B
T, W TR A TS SR — R R KRR B R AE 121 °C
FK T 20 min, J5 B G TC RS

PRI — & i &5 250 5 (8 000 r/min, 5 min) A9 H
FREA , 76 I TR A e i i 25 KR 2 SR
A PVA RGBT RS, 5 mL BT AR EE
TR AR BLER , P 4 °C 1 T VKA P9 22 B
YR T] B FH 25 TR K op gk, DR A
1.3.2 TrBF*

D) VR URTHE. B /NERIG R 31 G TR A 25 5 57 1L
R RS BB L AL B R, A R TR A
HESR R T8 24 h SRIEEUREIA A BH48H 7 4
C A RLVKFE I ORAE

2)40 C W B /N 78 31 I T Y 23 35 57
LA S AKERS Hh  7E 40 °C F ST 36 h, 2R )5 B
LA B B LR 4 °C TR IR VKAS N ARAE.
1.3.3 @32 aRiE b egm 2

DL R LR R 2 B 23ROk R I A 3 /N ER 1) 1
PE. HEHE 1301 3R 20 WA HE 1 A A /N ER
PR 1.2 O E SR AN AL Ky 7 ik R & dRd pH
1, FHHEL 8 B 200 mL 43465 250 mL R, 76
121 °C F K 20 min S8 2EE. RIGFRE10 ¢ 1E
INER A FR B TR IR R G A P E S R 4 d
24 h BURE— IR, 2500 J5 B B W W 2 NH, -N Fil
TN BVREE , 5 25 AR BT 40wl =38 1 KB
ROPE b, BB A ] ) ZE K A B —

{E G B AR R R e AN R AR AR AL, D I B e KA R
I 25 5

ME R TTA VLA, BOKE p(TN) =p (NH, -
N) +p(NO; -N) +p(NO, -N). g ",

1) NH, -N A7 e e ik

2) NO; -N: 4Nt

3) NO; -N:N-(1-Z45E) -4 otk
1.3.4 AU R M E

1) HUESREE. JH brook field CT3 — 4500 %1 i #)
A . IR 0. 5 mm/s, JE4E R 4% 5k . TA
11/1000 ([RIAEIE , HAR =25. 4 mm).

2)BFPIsREN . H 60 A /NERICA 250 ml 4k
JEH, INA 200 mL 2585 FK , A1 iR 4R 3% 4% 1 220
v/min PR35 15 h, AR/ NER S JE/NER BB L Rom
USRS
1.3.5 R Mpael

W 7 B R /N BRI B ARk b fE L 24 h
JEHU . RAIZEE VARIAN CARY — 50 %% 4k—a]
DL A6 RE T4 0 38 28 KV A D% B 450 ~ 700
nm {51 2 DA S g 3 N BRI BFHPE E.

2 KWERSHH

2.1 EXRRWERSH

3 A B AF DG SCHR 1 IR A /NER IR A
205 WUEE 4 DNHE A LR B PVARE C 5
IRITH] | D /MK B AR, 25 R KPR an sk 2. LA
NH,’ -N Fl TN [ 2 bR 3% A5 15 45,

2 IERIKR P EKP R

Tab.2 Factor levels of orthogonal tests

%
i B
L KF A C D
il n PVA Filk o
LR/ % N ARIRHTE] /D NER AR/ mm
S %

1 2 4 4 2.5
PVA 2 4 5 8 3.5

3 6 6 12 4.5
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PR 1. 3.3 D A 3 DA PR 0 e R R G R 4%
424 . 5584 180 v/min .COD/N K 25 HI%4 pH (& K
8, M Ry 30 °C. ZIE i B 5 FIBR R B , ) 4 o o

WL N p(NO,-N) =10 mg/L Fl p(NH, -N) =100
mg/ L, BRIEMFH R =40 25 SR L 3.

#3 WXZ-2 PVA ISR T4
Tab.3 Result analysis of orthogonal tests on PVA of WXZ -2

e A B C D NH, -N TN %R/
ST . , IV L
R/ % PVA #eBE/ % SRR ] /h NEREAL/mm LR/ % %
1 1(2) 1(4) 1(4) 1(2) 82.62 87.13
2 1(2) 2(5) 2(8) 2(3) 81.01 84.91
3 1(2) 3(6) 3(12) 3(4) 82.90 87.32
4 2(4) 1(4) 2(8) 3(4) 80. 41 86. 04
5 2(4) 2(5) 3(12) 1(2) 93.31 94. 68
6 2(4) 3(6) 1(4) 2(3) 86. 34 89. 89
7 3(6) 1(4) 3(12) 2(3) 77.67 83.31
8 3(6) 2(5) 1(4) 3(4) 72.90 78.40
9 3(6) 3(6) 2(8) 1(2) 85.79 89. 80
I, 82.177 80. 233 80. 620 87.240
I, 86. 687 82. 407 82. 403 81.673
HALRE
I, 78.787 85.010 84. 627 78.737
R; 7.900 4.777 4.007 8.503
I, 86. 453 85. 493 85. 140 90. 537
I, 90. 203 85.997 86.917 86. 037
B LB
I, 83. 837 89. 003 88. 437 83.920
R, 6. 366 3.510 3.297 6.617
HH IE A g 4 S vl 0

1) AERMEAE TR A —5, L5 5 1
LBRBCR AT

2) HHEHBRBMAKNY-HR:.A,B,C,D, , Bl
N 4% ,PVA TR ECH 6% , 3CBRIFIAI A 12 h, /)
BREEN 2.5 mm.

3) MM ZER/INAT LU H 52 2 R R Ak 2R
BOR B 25 R A T 2 . /NBR AR > I = >
PVA ¥R JE > BT,

MEER AT LA, /INBR ELAR S A BRI 1) 32 22
SR 2R /NER ELAR /DN, T A6 3k 5 B AR 2
AFIF/NBREIE , L /N ER B AR R /NE N 2.5 mm.
PVA MREE NS =52 M 2, PVA W AN H K &, W
JE K R S EUNERIE T R, SR R TR
U, ZZIBCHS [B)XoF Ak PR AR Al AT — 5 152 ), Ok
PAPR S A5 RN 1.

L 1 43 AT, 22 8 R 2 2 B 23R ol 2 28 1k i )
PRE R TG . (AR B —EKF e, RBRRE T

El 1 RIS,

Fig. 1 Experiment results on single factor
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M 4% PVA it /3800 5% ACHRETE R 12 h 7k
HAAH 2.5 mm.

[FIRERY 538, % WXZ — 8 BT IE AR I, ik
R AR R N N 4% (PVA it 534X
K 5% ATHEFIEIA 12 h /NEREAE N 2.5 mm.

XoF LI 5 A 55 A JE TR P PR AR T e, 5 2R LR 4.
A IR TR 114 108 201 i 5 HL D 3 TR A L A P e B
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Tab.4  Activity contrast between entrapped

and free bacteria %
g LI
Btk NH, -N NH, -N
TN B TN LR
WXZ -2 94. 87 95.27 93. 31 94. 68
WXZ -8 96.3 93. 81 95. 40 96.73

2.2 REFENHAR
T o A 8] SCHR, e BT /INBR CRAE R AT A I AR
A — B B PR AE 5 0T DL KGR R TR R B TR
R0 TR AT F R IR KR M AR R K IR I
LT =X, O/ NER B B 5 0, R XA R
THES 40 C THEPIFPA R 7 AT X BE A7
TERARAIE ST 43 B AR K WXZ -2 Fl
WXZ — 8 PIFH R A AL /NER , o B AL, —HE B4 T
RURT 1 — AT 40 C T8, F H.
2.2.1 1RAGEE
F 1. 3.3 W A S TR bR 3 2, BB 7
FE— I WA AL TR bR WXZ -2 Fil WXZ -8
(143 P Bl DR A R B) A2 A, SR 25 SR A 2.
MR LA Y, 2858 1 A BRAF, 40 °C T
PRORAF I AL/ INER LUV VR TR DR AE I/ N ER LA L0
RS R LR BHEAZ AH 1% ~5%),
2 1 A G A HE/NER I Z RN R B R 4
FETE 90% 2oy, A P S AR, LR, PR AN 7 =X
B AR B B T ARG PR
2.2.2 IMVL3TRB
PRI T ANERIMILIE R UL 3. R+
i/ INER G DM, AR, MRS IE. 40 C TR/
BRI 5RO Sy R M 7E — . 70 S & A A
HPRFRIN.
2.2.3 HUMRIRE
1) PR AL A, R 1. 3.4

K2 ZRMBRAK LR
Fig.2 Removal rate of NH,” -N and TN

B3 /RSN
Fig.3  Appearance of the balls

H IR AT I, S5 R N 5.
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Tab.5 Results of hardness testing

A3 3 AR EN Wi/ g
WXZ -2 BT 3493.2
WXZ -2 40 °CTH¢ >5 000
WXZ -8 BURT IR 2347.2
WXZ -8 40 C TN >5 000

2) By DTSR BEMNAST A, $ M 1. 3.4 Ry Ts ikt
AT, /BRI R UNER 6.

Ko MRS,
Tab.6 Results of breakage rate

A3 3 ARV EN WA/ %
WXZ -2 VR T 1 95
WXZ -2 40 °C T4 54
WXZ -8 RURT 92
WXZ -8 40 °C TH 50

KT 5 B (R IR ZE Sk 40 °C TS 1/ ek
(BT 3 AT 85 U0 7 B4 i B RS F 98 R T 1 /)N
B, DA R F/INR A o B OB R R
A FITF/INERFE RN # HA  RFRE S, TSR XL
R LSRN S R B OL R, PR 4y 23 AR
HBHETH L.

2.2.4 HMPEARM X LER

FRMR 1. 3.5 B R TR A R 4. T
FBRALH/INER R TS N K oy, T AN b
B /NBR 2 TR [5] T 25 T AR 42 52 ) 1) /)N Bk
(R II B  , J deg F R RS2 T DL fe A 31 /N R A 7K Ak B
RIS AR, R 4 P LA, WXZ - 8,
WXZ —2 7 40 C &M N THRAER /NER LA TR T
PRARAT/INER A T B 1 B 4

1. WXZ -8 40 °C T#; 2. WXZ -8 Wi THE; 3. WXZ-240 CT
M 4. WXZ -2 BT 5. 55 A.
K4 AHUNRTE TR IS 19551
Fig.4 UV spectrums of embedding balls after drying

3 5% it

DB T WXZ — 2, WXZ — 8 Wk i 48 = ity
BB A 55 1, R TR 54 4% (PVA JT 47
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S BB R NH, -N TN 22 BRR487E 90% LA I, 5ifF
B TR L PR AR

2) il R R T4 5 40 C T4, 15 40 «C
AR A HE/INER EL A B R 4 T B R R R
R PERE R, X WXZ -2 Fil WXZ -8 1 55,
40 °C W —Fh o BRAR Y AR A7 7 =X
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Study on Entrapped Immobilization and Preservation of

Heterophic Nitrification Aerobic Denitrifying Bacteria

YUE Jian-wei, WANG Ping,

ZHANG Yan-ping,

JIU Wei-jing

(School of Food and Chemical Engineering, Beijing Technology and Business University, Betjing 100048 , China)

Abstract; Two heterotrophic nitrification aerobic denitrifying bacteria strains, WXZ-2 and WXZ-8, were

immobilized by PVA-boric acid method. The optimal embedding conditions were obtained by orthogonal

test method. The Quantity of entrapped bacteria was 4% . The concentration of PVA was 5%. The

crosslinking time was 12 h. And the diameter of the immobilized beads was 2. 5 mm. Two different drying

methods, freeze-drying and drying at 40°C , were compared to keep the beads. It was proved that the

beads dried at 40°C showed much better activity, mechanical strength and adsorption performance.

Key words: entrapped immobilization; heterotrophic nitrification; aerobic denitrification; orthogonal

test; preservation after drying
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