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Applications of a new immobilizing method for doped polyvinyl
alcohol-bacteria composite in the field of toxicity test

XU Yingchao XU Zhwyun CHANG Xiaojie LIU Chang "
(College of Pharmacy, Liaoning Medical University, Jinzhou, 121000, China)

Abstract: In this paper, polyvinyl alcohol (PVA) was doped with calcium carbonate ( CaCO,),
activated carbon (AC), silica (SiO,) and sodium alginate (SA), respectively. And then these
entrapped PVAs were used to embed Escherichia coli (E. coli) and produce four type of entrapped
PVA-bacteria agents. Potassium ferricyanide was used as a probe to monitor the changes of bacterial
activities, and the optimum contents of additives were selected based on the results of the above
activity tests. Thus the effects of storage, mechanical stability of various composites on the bacterial
activities were further studied under the optimum contents of additives. Based on the optimum
conditions, embedded bacteria in all 4 types of composites were employed to detect the toxicity of 3,
5 dichlorophenol (DCP). The experimental results showed that the sensitivity of embedded bacteria
in different composites to DCP was SA >AC >CaCO,>Si0,. Therefore, the embedded bacteria in
PVA-SA composite and PVA were used seperatiely to detect the toxicities of ethirimol water samples
in 1—5 mg-L™".The obtained ranges of inhibition rate were 6.38%—21.44% for PVA-SA composite
embedding bacteria and 3.21%—16.98% for PVA embedding bacteria. These results indicated that
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the doped additives effectively improved the sensitivity of PVA immobilizing method and provided an
alternative for the technique of bacterial immobilization in the field of toxicity test.
Keywords: polyvinyl alcohol, annexing agent, immobilized microorganism, microbial sensor,

toxicity.
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Wl 2% AT (PBS) : KH, PO, 0.08 mol - L', Na, HPO, 0.12 mol-L™", F 120 °C F K 20 min J&
fdi .
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BRI AIRA 5 H SAEF R 10 mL, E. Coli 0Dy, =10. 0, #HNFH] CaCO, K Si0, LM 4351k 5
7.5.10 [12.5 15 g-L™",AC I SA FYAHE /3500 0.5 ,0.75 .1.0.1.25 1.5 g- LBl A4S 1 S 2k
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Fig.1 The preparation process of immobilized bacteria in particles with composite colloida
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ARIUREL ] 1) 2 B 38 K S BOS BRI T 2 (B RRIE A, B E M BE T, DI 6 PR R A AR Jl L R 4 5, A
R JE S5 R Y PVA HRIE R 9 10 g- L7 AHXS BZAYERANGH CaCO, A1 Si0, HYHE D 10 g+ L7, AC
F1SA B9HRRE R 1.0 g-1L7".
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Fig.2 Effects of different concentrations of additives on E. coli activities
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SA >CaCO0,>Si0,( W5k 1 R ) AR, AC FI SA AL T 8AF MR G M, AR & T e e
WAL AR BB BE . 25 B i AR 45 S\, AC 2811 R Y & 40 e TG o 1 S8 G A P, T 14
THURLAHUAREREE 5 1T SA FE ARG BE RS A KA T WL R, A B B ELAG H U AU



1864 woom o 344G
LIRES 1 o =il
S 8 —
4 -
6 —
3L L
=y =y
#Hor #H 4
o =
2 [ —
L A
1~
I PVA-CaCO; PVA-AC
(23 S I IS I ) N SN | 0]1I|I|I|I|I|I
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t/d t/d
6 — S
L L
L 6
4
2 [ =
#H3- E
s b
L L
L )
1 B .
PVA-SiO, " PVA-SA
ol 1 v oy by by by ] 0I|I|I|I|I|I|I
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t/d t/d
B3 o SR RS [ E AL E. coli 1P
Fig.3 Effects of different storage methods and additives on the activities of immobilized E. coli
F1 25C,120 remin  BEAPFET & 12 h &-AHbRLE ELBUR B LIRS E T
Table 1 37 °C, 120 r-min~" under magnetic stirring, mechanical stability through 12 h each
embedding material immobilized particles
(ERLEE BIATE L 12 h B0RL 2B i BUbER 2 T/ %
PVA-CaCO4 4.83 18 40.00
PVA-AC 7.21 13 56.67
PVA-SiO, 5.56 21 30.00
PVA-SA 7.02 16 46.67
TE: = R HIE 3.

2.4 [ERLHAEYIXT Y DCP /Y R HUE

SPHERUET SA | AC, CaCO,Hl SiO, AUk B2l 25 1) PVA A3 E. coli 524 MEMIBURL & T & A A
[k B DCP(2—16 mg- L") IIRA R IR ,37 CoKVmANY 1 h J5, LARSHE] oL 37 i 28 ( 3RAS A R H
VLB 75 5245 26 [ 2 AU IRAE W)/ Nekost DCP Y R BUEE. 8] 4 J7R T DCP X8 4 RO [R5 G e b kLG 3
) E. coli AP DCP e B AR fh i 2. 25 53R W AR5 b >R FH 0 B A BHA BT AN [, {5 DCP X
E. coli WIHNHR LR AR —F(HZ PVA-AC Fl PVA-SA G E. coli XF DCP ()75 i 2R 5 I
R HFEHEOTRER T AC 5 SA 5 Uik, 3955 T ERIR BT, BN T E. coli 5 DCP ()4 fi,
ALY A A 1 37 P AR AT 2 B K. DA R P A 30 5 A 1 -~ B0 i) %8 (50% Inhibiting concentration, ICy, ) #F—
el R E | 45 9 R, PVA-SiO, . PVA-AC PVA-SA Fll PVA-CaCO, % 4 FhkF BB E. coli %} DCP
B 1C, B4 M 15.76 .9.32.7.28 13.83 mg- L' AR, 1C. F8/INbE A B 1A 7 400 0 S s i, R
PVA-SA G E. coli XT#5EH) Y R BLEE W] W OL T3 Ath 3 FIR-SH4 KL, T PVA-SIO, HIEHY E. coli X HEY)
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1) R B I, AR SE BERE PVA-SA A3 E. coli N FH T Sk AR BB MEAG I v
2.5 DRALAY A B AAAE 3 2% H7) 2 (4 7R T ) 1

LL10 g-L7' PVA-1 g- L' SA IRASBARALILY E. coli R4, MM A Wy o AL 2B IR L I
F T8 W5 K RE RSN, I LA 10 g+ L7 PVA A3 5 R FF 1 00RE S % R 45 SR A0 181 5 R,
76 1—5 mg- L' Z W5 K RE  PVA-SA (U3 1) E. coli WEWEAT JH T 32 B3 R Y8 N 6.38%—21.44% ,
Xof HE A ) P A FHA RIS LR 3.219%—16.98%. F LR B, AHXT T ER4E R PVA (A KL PVA-SA $2 i
T DR TR AR 5 2 T BN e 43, ZRIA [ R A B A W/ INBR 1 SR S AR
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Fig.4 Inhibition rate of different concentrations Fig.5 Effects of ethirimol on the respiration
of DCP on the respiratory activities of E. coli of immobilized E. coli by PVA or PVA-SA

AR 4 FOASFIRINFIB2% PVA X E. coli 4T3, il £ 22 F [ 2 AR W0 1) 52 6 AR TR, O
SR FE S L 38 328 6T 485 M A AR ) B PR P 0B A T ARG 25 SRR I . 24 PVA YR 2 0 10 ¢~ L' B, CaCo, |
AC SiO, Fll SA M BEARIR R 101,010 1 g« LB, £ [ 5 A A 0 0 i 30 ) S A 5 P A e E B R,
FEME T, PVA $84% AC BT SA AR () 5 B I 2L T484% CaCO, BX SiO, 0RE , PR I 78 52 Fr i F v
A [l B 5 5 TR, AC AT SA SR AT Hb B &5 T BRAAR A @ B 1, B0 T 5 SR K Fe (CN) (5 B R 1 #2
fid | FF R M 2 A 0/ NER B AR 030 PR S R B AC T SA A AT 0 254 5 Bl AR A By 04
A2 A IR ER T DCP AT R BUEHEF M SA >AC>CaC0,>Si0,. K PVA-SA G i) [ & {4k
PR 5 A% B £ W T 7K ORE B B M AT JECXT B 1 Y SRR B W i T PVA S A 3 Y A ) A
B S ARG E S AL A IR AR IR S T PVA BARE R 38 35 P FOATLBR R B | $2 5 1 1 S8 Ak i
A=/ INER I S AATE A R BRAA (8 AT [T SIERH T PVA [ 5 Ak A 10 K 5 25 P G 00 43 8 %) 17 A (L.
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