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Abstract: The subject of this study is to improve the ability of Ralstonia metallidurans CH34, a phenol-degrad-
ing strain with anti-heavy metal feature by immobilization. The optimal conditions for immobilizing bacterial colls
were obtained with cross act experiment. The phenol-degrading efficiency of immobilized Ralstania metallidurans
CH34 was investigated. Results show that phenol-degrading efficiency of immobilized cells is obviously superior 1o
that of the free cells; The ability of its resistance to heavy metal have been greatly improved; When additional
carbon sources were added in the simulated waste water, the immobilized R. metallidurans CH34 were affected
less than the free cells.
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1 HRSHE

1.1 XBHH

1.1.1 SCEEE#Rb. Ralstonia metallidurans CH34 8 E BA NS A2 Alexander Steinbiichel
HERME, HEFRE,

1.1.2 FEKH: Xk 4 ZELTEw, FALARE (REIEN8%) BN
AR, FI5. WEMMA. fTER. BE, SR, Sibs. SHBEIACP,

L1.3 igede: BOUKEERAI MO EHUS AR, MO THLEEFREE: Na,HPO,-
I2H,0 6g, KH,P0,3g, NaCl 0.5g, NH,CI 1g, MgS0, -7H,0 0.492¢, CaCl, 0.0111¢,
# 8 300mg, EH IL (LITEBRERFRYFE MHE) .

1.2 XBAHE

L21 Rk XBEEGRERANN4 - SRS A%,

1.2.2 Bl bdfarm . DISERMEE, RAaERHSEE/Em, Sk
fER: %80 (5,0000/min .0 15min) BEINE TEREEMA MO EREHKARR
(0.3g/ 10mL), F#H -EBWBMADIBRIFHERERABR T, ToNHERRYS
HRWE, MARMAELSEES, 28, 8k, $8 1805, BRERHAM
B2 LA skik, FREKEERG Bl el {# .,

1.2.3 #5xF%k: SEBEEHRARMPISE 20ml SHIE K 100mL =M+, 7=
30CT, 250r/min IR FEIBIERE,

2 HRE5HH

2.1 HEFES Ca’ REF pH EX EEHAMRBKER RN

LR b R B B L/ 1 RV RRIA B R S M BB S R T, EAT R
W, AREAME, HIRIIEN, RITSCESFESRMN Ca™ WK pH &, BRIt E
R L/ERIREE R SE AT PRI, SERFITK L,

SEAT ORI B CaCL WP pH B 6 £45, Ca’ W d AR, FTL
HEXMAMA T RARTH, NR—FRFE, rTRRESERERGT B ERH
SRR, BTHEMNTEE, NS TIREREREE, MYk Ca® WEERE
Bf, WHEEC/ R TR ERBISK R, RIFZBRST, WD
A

HORESREEM 4 - BEETH ML OEENER S B, EASRREENR, 4
R Ca™ BB S/ ARSI, SRE™ s RE. TGRS MO I
FrEER pH (BT 6 Z2 G I/ Ca®* 3R/ DERVLIRIRE .

2.2 EE{EMAERHNRAREEEYE

TEH & BE LA R, FRSERMBEMEYREES ., RERELEKRE.
VR IR AR AR AN AL 18] S R [ 2 L R PR LR . N TR BGEE R A
B R % R R AR AR 8 E L A A R e, RAOTR SRR (4] @ L,
(3*) IEZHK CHTHEFZSUIHE), DORAR 5 P2 B R AT B 8 AR AT IE 58
Lk, HEMEAR PO E EE T 18h Ay, HERRER?2 KHTRKF.
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1 Ca" REF pH X BT ERESE 2 ETXREAEXEAEFE
0 A
b Gl
calt pH A B C
* <6 7-11 1 2% 3% 1: 25
<0. 001 mol/L + - 2 3% 4% 2 25
20. 01mol/L e+ + 3 4% 5% 4 25
H: + PEREARE, + + IBREE, - NEREEE. H: ACClL, BB REWMET, C o (B
A% B BMER)

BER2 FARMEE S KT TRABMEIE, #5879 ABZMM, 43ma
0mL \AITBE AT, Zif 4h FRERKEMKE, B8E 3 WTRPEIFTE.

3 EFL®E
P 3 A% i
A B C
1 1 ] 1 1 104, 462
2 1 2 2 2 87. 477
3 1 3 3 3 30. 598
4 2 1 2 3 45,213
5 2 2 3 1 136, 456
6 2 3 1 2 111. 966
7 3 1 3 2 209, 529
8 3 2 1 3 155.020
9 3 3 2 1 169. 635
ky; 253,768 390.434 402. 679 441, 783
ky, 324. 866 410. 184 333. 556 449, 203
k;; 565. 415 343.430 407. 814 262. 06
K, 74. 047 119. 866 123.816 136. 851 Y. BaER
Ky 97.747 126. 186 100. 907 136. 456 W (mg/L)
K, 177. 930 104. 067 125. 396 76. 812
R, 88. 267 6.504 8.874 44.423
BATE A B, €,
Eﬁﬁ% Al BE CJ

BREY: (1) FHBHEE AR EETENEBERBEAERALR, %
BREFEE 0% 4, (2) HBEXZREBNGI T, RITEETHE&RS
AR BIRIERMAS, I ABC, X—HARTELRMN 9 HEES, B
~HESI ALK TRBEREE (B AB,C,) BRHTERIE, BF45KE,

T4 SEBFFNZARE

t (h)

W&
0 2 4 6 8
HEk 303.654 300. 377 256. 928 162, 525 0
1% 307. 559 197. 679 81.947 0 ]

& A B,C,
& 2w 299, 998 157. 390 0 0 .0
. ARG 1% 305. 325 196. 889 80. 763 0 0
= e 2K 301. 695 126. 581 0 0 0
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LR PmAHaE r RTERTINEREEE D, BRSCRILTREHN, mEk
AR A B CRENRERY TS, MilsE T & EE LK st 5
% AB,C,, BP: KR4 8/ (BEAKTE/ HRBRHAR), FILSRENREN
2%, WRMRHAFREE 5% .

2.3 BAEAMRNELETIR

FHIE S ROME U /K R 38 5 B B e AL/ NIRRT B SR AL o, A RS S . UAE
BRFEESABEK ISR -TALGIRRTTRY, PREA FTRKER, 8
ERME, H—RE—KIEBREN, £33 20d LA/DRE —ERBEK, /HAIREIAE S
BEENEAHREE, HiTRAREEMOERERGTERERL S, SRERERAE,
P 30d 260, FEEANRERE TRAWEK, FRAREAIHMORBERAR. HK,
TELFR I A B /D ERE RIS B BRI, I REREEM L G

55 R OLAE 30d B % 255 17 0 12 R AR UL 7K P K B A4 B R 1 ED Fl R BT HY 6h AT
B, EEIRA 3N EREFENANGREENEEEE2 -3 X4,

2.4 EEAARERERENNENT I

HE 19 Ry RERERMETHISE L ENN— AR ERZh EZHER

350 WL, IR TE A R PR A X
B, T TR A R Y
K. 53 5TRNEAEKE
(L) fEX LA mREA, 7]
R AREMR T B2 3B 2
B ER I REEA SR O
T, ERENRESH
HHBERILRGEAT B TH
AR R E R, A
B i e o5 e R /L AR A R

¥ma R/ (mgL)
2

B 1 ERTRREREIFME
—— HR1, B TR A FRI, > FE4 MEEEARETREER,

—%— 75, —@— HE6, +— HEI, — HES KB HFEROE RN,
e HEY. A FRIZH Monod B2 kLA

{ERME—RIMSI N ZE R, TERVIYRE CIREN, RAYHEERAT, WERA
BBRR—REHEFTRIOR: dnC/d= kP, SR ITROEIRIES, BAXBRM
Femah S E TR, RS iR, &

SR PRI R R WAE R I B R R SR RS, L A B R R
Pemeth. MRS ATLIBHITEI M k| HEK, XS5ZHMRLAREFR—E.

x5 EZXZRJNE
R IFARR

InC = -0.2611t + 5.6853 0.9993

InC = -0.3014t + 5.7053 0.9935

InC = -0.5644 + 5.8347 0.9318

Es (%) &) —

InC = —0.4688t + 5.7996 0.9581
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H#ES
5 InC = -0.i872t + 56499 0. 9953
3 InC = -0.2360t + 5 6665 0. 9997
7 InC = -0.0851t + 5.6622 0. 9968
8 InC = -0.1621t + 5.6519 0. 9565
9 InC = -0 1369t + 5. 6468 0. 955
25 Bl SHEAERM AR L
S5 B O B 49 9 300mg/L HN S00mg/L, s
WREEMNIE R, BUE 2R, BEE 3w
) R. metallidurans CH34 FESH A BYEMINER A — & a0
BRESENERY, TESAEOREUTE & 0
FERFEN, XEVE TR B 10
WA SRR, R B R R 1 0
H{Jﬁtﬁ‘c ] 5 10 15 20

t/h

SHEESEADPHERKER SR
1,000mg/L £ 45, BEMSEH R metallidurans E zsmﬁ?é:ﬁiﬁfmfg ;5
CEHBA 76 60h PYRGIS KBS ATER, MilpmA R, % R T T
metallidurans CH34 7E30— ¥ BE U )L A SERF M) .
26 BEEAEHESEREENNE

BBBEETRX R meaallidurans CH34 @EN, BEHSHBETHWRERENESE
ST AEX B, He', 10pmol/L; Co® | Ni**, 2mmol/L'™, LRZR: WHEH
EES R T REAERE LT TEELENE, BESEAE C . N T45% 32h,
48h PIREMEMYEEASSE 4, f Hg®' o 80h JMRHFIEHRIR A MEEMISHE Co>' . N F R
& 1lh, 13h HUDATFEMR R ASES:, 7 He'* o 31h IRREEREM A 24, 4574 E
FETFTLIE R, metallidurans CH34 fEEH 2 RIFE T HX THEESFHRER.
2.7 EZEH R metallidurans CH3 BERTHMATRIMNERBI RN

R metallidurans CH34 FERFEIRS T RERE IMA B /MNRE 23 HZEMNE K R ER L
BXREwWmE 3 frr, minEEER R meallidurans CH34 5 B3 IAH [l B9 8 4Bk IR BT,
MEE TE 4 &1,

10 ¢ A
08 | E’ 300
i 0.6 E 200
& 04 e 100
0.2 ® 0
0 0 2 4 6 8
FE KR+ PE EE+FER th
B3 mEs e A R H4 hngsrekEd EEE e

O Btk 0Dy, , m5h EEBIGRE —— X, w8 TE, & X8 TR
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B4 o3 REEEMAILFRS, WM TRIELEK R mealliidurans CH34 JT ABSH
BRI 2R RERE RIS RS R metallidurans CHB4 {ARAEMT , (B2 40)E B9RER L
THRENA THRES.

3 4

(1) A A ER B IRPR I IE Ttk Ye e T R metallidurans CH34 iR B b7
R, HOAAEMEGBTIES, RECHENS. BREKR48y/L; RESHEBER
2% ; BREWEBREE 5% . FREHERE 1 BZHNRRT BRI,

(2) R metallidurans CH34 BEAGSE, 2FHERREE ., FEMEES ., MESREHE.
P EBRER TSy me S SRR .

& X W
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