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Abstract : Bacteria and fungi were used to deal with organic-inorganic complex wastewater containing Cu** (or Cd**)

and phenol. 5 different experiment methods,a method of using single Bacillus mucilaginosus ,a method of using sin-
 gle Aspergillus niger ,a multi-step method of using both B. mucilaginosus and A. niger,a sequential methods of
first using B. mucilaginosus as flocculant and then using A. niger in the degradation step and vice versa, were set up
and explored. The results showed that the treatment efficiency for Cu’*-phenol complex wastewater was better
than that for Cd**-phenol complex wastewater. For Cu®**-phenol complex wastewater, when the concentration of
phenol was between 50~200 mg/L,the average removal rate was higher than 80% with a maximum of 94. 65%.
The removal rate of Cu’" was lower than that of phenol,the maximum removal rate was 60. 02% when the concen-
tration of Cu** was 30 mg/L. The results of Cd**-phenol wastewater showed that the best removal rate of Cd**
was 58. 44 % when the concentration of Cd** was 4 mg/L. The removal rate of phenol remained around 30% re-
gardless of the concentration of phenol in the complex wastewater.
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LR A P LR 4L B B A R KR AR5
MEFERAER., BEL NS ELRBEKNLER
LR AL Y RS B A LR K N 3 ER
A7 800, i YRI5 G A B Rk 2R 25 )
R, AR HE AR AS | A D G R R K B SEA HLBE K B
Iyl AR BT AR AR A
LR KB B E S v R IR .

T B W B EE 7] (Mlicrobial Floceulants, MBF) &
IR A R » DAGECAE 99 4k 5l HE 43 W 9 v 4R A 1 —
Rz g, AL, HLBE A AR B i B ALK b 38 2 B¢
FIUT . B F MBF ANUAG 15 e 4k 24 22 50 57 19 28 B4
RN 1S A vt/ @ I R RN EES 9T e
R MBEGEY L PKER L HmMZB) ZX
PERT L SCBRARIE T B R I B (Bacillus muci-
laginosus )N ZME S BIE/KWEE/ER LW EAE
KANE A TEZ N R o, MR E S
EMAEIFEKEEFERT KB —TUEDREA,
HTE B 32 K AT AT ALY G W ok 45 B s 44, 0
&R HHUF LR S, EEX AL Y
SRAARBENENEEZER NEAHEHE
HEEEREARERRAELS, AXMET R
[ S FLAT v AR B (Aspergillus niger R GBR
-1 R — B S5 AR K RS, IR A R A
15 Qe K B A Wy Ak SRR AT B AR S L2 vk

1 M 5%

L1 ®m#aaR

11,1 ZwEAH MiiESDEP%EDRML
FWRE A EA YR SEOR S LR, Bl
W FAE PDA B R AETIEL 3 d 5 EAEIR
WAk B # 3 (NaNO, 3 g, K, HPO, 1 g, MgSO, -
7H,0 0.5 g,KC1 0.5 g, FeSO,, 7H,0 0.01 g, &
B% 30 g,4lisk 1000 mID . £ 30°C . 150 rpm %4
THGEHR 3 dE, BREP EIMERE LRI DK
PR/ANCERBRLA 1 mm), 385 J5 168 5 223K 56 i
AR, BB MBFUY

1.1.2 RAEFAHE BEFEFEHSER¥
B Hh 3R b2 B ST PR B AR Rl 2 S AR B o 0 4R
Ht, MAELARFEPELEEABRAEFE
[RERE 10.0 g . BERFE 0.3 g, (NH,), S0, 0.5 g,Ca-
C0,0.5 g ,MgSO, + 7H,0 1.0 g, K,HPO,1. 0 g,
pH H7.0~7.5, 78187k 1.0 L1¥ KIEFH. LIk X
Bt 100 M B RAKXFE LR RE .7 28
~30°C . 150 rpm FHFTFRGEFR S G HRERE
K2R\ G EN TR E MBF,

1.2 fERIEK

1.2.1 Mm-mEAsEK Hilh MgSO, - 7H,0
(0.5 g/L) KCI€0. 5 g/L) \NaNO;, (1 g/L) . 4HBR %k
(0.014 g/1);CuSO, » 5H, O FIF B 5 ¥ BE K 38 5
1.2.2 &8 AAKEK A K MgSO, « 7TH; O
(0.5 g/L) KCI(0. 5 g/L) NaNO, (1 g/L) 48R &%
(0.014 g/1.);CdCl, « 2. 5H, O F1 4 By (1) 4k B 4K 4
EEARTEELE,

1.3 RBWHE

1.3.1 FRRAEHMNE G X5 EAKG LR T %

(D H-By U 7K B & Cu®™ ¥R 50 mg/L,
KB 150 mg/L FEHUEK 100 mL F 250 mL
=M iR E S ARSI RR A (A—E, R
Do 5 ARMAERIKEES 3 d )5, I IFE 5000 r/min
TE.L 10 min, U EER - EE SR MABH N
FREER 33K,

®1 A-BEMEXFRLESR
Table 1 The different treatment methods for composite

wastewater containing Cu”" and phenol

4 # o7 K

A KK EA 10% 41 8% MBF

B BEAKREEMA 10%EE MBF

C FAKKESEMA 5% EE MBF K 5% 4% MBF
B3 AP INA 5% A B MBF,150 r/min #% R %

D F 15 min, /KEEFE 5000 r/min B.L> 10 min, £ T3
Bd: EEBREFMA 5% HE MBF

E  H£—35DEME.E B ARAREEEMSYHE MBF

(2) H-B B AL R K. L& CdF e g/ 20
mg/L, K B2 150 me/L &K K 100 mL F
250 mL =AM E 5 it fr AR AP (A
—E) 4 KA L,

1.3.2 MBF 8§ REREE A7 EBRMBE KRR F &

(1) 4By B 4D R 7K - AR 48 Tk 30 , 6 BOAS [ vk
(3R 2) - B4 7K 100 mL F 250 mL =M MEH,
BHE 1.3, 1 FOOSERFTBERR . MEBEME
HERBE THRE KB IRE RS ARG W pH
H., 8URE 3 KEL.

x2 o E-BAEILE KR B Gt

Table 2 Concentrations of Cu’" and phenol

in the composit wastewater mg/L
w5 1 2 3 4 5 6
Cet 5 10 30 50 80 200
Cohenot 50 100 150 200 250 400
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HAERNFRBER LR, SR, KEMAEMEE S
Roab 3T R TR A A A b

TR BN 20 mg/L, BB ¥R B 150 mg/L
RSB KT & Bk i Ab SRR BB A A 46 -Br /R
K. 5FFAN FEBROLBERRYEKE, R
REEOBENH T HRAEDREEE"  EERE
SR A ERMIFAMFTEM EEHETRE
GZRARE X TFTERBRIEEFSEME,

LA R A 1 O K S B L R B R BB B AR
FABEEFRERTEEARAERELZ S LEHE
PISKAERR .

2.2 BEAHFLIELRRREZELBEK

2.2.1 RAFHNALEREARER-BHEMBEK K
/) o BE 4B AR R K (B ) 2 B A E B MBF
WHEE, BHEBEKEERERSH I~5 PEKR
oEARRER . WEBI a6 HLINEXE, T
HRAE 3~4 mm, HEZ T, EHRHS 6 WEEE
H-BEMEKFEHLREKEE . ERERREAE
Lsmm, GRENESBENERTRMH THEEM
Ak, BERFXNARKESR-BESEKNER
RRAE 3, Cu*" EBRFIHERAAKXRAAKD
itE.

D=(C,—C,)/C, *» 100% , D
K, DIHEREC AL BRHEXKELEBE FIK
B (mg/L);C, AMBFAKELBERFHNEESERE
FHRE (mg/L).

100

0 - —
0 50 100 150 200 250

Cep/mgeL’
B3 AERES-BEKS CET XRE

Fig. 3 The removal rate of Cu** for Cu** -phenol

wastewater with different concentrations of Cu?*

B K F Co’" I EBF T E R HHAE MBF i
REERFERENTY . B 3 AL Cu' T I RBR R
EWEHRRERT, X Cu® WEH 30 meg/L B,
BREER Ny 60. 025 A BN TR , BE /5 38 0F SR 7 B 1K,
SN 200 mg/L B BEEEHEAN 22.07 %, XiEHA
JBC S5 2F LR B8 7 AR B A ) R X TR A R

KERFHERER, SCARE -, REF
RFESSMRENRER S TR, T LGETR
MR EBRERSEHR IR ERELEE
FUH, Mk R R, i TR 2 AL AT B A IR A
fR—EN, FANEEEREDEKPFAEFRETHN
H2BETIE LA RENEE, XWX REEF
BAEAAEEER WHESSERFEEFHERE,
XNFEBMS, W EMRKT 200 mg/L B 5B
WEBIFHBEBER, BB EE 80K L Lk,
BRAE 94. 65% (A 4). ¥ EKTF 200 mg/L PA
B HEBREREEMR, HRED 400 mg/L, LR
28.74% . EBNERFTERESIBHBERBTHE
FEEERBRERLIAN. RRBEROTLARIE
X LR, FEWR B 400 mg/L KEEH, B fh
BILFREBLERK. MEVEEAEAVIERZLSR
[, BHEREEREEY 8 FERRBLHNG, &
vik BE B, 2% B oF L 40 MO 9 3 R AR R
BEEFLEHBEMENERKIES, BB G884
SREEHERE. MATRERE, MESEER
BN E T A B R I, A 2 R S W B R
U R AR SR ERHT T EBE .

100

0 . o -

50 150 250 350 450
C e/ mgeL"

2

B4 AREEHBEKPERERE
Fig.4 The removal rate of phenol for Cu** -phenol

wastewater with different concentrations of phenol

B3R 5 R, f-BEBUE KRS pH ER
SEA,MBMEREK  HEE7ER. XEN
N ERER R M5 BR 55 Bk . KIS B B R T kA
WA K 2B F B . W& R ERBUEK
pHENTEE S LA XERNARHEERERT
Ry EREY R, BEKFEKEYS, pH
EEAARBE. ITRSEBRNEEF X BR
HUuAYEI EEaRESE, HUKRED R
RO iy R RN B BEEE
ERL XA FRMBAE K, # TR RNER.
2.2.2 REBENNARRES DBRBE KL 2
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x5 $A-EREERIEK pHETWL
Table 5 The pH values of Cu** -phenol composite

wastewater before and after the treatment

& 5 1 2 3 4 5 6

Bk pHE 5.99 5.98 5.42 5.56 5.41 5.45
BefEfS pH{E 2.8 2.93 2.96 2.94 3.36 3.31

ARAWEME-BEK(EIIETIRRFHEFEM
EHMBEEEKRAEENRBEERLRA, KEFE
M E R4 3R ¥y B 12 B8 & B 1% 7K ¥k BE 4 T
AN, HIETEE 1(C* 2 mg/L, %8y 50 mg/L) &
HuREHERN 2 am AR, TRERITRE 6
(Cd®* 30 mg/L, KB 400 mg/L) FHFHER R
1.2 mm, HEREZRIELREHERENR/AD.
EHBAEG-BEKPERLEABREKERERLZ
RE ELRAGMATE, HLINE QAT HEX
BERRMAR—, /MUK 1 mm £, B RTiLE
3 mm.

XFF CA* e ifh , A B2 K ¥k B ALk AT, Cd® 3
GRESHOHMEBRKELRMAERS, X CL&
WEEH 4 mg/L BF, ZBREE N 58. 4400, K BIBRKME.
XA B R R A IE R, Bl B4R
BFE—ERRMEE, BN T XkE. M5
Cd** BB B HT R, BN 24 mg/L B, K&
MREMA 23.520, KRB RMEKRE. HRE,CST
xRS Y st Y & A B E AR AV b,
Ca*x4EYHENMMEBEER EWT EHEEMI
R. Y CLTEREN 30 mg/L,Cd*" RRFEH
fn X AT RE R B B K PR B R, Bl
BRI A M REER, AT R I T Cd
B ZBRE,
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M5 ARAWEEBEKP CET EHR
Fig.5 The removal rate of Cd’* for Cd** -phenol

wastewater with different concentrations of Cd’*

MFE-BELBERFHERT S, ZREBL

H-BERAMEKERS, KEREH L (E 6)FA,
FARETHEBREHRFEINESL. XTHE
WRRN CTWEESBERMER EEREUE
K RFEK, HRERERBABEEAR.
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Fig. 6 The removal rate of phenol for Cd** ~phenol

wastewater with different concentrations of phenol

TR KR pH R %, B
B pH EHLHAE-BEMEK pHER(E 6 . XE
B CdClL, KF R BEERFKRIEREEHER
FEM, MR pH ERMA KR, BEFEE 1~4
SH & oH ERE FT &, X i T MBF X &-B Bk
MEHREE BETERSHNREY AR TE
pHE;5.6 SH & pH E v, XA B H %
B R SR AR E R B R, PERESH
R pH (RS

&6 W-EMEHIEK pHEL
Table 6 The pH values of Cd** -phenol

composite wastewater before and after the treatment

® B 1 2 3 4 5 6

E 6 pH 5.81 6.45 6,55 6.42 6.37  6.34
MRS pHME  7.85 7.80 8.02 7.54 3.35 3.36

3 %

(15 FAR R b2 5 X348 58 B B UK K
AR EH B E, B G R A ERRY
BEPMMED KRG L EBRET .

(2) X T 7R (7 ok JBE #4840 7K R 4B, Cu™™
FIB R BRE N 60. 02 GREESR 30 mg/L), &K
FEREN 22.07 % GRER 200 mg/L); BB WK IE
1 50~200 mg/L EEWN  WRERFER O ERE,
BTk 94. 65%, HIRE R 400 mg/L B, K X
B R B3, (U h 28. 74 .

OFHEMEREREELRETEEFN
I R R AR - B E KB RE. C&THX
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MR B N 58. 448 (R BEN 4 mg/ L) BB K IR
E—HRBHEINRES.
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