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Remediation Effect of Bacteria and Fungi on Simulated Complex Wastewater
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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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4 & AR ALY L [R5 Y 19 B 6 2 KR AR R 5
PR EEHE R, BT, & 5 48 K K A3 K
Z R Y AL 2 05 B0 B A LK K ) 32 R
FAAEYAE T 0 BT Uk T Y R Ak B AR 45 )
R AR ME AR A I fiff U B 4 ) 2 K L 2 A HIL%E K 1
5 e A A ST T 1k P A A W Ak B R A TS
LR IK W 2B WF A2 5 18 A DL I

A My 2 EE 57 (Microbial Flocculants, MBF) &
F A AR A W 1 5 43 0 ) b AR A 1Y —
Tz 4 e &80, HLRE B AR B 00 B B K Ab 3 AR E
FIL . T MBF AR % e Ak 2 2258570 1 22 B 4
PE T EHA 5 B T 0T e XA B 1A 22 B
R FVER BEW) by WK A5 O 5 BT 32 3 ) 2 /G
FENT SOk TR 2E A AT T (Bacillus muci-
laginosus) X} 2 PP H 4 J& JE K A 2 BEVE R IE E 1
KA B A Tz N R T R R A
gy 2R A LI K 2 3T A R BT R i — A W HOR
U T8 by 52 R K Lo A HILTS G Wk 3 25 1 i 24, )
4 JE JU RO AR LU BT L BN A LTS G A
4 ) EL AT B BT R AR 2 AR S DAL o R R
BT Y KR KA S o A SO E TR
J5ZF AT TR AR M B (Aspergillus niger ) BRB1BEE
-1 R — R TS YR K RS XK R A
15 G K 10 AR 0 b PR R AR T B (i S R T vk
1 #MBET &
1.1 HE#NE
L1l ZwFEAa®r  Rihd b ER B b ek 1k
PRSI R AR YR SRR O SR A PRl
B W AP TE PDA BfASE R B G fk 3 d 7 A A IR
Wbk B %2 35 (NaNO, 3 g. K, HPO, 1 g. MgSO, -
7H,0 0.5 g, KCl 0.5 g, FeSO,. 7H,00.01 g.7
B 30 g, 4liZk 1000 mL) A, #E 30°C ,150 rpm 5544
THRG TR 3 d 5B R W M T 22 3K O oK
KR/ANCEARZ 1 mm) , 3855 J5 /E R J5 22 50 19 il
AR B MBEN
.12 A FIAFH KEFAFES D EPE
Bic Hby 2R AL 7 W 52 BT B 58 A= W R 2 5 HORBIFSE oL 4
H . AP TE JC R IR b R AR S A AU IR A
[ JEME 10.0 g, HEE 0.3 g, (NH,),S0, 0.5 g,Ca-
C0O,0.5 g »MgSO, » 7H,0 1.0 g. K, HPO,1. 0 g.
pH J 7.0~7.5, 281K 1. 0 LIY" K¥EFR, LAk~ K
AW H 10 0 He b i e A K TR A B 3R b L 7E 28
~30°C 150 rpm Z&AF THRZHF* 5 d 5 Hi R Wl &
KB 2R 5 50 5 VR0 TR B9 487 MBF,

1.2 R K
2.1 - AAEK AN MgSO, « 7TH,0
(0.5 g/L) KCI(0. 5 g/L) \NaNO, (1 g/L) 5 lR &%
(0.014 g/1);CuSO, « 5H, O FIZE By i ¥ B 4K 46 I
i d i EEAC .
L2.2 4@ Ee kK HWNh MgSO, « TH, 0
(0.5 g/L) KCI(0. 5 g/L) \NaNO, (1 g/L) . 41 ¥
(0.014 g/L); CdCL, + 2. 5H, O HIZE iy () ¥ 3 4k 4%
Je S T BT
1.3 SEWHE
1.3.1 RFE @M & ey X K eg &L 22 75 ik

CI - B AU 7K < B Cu® ' Y B2 50 mg/ L,
WM 150 mg/L #E4LE K 100 mL F 250 mL
=AML BCE S AR AT AR AP (A —E. K
Do 5 HMEMTERE IR IR 3 d J5 W 7E 5000 r/min
TR 10 ming W 53 500 D0 o 4 R R W Y
e (EE 300,

xR1 W-BEMEXARLEAR
Table 1 The different treatment methods for composite

wastewater containing Cu*" and phenol

LU S

A &K K EMA 10% 41 % MBF
B 2K KB g A 10 % H i MBF
C JEK KB G IMA 5% BB MBF & 5% 41 MBF
S— KA 5% 41 MBF, 150 r/min 43 PR §% %
D F 15 min, /KFEFE 5000 r/min &> 10 min, 2 ULYE
9 BIEWOK AR A 5% H i MBF
E $— 5 DAME S B R K E I 5% H i MBF

(2) fa-T B 40 % 7K. B & Cd* kB2 o 20
mg/ L, Rk B o 150 mg/L B4 /K 100 mL F
250 mL =M, & & 5 bR 53T A [ A B CA
—BE) b3 A L.

1.3.2 MBF s R BREH 475 F AR K2 2 75 ok

CL) - P AL P 7K« A 40 9038 460 2B AN (] e B2
(3R 2) il -My A 40U % K 100 mL F 250 mL =S¥,
AR 1.3 1 P DS RFT B R, WEBEEE
A E B R B R M vk B MR b BT S 1Y pH
. MWK 3 REL,

2 AL K OR B iR

Table 2 Concentrations of Cu*" and phenol

in the composit wastewater mg/L
9T 1 2 3 4 5 6
Ces2t 5 10 30 50 80 200
Cophenol 50 100 150 200 250 400
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(2) -y B UL 7K
BUAS [ B (5% 3R K /K 100 mL F 250 mL
=ML AR 1.3, 1) &5 B T A Y b 3R B

R 3 R-EMEE KR ERT

Table 3 Concentrations of Cd*" and phenol

in the composite wastewater mg/L
%7 1 2 3 4 5 6
Ceat 2 4 8 10 24 30
Cphenol 50 100 150 200 250 400

mEFiEx Cu®t . Cd*" A PE-5100-PC %I
Wy R FH 43 66 BE

1.3.3
JE 1 W O TS E L

2 HXR 5k

2.1 FIAZARE MBF #2075 =X b 32 4= 8L & 7k

W 1.5 Fh gy 2O Hi -1 455 40 % K b B S A5
M) IR G 22 AR R WL 1 1 a] DL B CCKO -1y 2
KW E A Cu®' i 2R WA 0 % W TGS I
ASCHS 20 T Ak B A AR S (TR LA S 8 TR IR B ( HE s
1 IS 93 W T 0L O RS 7T DL R €8 DU 5 {48 i EL A Ak
P URE TR 2238k 2 BLEL A R 5CE 1 BDE A=
KA A DT P EAR R 4~6 mm, 5 RN KR
W (B 1B s B 1(C) ¥ W K TE i [R) s fim 2 787 L 248
p MBF &b 35 09 B2, AT ULAE o I35 0 WS Y2k, TR 22
BRAMER QB 1B T TR 22 BR LG /N 5 280 5
4 Fp b3 AL H S A (K 1D B S B 1O
BN, AN [ 1 2 B 22 BR A1 AN T2 B S %) A [ o
HERIE TR AR K /N 25 22 TR 55 HLIS W0 o 5 7 o
o K 1(E) A ARG KB Je 2000 4 T 22 68, 40 1L
Rl A6 A J A T s T DL VR SR VR L B L S

PR i 5 X 5 A (7] 4k 287 X 4 5
B 1 IR [a] b 3 2% e - B 12 7K 3 6 28 2R

Fig. 1 Comparison results of five different

methods for Cu’" -phenol wastewater

B 1 L R P R TR 2 BRSO R Aa L E
JE 22 BT HAEB I 1(B~D) i/,

5 A [ Ak 3 7 2O - 1 A5 401 1 7K Ak 38 B 52
XoF L UL A P 2, o AR 1 A 150 B ot 5 A o b TR
22 BRAE AT D014 LG I I K B 25 L TR 22 Bk A K RN
PIwg N, 2 vt BE CCKO 5510 15 K B R 3
G (8,35 W 5 B0 0 48 TR 9 R o A B S VS AT SR JE
0375 B AR R n] LD i (Ui TE , i 2CA)
Ay 25 2ok B il A Ak B R L TR 22 K MR RGO R
PG 22 BREFL A, S FIASG I B 22 3RO/
N 1.5 mm AU 2(B) 5 F 2(C) i 22 sk 4 K
B E 2(BY WG LS T 22 Bk H AR 2 ~2.5 mm, 4MEDE
W 2RI A6 2D MR S5E 20 K. H#
BRI A KA AT3E 3 mm UL b 2(E) B4 5 2
(O,

P2 AN [R) 4o B 7 0T - 1 /K a6 S5 R

Fig. 2 Comparison results of five different

methods for Cd*™ -phenol wastewater

5 AN ] Ak B8 7 2Ok P AU P oK Ak 3R AOCR A7
RKRZES (R O X TR 50 me/L. 2K B #
79 150 me/L BRI 5 - A J7 X H 4 s
RBRIT ik Bt E 7 SR TR By LBRACR S bf . N
94.54% B~DJr XX H &8 EBRFE 0T HE B

x4 TEAETFXASEE-B L 5E-BHE R K LR

Table 4 The results of using different methods on

wastewater containing Cu’” (or Cd*” )and phenol

- P A 40 -y AR A

i b 35 2 BKEBRFED FTKEBRERD
cdrt E®y  Ccdt O KR
A K — 2 73.8 31.05 52.16 6.78
B KU 9.28 48.71 9.30  4.41
C KE—~(HE+EE)  0.27 84.75 8.88  8.32
D 4l — K —~ A 7.72  87.44 17.66 6.79
E AN — A 16.68 94.54 22.21 2.38
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FOAT AN TR R B 19 25 B 5 AR SR U o T TR RN A TR A 25
Fhy Ak B T PR T A ) A A T ) A B

X TRV EE Ry 20 mg/ L, ARk B2 150 mg/L
AR RS DL IR 7K T 57 o 2 R A 50 A 380 2050 S A AN a0 - 1
Ko 5 Iy RO TR B 1 A B A 2% L AR T g
SRR EE RS G T O R AR T e R R
SJEM L AVE PR R AT AL E R TIRA
2ot KB X TR AR A S HME,

ZRG LB DL NG Ol S S B R R 4 AT RE . A A
SRR T 3 E ST S5 22 R [RIVR JE 5 A 15 Y
L5 7K A B
2.2 REBEFAIE R IR BRI K
2.2.1 REWALERRRERA-HEEKR K
[Fi) Ve - B B ADL IR K (36 2) 8 30 41 7 FN L B MIBF
PSS  RIN R AR KR E T 1~5 PAERKR
U, B2 BRI L S R IEL O T 22 A EDR W L T8
BHARBE 3~4 mm. HILZ T FE45 6 1Rk E
- LR K R 2Bk AE KR R R KERHEA
1.5 mm, = V& BE 1) 35 4 RR B m BE A i T BB 11
A, TR A TR R AS [ v 3 -1 52 4 O K 1 2 BR
FRILE 3, Cu’ RBERRITRRAAKXRHAX D
.

D=(C,—C)/C, +100% , (1
K, D N B Co Ak BEFT R K E 48 BTk
J (mg/L);Cy Ry b # /K BE L3 W i 4 e
TFHeSE (mg/L) .
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Fig. 3 The removal rate of Cu*" for Cu’" -phenol

wastewater with different concentrations of Cu’”

B K Cu*™ B & B 3222 & i 40 i MBF (1)
LR g . B 3 A, Cu” A B R b
R R R = Y Cu® R E R 30 mg/L A,
LR N 60. 020035 B T0 UG . B 5 22 5 R 3% M FRAIC
Mk BE R 200 mg/L B, BEERAT 22,07 %, X UL
JI2 J5T 2 FELAT TR 7 A2 B 2B 0 2R U SR X T I U B e

KA BRI EEER, 5SCAMES — 8%, K
AT B 25 43 0 K AR R 1 R 43 - 4 I, T L3 i T
Mo R IER S M T A LRELRES
T M R R e o T 2 AR BRI I B
LR — 7 14 o [] E g v 3 ASE A0 I K b AN (R A AR w3 1Y)
AR T A A R R R B X R A R 5 2
TELRT VR A 2 5 1 T 79 2 o 5 i 4 B 1 S BR o
XF R B F L AR VR B AIK T 200 mg/ L B R
YA B0 o o i R S B SRR T SR B 806 LA |
e Al ak 94. 65% (& 4), ¥ JE KT 200 me/L LU
Jei o 2 B G A, YR R 400 mg/L, UK
28.74%0 . KAy 25 B 3 B W O 2 i R A T 1
JE B AR RRIE RS . AR 45 St nT DL UE
X SEE L FE VR B R 400 mg/ LKA, R
FILTFRA AR . WA ) 25 R R A ML 58
[Fi) o 25 A i S T et B AR S Y L
VB I R T X 40 1 B R R RN e
8 5 O 5 ol A 1 2 TG S, TR g K R 4k
SRR R ST A LT X 2R ke U B0 AR
T R o T B R A L A R R R o I 1 R
P4 I3 B T R 3 1T 475 7T R 2k 2 W B R 4 42 ) S

D(%)
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Fig.4 The removal rate of phenol for Cu’" -phenol

wastewater with different concentrations of phenol

i 28 5 45 BT, -1 A 0L K s pH (B A
575 M Pk 2R My oK pH EAE 7 24, X2
SRy T TR ] Sy e TR 553 B R LK U VR R B KT KA L TR
WAL K 2 B SS PRME . IR A IS A5 A Tk B AL % K
pH A TR 2 3 Ao A7, 3 /2 K o 20 AT B Mg 28 19 ot
e 2= A R vE Y R . B KRR S L pH
HEIRT B, XS R M B2 G, B &
HAm A= Wy e 51 & 8 B A8 Pk, JF B3R AR )
JREE 202 B b R R S T R K O B R AT
YR 33 o AN ) JE i A 1 T R I R A i 36
2.2.2 AR RN R R R E 4B A SR K 6 4L 22
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x5 fE-EMEIIEK pHETZK
Table 5 The pH values of Cu*' -phenol composite

wastewater before and after the treatment

% B 1 2 3 4 5 6

Bidh pHH  5.99 5.98 5.42  5.56 5.41  5.45
Wefit)s pH{E  2.80  2.93  2.96 2.94 3.36 3.31

AN R B 1 - 2 /K (3 3) 48 3 e Joit 25 960 4 T A
FEh R AR A B S R 00 2 SR SR L KR 2R
o2 TR 22 KT 12 B AR o AR UL K R v T U
AN BT 1(Cd* 2 mg/L, KW 50 mg/L)
WP ER N 2 mm 47, T RERRITHRE 6
(Cd** 30 mg/L, %8 400 mg/L) H g F ¥ H %K
1. 2 mm, AR M B 22 ) 1R 22 3R O7- 34 B4 22 A/
SR R TE SR -1 A K AR K T R I R K AR R O 22
TRZ . A 22 BR AN 100085 o TR 22 SF Bl A O TR 22 3K
HAREKNA— F/MUK 1 mm A 45, e K] 35 3
3 mm,

X Cd™" ke 15, B8 7K vk B B AR I, Cd* T 2
W 23 (IR 5 i 25 s R e B e v i TV 4 vy, 24 Cd®
W FE S 4 mg/L i, J3BR3N 58. 4406, K 5 i KA .
X T B A2 PR A ARV N VR P AR R ot X 5
B BB ORI T LR, RS
Cd*" LBRFB MR, MUk B2 24 mg/L B, H &
BRFBAUA 23,5200 iR B AR A BR R, #EHE . Cd™"
XHAR Z2 48 ) 0 8l ) #0 AT AR RO R A
Cd* " A8 9 18 00 0 35 5 V8 L 5% W T TR ik Ak
H. M Cd RN 30 mg/L, Cd™" X B S ug 47 1
T 33 AT fE 2 PN A AR AL K T A R Y B v L R i
B [F) o A A 8 43 1) 22 R A L DT 2 i 4G i T CdP
2B
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Fig.5 The removal rate of Cd*" for Cd*" -phenol

wastewater with different concentrations of Cd*"

X T - 10 K o 0 2 B T 2 e L
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KRG A A PRI A T 25 BR AR AR A

100

80

60

D(%)

40t

20W

50 150 250 350 450

Copen/mgeL”

6 A I vie B - 1 R K P R K B R
Fig. 6 The removal rate of phenol for Cd*" -phenol

wastewater with different concentrations of phenol

- B BEAUAE K i pHAR S 423 P P 45 Uk
J& pH (¥ HOH-B L% K pH R (R 6), X
P2 CACL, 7K i i Fi 5 A AT K e A B T A 5
55 22 5] XS pH AE R AR K. B e W 1~4
SHES pH ERS A THE X T MBE X 8- & K
Qb PR B 2% L LA 7 AR R B TR R W K -
pH fE:5.6 5 FE ik pH {E Mk, 3 0] fiE 2 H o 7%
iy ) I figp S A T T TR EE IRE B O R AR B 2 Y
M 1k Wy o fekt pH (B FEA

®6 SR-EMEHIEK pHEL
Table 6 The pH values of Cd** -phenol

composite wastewater before and after the treatment

% = 1 2 3 4 5 6

JF4h pH 5.81 6.45 6.55 6.42 6. 37 6. 34
Ffi e pH{E  7.85 7.80  8.02 7.54 3.35 3.36

3 % %

(1)5 Fl A [ Ak B T75 200 4] -y 8- I A6 400 I 7K
Aab PR AR5 R 2 S L PR (A T B T A B AR B
BEAT PG A P R 5 Ak BRASOCR 4

(2 % T AN [ e JBZ 8y - P A 400 12 7K R 33 » Cu™
4 B i 2B R 60. 0220 G BE R 30 mg/ L), e Ak
LBRAHN 22,0720 R 200 mg/L) s 5 15 7 JE
o 50~200 mg/L i P 24 B8R B5 B0 1 S BR R
B ATk 94, 6500, MUK 400 mg/L B KB &
BRI B 2% Ah 28. 7400 .

(3) - B BEAU K JC T8 2 T 3 i B 7 i AT AL
W B4 25 R AR 3 O T - IR K BOCR . Cd*T B 25
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s R A 58. 44 % CHBE Jy 4 mg/ L), K 25 BR
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