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THE ESTABLISHMENT OF MIXED MICROORGANISMS
AND ITS APPLICATION OF BREWERY WASTEWATER
TREATMENT
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Abstract: The removal rate of “\COD of wastewater can be promoted completely by balanced
resolving of compounded organic pollutant. The study was based on the established model of
mixed microorganisms producing different types of hydrolase and aimed to prove its effect on
treating brewery wastewater. The experimental results show: the removal rate of COD of the
brewery wastewater can be raised efficiently by the combination of several strains producing
the special hydrolases applied to treat the simulated brewery wasterwater through the
optimization of Plackett—Burman and Box —Behnken design. The environment conditions of
resolving process were optimized through the orthogonal experimental design. The dynamic
monitoring process showed that the removal rate of COD , NH3-N and TP of the brewery
wastewater was 95.38%, 93.31% and 77.40% after the treatment of the mixed microorganisms
and the increasing proportion was 20.77%, 22.18% and 13.01% compared with the contrasted
group.
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COD o
[2],
[8.9]
1
1.1
I.1.1
X1
X10 :Bacillus sp. M 17 Bacillus sp. M

41 Bacillus sp. JNF -1 Bacillus subtilis strain
SYHO Bacillus sp. M 26 Bacillus sp. LWFO013
Bacillus subtilis strain YC —11B .Bacillus subtilis
strain H171 Bacillus sp. PT401 Bacillus subtilis
strain BHP6-1
1.1.2

1.0 ¢/L, 1.0 g/L., KH,PO,1.0
¢/L,,GaCl, 0.5 g/L., MgSO,-7H,0 0.01 ¢/L,,NaHCO;
1.0 g/L,NH,C] 1.0 g/L.,MnSO,-H,0 0.01 g/L.,FeSO,

0.02 g/L,pH 6-9.,

1.1.3
1.1.4
NA : 10 ¢/L, 3 g/L,Na-
Cl 5 ¢/L, 15 ¢/l.,pH 7.2-7.4,
: 5 /L.,
10 g/L., 5 g/lL,NaCl 5 ¢/L., 20 gf
L,pH 7.2-74,
1 ¢/L, 1
o/L., 4 ¢/l.,,K2HPO4 1 ¢/L.,KH2PO4 0.5 ¢/L,
MgSO4 0.1 ¢/L, 20 ¢/L,pH 7.0-7.2,
: 1.5%
(VIV); 0.5 %4 (NH,),S0, 0.5 %;
MgSO, 0.05 %, 2 % ,pH 7.0-7.2,
:CMC-Na 2 ¢/L.,
10 ¢/l 5 ¢/LL,NaCl 5 ¢/L, 20 ¢/L,
pH 7.2£7.4,
1.2
HS-1
300-U; YXQ-LS-30S ;
SPX-250 B-D ; TU-1 810 PC
;HACH DRB200  DR2 800
; TDZ5-WS ;
HANNA HI 98128 pH
1.3
1.3.1
, Plackett—Burman
it Box—Behnken (213
Plackett—Burman n=12 10
10 - 10 LB
, oD 0.15,
o “+17 “-17,
50 mL
04 mL. 0 mL, Plackett—Burman

12, 3 o 30 C,
150 r/min 6d , CODcr
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YCOD(%) o 2000
Box—Behnken

( 3 A,B,C), _E;IMU E TT
“_1 ” \“O” “+1 ” 3 , . I
50 mL 0.2 mL 0.4 mL 0.8 .
ST XS X3 x4 X5 X6 X7 X8 X9 xI0

1600

i

8§ i U/ml
=
=

=

mL 5 Box—Behnken -_
6d, COD 5 10
YCOD (%),
1.3.2 , X4 X6,
o X7 X8 , X3 X4 X7
Pl , X4 X5
19(3%) ’ X9 o , X3,
X4 X5 X7 XI10 4
4 ' ’ 2.2 CODer
1-41 Plackett—Burman , “©o7
(GB/
T23527-2000) 4] . Plackett—Burman ,10
DNS 15 DNS ” , 6 d CODcr
(YCOD, %) 1 o
142 ° 1 Plackett=Burman
o Xl X2 X3 X4 X5 X6 X7 X8 X9 XI0 (Yo%)
CODg, : , 1 1 -1 1 -1 -1 -1 1 1 1 -1 8769
_ 2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 8731
HACH CoDb o NHyN 3 -1 1 -1 -1 -1 1 1 1 -1 1 8346
o TP 4 1 1 -1 1 -1 -1 -1 1 1 1 8769
5 1 1 1 -1 1 1 -1 1 -1 -1 8846
° 6 -1 -1 -1 1 1 1 -1 1 1 -1 8962
7 1 -1 -1 -1 1 1 1 -1 1 1 8577
2 8 -1 1 1 -1 1 -1 -1 -1 1 1 8462
9 1 1 -1 1 1 -1 1 -1 -1 -1 8731
2.1 0 1 -1 1 1 -1 1 -1 -1 -1 1 8769
1m -1 -1 1 1 1 -1 1 1 -1 1 9385
10 ) 25%C 2 -1 1 1 1 -1 1 1 -1 1 -1 9654
4d N N
. 5 COD, 1 600
| 5 1:) 4 mg/L, 1 s 6 COD¢
’ 80 %, 96.54 %, o
H0.00 ’
50,00 ’
T;_:mun- ; i N
.E 3000 - COD .
,EZIIJI? “ ..
. i Minitab
oo0 L . . . . . . . . . , 6d 3 °
X1 X2 X3 X4 X5 X6 X7 X8 X9 X110
4 bR , 6d ,
1 10 X3 .X4 X7 CODg,
3 , 3
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o X3 .X4

|
N[
|

2.3 Box—Behnken
X3.X4 X7 A B
, Box-Behnken , 2

2 Box—Behnken

A B C (Y(‘.(m.%)
1 0 0 0 92:35
2 -1 -1 0 82.35
3 -1 0 -1 83.46
4 -1 1 0 78.64
5 1 0 1 76.34
6 0 1 =1 86.34
7 0 1 1 75.84
8 1 0 -1 85.34
9 0 -1 -1 86.31
10 1 1 0 74.31
11 0 0 0 90.38
12 1 -1 0 84.16
13 -1 0 1 82.62
14 0 -1 1 83.43
15 0 0 0 91.14
Minitab

, 3. 04 4
Y ,S = 1.30249,
PRESS = 108.574,R-Sq = 98.00 % ,R-Sq( )
=7439 % R-Sq( )= 94.40 %,
Y ,
.Y =91.29 —0.86A —2.64B ~2.90C —6.23A%A -
5.19B*B -3.12C*C —1.54A*B -2.04A*C —1.91B*C,

3Y
T P
91.2900 0.7520 121.397 0.000
A ~0.8650  0.4605 ~1.878 0.119
-2.6400 0.4605 -5.733 0.002
c 29025 0.4605 ~6.303 0.001
A*A -6.2325 0.6778 -9.195 0.000
B*B -5.1925 0.6778 -7.660 0.001
C*C -3.1175 0.6778 -4.599 0.006
A*B -1.5350 0.6512 -2.357 0.065
A*C —-2.0400 0.6512 -3.132 0.026
B*C -1.9050 0.6512 -2.925 0.033
4Y
SeqSS  AdjSS  AdMS  F P
9 415430 415430 46.1589 27.21 0.001
3 129.1390 129.139 43.0462 25.37 0.002
3 245704, 245.704 81.9013 48.28 0.000
3 40.587 40.587 13.5291 7.97 0.024
5 8.482 8.482  1.6965
3 6:508 6.508  2.1694 2.20 0.328
2 1.974 1.974  0.9871
14 423912
:A=0.022,B=-
0.181,C=-0.418, X3.X4 X7
0.4088 ml.,0.3638 mlL
0.3164 mL., 3 4:4:3,
Y 92.12 %,
2.4
, CODcr
1 300 mg/L NH;’N  28.4 mg/L. . TP 14.6 mg/L.,
150r/min 5
CODecr 5 o
5 ,CODcr
A3B3C2D2, 35 C,pH 9.0,
50 mL/250 mlL, 0.4 mL/50 ml.,
, CODcr
> > >pH,

, CODcr 70.77 % ,
NH;"N 80%, 94.93 %,
TP 69.36 %,

) CODcr
70.05 % ,NH;"N 89.25 %, TP
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62.14 %, CODcr 5 5d  CODer
COD A B C D .
(C) pH (mL) () Yoo/ %)
) , 1 1(25) 1(7.0) 1(30) 1(0.2) 55.38
2 1 2(8.0) 2(50) 2(50) 66.15
° 3 1 3(9.0) 3(70) 3(0.8) 60.00
2.5 4 2(30) 1 2 2 61.54
5 2 2 3 3 52.31
6 2 3 1 1 63.08
) 7 3(35) 1 3 3 70.77
8 3 2 1 1 69.23
9 3 3 2 2 66.15
R 35 °C,pH 9.0, K1 60.51%  62.56%  62.56%  57.95%
8mlJL, K2 5897%  62.56% 64.62%  66.67%
K3 68.72% 63.08% 61.03%  63.59%
, 10 L R 9.74%  051%  359%  8.72%
, 2.58.11.14 CODer NH;~ A3B3C2D2
N TP 5- o )
5 , 9538 % 74.62 %, CODcr
CODecr

’ ’
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) ., 8d
CODcr . 8d CODecr
CODecr .
CODecr ,
, CODcr
100 -
80
Seof
HTal
20|
0
) NH{N
NH; N
9331 % 71.13 %,
, NH5'N
) NH;N
8 d

NHyN

100 ’W‘
0 ]
80
a._ 60
o
! H2K I HIR I HIK I BUR I EEVS I
FH(d)
7 TP
7 s TP
,TP 8d ;
77.40 % 64.38:% ., TP
9 b 7TP
s TP
3
Plackett—Burman Box—Behnken
, X3.X4 X7 3 4:4:3
> > >pH,
,CODcr NH;N
, TP ,
) CODer . NH5N
TP 95.38 .93.31 %
77.40 %, 20.77 % 22.18 %
13.01 %, ,CODcr
, COD
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