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Pilot Test on Enhanced Biological Nitrogen and Phosphorus Removal
by Ushg A’/O - M BR
CAO Bin', HUANG Xia, Atwshi Kitanakd, YANG Yu-fang, YANGDe-I?
(1 Deparment of Enviroomental Science & Engineering, Tsinghua U niversity, Beijing 100084,
China; 2 Water Treatment Technology Center, Toray Industries Inc, Japan; 3 Toray
Fibers & Textiles Research Laboratories <China > Ca Ltd, Shanghai 200023, China)
Abstract: By cambining the plate mambrane bioreactor fram Toray Industries Inc with the A® /O
process, apilot test systam for enhancing biological nitrogen and phoghorus removal by using the A? /O
- manbrane bioreactor(A2 /O - MBR) was constructed and used o treat municipal wastavater The
results show that the effluent concentrationsof COD, BODs, NH; - N, TN and TP are 24 9mg/L, 2 54
mg/L, O 68 mg/L, 14 3 mg/L, and O 98 mg/L regectively Therefore, the quality requirements for
phoghorus and nitrogen removal in the Reuse of U rban Recycling Water 2 Water Quality Standard for
Scenic Enviroorment Use( @B /T 18921 - 2002) aremet, and |8 criteria ecified in the D ischarge Stand-
ard of Pollutants for M unicipal W astevater Treament Plant (G 18918 - 2002) is achieved
Key words A’ /O process menbrane bioreacior,  plate menbranemodule;  biological nitro-
gen and phoghorus ramoval;  reclanation and reuse

(MBR) e
: (GB /T 18921—2002)
(@B 18918—
(4 2002) <15mg/L,
, 0 5mg/L , MBR
. MBR

. 22



www. watergasheat cam , A*/O— 23 3

[34]

1mm MBR ,
MBR , MBR ,

IR RGN RN @
A2 /O 5 6 7 8 EOES

(5 8l A% /O LIEGKR 2064 350K 4 K€M 5508 1
6.5 E M 2 757 Eik 8.MBR t 9. BB RBEAH

A* IO—MBR MBR : 1 R jo—
MBR Fig 1 Flow chart of A’ /O - MBR process
,A* JO—MBR MLSS : MBR
(HRT) (RT) 1, ;
A% 1O 2 ,
, MBR
1.2
' MBR
A* /O : (25 1),
A"IO—MBR | Toray (PVDF
), 1
1 1 Toray
1.1 Tah 1 Paranetersof Toray plate membrane module
, Um /mm /mm Im?
1 Q 08 1 500 500 14
, 1.3
BODs; COD NH; - N TN TP , 7
131 310 50 56 8 3 mg/L , 2
2
Tah 2 Operation mode of A” /O - MBR process
HRT/h RT/ / /
d % (mg- L")
1 2006 5 16—6 1 6 12 6 24 200 2
2 2006 6 2 —21 375 75 375 15 200 2
3 2006 6 22 —8 16 3 6 3 12 200 2
4 2006 8 17 —9 10 3 6 3 12 30 200 2
5 2006 9 11 —12 12 15 3 15 6 30 200 2
6 |2005 12 13 —2006 1 6 15 3 15 6 30 300 2
7 2006 1 7 —3 11 15 3 15 6 30 300 1
MBR 1
2
2.1 MLSS 2 , MLSS
(ML SS) 2 ;7 HRT 12h 6h

. 23.



23 3

www. watergasheat can

ML SS

MBR

*MBR » ff% « SR 2 o B 1 x [RY

~ "1’2 ﬁg HRT=12 h | HRT=6 h
| = . .
o . SRI=30ds" 7 e o,
é 14 000 00... 0. o % A -
@ 10000 LT R L. fJA dage
ok Ld -‘0 x " LA
= 6000 tox x4t Lt Taxx RN
teo? x* g“x x
2000 —— -
= = o jass = [asg m o
- = & & ® = § ©
= = = =
e T 2 o = 8 I o
oy ow o# ¢ ¥ o ¥
8 Ve) 'a] v vy vy §
& 8 8 28 8§ 8 g8 &8
o N o o o~ o~
(29
2 MLSS
Fig 2 Variation of ML SS in different reactorswith tme
3
HRT=12 h , Q 072
Q 098 kgoOD / (kgMLSS d); HRT=6h |,

0 091 Q 306 kgoOD / (kgL SS: d)

804
ST HRT=12 h | HRT=6 h
:‘n(") 03 ** ”.
fﬂ ..o .« * .
aioz ¢ .o o ot .
%-ﬁﬂ O(l) ot %, e
jasg m jung o juag o o jund
- = 8 & » ® K *=
e B = m T om = 3
. e~ -] =) - (o] —
g & & &y & g
) ) [a) [a)
H#
3
Fig 3 Variation of sludge load in reactorwith tme
2.2 COD BOD;s
4 5 A’ JO—MBR
COD  BOD;s
oD 24 9 mg/L,
91 3%,; BOD; 2 54 mg/L,
97. 7% HRT RT
, MBR
4 , CoD

24.

(MP) , CcoD
, 50 mg/L ,
MP )
[9]
= 80
P HRT=12 h) HRT=6 h 60 ;_
= 40 %
S - FK - FHEB - Bk - £BE {20
e s s = e =
~ 2 8 2 8 8 ¥ g
TR R o ®m o= =X
rer o~ o0 [} (=] —_— e o
S oy oy o Loz T o=
82z oz 8% B
i
4 QoD
Fig 4 Effect of COD removal
AIOOO r—‘—o——O—kc—.\'/D—o—O-o—o—‘ 100
% HRT=12 h | HRT=6 h 0
100 T i Lo £
2 jof e EA~ Bk - ZBE a0 &
;% \/\—/‘_‘/\/\/\.—-‘ 20 h
I Er
- = 2 &~ & =
m m m @ m m
=] — o
~ N — ~ I3
ooy o o L F
8 wn v w “ §
~ & &8 § § +
H#
5  BOD,
Fig 5 Effect of BOD; removal
2.3 NH; -N TN
A’ JO—MBR NH; -N TN
6 7
6 7 A’ [O—MBR 8
, NH; - N 0 68 mg/L,
98 6%:; ™ 14 3
mg/L, 74 4 % HRT 12h
6h ,
1 NH3 - N TN
200% 300%



www. watergasheat cam , A*/O— 23 3

, TP
.80 100
7. 60 0%
£ 40 . 60 % RT=30d TP
z - Bk - LR 40 &
£ 20 K - ERE g wn , TP ,
.
0 DDt stsssssatned Htmst P Q 98 mglL,
m m jung oT m jung = m m
— o0 -— o <t — =] (=} o V)
Z = - 2= 2= o 88 4% 2005 10
2L e 22 22 2« PAC, MBR TP
EE e F oy D o# & ,
E 8o 8z 5-sg 8oz .10 A" 10—
R 8 EREgEESE
HﬁﬁN MBR ,
FO; - P 3mg/L :
6  NH, -N
. PAC
Fig 6 Effect of NH; - N ramoval
100y HRT=12 by HRT=6 h 20 |30 100 'HRT MBR
= 80 80
) g
é" 60 60w
< 40 L - K- R BR %40 % 2.5
£ 2 20
oY A T Y : ,
- ¥ 8 2 =2 oe aog « ’
P . ) 2 ,
G AR S o R
o F o B LoD LoD (
522855 5 8E
N o o o 8 8 8 o ~ )1 L] 1
o [\ o
1 Q 176 NTU, 2 0 169NTU,
7 W
Fig 7 Effectof TN ramoval 2.6
’ 3
2
, 20 15 ’ 3 A" /O—MBR
(101 5006 Tah 3 Effluent quality in different operating stages
NHs; -N TN COD/| TOC/[NH; -N{ TN/ [ TP/ /
(mg | (mg- | (mg- | (mg | (mg-
: LH|LhH ey [ehHjeh
2.4 TP 1 20
2
A" /O—MBR 8 2 | 280 Q 27 28
20 1o 100
PR i 0 3| 203 a02| as9 | 923| s07| 27 35
_;"10 60 F 4 | 225| 139 031 | 953| 294| 28
S, 40 = 5 | 206| 126| 033 | 163| a75| 14 27
E s 20
0 % A (W 6 | 39| 156| 133 | 134| a9| 14 17
|nag I jmg [nay m m o jand jnag
S ooz oz Doz H 7 | 332 175| 127 | 169| 128|113 19
(o] m o (o] (M) o™ (] m E;
m m
SIS sTacod 3 ,HRT RT
S
2 £ 358 ¢ 5 4 & 8 !
Q o & & § § § « Q IMP
3 67 NH; - N
8 TP DO ( ) HRT

Fig 8 Effect of TP removal ,

25:



23 3

www. watergasheat can

1 TN 1
TP , TP <1 mg/L,
TP
DO =1mg/L
, ™
A’ JO—MBR

18920—2002)
(GB /T 18921—2002)
(B 18918—2002)

, (
B )
A’ JO—MBR
., HRT=6h SRT=30d
HRT

[1]
W astavater Treament[M ].
2000

[2]

<15

(B/T

Tam S, Judd S,Bruce J, et al M ambrane Bioreactor for
London: WA Publishing,

Lesgean B, GnirssR,Adan C Process configurations a-

dapted o membrane bioreactors for enhanced biological

26-

[3]

[4]

[7]

[9]

[10]

phoghorus and nitrogen removal [ J].
2002, 149: 217 - 224

Chang | S, Clech PL, Jefferon B, et al M embrane foul-
ing in menbrane bioreactors for wastavater treament
[J]. J Environ Eng, 2002, 128 (11) : 1018 - 1029
Adhan S, Gagliardo P,BoulosL, et al

Desalination,

Feasibility of the
maembrane bioreactor process for water reclamation[ J].
W ater Sci Technol, 2001, 43 (10) : 203 - 209
Hu ZR,WentzelM C, Ekama GA. Modelling biological
nutrient renoval activated sludge systans—a reviev[J].
W ater Res, 2003, 37: 3430 - 3444
VocksM, Adan C, Lesiean B, et al Enhanced post-
denitrification without addition of an external carbon
urce inmambrane bioreactor[ J]. W ater Res, 2005, 39
(14) : 3360 - 3368
Thamas P R, Allen D, McGregor D L. Evaluation of
canbined chemical and biological nutrient ramoval[ J].
W ater Sci Technol, 1996, 34 (1 - 2) : 285 - 292
( )IM]
, 2000

[J1 , 2002, 3
(1):1-7
Henze M, Harranoes P,

[M]. ,1999

(1965 - ), , ,

E - mail: xhuang@tsinghua edu cn

12006 - 10 - 17



