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Table 1
Pollutants removal and membrane filtration performance of the hybrid system
during the 3 operational phases.

Parameters Phase 1 Phase 2 Phase 3
A-MBR FAF-MBR FAF-SMBR |- T T T T T T T T
I = 4 A™A -
Feed characteristics | | l a I':n: /CET T 1 ﬂ
Influent TOC (mg/L) 105.3 = 96 1085 = 7.6 103.3 £ 5.6 |
Influent TN (mg/L) 49.3 = 0.8 50.1 = 0.6 51.5 = 0.7 r--n A~ - )
Influent TP (mg/L) 6.9 + 0.8 6.6 = 0.5 6.4 = 0.3 : ) 0By 1 a "\ @R T=>d
Influent salinity (%bo) 35.2 35.2 35.2 |
~ e r--T ~
Effluent characteristics I | 1 F %3 0Bl |1 F A
Effluent TOC (mg/L) 524 = 1.7 353 £ 18 257 £ 1.1 I
Effluent NH,*-N (mg/L) 0.75 = 0.3 6.81 = 1.5 0.65 = 0.5 I - < ~ T reeam
Effluent NO»~-N (mg/L) 3.0 + 0.6 7.7 + 1.4 1.24 + 0.3 | | F XM h S 0) 0B F
Effluent NO;~-N (mg/L) 128 = 21 1.7 = 0.4 091 = 0.1 | ‘
Effluent TN (mg/L) 16.55 = 0.5 16.21 = 0.8 28 =02 , & Z -
l.
Effluent TP (mg/L) 47 + 0.4 393 + 0.6 371 + 0.4 | ol @3 > | T h 9
Removal performance (%) |
TOC removal efficiency 95.02 + 1.2 96.65 = 1.3 97.56 = 0.9 |
TN removal efficiency 69.8 + 1.2 71.4 = 0.6 94.3 = 09 |
TP removal efficiency 31.2 + 0.2 40.2 = 0.6 s 1 -
Filtration performance
Filtration cycle length (d) 10 23 44
Fouling rate (10" m~"'day™") 4.01 1.48 0.55




FAF-SMBRA Arzp AYPX

Table 1
Pollutants removal and membrane filtration performance of the hybrid system
during the 3 operational phases.

Parameters Phase 1 Phase 2 phase3 -
A-MBR FAF-MBR FAF-SMBR | :
I > OBJ A -
Feed characteristics I b A /CET b--d Li' a :
Influent TOC (mg/L) 105.3 = 9.6 1085 = 7.6 103.3 = 5.6 I
A 1 4 < I ] A
Influent TN (mg/L) 49.3 = 0.8 50.1 = 0.6 515 = 0.7 [ 0 ] [O_B_ J}/ F [__J:.‘ T :
Influent TP (mg/L) 6.9 = 0.8 6.6 = 0.5 6.4 = 0.3 I
Influent salinity (%bo) 35.2 35.2 35.2 [ .. l
a |
Efftuent characteristics | - \J — l * N | F q h p :
Effluent TOC (mg/L) 5.24 = 1.7 353 £ 1.8 257 = 1.1 I I
Effluent NH,*-N (mg/L) 0.75 + 0.3 6.81 = 1.5 0.65 = 0.5 1. R 0B ;
1 1 |
Effluent NO,™-N (mg/L) 30 = 06 77 £ 1.4 1.24 = 03 17 h """B //i V1 A Al X - I
Effluent NO;™-N (mg/L) 128 = 21 1.7 = 0.4 091 = 0.1 I . . |
Effluent TN (mg/L) 1655 £ 0.5 1621 = 0.8 28 = 0.2 1~ \ h A OBF L | K o Y A" |
Effluent TP (mg/L) 47 = 0.4 393 = 06 371 £ 04 I o . :
Removal performance (%) I e I
> ] b >
TOC removal efficiency 95.02 = 1.2 96.65 = 1.3 97.56 = 0.9 l |_) 4 [ |_) Ji I-O-B-‘]-II ﬂ I
| TN removal efficiency 69.8 + 1.2 71.4 = 0.6 94.3 = 09 l I
removal efficiency al.d = 0.2 s = U0 2.1 £ 0.4 | £ = ¢ - I
O XKawp S !
Filtration performance L l
Filtration cycle length (d) 10 23 44 - /7 /7 7/ /s s EEmEmEmEsmsmsmsmsmsmsmsms
Fouling rate (10" m~"'day™") 4.01 1.48 0.55



FAF-SMBRA Arzp AYPX

Table 1
Pollutants removal and membrane filtration performance of the hybrid system
during the 3 operational phases.

Parameters Phase 1 Phase 2 Phase 3
A-MBR FAF-MBR FAF-SMBR
Feed characteristics
Influent TOC (mg/L) 105.3 = 96 1085 = 7.6 103.3 = 5.6
Influent TN (mg/L) 49.3 = 0.8 50.1 = 0.6 51.5 £ 0.7 = = e e e e e e e e o o o o e e e e e e e e e e e e
Influent TP (mg/L) 6.9 £ 0.8 6.6 = 0.5 6.4 = 0.3 | . ;
Influent salinity (%o) 35.2 35.2 35.2 | . oBi/ET | @ AR% l T
Effluent characteristics :
Effluent TOC (mg/L) 524 = 1.7 353 = 1.8 257 = 1.1 5 0BJ A O H
Effluent NH,*-N (mg/L) 0.75 + 0.3 6.81 = 1.5 0.65 = 0.5 ' A EPS SMPJi a r MBR
Effluent NO5™-N (mg/L) 3.0 = 06 7.7 £ 1.4 1.24 = 0.3 : o
Effluent NO,~-N (mg/L) 128 = 2.1 1.7 = 0.4 0.91 = 0.1 l .’OBJ“.J ©T & Duan et a| 201z
Effluent TN (mg/L) 16.55 = 0.5 16.21 + 0.8 2.8 = 0.2 1 ’
Effluent TP (mg/L) 4.7 = 04 393 = 0.6 371 £ 04 T T TE T T T T T T TS ETE S ESE S S m T
Removal performance (%)
TOC removal efficiency 95.02 + 1.2 96.65 = 1.3 97.56 = 0.9
TN removal efficiency 69.8 + 1.2 71.4 = 0.6 94.3 = 09
TP removal efficiency 31.2 + 0.2 40.2 = 0.6 421 = 0.4
Filtration performance
Filtration cycle length (d) 10 23 44
Fouling rate (10" m~"'day™") 4.01 1.48 0.55




FAF-SMBRaAT ~ Afzp AvPYX Y A L

Phase 1 Phase 2 Phase 3
+ mg - + I + - N
H,La B NHy'-N @& NOp™-N me m NHy'-N @ NO»-N S“LF m NHy"-N ® NOz™-N
N “'-__“ o L
s -l SNOR=0.72 mg (N)g (MLSS) h w e ‘: T
:‘.ﬂ]- ‘a\-- ® " . by . BEUNKE ¥ S:“]_ ."1\ ""1,.‘ B o 34“_ Y & "'-1..“_
B m g ® S N ~~ _ SNOR=0.77 mg (N)ig (MLSSYh| = \ 5.  SNOR=0.89 mg (N)/g (MLSS) h
B R R R E o o E "\ .
g“]‘ - -"\_ I-‘..‘-‘..‘-"--..‘_‘_ EE“- II\‘.'- “--"" E.‘“- .‘L'\ -‘“'-l"
— 8 i - * e - F=] 'h- e =~
E L A T | E > * 9. » E N - o
% - | ™
E Iu B \'.'l-\.,‘ E 2“ = - '! R E I[I' B 1‘\. - - a
E o [ | g H‘! E * “-“ = 1
G h“-. o " ] "‘-‘ - -
1 b 10 | . 10 | . = .
SAOR=1.85 mg (N)'g (MLSS) h ~ g g * SAOR=2.61 mg (N)/g (MLSS) h
S om i SADR=1.70 mgz (N)'g (MLS5) h u Il
] " 1 M 1 " 1 L 1 " 0 1 1 1 1 \x. il . 1 . 1 . N . 1 . 1 .
1] b 4 i B 10 12 i p 4 i H 110 12 0 pl 4 (i 8 ] 12
Time/(h) Time/(h) Time/(h)



S0

4l

e
=

Ik
=

Concentration/(mg/l.)

—
=

FAF-SMBRA r

Phase 1
E:-. NO3=-N & NO™-N
~itn,
L "~
™
- ® %3 =
[ ] \* - E_[:
®>.  SNARR=102 mg (N)g (MLSS)h| =
i S g
r ‘u' ,‘:‘ ~ E
B i = = LS E
i ‘\‘ ‘rﬁ d X 5
£ e . ':--"
L - e
i SNIRR=1.19 mg (Nyg (MLSS)h & - s
| 1 | | 1 | 1 | 1 | vl LI :h‘I el
] 2 4 6 B 1] 12 14 16
Time/(h)
| ~ - 2
I b > Y8
|

/1

AR ZGBH P X

Phase 2
[
- E N{}J_—N & Nﬂz'—N
u“\
-'.‘ "L
1
k¥ \x
[ b
5 LY
o .
3 - 1 W
. . SNARR=1.96 mg (N)g (MLSS) h
5 L
0 . .
A k
" %
% L
10 \1 A
\ LY
o k_swmn=3,?img (N)g (MLSS) h
" | 1 1 1 1 Y 1 1 1 1 1
0 3 4 6 8 w12 14 16
Time/(h)
r P O 1
N - Vd PN u
| b s M 0

Phase 3
mL f NO3=N ® NO3-N
("
= II\\\
- 40 *
e Y B
E \ |
= \ N
.E 3‘] B . i LN
W ‘1 * . SNARR=1.70 mg (N)g (MLSS) h
= [ F o
=20 F \ -
g \
& b
10 \ o
1 LY
‘h5H|RR=4.m mg [Nz (MLSS) h
“ 1 | 1 1 1 1 MY 1 1 1 1
1] F4 d 1] 8 i 12 14
Time/(h)
|
r==-r =\n I
OBs| | T |



FAF-SMBRA 1

Phase 1: EPS

ARZB

/A

P X

a P EPS SMP9

450 Phase 2: EP Phase 3: EPS
0.000 450 S 450
oo o
:ggg 30:00 ;c):uo
80.00 60.00 60.00
400 400 1000 400 0
:jg g 1200 120.0
|60.0 140.0 140.0
- o o o
= 350 5;’33 £ 350 200.0 E 350 200.0
< = B m £ 2o
260.0
= e 260.0 = 260.0
iig-ﬁ €3] 2800 280.0
300 3200 300 1200 300 L_F&
250 250 250 2
250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 600
EM(nm) EM(nm) EM(nm)
I ____________________________________________ 1



EX(nm)

FAF-SMBRa&TrT  Af2zp AvpX GaPEPS SMPs

Phase 1: SMP Phase 2: SMP

400 400

E
=
%
o5
300 300
250 30 350 i 400 450 500 550 600
EM(nm) EM(nm)
: r--n = = 7 ~ r---+4% r--ar X a0
: P11 3w y 121N SMP=z &1 O 083 1 1 A A N
|
|l ~ —~ - w < o~ ~ N\ s - wr <
| ¢ €3 1 (1 a Hwry > G



