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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 |- e e e e m = - ——

I — Ab ) \/\_ .
p— | XEBEETERTIEE
Influent TOC (mg/L) 105.3 = 9.6 1085 = 7.6 103.3 = 5.6 I
Influent TN (mg/L) 49.3 = 0.8 50.1 = 0.6 51.5 = 0.7 S— —_ V) AZ Sf—>
Influent TP (mg/L) 69+ 08 66 = 05 6.4 = 0.3 : wBYERe, B3 7 LASFNE EFOMm
Influent salinity (%bo) 35.2 35.2 35.2 |
- A3 —— | Y “—
Efftuent characteristics B MEM AENHERSE. XD
Effluent TOC (mg/L) 524 + 1.7 353 + 1.8 257 + 1.1 . T T T
Effluent NH, " -N (mg/L) 0.75 = 0.3 6.81 = 1.5 0.65 = 0.5 : . , ,
/b H— 2 —— -
Effluent NO,~-N (mg/L) 3.0 £ 0.6 7.7 = 1.4 1.24 + 0.3 1 1 E:*@E ;%jj\ *:%\ZE*:H 9&8’\]1 H-Lfl:@
Effluent NO;™-N (mg/L) 128 = 21 1.7 = 0.4 091 = 0.1 I
Effluent TN (mg/L) 16.55 = 0.5 16.21 = 0.8 28 = 0.2 NPIRY N ——
I I 5 ‘ﬁ = bjj

Effluent TP (mg/L) 4.7 + 0.4 3.93 + 0.6 371 + 0.4 | %Bﬁ riﬁbLJ\&Q %Bﬁﬁb %ZE =
Removal performance (%) |
TOC removal efficiency 95.02 + 1.2 96.65 = 1.3 97.56 = 0.9 | ﬁll:l:llo
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
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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

- . S . S S S S S S S S S S B D D e e e e .

A-MBR FAF-MBR FAF-SMBR l I
174N - = =
Influent TOC (mg/L) 105.3 = 9.6 1085 = 7.6 103.3 = 5.6 I ER I\ — - A :
Influent TN (mg/L) 49.3 + 0.8 50.1 = 0.6 51.5 = 0.7 j} — I_ll, X
mﬂﬁzﬂi P [::g,m} 6.9 :+n_a 6.6 + 0.5 6.4 = 0.3 I H L—F %q:E/J'E')E’%’%ﬁ %E/J '
Influent salinity (%bo) 35.2 35.2 35.2 — o l
Effluent characteristics I Llf%é:t* /j /\\\J ﬁj\jnJU)i%'/__:l‘% = |0 e :
Effluent TOC (mg/L) 5.24 + 1.7 353 £ 1.8 257 £ 1.1 I
Effluent NH,*-N (mg/L) 0.75 = 0.3 6.81 = 1.5 0.65 + 0.5 | q::I:-—‘- = fﬁ;&lz ;:’: Y= =
Effluent Nﬂ:—-m (mg/L) 3.0 = 0.6 7.7 + 1.4 1.24 + 0.3 _-J'ZEEI\J;Z;%\I/ ﬂ/z%g o I @UlE :
Effluent NO;™-N (mg/L) 128 = 21 1.7 = 0.4 091 = 0.1 o |
Effluent TN (mg/L) 16.55 = 0.5 16.21 = 0.8 2.8 £ 0.2 - /-:- 1
Effluent TP (mg/L) 4.7 + 0.4 3.93 + 0.6 3.71 + 0.4 I 7* “:57 = EIJ 5% }‘Aﬁ,ﬁi gETE% :
Removal performance (%) — |~ N I
TOC removal efficiency 95.02 = 1.2 96.65 + 1.3 97.56 + 0.9 | 1'{225 .*D}iﬁﬁ1'tém.ﬁlj/- K*D;E |
L;I:Iremﬂva] efficiency 69.8 + 1.2 71.4 = 0.6 94.3 = 09 I
removal eficiency 317 £ 0.2 02 £ 06 2T £ 04 I r EQ% % :
—— 4, NMEE 7T AaERER !
Filtration cycle length (d) 10 23 44 - -7/ =7 7= 777777/ m /- m/mms/mmsmsmsm
Fouling rate (10" m~"'day™") 4.01 1.48 0.55
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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

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 = 03 I . A A== <
Influent salinity (%) 35.2 35.2 35.2 I $!Z 12'_{5’\]1% |:I_] L )\]%]\__I' q I\7I:EI6A|:|
Effluent characteristics :
Effluent TOC (mg/L) 524 + 1.7 3.53 + 1.8 2.57 + 1.1 Tech * EII\JQ }ﬁ;EB&{EE
Effluent NH, " -N (mg/L) 0.75 = 0.3 6.81 = 1.5 0.65 = 0.5 ' ’152 EPS DSMP ’H F1K MBR
Effluent NO» ™ -N (mg/L) 30 £ 06 77 £ 1.4 1.24 =+ 03 I + Sk

- I
Effluent NO,~-N (mg/L) 12.8 + 2.1 1.7 + 0.4 091 = 0.1 | E/\JQ EI)EIjj (Duan et Cll., 2013)
Effluent TN (mg/L) 16.55 = 0.5 16.21 = 0.8 28 =02
Effluent TP (mg/L) 47 £ 04 393 = 06 371 £ 04 T T T T T T T T T TE T T T T T T T T T T 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
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Table 2
Richness and diversity indexes based on OTUp g4 level.
Sample Sequence OTU Shannon index ACE index Chao 1 index Coverage Simpson index
M1 38176 1088 4.510258 1321 88086 1299.1934 0.994258 (0 2 ER O
n2 48240 1087 3.799506 1436, 99908 1311.2244 0991146 0098625
M3 34703 1185 5.013984 14527737 13949254 0991615 0024202
Al 34316 1325 4 567544 1730.57517 1681.125 099514 00482659
A2 52617 1518 5.029146 1856, 18738 17549.1818 09927497 0.023519
M3 43588 1612 5226737 1931.52216 1837.0313 0991282 (.01 7604
A2
M2 g 1 A3 e
== ﬁﬁl
= 3
5 5 21
B ‘B
E 3
E
= Z g4
| M
| M2 m Al
m A2
B M3 o —
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Table 2
Richness and diversity indexes based on OTUp g4 level.

Sample Sequence OTU Shannon index ACE index Chao 1 index Coverage Simpson index
M1 38176 1088 4.510258 1321.88086 12991934 0.994258 002 B0
M2 48240 1087 3.799506 1436. 99008 1311.2244 0.991146 0098625
M3 34703 1185 5.013984 14527737 1394.9254 0.9916815 0024202
Al 34316 1325 4. 567544 1730.57517 1681.125 099814 0048269
A2 52617 1518 5.029146 1856.18738 1759.1818 0.992797 0.023519
A3 43588 1612 5.226737 1931.52216 1837.0313 0.991282 0.017604
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Other o S
unclassified .
Bradymonas 1.4% isolated from coastal sediment from Weihai (Wang et al., 2015) i
Thalassobius 0.88% isolated from seawater at South Korean (Park et al., 2014) ]
Marivita 1.55% isolated from marine evironment (Yoon et al., 2013) P = -=-=-=-=-=-=-===%= -
Tropicibacter 1.2% marine bacterial isolated from surface seawater (Lucena et al., 2012) ] 1 N - S < /- !
Marinicella 1.3% marine species isolated from surface seawater (Wang et al., 2016) 1 1 :LX f[l] o sl El:IE E/\J E¥ 5%2 7!‘@ I
Lucibacterium 1.8% a bacterial species found in seawater (Chung and King, 2001) 1 I
Nitrosomonas
Maricaulis 0.85% marine, halophilic caulobacteria (Abraham et al., 2002) 1 ! SIZ -Tl'i T <H /\ |:F| ﬁ i ﬁ :
Portibacter 4.08% bacterial isolated from a harbor (Yoon et al., 2012) : l <t /EE |:| ’J L l
Roseovarius 11 [
Lewinella 1.37% a marine bacterium isolated from Antarctic seawater (Takeuchi et al.,2014) | | a;"g — E/] ﬁ *)'L fl:% iL: Ig/\ \E- j] l
Leptolinea 1 | o AE JY R/AL I
imesia 1.03% bacterial isolated from marine (Ferreira et al., 2016) |
Muricauda 2% bacterium from intertidal sediment (Ye et al., 2011) i I \ N = + [\ I
Aquisphaera ] 1 j‘] 9:F7i =) I 7R 'ﬁ:—l_ E/] '_kf :
c Nitrospira 11 I
ocleimonas 1% isolated from shallow sediments of Sea of Japan (Tanaka et al., 2011) i | |
Oceani?()la 5.56% inhabitant of the ocean (Huo et al., 2014) I |§//=E %\E jj 7% E T Eﬁﬁ o I
Cycloclasticus 0.88% marine bacterial that specializes in PAH breakdown (Chung and King, 2001),
Blastopirellula | -t-—-—-—-— === d
Mesorhizobium ]
Thermogutt ]
Parvibaculum 0.82% isolated from deep seawater (Lai et al., 2011) ]
Cribrihabitans 6.71% marine species isolated from coastal surface seawater (Chen et al., 2014)
Sulfitobacter 0.73% marine bacterial found in coastal area (Kwak et al., 2014) i
Phycisphaera ]
Thioprofundum 0.69% sulfur oxidizer isolated from deep sea (Mori et al., 2011)
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