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B OE HPMEEYER T A SR BEA AT K, 4958 T HRT Mtk SS SR B R 4
YY) LB . RIS T TR AR AR AR s e . S5 R R BB R G COD. TN
TP A B A2 BRECR,, His g W £ BRa R 2k SS M K AW E S R G EH5 R = R LA LY - &
Tk 53.63 kged ™! Al 21.14 kg-d™'; 15 8 ML Ah B8 & W) EPS ¥E 35 A PN/PS 24 5 47 ML f 17 52 52 Fb s Ak 2% 22 e300 58 5
S PN/PS Fl EPS e &, Wl M1z 2 V5 R MU IETERE ; AR EERA S AAO T. A4S A, WKL 5012 gm™
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R R . ULAh, Y REBERFENMAEY S5 A LY EEES A LS R e R AR TS e,
AT T IRER T R, AH AR VR R D7 R ~F- 20k BE AT 3k 7.93 ¢ L' PRI, A HILER v AE R 40 5T ik
Ui, B 2 R sl B At Y, DLaR A TE K A B TR R BR BRI, 2 R 2 7 RN A 0 sk R 4 1
FHE, MITHE— 25 B AR K Ab 335 7K Ab B AS 5 18 = SR HERI & .

AW DI TE K Xt 4, FE R U T 9T T AR W) 2R e R Gkt SE R T K rh s G A 0 2 BR Ak
REFIRRABMT W, HE5 T ARFKIEAEE T AV LEERG N EPS &g, IR T4
YIEE R Gl = AR R, s KA RERERE S BT R LR RIS
1 MR57F%

1.1 kKR

AV EEETN IR G5 K A R AT Fe 5 K A B T i oK . % R AR BRI T 28 B
BGemm 2 it K A by, Bl ok SS Bom, UUAbML I K COD. TN, TP 5848 45bE SS & 4= AH
IZEAL . AL, I KA BUEA H AL EE R 800 t A KL YS YR AN B, i) T HER A R &k
B RE SRR G e i ATG KA I R G AKOK BT B AR S EOILER 1,

=1 PRHRZFHKKR

Table 1 Influent quality of pilot-scale system mg-L’l
e 54 COD TN NH-N TP SS Al Fe
e g 245~852 34.46~54.99 26.95~41.31 6~32 400~2 400 2~10 2~8
FHME 417.50+177.89 44.17+6.20 33.48+4.03 14.04+6.96 1 362.50+740.54 540.12  3+0.15

12 FREREREITEH

EEET R REEWMAZME 1R, ZRE DR EWRYOEEY2 5 . —Ut
M, ARERSHN 1w’ f210m’s AWEEERGHK . TG . B R R AR A 2 4
il SR FH R A A S 9

A4 Sk -Hitik
K : I
— ] Kk
e
H 0
o A any
A
FEAML el
(a) AL (b) Blighith

E1 £9ERPRARGREEMAZRA
Fig. 1 Diagram of pilot-scale bioflocculation-AAAO system

A BT R G IR SO m>d . AEWREE RS IS IR R LR 100%, ¥R (DO) 4E+F
030 mg L A, NIESIZ RGNS Ie R E, & HHEJ B AR — Dl Ue 8, A H HER
4~ K, EYEEER G5 IREY (SRT) 4 0.2~2 d. #% MK B V7 BR BE (SS) A8 ik, AW EEHIL R
BRI AT Al 4 ik K SS Sk KAK SS BB, o, #E/KE SS B Bedi B K J) 45 B2 i) E] (HRT) 25 4k
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g3 3 A B (L3 2). 2 EPRARRBITEH
1.3 LB 5% Table 2 Operational parameters of bioflocculation system

COD. TN, STN, NH:-N, NO;-N., TP, BB WHE/d WEHm R HRTA  SSAmgL’)
STP 5PO;-P. MLSS il MLVSS 2k H #5 #E T 1 1~11 1.25 0.80 1 500~2 400
U 2

EPS HY4EH0CR FH NaOH 7. 15468 10 mL 3 23~33 3.30 0.30 1 500~2 400
R DU FE & BT 50 mL 2045 M RIS 4 34~53 2.10 0.50 400~700
43 WIAE 2 000, 5000 1 10 000 r-min™" 1) 5%
TR 15 min, o AR BSOS B LB W, BD R A R LA R A (Sol-EPS). it & Y Ak 2R
&Y (LB-EPS) HI ' % 45 & % Mg A8 58 & W) (TB-EPS).  FH 2% 15 17 22 W o 11 80T -5 1% 1L € v o 4 )2
EPS H1 () 8 1 5T (PN) F1 205 (PS) & & AT I o
14 SKLEIREESHHREZE

5 7K A Lt AR iR = AR HE R O o B AR HE S R, BT HEROR B SR A COo,.
CH, FI N,O" ", teAh, PG B B AR 7= A 1 CO, A R G0 IR & S HECR TR U,
2018 4F, "l RS I 7E 15 K AL BT HIL AR ST e ) 25 R i AR AR R 1A A 5 Rk £ R €4 I
HARMEGEEEMAS) V&, AVRERFEHFEN K A TFHE.

15 KAL) CH, A1 N,O HE ik & AR 55 IPCC J ik 358, o CH, A NLO B 3 = 24 & CO, 1Y
25 15 A1 298 1%, IR (1) FiR .

12~22 2.10 0.50 1 500~2 400

E,=TF-R )
Rrf. E S K BT CH, IR, kg T RITEAEM IS KB ALY & &, ke F AR
5 RATHEAEGy R CH, #, kg; Hrh FEYHE I m= 2) s,
F = ByM ()
K. By A CH, W9 e KAERUE, BV i A ALY 74k o CH, By LL i, SRAETEL 025 MR
CH, B IEHF, #K#E IPCC HEFE{A .
E,=44NF/28 3)
Kb B NTE ARG H NO HEE, kega's N MHEREAKAEREENTG KPR SR, kgals
15 KA BT CO, By B B2 HE A 2 2 & A A B RB (R T FE L B o CO, 11 ] 22 HE il &2 3 2 v () X4
P, X 356 o 4 HE T TR T K A BIH AR FR RE R THAR . AR b DX S I 1Y 2017 4 H St i B HE R R
1.11 t-(mW-h)"',
2 #HR5TE
2.1 S£HMBBRGITRYMEREY
W) BR B R G KT Ak R Wl 24 R T 5 ) SR B R G R W 4 W 1 EPS & AE D RIPE T
O R AT BR A A ) -l 2 R A AU, EPS FT S BUR AS SIRIR S S B A AR AE ALY . TN Al
TP S5 Qe k AR R BEME R, JFDLTE TUOEM Y, BERI ARG IRHE L A Y R EE R gt . TR BE 7 0] 38 4
. W HE M AR 4 B0 )2 0 U5 Ak EPS IR EEIE R, JF LBRaEK g STP. Ik, Y
BERGE A AR A R E A, B KT Y, HRBRSCR R T alifb i g T 20,
WE 2 fras, fEdEKE SS BrB (1~3 BirBt), HRT H1 0.80 h [ £ 0.30 h, =4 &%t &4 COD 2
BrRAsLAN, COD X204 82.07% . 80.84% H180.03%, 17K COD ¥ F4E7E 100 mg-L™!
Aot . {H SCOD ¥ 2= [ 3 435Il h 24.98% . 26.12%. 14.35%, Hi7k SCOD ¥ J& 43 5l h 75.09.
71.73 F139.82 mg- L', FEHE/KAE SS BBt (3F 4 FirBr), W25 & 407k COD 5 SCOD T 1~3 BB,
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S 43 A 127.60 mg-L™' F1 109.50 mg-L™", V-3 KB F 5500 58.73% M 22.75%. 1F 1~4 B Bt ,
AP B BER S COD 1Y L BRFIL = T SCOD ZFRr#, R WY 2 5E R 4 v] 4 ki &8 COD 2 BE il
VE, SEWEAE A VLR E R IE, TG e R EUK BT R B8 Y A . X ERES 2 FNES 4 i Benl
A, HEKSS 38 IR e A ) 2R FR G0 9 MILSS DA PR S 22 5 ok e A A0 45 R RO, T S e A ) 22
#E A 45 COD 1 SCOD Y L BRAE . 256K 3 I, # iy SS i AE ¥4 #E R 4t MLSS Fa e 7E 5 m 1Y
I, BT AW R e R GE N A R B R B, HE NI 55 HRT X COD & BRACR M52 . koK
SS FEAINIG (5 4 B Br), EWEBE RS0 COD M A Rt B B RRAR, Bk, W28 RSN L EE
RO AZHEK SS. BB HRT %5 K 2 5% 2022,

1 400 - . s 120 —m— ZERIMLSS  —a— B4 PEMLSS [ i5U8 b
—a— JJi/KCOD —o— JF/KSCOD —+—COD L% = S A
E7ﬁCOD —o— T /KSCOD —#—SCOD J:5] . ago—%%mMLvss —v- I@m}wwss <00
1200} " ‘ ‘
oy SEIME 2R B 3R ke 7100 A T D
S ﬁf*‘;'*f’s’ i I 30 000f BB AL BB HAME {450
& i »‘\*“: /”i 80 ~ 27000
g V3 & L
& 800+ kil ‘ % 324000
= J 5&[.-._,4. ' 60 g £ 21000
5 600ra [z ||+ S % 18000]
% o V= ; 0 g 2 15000
g 4 'ﬁf‘ I : 8 2 12000
S il 20 2
200F XX ' 29000
e oo o = 6000f
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ATt/
2 £YERRY COD KBRYR ETrAd
Fig. 2 COD removal effect of bioflocculation system 3 EYERAGSRESTETK

Fig. 3 Change of sludge production in bioflocculation system

i & 4 A, AR EE R G COD Ml TN RBRECRAS LA R, AWML ERGE T HAIRE
W, Wl A I T RS AAE R, S EOZ RGN STN L BRACR 8 2% . #F7K 55 SS B B (1~
3BTEY), AW EER S TN FIl STN B3 HRT 28424 /N, Hi/K TN Fl STN a5 7F 30.57 mg L™
12827 mg L™ A4y, KK SS BBt (5 4 BBy, A2 EER S 7K TN F1 STN 435 4 31.54 mg L™
F128.95mg-L™", TN Fl STN V44 F B K Ky 21.24% 1 4.47%., 16 1~4 B, AW 28L& 50 H K TN Al
STN Efa, R ARGE il M ae iR, WK s iR, EWEERE T2 @AY -2

HEZKTN HEKSTN  ——HiKTN
i %Y [sj:ﬁjo_—]:—ﬂS(TNﬂg‘[i,%%E o tHKSTN
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Fig. 4 Nitrogen removal effect of bioflocculation system Fig. 5 Phosphorus removal effect of bioflocculation system
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HEAE ST K () ORLAS TP 5 STP R AT R BRACR , fh2# Z8E 5 iE K SS A8 fb 15 #25% i 21 4E
YAk B RO ROR . HEK S SS BB (1~3 B B, AEWE Bt R G Xt TP 5 STP 45 £ BRAUR %
HRT Z2 4L M /N, Hi7K TP 5 STP ¥ 76 1.62 mg-L™' A1 1.10 mg-L™'. 7E#E/KAK SS BB (56 4 By
By, sZzikK SS 5 BRI BT R , B 28RS K TP 5 STP FHMETH E 5.09 mg L™
446 mg L', FIEBRFEN 44.96% 1 14.58%. 4 FRTR, ) 25k R G015 Qe i 2 5 52 kK
SS. HRT Flit /K 2% 22 EE 25 L AR 52w, #F 7K SS R H S ma B B e K

22 EYMBRBRGITRYMEREN

D) A EEERER R I A . AW R EE R E A Y -2 R RS R B DL
Ja PR AR R ARG VR, FIARTS IS B SRR s T A AL . A 3TN, 1~3 B BEN R K SS #%
&, EWEERGH PSR RS HRT 2RI, £ B B335 e 77 12 4301 o 27.66. 39.07 Al
53.63 kg-d'o [RIEF, AR BRI PN S Y R A 8 000~10 000 mg L', MLVSS/MLSS - #) {8 43 5] A
0.50. 0.48 1 0.53, FIAT5IEUE K 15000~18 000 mg-L™", MLVSS/MLSS {43514 0.47. 0.49 Fil
0.52, HEIKAK SSBTBL, AW L EE RS V-5 07w IR AR 10.60 kg-d™', A=W 2R & N MLSS 71
(BT % &5 4 760.48 mg- L' Az 22 5 3t N V5 U8 RN R0 A% 75 U2 MLVS/MLSS “F- ¥ {8 43 51 7 55 2 0.60 Al
0.53. FRWHIE 7 MAPL S &5 HRT I I, AP & A Z K SS ARy . A=) 25 &
4K C/NCEYI(E R 3.53, bl 4315 e IR S8 % B T 7 A AILIR vT FH T 5 Ak 5 2 75 7K Ak 38 T 20 1 20 B3
BOR . EHEE, EMAAENKE SSHE, EMEERERRIER ARG, FHAIYTE L
FRENTT) 43 ATk 10.28 ., 13.95 Fl 2114 kg-d™', 7ESEKAL SS BrBL, HHLY = =MHN 5.67 kg-d '

2) AW EEETS U6 EPS A L . EPS M9 A MU -2 R BERUR I SN R 2 —, EPSIA Z 2
BER S . SS M HRT Ay JL A 52 M ™ 224 i HRT 9748 1k 1T 28 Bl Ry A= ) 22k &R Ge b ok A ML 6 g () 4
ft. . EPS 0] 434 Sol-EPS. TB-EPS Fll LB-EPS 3 )2, £% )2 EPS I ft i Ho 25 [A] 45 4 5 1 24 4 il e o
H 6 AT, A LG fr T S A Y R B R G015 8 EPS MG . 265 1 BB AR B R S in 5
f) Sol-EPS. LB-EPS Fll TB-EPS ¥ J& /3 %14 20.68 . 6.31 Fll 65.89 mg-g ', WiHFpi5 e+ 3 JZ EPS ik
JEA 50k 634, 8.19 13423 mg-g™', 452 EPS W2 FRIUAWLEERENMAEMREIKTEC LS
LGRS T ENMAEM LS . EMEEERSAE 13 BN, FEALAAH 16.70 kg (m*-d) ™
1% %5 46.17 kg-(m*-d) ', Sol-EPS. LB-EPS. TB-EPS Fl 5 EPS ¥ fiF ¥ 5t TR #a%, XKW AEI AN S
Sol-EPS. LB-EPS. TB-EPS flli EPS A M2 L HR . 4 B S5 2 rBeA b, {XatksK SS 77
TE2: 5, HA ML fr B R 16.67 kg (m’-d)™,

EPS (L3 {8 T45 2 BBt . sl eitt— 4 W) o] Bl BT W TR |
THEK SS 15 HRT 2350 80 9 EPS 115 3 ol B R
LA, = sl s
HE T, A SVIZ EPS ey B e
PN/PS B0, ifii 45 J2% EPS [y PN/PS 25 {L. 52 5 = sof ;E'“
PG AR SR AR . 2R 2 Y =
ARk . ) SRR B R G N TE ISR 20 [ '
EPS tft PN/PS™), i 15 4 F 15 6 15 1~4 o Bt 0} ,
7% & LB-EPS 1) PN/PS AHX 41k . 13 B B2k "“Thinr mmE mwMB S
PIERGE A GE L I 1] AL 2R B T B T 6 HEMRBRGSMERISRE EPS AN AREW
F, LB-EPS f) PN/PS & F&E#a# ., A5 Fig. 6 Changes of EPS and organic load at various

FW, AV ARFE S . EPS th PN #5537t stages of bioflocculation system
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B HRT 75 fb 52 N FE#a #, SVI 5 A 78, 05
| t5 A L | 0 0

65 i :F,S?L gé‘ , ﬁ% 4 ISI‘E_X‘SVI JHE 49mL-g N BRI BINEE 2B AME SARE

M) B AR BN T P T U2 LB-EPS £E 13 B 7 RGBSR PN/PS A SVI Tk

10

KT PS #EE 3f H 4MNE EPS % TB-EPS & 33 T OIB-EPS NNTB-EPS —a—SVI %
—ER Y E R, #15 TB-EPS 41 il % 52 1k 301 \\\ 180
5 ) (0 F 0 . JE T A TB-EPS 9 PN/PS 25 — 1
Bl A LA ey T e 2 THEa A, 1~3 [ TB-EPS L 20k " . 403
(9 PN/PS S) 30K 147, 177 F0L8S. 4l Z | s E
Bt LB-EPS 5 TB-EPS [y PN/PS 4% % & 0 Fl 0 5
141, 1~3 BB Y 28k 22 G015 M 15 R 1 SVI “’E§ 20

Bt Ij\] = IE% iﬁ% % ’ [} % 4 m B JH‘IJ /J\ IPE . ﬂ Fig. 7 Changes of PN/PS and SVI at various stages of
(K 6), x5 FELa %P H LB-EPS 5 SVI bioflocculation system

RIEHMEIE AT . AP, Fe* % 48 B 7 0l LUE SE 1S VRS YR I s 2R, /N 75 I SIS,
1~3 By Bz P 56 ][] A ) 22 8 3R 0 i A\ b 2F 2R BE 2 70 B Bl HRT I RRIR 2 Loba s, AMEE RS
1508 SVI B Z Bk . 55 4 B, Z2iE7K SS FEARAYSZM , E 7K fb 24 208 50 vk BE R AR, A=) 22
RS 0576 SVI/NE F T,
23 £YBRRRAGHRBEHIREBER

15 KA FR R G R E M N 2 P AR CH,, T N,O P24 [ RS AL A i Ak BB, A i 2R
Z 4514 DO #HI7E 0.30~0.60 mg-L™", pH#EHI7E 7.20 224, SRT #EHI7E 0.20~0.50 d, ik, AWE
RGN TG T IRA R B deoh, AW REEN A B E 2l A - ERE R S, A
FETERS AL RO A AL 7 . PR, AR B 8E R 48 CH, FI N,O (7= B 7] ZWE NIt AR W2 Bk R 48 (e
15 KRBTSR AAO T2, V5 /K b B ok A8 v DR G | g & Jth R 2 480t v 2 25 7 A2 6 4 CH, A
N,O. H & 3 AAN, AW 28R G £8 05 K ab 3T i %= AR HERCE (UL CO, 1) b 523.16 gm™,
7 25 ) R0 2R 0 R 2 SR G Tl 32 HE IR A 28.78 gom . 17K COD Al TN 452 i AN 45 388 Jinn v 7K A
JTHFE, B RETE KA T 2RSSR B, Hi, YR ERSES AAO RS,
A, AUATREAL AAO RGEHEK 33% 247K COD 5 TN, AR REE M=t w. &8, A4t
VBB RS AAO RS AMA S T2, BT 1t 5K AT REL 5020 g iR S, o, e
BER G AN T RIS A IR A LB, A HLER AT VE A O 0 ik U5 2 = 75 K b 38 I R B B R0, i
b TR AN AR IR AT o, 1T R AR T AR A B AR

*3 BEKEESEHKREE (UL CO, it H)

Table 3 Comparison of greenhouse gas emissions per ton of wastewater (calculated in carbon dioxide) g'm

FIRARG AT TR BRCH MHECE TR N O AR IR E AR R E AR

YR E IR R S 0 0 28.78 28.78
HEyG KA 150.38 0.22 372.56 523.16
3 4ig

DAY EE RS e fiE ST 5%, /K COD. TN F1 TP S #45{H 43 51 4 109.24. 30.93 Fi
295 mg L™, FHEERED TN 72.96% ., 30.84%. 72.65%, /K C/NF-HMEH 3.53, Lo, HWE
BEVEH S LB E ML A, TR R K — A B TS e W ) R CR, FRAIR R — e Ak 1
W B 1) FL BB T E o

2) W R EE R G R A4S Ve rT B 5 HRT Fgksk SS BIEH, SF375 e 5 & fig s ik 53.63 kg-d '
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SN

15 U6 EPS ¥k JE A1 PN/PS ¥ 5 ML G faf 22 /2 th . 76 AR [A] HRT MHE/K SS A& F T, b2k 22 88 59 3 5 7
M) PN/PS Fl EPS ¥R J&, AT B4 5% Wi 35 e DT FE 1k

) EYREER G WAL K ON, HZT 25 AAO TAMEE G, R SR HECE B Al B
50.12 g'm”, FA4V5 IR GEIRAL AN 5 AT ik — 25 B A 75 Ak b B AR P i T R i S IR = AR HE R, R
15 K AL BRRR HORT . T REVEHE S 9 BE E SE A
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Pollutant removal characteristics and sludge EPS changes of bioflocculation
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Abstract The pilot-scale bioflocculation process was used to treat domestic wastewater containing chemical
flocculants. The performance of the bioflocculation system in terms of contaminants removal, excess sludge
production, sludge characteristics and carbon emission reduction were investigated under variations of hydraulic
retention time (HRT) and the influent suspended solids (SS). The experimental results showed that the
bioflocculation system had a good removal effect on insoluble chemical oxygen demand (COD), total nitrogen
(TN) and total phosphorus (TP), and the pollutant removal effect was greatly affected by the influent SS. The
average sludge yield and predicted average organic matter production (in terms of acetic acid) were up to 53.63
kg MLSS-d”' and 7.08 kg-d™', respectively. Both the extracellular polymeric substances (EPS) content and
PN/PS were negatively correlated with the organic loading rate. In addition, the chemical flocculant had an
indirect effect on the settling property of bioflocculation sludge through influencing the EPS content and PN/PS.
The combination of bioflocculation process and AAO process could reduce 50.12 g-m™ carbon dioxide (CO,)
emission. Moreover, greenhouse gas emission could decrease along with the anaerobic fermentation process
through acid production. Therefore, the bioflocculation process can lay a foundation for the energy saving and
consumption reduction operation in wastewater treatment plants, will be widely used in practice.

Keywords low carbon; bioflocculation; pilot-scale wastewater treatment; extracellular polymeric substances;

greenhouse gas
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