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Abstract: The mature biofilm on the carrier surface was stripped and cultured in a reactor for 35
days to investigate the evolution of biofilm into activated sludge. The morphological characteristics of pure
cultured suspended biofilm were investigated from three aspects: floc microstructure (equivalent diameter,
porosity, regularity and aspect ratio), physicochemical properties of biofilm (MLSS, EPS and SVI), and
wastewater treatment performance. With the extension of culture time, the biofilm disintegrated into more
flocs, leading to a decrease in its equivalent diameter, fluctuation up in porosity and regularity, while the

aspect ratio remained relatively unchanged. The biomass concentration of the biofilm exhibited an overall

upward trend, with MLSS, MLVSS, and MLVSS/MLSS (f) peaking at 7.68 mg/mL, 6.91 mg/mL, and 0.92
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respectively during the later stage of cultivation. The SVI demonstrated a fluctuating upward trajectory.

The EPS exhibited a trend of initial decrease followed by an increase, with total EPS (Tol-EPS) reaching

98.19 mg/g in the late stage of cultivation. The average removal rates of COD, NH,'~N and TP reached
(81.98+2.51)%, (89.86+13.67)% and (85.81+9.57)%, respectively. In conclusion, during the later stage of

suspended biofilm culture, its performance indicators closely resembled those of activated sludge,

indicating the evolution of the biofilm into activated sludge.
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Fig.1 Morphological evolution during culture of
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Fig.3 Dynamic change of MLSS and MLVSS of

suspended biofilm

F ] 33 R 3, f {1 A 2 Sl s 3 Y e 3
2~6 d,fIEMNO0.87 (MK E 0.83, Z s B #i I/ &
0.92(32d). ¥EFFATHIEIFA Y L MR K,
SEECH XK T TCHL A AR R A IS G B
o SRR, LR AR de v T R OB SR
Py 5 1) A SR , DT A8 v A W RS TR P 3G o i
B YIIEAE K b B4 — 88 BRI 5 24
FAA AR, 3 5K ALY S R TR R
PR M TR . UL, FE e R S, IEDRE LB
AR ) AN SIS PR TS e A, T B3 T iE e LA
T2 75 K A FRAR AR
2.2.2 EEEAYEDIRENEREE b

S s AR W LR PE R B SV sh 822k dn
& 4 R o

90
HirY) E e I JE
80 | |
E. | —u
o070 /\ / \
"o : ' ]
= : :
E 60 " -—
z s
50 : ;
. .
40
30 : h
0 5 10 15 20 25 30 35

t/d
B4 BFEVERNEERENTE
Fig.4 Dynamic change of sedimentation performance of

suspended biofilm
H 1 4 R, A IS A7 8] SVIHE AT i 5l , B
PE SRR BT DI TERE AL 22 . FE IR AT

I 7 v SVI{H H1 42. 92 mL/g | TF% 61. 62 ml/g; 35
FRrp R VTR A R H 5 17 KGR ) v I SR B
58.91 mL/g; K5 5% J5 W1 SVI(H 2 “ S 3 Jm 0l " 19 22 1k
B 5525 KBTI 2 s 75. 62 mL/g, B fS g A
TR mTH S A SVIFEAK IR M (54. 82+
8.45).(64.37+5.84) .(72.09+3. 80) mL/g., Whitki5
T2 R RS (EPS & & X5 R VTR B4 A —
FE RIS o 3% R0 SN 2% H AR OR B K, TR
PR TR R % B ] A B G, 2R X1 a4 34 Tk
AMETE SVIMH B FF . 35558 i 2 20 2400 , /Nt
BRI 5 H A Ak 23 G, PRt SV IE K, (L[]
FZNURE 2R A 2 TR e A T R R B SR DR AR 17 R
BFA BT R, 17~25 d, /N0, 28 44 B 7 48]
Tl i 5 SR A B AT o B SVIE T . 53R
W9, AR B 2 T SRR R AR 4T
i gRJ5 W1 SV f et 2 77 AR W IR AE DR ERE L
H[F) TG VS e (—h 70~100 mL/g) o
2.2.3 BIFAEYIEEPS U511k

BIF YA )2 EPS M 4y & w1 sh AR
W s fs .

120

100

o<}
[=]

[=x}
(=}

EPS/(mg-g™")

40

20

E5 BELEYEESEEPSREASNNTAM

Fig.5 Dynamic distribution of EPS and its component in
different layers of suspended biofilm

i1 5 a0, WEPS 73 JZ 1 DL , 5 4l &
B 1Y) TB-EPS J& EPS () £ Z 418 43, TB 2 >S
JESLB 2, 5 HAWAT S E GRARR " ARG TR 00151 5]
JG 11, TB-EPS (5 [t 71. 84% T & % 95. 43%, S-
EPS Fil LB-EPS (5 L7351 ]\ 20. 719 7. 45% Ak %=
2.66%.1.90%. TEZREiT R, oA TLEY) I
121 S-EPS FilHh 2 LB-EPS 45 Bi 4 It l 4%

« 90 .



%405 F 113

OE 4 K HE oK

www. cnww1985. com

SR, S5 AL A ) B R — R 2 K T 8
YIAE FH B 23 AN 3 2%, T 45 40 i 45 & 5 % 19 TB-
EPS Z SMBIABE R M /N

Tol-EPS 7 tit iz 17 i [A] B {4 52t “ Sl 5 15 7 iy
a3, BT HT Tol-EPS i 121. 03 mg/g i i % 2
56. 90 mg/g, FFEARHE R 1K 10. 69 mg/(g-d) o XFE:H N
AR S i ELAR AR /N FLrP i EPS B S A 4 R
AT AR EPS 5 BEAK . EPS X 2 57 41 1R
A B EEMEEPS KhER A, WIS ZR N
T4 A B A, N T A W AR Ay . (R4
ESNINE AN RN A T ANy NN 7 S
MLSS -3 A /0N, T e 12 30 R o 3% 3% v 0T i 7k
ETF L RETE 70 melg 224, I HIE A L TF 2 98. 19
mg/g. HiFRJa A, AT A0 S Az S AR I T
AkF5 SR N FRAE A AR PR EPS & HEHT N, )5 TR
PRFLBR T 5, DO FGE 7 1) o % o A % o A g 42
e A ARG S i, PR T 22 1Y) EPS .

PNl PS & & (028 /L LA 5 Tol-EPS AHAL , Y B
B AT ] A B SRS B R . BT R,
Tol-PN 7 f& [ I 2 45 IR 45. 33 mg/g, A%
TR EAE 55 mg/g 247 JE T 22 74. 24 mg/g. 5
7 REF, Tol-PS & FEAR 2 e AIRH 1. 57 mg/g, )5
Wz ETF2)23. 95 melg. BEH 12470 [E] A9 38,
Tol-PN/Tol—-PS A Wi K AI% (4. 37 F% 2 3. 10) , (H 45 )2
B S EY ST 20, U E A R EPS iy £ 2
Moy,
2.3 BEEYEESETNEKGENRNZN

B AR W I R % % COD  NH, =N 1 TP i) 2%
B B0 40 P 6 FIF 7R o

100
sol | B\

60

40

20

0 5 10 15 20 25

t/d
E6 BiFEVBREKGEYRNSEL
Fig.6 Dynamic changes of wastewater treatment

efficiency of suspended biofilm

Hi &1 6 ) A, AN AT AN COD Y 2 BRASCR
#P B HARE P34 L BRI (84,2344, 12)%
BATHIXT COD A3 L BR300 (84. 2125. 54) %,
BT R R A Y AR R RE A
(86. 49+1.94) %, 317 5 WM AT T B, (AP ARFFLE SR
K[ (81.98+2.51)% ). HIL, 7% A4 W 244
SERA B AE X COD B 22 BRECR S AS K .

NH, =N Fl1 TP £ B Z 22 b 520, A4
5309 1] 0 3 i B2 A G, ELB A2 47 I R) 2 T
o BIREYIIRE IR 1~4 d, TP 2R R 1 7. 88% it
W ETEE 92, 78%; K5 37 5 1, NH, =N Al TP 25 R %
439 24 (89. 86+13. 67)% 1 (85. 81+9. 57)% .} %+
H A V7 A W RS B T e B 2 IR A= A D
K2R B T AME S DRSS, AR N
TR AT A W ISR R F TR , B A A 200 81 R SR s
Z 240, NH,S =N F1 TP 25 B R A%, 40 3 N
(63.23+13. 88)% 1 (63.27+34.72)% ., 53: )5,
R BAR R SFAS /N B SVLAS /N TR 28 5, e
EPS & Y0, B0 L N A+ 25 SE BE RS B R T
JRARIRIE , DR I R Wl O S W 0 4, Bl 1 B 15 2
LT NH, =N Fl1 TP 55 2B W FH 5 -

2.4 BREYIRETER

gt e i, B AR W B e A TR A0 B 5 1 1
TG RARE LN 7 i o mTLLUE 55 5% 5 0,
AP R RO RO B KA b A 5 i PR TS ek
BT, VR A WIS 0 M S e 9 25 R SRR TS A A
2 (-12.61£27.07)% FRALFFAE 45 45 AH 22 (17. 28+
15.05)% K Ab BRAE FRAH 22 (-1. 68+5. 63)% . iX
IR VE A W RS R ) b 3 IS ek T T L AR A
W A e AR T EPS i KI5 YR TR BE
B IA — e REN T, AR, 2
AR 25 R XTI M i 1 52 M AR, AR B /N TR
B RDURREERE T 4F S o 76 R KA BRI RE O T,
BR 17X COD 1y 2 BRZE AR A1, % NH,'=N FI TP (1) %
BRACR -5 16 M 15 T Ik R R .

0.20 2.0
038
0.15 e 113
22010 | 3 04 10 2
0.05 E\ 02 105
. = gl

TS

+ 100 -



o

www. cnww 1985. com

2

PN BARR AR G 3R R

Vs

H40%5 F11H

~ go} = 100 Sq 1.0
w [ T 80F 7 E {038
NI 6 &lo6 =
= 40r < 4o 4 < loa =
- 0] ) B
= 20t & 920 ! 2 % 1o
15} = — .

0 i N % ; 0 = 0

T A g PTG I
FE b
b. IR

100 cop EGNH,-N [_]TP

80
IS
# 60
& —
W40

20

0

[EILSER7) TS e
He
o XTR A AR BHACR
BE7 BEEWMERSEESREFELRR
Fig.7 Comparison of characteristics between isolated

biofilm and activated sludge

3 4

O 2R 5 HA D, ERT TR, 51
WAL b T 5 fL B P, AR I R AR K T B
(0.056) , J 1 2.3 7+ % 0. 099; LI & R, 7 #& A~
AT AR T BRI RS R, e T
R ERIE s K AR He AR AR 4k TC I S B4, SR 41
XA TE A 5

@ B AT MLSS 1 MLVSS # 5 % ) =0 1%
K, 55 9% J5 BIRE 2 ) 28 81 (7. 57+0. 12) 1 (6. 88+
0.03) mg/mLo A= 4 B PE £ {8 7F K5 77 39 18] — EL4b
FHim K. Tol-EPS.Tol-PS Fl Tol-PN Ky & Ht
SRR BT B AR L A, TB-EPS (7 LB A8 17 )
[E1] B2 I T 5, 4% 2 PN & 3 R T PS. SVIME
Wesh Lot B R S DR P AR O R T IE PR TS e

@ EfrEXT CoD i A BREUCR R ir A,
S5 2 5 %R (84, 23+4. 12) % , 22 1K 45 # 1 A5 Xof
COD % B Z (14 52 e 2 /)N 5 35 37 A1 916F NH, =N 1 TP
B 25 B R AR, TR W T 5 A S 2 bR
FOHAH(89. 86+13. 67)%H1(85. 81+9. 57)%.

@ B E WLE R bR S T RS e 22
SR TR A W IR S B ) 3 M S T Y T AR
MLSS S i LR PERE 0 T 0 MG s e . Bt
RIRTERCR IS BT COD A B R A8 H IS P15
b S Y

Sk :

(1]

(2]

[3]

(4]

(5]

L6]

(7]

(8]

(9]

- 101 -

FELFOLDI T, JURECSKA L, VAJNA B, et al. Texture
and type of polymer fiber carrier determine bacterial
in  wastewater

colonization and biofilm properties

treatment [J]. Chemical Engineering Journal, 2015,
264: 824-834.

FALAS P, LONGREE P, LA COUR JANSEN J, et al.
Micropollutant removal by attached and suspended
growth in a hybrid biofilm—activated sludge process[J].
Water Research, 2013, 47(13) : 4498-4506.

FALAS P, BAILLON-DHUMEZ A, ANDERSEN H R,
et al. Suspended biofilm carrier and activated sludge
removal of acidic pharmaceuticals [J]. Water Research,
2012, 46(4): 1167-1175.

FAE, B, R, B AAO T AT e
WIS S R GRS ALRI BT ()], R KRR,
2019, 45(10): 61-68.

WANG Guanghua, LI Wentao, DU Zhili,

Synergistic mechanism research of nitrogen removal by

et al.

AAO process biofilm-coupled activated sludge system
LI 2019, 45
(10): 61-68(in Chinese).

JR R, Ay, R, 4. MBBRIBMEE & R4
RS g R MR E ], REAEER:, 2020, 40
(11): 4735-4743.

ZHOU Jiazhong, HAN Wenjie, WU Di, et al. Factors
influencing the competition between activated sludge and
biofilm in hybrid MBBR nitrification system [J]. China
Environmental Science, 2020, 40(11) : 4735-4743 (in
Chinese).

FAN HT, LIU X H, WANG H, et al. Oxygen transfer

dynamics and activated sludge floc structure under

Water & Wastewater Engineering,

different sludge retention times at low dissolved oxygen
concentrations[ J . Chemosphere, 2017, 169: 586-595.
ek, B, WhiR, . RSB OE R AR 1k
FRAE R (7). PREE TR 54, 2016, 10(7) :
3629-3633.

LI Zhihua, FAN Long, YAO Pei, et al. Short-term
effect of substrate change on physicochemical
[J]. of
Environmental Engineering, 2016, 10(7) : 3629-3633
(in Chinese).

LEE D, GIL K. Influence of sludge type, MLSS, and
substrate ratio on stable implementation of ANAMMOX
[J]. Ecological Engineering, 2022, 178: 106564.

MESQUITA D P, AMARAL A L, FERREIRA E C.

characteristics of flocs Chinese Journal



%405 F 113

OE 4 K HE oK

www. cnww1985. com

[10]

(1]

[12]

[13]

Activated sludge characterization through microscopy: a
review on quantitative image analysis and chemometric
techniques [J]. Analytica Chimica Acta, 2013, 802:
14-28.

N, MR, BRER, A ARG TS R B IR
T ARG AR AL [T]. SR EERL 2 %4, 2016, 36
(3): 907-913.

HU Xiaobing, YE Xing, RAO Qiang, et al. Research
on the change of floc structure in the process of activated
sludge culture with pure oxygen aeration[J]. Acta Scientiae
Circumstantiae, 2016, 36(3): 907-913(in Chinese).
BA/NES ) AR, TREE, L FUAR N REFLFLAR X A B
Fr M e 2 K b BRABCR M2 D], PR B LR SE 4R,
2020, 14(12): 3329-3338.

HU Xiaobing, LIN Rui, ZHANG Lin, et al. Effect of
carrier micropore diameter on biofilm characteristics and
wastewater treatment performance [J]. Chinese Journal
of Environmental Engineerin, 2020, 14 (12) : 3329-
3338(in Chinese).

SHEN L, CHENG J J, WANG ] J, et al. Comparison of
extraction methods for extracellular polymeric substances
(EPS) and dynamic characterization of EPS from sessile
microorganisms during pyrite bioleaching[J]. Journal of
Environmental Chemical Engineering, 2022, 10 (3) :
107922.

WI/NIS, BRELHS, 3655, A% . RS TR X A W AR
KA A R K R BE AL B 52 R [T]. v [ BRI A 27
2021, 41(12): 5710-5717.

HU Xiaobing, CHEN Hongwei, NIE Yong, et al. Effect

[14]

[15]

[16]

[17]

of various biofilm formation methods on biofilm
characteristic and low strength biochemical effluent
treatment [ J]. China Environmental Science, 2021, 41
(12): 5710-5717(in Chinese).

GUO X, ZHANG CJ, LIU J X. Optimal hydraulic shear
strength and mechanism of activated sludge floc re-
growth after breakage [J]. Colloids and Surfaces B:
Biointerfaces, 2019, 176: 202-211.

DOMINTIAK D, CHRISTENSEN M L, KEIDING K,
et al. Sludge quality aspects of full-scale reed bed
drainage [J]. Water Research, 2011, 45(19) : 6453-
6460.

LISQ, ZHANG Y, DUAN W D, et al. Insights into the
resistance of different extracellular polymeric substance
(EPS) layers to the fermentation environment in sludge
anaerobic digestion [J]. Chemical Engineering Journal,
2022, 449: 137844.

LIU Z, ZHANG X H, ZHANG S M, et al. A

comparison between exogenous carriers enhanced
aerobic granulation under low organic loading in the
aspect of sludge characteristics, extracellular polymeric
substances and microbial communities [J]. Bioresource

Technology, 2022, 346: 126567.

- 102 -

EEB N A/NE1966- ), B ZBe B T 8
Bz, LT R KT Y il TR
E-mail : hxb6608@163.com
Y #m B #5:2022-07-08
& [E] H #1:2022-08-30
(Y% AT2EEE)



